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Chapter 1

Introduction



Chapter 1

Several factors currently put pressure on the sustainability of healthcare systems, including
the ageing of populations, a larger share of people being chronically ill, and growing medical
technological opportunities (1). As there are only limited resources available, not all interventions
that improve health can also actually be provided. This means that choices must be made on
what healthcare to provide and reimburse (and what not) (2). For those who must make such
sensitive and impactful decisions, it is important that information is available on the relevant
costs and benefits of different options to enable (better) informed decision making. Alchough
it is impossible to have full information available on all relevant aspects of interventions and to
consider all that is relevant for those affected, methods have been developed and improved over
the years to inform decision makers in healthcare on the effects of different options to support
the decision-making process. Cost-effectiveness analysis (CEA) is a type of economic evaluation
which has increasingly been used in this context (3). In CEA the costs and benefits of different
healthcare interventions are compared to inform on which interventions offer most value for
money (4). Using CEA, decision makers can choose to fund those interventions that contribute

most to their objectives, given the available resources.

Several countries use CEA in their decision-making processes on the funding and provision of
interventions in healthcare (3). Examples are Canada, the Netherlands, Sweden, and the UK
(5). What costs and benefits are considered in CEAs and how these are measured and valued
depends, among others, on the perspective chosen for the evaluation (4). For instance, when
a healthcare perspective is applied, generally only costs and benefits within the healthcare
sector are included. When a societal perspective is adopted, all relevant costs and benefits for
society are generally considered. In such analyses, also broader welfare implications of healthcare
interventions are captured, such as productivity costs and costs of informal care (6). Alchough
the practice of applying the different perspectives is described as including all relevant costs
and benefits within that perspective, differences exist in the practical application within as well
as between perspectives (5). Which perspective to apply as well as which and how costs and
benefits should be included is often prescribed in country-specific pharmacoeconomic guidelines.
These are basically step-by-step guides to perform CEAs. Of the previous examples, a healthcare
perspective is prescribed in Canada and the UK, while in the Netherlands and Sweden a societal
perspective is prescribed (5).

Although costs in CEA are generally measured in monetary units, how health benefits are
quantified varies in different sub-types of CEA. In cost-utility analysis, the most often applied
approach, outcomes are typically quantified in quality-adjusted life-years (QALYs), life-years
corrected for health-related quality of life (4). The results from CEAs are typically summarized
in an incremental cost-effectiveness ratio (ICER), the ratio of additional costs to additional
benefits from an intervention in comparison to its alternative (4). The general decision rule
related to CEA states that interventions should only be provided (and collectively financed) when
their total benefits outweigh their total costs. That is, when the ICER is below a threshold value
representing the value of health (2). The nature of what the threshold for ICERs represents differs
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between the perspectives; it represents the health losses due to displaced healthcare spending for

the healthcare perspective and the consumption value of health for the societal perspective (2,7).

For the healthcare perspective, assuming a fixed healthcare budget, the decision rule related to

CEA can be written as follows:
kQAQ—ACh>O ¢))

Here, kq represents the opportunity costs of displaced healthcare spending (the marginal cost-
effectiveness of current spending in the healthcare system), AQ are the incremental health gains
(in QALYs), and Acy, are the incremental healthcare costs. This rule can be rewritten into its
more practical form, stating that the ICER (left side of the equation) should not exceed the
threshold value kg (right side of the equation):

For the societal perspective, the decision rule related to CEA can be written as follows:

voAQ—-Ac, >0 3)

Here, v represents the consumption or monetary value of health and ¢, comprises total costs,
capturing both healthcare and costs outside the healthcare sector. In its more practical form, it
states that the ICER (left side of the equation) should not exceed the threshold value vQ (right

side of the equation):

Acy 4
AQ<VQ 4)

From the start, there has been discussion on what and how costs and benefits should be included
in CEA within the different perspectives. For instance, there has been a debate on whether (when
taking the societal perspective) productivity costs should be included in the cost or benefits side
of the analysis (8). Another debate has been on the extent to which future costs, the costs that
arise during the life-years that would not have been lived without a life-extending intervention,
should be included in CEAs (9—11). Within this latter discussion, separate attention has been
paid to future medical costs and future non-medical costs. For medical costs, there is little
discussion regarding the inclusion of those costs that are related to the condition on which the
intervention focused, so-called future related medical costs (e.g., costs for yearly checkups at the
cardiologist when evaluating an intervention that saves someone from dying from a heart attack).
However, the inclusion of medical costs in life-years gained that result from the intervention
only through its life-extending effect (future unrelated medical costs, e.g., the costs for treating

a broken arm for the person saved from dying from a heart attack) has been disputed. For

9
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future non-medical costs (defined as costs of future non-medical consumption minus additional
productivity in life-years gained), productivity costs are generally included, while the inclusion
of costs for non-medical consumption (e.g., the costs of food and housing in life-years gained

from an intervention) has been disputed.

Currently, both future unrelated medical costs and future non-medical consumption costs are
often excluded in practice, and sometimes even prescribed to be excluded in pharmacoeconomic
guidelines, regardless of the perspective applied. This is the case, even though it has been shown
that inclusion of all future medical costs for both the societal and the healthcare perspective,
and the inclusion of all future costs for the societal perspective is required to come to optimal
decisions (9,12). An important aim of this thesis is therefore to improve the practice of including
and estimating future costs in CEA, with careful consideration of past and present discussions

around the inclusion for the different perspectives.

Another important aim of this thesis is to obtain more insight into what benefits beyond health
are (implicitly) captured in CEA. More specifically, which benefits are included in the monetary
or threshold value of the QALY when adopting a societal perspective. In this thesis, we focus on
the Willingness to Pay method for estimating the monetary value of health, one of the applied
approaches for determining the value of (changes in) health (13). The second aim of this thesis
is closely related to the first aim, since an important argument against the inclusion of future
non-medical costs has been that the benefits related to these costs are presumably not, or at
least fully and consistently captured in the evaluation (it has been argued that its costs should
therefore also be excluded to be consistent) (14). However, the implications of the extent to which
benefits beyond health are captured in CEA go beyond the issues around the inclusion of future
costs (costs in life-years gained from interventions). The extent to which CEA captures benefits
beyond health is also relevant for interventions which are only quality of life-improving and not
life-extending. In this, it is specifically important to investigate how such elements beyond health
vary with health status. For instance, if benefits beyond health are captured in CEA and vary
with health status, this may imply that inclusion of costs of non-medical consumption could be
relevant both for normal life-years and life-years gained. This would also have implications for

the estimation of these costs, as these would presumably need adjustment based on health status.

The last aim of this thesis is to improve CEA in the context of infectious disease surveillance.
CEA has mainly been applied and developed for analyzing well-defined interventions for clearly
defined target groups (e.g., medication to lower blood pressure in patients with cardiovascular
disease). As evidenced by the recent COVID-19 pandemic, however, system level interventions
such as improvements in infectious disease surveillance, are also important to protect and
improve population health (15). However, for CEA of such interventions, different analytical
approaches may be needed than those traditionally applied and other types of costs might be
relevant to include (16). This makes it important to consider to what extent the CEA framework
is applicable for system level interventions such as infectious disease surveillance and to indicate

ways in which such evaluations could be improved.

10
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Overall, this thesis aims to contribute to discussions related to and improvements of the
methodology of CEA in healthcare. In doing so, the thesis focuses on the scope of CEA in terms
of what and how costs and benefits should be included in CEA. The main research questions

addressed in the different chapters of this thesis are as follows:

1. How can methods for the estimation and inclusion of future costs in cost-effectiveness
analysis be improved?

2. Which benefits beyond health are captured in monetary estimates of the value of a
QALY?

3. How can cost-effectiveness analysis of infectious disease surveillance be improved?

The structure of the thesis is as follows. Chapter 2 provides an overview of the debate on the
inclusion of future costs in CEA and highlights which related issues are currently under debate.
‘This chapter provides the general rationale to answer the first research question of how methods
for the estimation and inclusion of future costs in CEA can be improved. It also gives insight
into the current state of affairs and schools of thought around these issues. In Chapter 3, the
first research question is approached more practically. This chapter presents an update of the tool
developed for the inclusion of future costs in CEA, improving and further enabling the practical
inclusion of these costs in CEA. Chapter 3 also includes case-studies in which the methods for
and impact of inclusion of future costs is demonstrated. In this, it provides practical guidance
to improve the inclusion of future costs in practice. In the same line, Chapter 4 demonstrates
the impact of inclusion of future costs in the CEA of a vaccination program in different risk
groups. In this chapter, future unrelated medical costs are adjusted based on underlying health
of people in the program. Where the focus of chapters 2, 3, and 4 is on costs in CEA, Chapter 5
focuses on benefits captured in CEA. This chapter aims to answer the second research question
of this thesis on what benefits are captured in the monetary value of a QALY when using a
Willingness to Pay study. Chapter 6 describes several economic considerations for infectious
disease surveillance. In this context, it also describes how CEA for interventions in the context
of infectious disease surveillance can be improved, thereby answering the last research question
of this thesis. Finally, Chapter 7 provides an overall discussion of this thesis.

11






Chapter 2

Future costs in cost-effectiveness
analyses

Past, present, future

Based on: de Vries LM, van Baal PHM, Brouwer WBF. Future Costs in
Cost-Effectiveness Analyses: Past, Present, Future.
Pharmacoeconomics. 2019;37(2):119-30.



Chapter 2

Abstract

There has been considerable debate on the extent to which future costs should be included in
cost-effectiveness analyses of health technologies. In this chapter, we summarize the theoretical
debates and empirical research in this area and highlight the conclusions that can be drawn for
current practice. For future related and future unrelated medical costs, the literature suggests
that inclusion is required to obtain optimal outcomes from available resources. This conclusion
does not depend on the perspective adopted by the decision maker. Future non-medical costs
are only relevant when adopting a societal perspective; these should be included if the benefits of
non-medical consumption and production are also included in the evaluation. Whether this is
the case currently remains unclear, given that benefits are typically quantified in quality-adjusted
life-years and only limited research has been performed on the extent to which these (implicitly)
capture benefits beyond health. Empirical research has shown that the impact of including
future costs can be large, and that estimation of such costs is feasible. In practice, however,
future unrelated medical costs and future unrelated non-medical consumption costs are typically
excluded from economic evaluations. This is explicitly prescribed in some pharmacoeconomic
guidelines. Further research is warranted on the development and improvement of methods for
the estimation of future costs. Standardization of methods is needed to enhance the practical
applicability of inclusion for the analyst and the comparability of the outcomes of different
studies. For future non-medical costs, further research is also needed on the extent to which
benefits related to this spending are captured in the measurement and valuation of health

benefits, and how to broaden the scope of the evaluation if they are not sufliciently captured.
Key Points for Decision Makers

When an intervention prolongs life, this leads to additional costs in added life-years. Including
the additional medical costs in economic evaluations is required, under reasonable assumptions,

to allow optimal decisions, both from a healthcare and societal perspective.

Knowledge on how to estimate future (unrelated) medical costs has improved. Important
challenges for their systematic inclusion in economic evaluations are changing pharmacoeconomic
guidelines to allow or prescribe inclusion (rather than exclusion) and lowering the practical

difficulties for doing so.

The inclusion of future non-medical costs is hampered by both theoretical and empirical
challenges. The benefits of future non-medical consumption and productivity may currently
not be comprehensively and systematically included in cost-effectiveness analyses. This is a

requirement for including these costs.
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Introduction

Cost-effectiveness analyses are increasingly used to guide pricing and reimbursement decisions in
healthcare (3). The analytical approach most frequently applied is a cost-utility analysis, wherein
outcomes are quantified in quality-adjusted life-years (QALYs). The results of the analysis are
typically summarized in an incremental cost-effectiveness ratio (ICER), the ratio of additional
costs to additional benefits of a new intervention compared to an appropriate alternative. A
fundamental issue within a cost-effectiveness analysis, which is unresolved to date, is the extent
to which future costs should be included in the ICER (11,17). Future costs (also referred to
as ‘survivor costs’) are the costs that arise during the life-years that would not have been lived
without a life-extending intervention. These costs are typically classified into future related

medical costs, future unrelated medical costs, and future non-medical costs.!

Future related medical costs are costs for treatments in life-years gained that are directly related
to the disease that is being treated with the life-extending treatment. When, for instance,
an intervention to treat a heart-attack successfully extends life, costs for routinely visiting a
cardiologist thereafter would count as future related medical costs. Future unrelated medical
costs are only a consequence of the life-extending intervention through its effect on life
expectancy. Costs for treating a broken leg or severe influenza after surviving a heart attack
would be examples of these costs. Future non-medical costs comprise future net non-medical
resource use. These future non-medical costs can be obtained by subtracting productivity gains
as a result of the ability to work longer when life is extended from the costs of non-medical
consumption during the life-years gained. Examples of such future non-medical consumption

costs are travel expenditures and costs for housing and food during the life-years gained.

Although none of the future costs would arise without the life-saving intervention, not all of these
costs would generally be included in cost-effectiveness analyses of life-prolonging interventions.
The exclusion of some of the costs can be justified by the perspective adopted by the decision
maker. The aim of a decision maker adopting a healthcare perspective, for example, is typically
assumed to be the maximization of health or health-related utility under the constraint of the
healthcare budget. Broader welfare implications including future non-medical costs are then
generally ignored. In contrast, a decision maker adopting a societal perspective is typically
assumed to aim to maximize social welfare, often described as some (weighted) aggregation of

individual welfare, under the constraint of total societal resources.?

1 Future non-medical costs could also be categorized into future related and unrelated costs, to the same degree
as future medical costs. However, in concordance with previous literature, we will not make this distinction
and label all these costs here as future non-medical costs.

2 Note that adopting a societal perspective is not synonymous with taking a welfarist approach, which restricts
welfare information to solely (individual) utilities. Extra-welfarism, allowing broader definitions of welfare
including for example capabilities, is fully compatible with taking a societal perspective (149). Hence, the
issues addressed in this chapter are relevant for both approaches.
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For such a decision maker, broader welfare economic implications beyond healthcare are

relevant, and are generally taken into account in an economic evaluation (4).

The extent to which future costs should be included in a cost-effectiveness analysis, considering
the decision maker’s perspective, has been frequently debated (9-12,14,18-30). Although
progress has been made, diverging approaches and viewpoints continue to exist in both
theoretical and practical contributions in this area. To contribute to appropriate methods, to
increase validity, consistency, and comparability of results, our aims in this chapter are threefold.
First, to highlight past theoretical debates and empirical research on the inclusion of future
costs in a cost-effectiveness analysis; second, to clarify which issues within these debates are

unresolved to date; and third, to indicate future research needed in this area.
Future Medical Costs

In this section, we discuss the inclusion of future medical costs. We start with the discussion of

the theoretical debates and then elaborate on the empirical research.

Theoretical Debates

In the development of methodological guidance for cost-effectiveness analyses, mathematical
models have played an important role. For instance, the decision rule to adopt an intervention
only when the ICER is lower than a cost-effectiveness threshold has been derived from a
mathematical model with a clearly defined objective and several constraints (31). Such models
have also been developed and used to address the question whether future costs should be

included in cost-effectiveness analyses.?

Van Baal and colleagues (12), for instance, set up a mathematical model describing a decision
maker who wants to maximize QALYs given a fixed healthcare budget. They concluded that both
future related medical costs and future unrelated medical costs should be included in a cost-
effectiveness analysis to maximize the number of QALYs gained from available resources. The
explanation is that given a fixed healthcare budget, life-prolonging interventions necessarily result
in a lower budget per person for healthcare in the future. Hence, life-prolonging interventions
have real health opportunity costs by leaving less budget for others. Excluding future unrelated
medical costs therefore leads to an underestimation of the opportunity costs of life-extending
interventions. As a consequence, ignoring these costs could result in care being adopted that is
actually less cost effective than the care that it displaces or prevents from being funded. Hence,
inclusion of future unrelated medical costs can lead to different decisions and ultimately leads
to more (health) benefits.

3 In these models, future medical costs are specified as related or unrelated on a cost level (expenditures con-
ditional on survival, which do not change with an increase in the quantities of the intervention consumed,
are unrelated). In practice, future medical costs are typically specified as related or unrelated on the level of
the disease to be treated.

16
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For decision making from the societal perspective, several competing mathematical models have
been proposed that have implications for the inclusion of future medical costs. The assumptions
underlying these models are typically of major importance for the interpretation and real-
world relevance of the results. For instance, Garber and Phelps (10) developed a model from
which the welfare-optimizing decision rule included future related and unrelated medical
costs in the ICER. However, according to their model, future unrelated medical costs could
be excluded without affecting the relative ranking of cost effectiveness of alternatives. This
makes exclusion possible provided practice is consistent and the value of the cost-effectiveness
threshold appropriately adjusted (10). Crucial assumptions in their model that were required
to arrive at these conclusions were that earnings and consumption profiles (both medical and
non-medical) do not vary by age and that at every age, individuals exactly consume what they
produce. These assumptions are difficult to justify, given the observed age patterns in healthcare
use and net resource use (9,32). Furthermore, the trade-off between improvement of quality
of life and improvement of length of life was not properly accounted for in this model. This is
relevant because interventions that only increase quality of life are not affected by the inclusion
or exclusion of costs in life-years gained (as survival is unaffected). Ignoring future costs for life-
prolonging interventions thus distorts their comparison to interventions that improve quality

of life. This leads to biased decisions in favor of life-prolonging interventions.

Meltzer (9) constructed a more general model with less restrictive assumptions, and, based on
that, concluded that the welfare-optimizing decision rule necessarily includes both future related
medical costs and future unrelated medical costs in the ICER. As future unrelated medical
costs can vary under different conditions, excluding these may affect the relative ranking of cost

effectiveness of alternatives, and consequently lead to different decisions on the care to provide.

Later, Lee presented a model implying that the welfare-optimizing decision rule need not include
future unrelated medical costs. Furthermore, including these costs would, according to this
model, lead to suboptimal outcomes for society (24). His model was subsequently criticized
because it employed similar assumptions as Garber and Phelps by ignoring survival probabilities
in the budget constraint. Therefore, ignoring this essentially implies that these costs were not
meaningfully included in the model to begin with (25). Feenstra and colleagues (26), in response
to Lee, showed that proper inclusion of the probability of survival in the budget constraint,
and thereby capturing the increase in future unrelated medical expenditures as a necessary
consequence of increased life expectancy, leads to the conclusion that future unrelated medical
costs should be included in a cost-effectiveness analysis. These results support the results earlier

found by Melezer (9,25).

Conversely, some have argued that new treatments should be evaluated in isolation (excluding
both costs and benefits of unrelated care) (4,33). In this line of reasoning, it is claimed that
future unrelated medical care is not a necessary consequence of the life-prolonging intervention
because no irreversible commitment to obtain future unrelated care is made when adopting it (4).

Although intuitively appealing, the commitment argument does not provide a rationale why we
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should include lifetime consequences of a decision in terms of healthcare use for related diseases
(like the cardiologist’s visits in the introduction) but not for unrelated diseases (like the broken
leg). For both disease categories, it is often unclear what the exact commitments will be in the
future (although it is likely that there will be commitments). More importantly, van Baal and
colleagues demonstrated that consistently excluding the costs and benefits of unrelated care in
general pushes the ICER upwards and results in suboptimal decisions (22). The reason for this is
that unrelated medical care is usually a mix of different interventions, and the cost effectiveness
of unrelated medical care will then be some sort of average return to healthcare expenditures,
which on average is lower than the threshold. If indeed future unrelated medical care is cost
effective, the inclusion of both costs and benefits can never push an ICER above the threshold.

It should also be emphasized that although the inclusion of future unrelated medical costs
has been disputed, the benefits related to this spending are generally already included in cost-
effectiveness analyses. The quality of life and life expectancy upon which estimates of benefits of
life-prolonging interventions are based are typically observed in patients also receiving unrelated
medical care. This implies that the benefits of unrelated medical costs are projected in the
estimations of the QALY gains of a life-extending intervention. Childhood vaccination may,
for example, prevent early death. However, quality of life and expected survival in added life-
years depend on the provision of unrelated healthcare during these years and estimates thereof
typically obtained in people receiving unrelated care. To exclude costs but include benefits of

unrelated future medical care would of course be inconsistent.

In that context, Nyman developed rules for internal consistency to determine which costs should
be included in a cost-effectiveness analysis given the benefits included. These rules require that
all costs required to produce projected benefits should be included, as well as those that are
causally related to the intervention, even when they do not yield additional benefits. Given
current practice, internal consistency thus requires that future unrelated medical costs should
be included because benefits thereof are captured in the projected QALY gains (14,22).

It needs to be noted that internal consistency could also be achieved by excluding both costs and
benefits of unrelated care. Doing so however requires disentangling related and unrelated costs
and benefits, which is practically difficult, if not impossible (22,29). Benefits from interventions
would then for example need to be estimated under the assumption that patients would not
receive any unrelated care. It appears highly difficult to practically estimate the quality of life
of patients under such assumptions. Furthermore, it is not always clear or known which costs
are actually related or unrelated (34,35). Additionally, if the aim of an economic evaluation
is to meaningfully inform healthcare decision makers, inclusion of future unrelated medical
costs and their benefits seems most appropriate (also referred to as the external consistency
argument) (11,22,29). To illustrate this, take the example of childhood vaccination. It seems
rather inconceivable that people who live longer because of childhood vaccination would be

denied standard future care on that ground. Nor is it clear how one would estimate their life
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expectancy and quality of life without future care, or what the practical relevance would be of

doing so.

Summarizing, the theoretical work in this area suggests that under the most reasonable
assumptions it is necessary to include both future related medical costs and future unrelated
medical costs in the ICER to obtain optimal decisions, in line with the decision maker’s
objectives. This conclusion holds, regardless of the perspective that is adopted by the decision

maker. Inclusion is optimal as well as internally and externally consistent.

Empirical Research

Practical difficulties in the estimation of future unrelated medical costs and the burden that
having to include these costs may place on analysts have been mentioned as arguments not
to include these costs in a cost-effectiveness analysis (17,33,36). However, methods have been
developed to facilitate the estimation of future medical costs, which was possible given the
knowledge on the effect of aging on healthcare expenditures (37). It would be an unsurmountable
task to predict the risk of all unrelated diseases and link these predictions to costs to estimate
future unrelated medical costs. Therefore, rather than modeling all these individual diseases
explicitly, the starting point for the estimation of future unrelated medical costs is typically
estimates of medical spending by age, which comprise spending on all sorts of diseases (9).
Such an approach is similar to how economic modeling studies usually deal with other causes
of death, as well as estimates of quality of life by age (which are included to deal with the fact
that mortality risk increases with age and quality of life generally decreases) (38). Age- and sex-
specific per-capita medical spending can then be linked to survival curves to estimate future
unrelated medical costs. In general, there is no correction for the fact that per-capita spending
includes spending for related diseases unless the related disease(s) represent a large part of health
spending. For instance, several modeling studies focusing on smoking and obesity do correct
per-capita spending for the cost of related diseases when estimating future unrelated medical
costs (39-41).

Further refinements in estimating future medical consumption have been made by taking into
account the observation that healthcare spending is usually concentrated in the last phase of life
(42,43). This also typically affects how age influences medical expenditures because part of the
effect of aging may be owing to the costs of dying (and older people have higher probabilities of
dying) (44). Given that everybody only dies once, the impact of unrelated medical costs on the
ICER is less strong when one accounts for the higher spending in the last year of life (42,45).

In the Netherlands, a tool was developed that facilitates the inclusion of unrelated medical
costs in a standardized manner, accounting for the high spending in the last year of life and
allowing for the correction for costs of related diseases (43). For other countries, such tools do
not yet exist but estimates of spending by age, sex, and disease have been produced for several

countries, which would allow the creation of such a tool or other comparable guidance, also for
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those countries. For instance, several studies have illustrated how to estimate future unrelated
medical costs for the UK (12,46—48).

Of course, the exact nature and height of future healthcare spending is uncertain, and
increasingly so when it is further ahead in the future. A common assumption in studies
addressing future unrelated medical costs is that future spending patterns resemble current
healthcare spending patterns. While this is an assumption that need not completely hold,
it seems a reasonable starting point for estimation (and better than estimates of zero) and is
consistent with the types of assumptions commonly made in practical economic evaluations.
In these evaluations, for instance, the estimates of the impact of individual interventions on

future health and healthcare also assume the current standard of care (29).

Estimates of the impact of including future unrelated medical costs for specific patients and
treatments have revealed that the inclusion of future unrelated medical costs can significantly
affect the cost effectiveness of interventions (12,22,34,49-53). These findings refute the
argument that future unrelated medical costs are negligible and can therefore be ignored (33,36).
Moreover, these studies revealed large differences in the changes in ICERs as a result of inclusion
depending on the age of the patients, following from the pattern that healthcare consumption
is typically higher for people at higher ages. As a result, including the future unrelated medical

costs has more impact when people reach higher ages.

Textbox 1 describes an example of a Dutch study in which including future unrelated medical
costs significantly affected cost-effectiveness estimates. During the submission process of the
new intervention, Dutch pharmacoeconomic guidelines were updated and future unrelated
medical costs had to be included. Because of this, a full analysis was performed both including

and excluding future unrelated medical costs (54), highlighting the impact of inclusion.

Textbox 1: Future unrelated medical costs and the cost effectiveness of LCZ.696

Most patients with chronic symptomatic heart failure with reduced ejection fraction are treated with
angiotensin-converting enzyme inhibitors (ACEI) and betablockers. When ACEI are not tolerated,
patients may receive angiotensin receptor blockers. However, if patients remain symptomatic, ACEI
should be replaced by the angiotensin receptor neprilysin inhibitor sacubitril/valsartan (LCZ696).
A global health economic model was adopted to reflect the Dutch societal perspective, to determine
the cost effectiveness of LCZ696 in comparison to treatment with ACEI in adult patients with
chronic heart failure with reduced left ventricular ejection fraction in the Netherlands, based on an

average age of 75 years.
The analysis displayed a quality-adjusted life-year (QALY) gain from LCZ696 compared to ACEI

of 0.33. With total incremental costs (excluding future unrelated medical costs) of €5,839 the

incremental cost-effectiveness ratio (ICER) was estimated on €17,600 per QALY. The increased
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longevity of 0.39 life-year because of LCZ696 caused additional discounted medical costs, unrelated
to heart failure, of €2,950. The inclusion of future unrelated medical costs increased the ICER with
€8,891 (€2,950/0.33) to €26,491 per QALY gained.

In the Netherlands, cost effectiveness is judged against a threshold ranging from €20,000 to €80,000,
for which the height depends on the principle of proportional shortfall. For this treatment, a threshold
0f €50,000 applied. The intervention was thus cost effective both before and after inclusion of future
unrelated medical costs. However, the increase of the ICER with over 50% shows that the effect can

be large. (See (54) for more details.)

Future Non-Medical Costs

In this section, we discuss future non-medical costs. As already mentioned in the introduction
of this chapter, these costs are only relevant for the societal perspective. We follow the same
structure here as for the previous section, starting with the theoretical debates, following with

empirical research.

Theoretical Debates

Some of the mathematical models highlighted above in the discussion of the inclusion of future
medical costs have also played a key role in the debate on the inclusion of future non-medical
costs. Generally, comparable conclusions were drawn regarding the inclusion. For instance, in
the welfare-optimizing decision rule derived from the model by Garber and Phelps (10), future
non-medical costs could be included or excluded without affecting the relative ranking of
cost effectiveness. This conclusion strongly depended on the restrictive assumptions underlying
the model. Using less restrictive assumptions, Meltzer (9) found that the welfare-optimizing
decision rule necessarily includes future non-medical costs. Leaving these out would affect the
relative ranking of cost effectiveness of alternatives, which could consequently lead to suboptimal

decisions and outcomes.

In terms of internal consistency, it should be noted that Meltzer implicitly assumed that in
cost-effectiveness analyses, utility measures are used that capture the full welfare benefits, also
those of non-medical consumption and productivity (leisure). However, QALYs are intended
to measure health-related quality of life. The internal consistency rules, proposed by Nyman,
specify that the ICER should only include costs for which the related benefits are also captured
(or when these are causally related though do not yield additional benefits) (14). One may wonder

whether QALYs capture the benefits related to non-medical consumption.

From a theoretical point of view, QALY optimization would only be compatible with welfare
maximization (with broader costs and benefits beyond health also implicitly considered) under
strict assumptions rarely met in practice (55). Empirically, different views exist on what actual

benefits are captured in the quality-of-life weights that are assigned to the health states. Standard
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gamble and time-trade-off exercises are typically used to derive these weights. Although the
most frequently used questionnaires used do not explicitly mention non-medical consumption
(14), it is not clear what consumption level the respondents implicitly assume when answering

the questions.

Some argue that people expect non-medical resource use to remain unaffected to the current
level (19,21). Another view is that people at least consider the non-medical resource use needed
to stay alive, such as daily food intake. Such assumptions have not been empirically verified. It is
also good to emphasize that even if minimal consumption levels to stay alive are not considered
by respondents in health-state valuations, they are still required to obtain the quality of life that
is measured from the questionnaires and should thus be counted as a cost (20,49). This could
also be stated for other non-medical consumption, which to a certain extent produces health
in the same manner as medical care. Considerable gains in life expectancy in many Western
countries were for example the result of interventions outside the healthcare sector (clean water,

sewerage, healthier and safer foods, road safety) (56).

Available experiments suggest that respondents inconsistently include impacts on productivity
and leisure in health-state valuations, if not explicitly requested to do so. The latter is uncommon
in practice. The influence of spontaneous inclusion of these impacts on health-state valuations
varied (57), although it was typically small and often insignificant, especially on average
valuations, suggesting that these impacts would better be valued separately. Explicit instructions
(to exclude these effects) could improve consistency in terms of what respondents include in

health-state valuations.

Adarkwah and colleagues investigated the impact of instructions on including the impact of
ill health on the utility of consumption and leisure in health-state valuations (58). Explicit
instruction to consider this utility did not influence valuations. In contrast, spontanecous
consideration in the group without explicit instruction led to significantly lower valuations.
From this, one could derive that currently the non-health benefits of interventions are not
systematically captured through common health-state valuations. However, because relatively
few studies have been performed in this area, with varying results, further research is needed
to gain more insight into the extent to which people consider the broader welfare implications
that result from ill health.

Besides being internally consistent, the information a cost-effectiveness analysis provides to
decision makers should also be externally consistent; the information should entail the policy-
relevant consequences of adopting an intervention. In line with this, Lundin and Ramsberg
argue that rather than following the QALY, which costs (and benefits) to include should be
determined by the welfare theoretic foundations underlying a cost-effectiveness analysis (21).
'This is related to the argument by Richardson and Olsen that the scope of the analysis should
be consistent with the aims of the decision maker and preferences of society (19). According

to Nyman, because the aim of healthcare interventions is mainly to increase health, a focus on
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health-related quality of life as an outcome would be sufficient (59). These arguments, however,
are more related to the issue of how to conceptualize the societal perspective appropriately (60)

than to the specific issue of inclusion of future costs.

Nyman has later argued that the welfare implications of non-medical consumption and
productivity (leisure) are already known to be positive and can therefore be safely ignored. He
argues that, unlike for medical consumption, people can and do weigh benefits of non-medical
consumption and production against its costs, and make deliberate and appropriate decisions
whether to consume, and to work or enjoy leisure instead (27,59). Whether this is a sufficient
argument to exclude these costs from evaluations remains to be seen, as the welfare effects
may still differ between interventions (even if often positive). Meltzer also demonstrated that
decisions will be affected when consumption or productivity are excluded when having an

effect on welfare.

Empirical Research

Several studies have estimated net non-medical resource use, for inclusion in cost-effectiveness
analyses (9,49-53,61). For this, productivity costs were estimated using the human capital
approach (in economic evaluations, the friction cost approach sometimes is also used to calculate
productivity costs in ‘normal’ life-years (4)). For consumption, these studies used either data
from household expenditure surveys (52,61) or data on earnings to extract consumption costs
as disposable income minus savings (50). Age patterns of per-capita consumption and average

earnings (as a proxy for productivity) were used for these estimates (9,51-53).

Different views exist regarding how to handle transfer payments when estimating future
consumption costs and productivity. Lee (24) argued that net resource use should be calculated
by net dissavings, implying that not only earnings from productivity should be included, but
also other sources of income such as private and public pension payments and asset income.
This argument was refuted by Meltzer (25), explaining that transfer payments are not relevant
when analyses are performed from a societal perspective. This is consistent with how transfer
payments are treated in a traditional cost-effectiveness analysis from a societal perspective (as

transfers not costs) (62).

Net resource use (consumption minus production) is typically positive in younger ages, negative
in middle ages, and again positive in older ages. This means that only in people of ‘working ages’
does production normally exceed consumption. For example, it was shown that for the Danish
population, production exceeded consumption from ages 2462 years (50). Other research
found comparable patterns (49,51-53). The difference between age groups is typically owing to
higher (paid) work force participation among younger people. Note that in these studies, data
on household consumption were used to derive per-capita consumption but economies of scale
within households were not addressed. Economies of scale can be important when the goal is to
estimate the costs of non-medical consumption resulting from living longer because preventing

death in a multi-person household would result in less additional consumption than preventing

23



Chapter 2

death in a single-person household. Additionally, to date, studies have not yet used the friction
cost method when estimating production gains in life-years gained. This would likely result
in lower productivity gains at a societal level from the prolonged life of patients (owing to the
possibility of replacement), hence a less often negative net resource use. It needs to be noted that

unpaid work is not accounted for in these calculations.

More generally, in comparison with the inclusion of the future medical costs, there is less
experience with the inclusion of future non-medical costs. An example of the difference in cost
effectiveness when future non-medical costs are either included or excluded based on a Swedish
study can be found in Textbox 2. Because of a change in the Swedish pharmacoeconomic
guidelines, this study obtained ICERs both including and excluding future non-medical costs

(63).1

Textbox 2: Future non-medical costs and the cost effectiveness of pomalidomide

Patients with multiple myeloma who have progressed following treatment with both bortezomib and
lenalidomide have a poor prognosis. In this late stage, patients are often left with best supportive
care. Pomalidomide is an anti-angiogenic and immunomodulatory drug for the treatment of multiple
myeloma. The cost-effectiveness was estimated of pomalidomide as an add-on to best supportive
care in patients with relapsed and refractory multiple myeloma in Sweden, based on an average
age of patients of 64 years. The analysis displayed a quality-adjusted life-year (QALY) gain from
pomalidomide of 0.74 and increased longevity of 1.21 life-year.

The incremental cost-effectiveness ratio (ICER) [without future non-medical costs] was estimated
to be €56,682 per QALY. Including future productivity gains (which were negligible owing to the
fact that most life-years are spent in retirement in this patient group) lowered the ICER with €457
to €56,225 per QALY. When consumption costs in added life-years were included, this increased
the ICER with €28,642 to €84,867 per QALY gained.

Despite the relatively high ICER, the treatment was granted reimbursement by the Swedish

authorities. (For more details see (63).)

4 Numbers are based on table IV in (63) and in euros. Consumption costs in this study comprised both medical
and non-medical consumption. Using the proportions from the original estimates (61), it can be derived that
of the €28,642, the increase as a result of future non-medical consumption costs would be approximately
€25,896 ((1-(13,623/142,074))*28,642), and the increase as a result of future non-medical costs would be
€2,746.
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Practical Relevance

Pharmacoeconomic Guidelines

Which costs are actually considered in a cost-effectiveness analysis largely depends on the
requirements in country-specific pharmacoeconomic guidelines.’ These guidelines generally
prescribe the inclusion of future related medical costs (typically referring to these as ‘direct
medical costs’) in the reference case, the standard format for a cost-effectiveness analysis.
However, they often pay no further attention to the inclusion of future unrelated medical costs
or explicitly require the exclusion of these costs. In jurisdictions in which a societal perspective
is adopted, it is generally required to include future productivity costs (or gains) and the future
costs of non-medical consumption related to the intervention (such as informal care and traveling
expenditures). Other non-medical consumption is rarely mentioned in the guidelines. Consistent
with these prescriptions, empirical studies found that in practice, future unrelated medical costs
and future non-medical consumption costs not related to the intervention are rarely included

in economic evaluations (49,64).

Some countries recently changed their guidelines regarding the inclusion of future costs. For
instance, Dutch guidelines, which prescribe adopting a societal perspective, traditionally did not
require the inclusion of future unrelated medical costs. This changed in 2016, when inclusion of
these costs became mandatory. However, still no specific attention is paid to future non-medical
consumption that is not related to the intervention (65). In 2013, Swedish guidelines, adopting
a societal perspective, were changed to specifically (and uniquely) prescribe the inclusion of
future costs as total consumption (medical and non-medical) minus production in life-years
gained (66). However, the guidelines were changed after criticism was voiced from the public
and patient advocacy groups on the inclusion of future costs (67). It was stated that it would
be investigated how these costs should be handled in the future (68,69). In the revised versions
from 2015 (70) and 2017 (71), only the inclusion of future related medical costs and additional
productivity in life-years gained is required and not future unrelated medical and consumption
costs. In contrast, the second US Panel on Cost-Effectiveness in Health and Medicine in 2016
(72) recommended the inclusion of all future costs, contrary to the first US Panel in 1996 (36).
While the recommendations of the Panel are not official requirements, they have shown to be
influential (73).

In the debates on the inclusion of future unrelated medical costs, the influential National
Institute for Health and Care Excellence guidelines (74), which apply in England and Wales,
are often discussed. These prescribe taking a healthcare perspective. To date, however, National
Institute for Health and Care Excellence guidelines exclude future unrelated medical costs from
the analysis. It has been argued that National Institute for Health and Care Excellence should

change its guidelines in this context because the exclusion of future unrelated medical costs is

5 For an overview of country-specific pharmacoeconomic guidelines, see https://tools.ispor.org/peguidelines/.
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inconsistent with the aims of the analysis (11,29,30,35,37). Counterarguments mainly relate to

ethical concerns regarding the potential distributional impact of including these costs (34,37).

Summarizing, in general, guidelines still typically are silent or prescribe the exclusion of future
unrelated medical costs and future non-medical costs not directly related to the treatment.
However, first signs of adjustment towards inclusion of, at least, future unrelated medical costs
appear to be showing. The inclusion of future non-medical costs not directly related to the

treatment may follow but seems more contested.

Ethical Concerns

As illustrated by the examples in the textboxes, the inclusion of future unrelated medical costs
and future non-medical costs can have a substantial impact on final ICERs. Consequently,
including these costs in cost-effectiveness analyses in practice may affect funding decisions. In
general, the impact of the inclusion of these costs is larger when life-years gained are spent in
relatively poor health (implying a lower denominator and thereby increasing the ICER). Note
that while the total number of life-years gained is relevant in terms of budget impact, it typically
has a limited impact on the ICER. Further, even if the number of life-years gained is small, the

impact of future costs can still be substantial.

Additionally, including future unrelated medical costs and future non-medical costs results in

different decisions on what care to provide, and thus has distributional consequences.

Including future unrelated medical costs may, for instance, disfavor interventions targeted at the
elderly (because non-medical expenditures are typically higher at higher ages, which increases
the impact of including future unrelated medical costs) and people already in ill health or with
already higher healthcare expenditures. On the ground of such ethical concerns, it has been
argued to exclude future costs from a cost-effectiveness analysis (4,34,37,75). Acknowledging
the relevance of these issues, it has also been argued that ignoring real costs is not an appropriate
or useful answer to ethical questions (17,35,76). One may even wonder whether ignoring real
opportunity costs, that will have consequences on others, is an ethical strategy. Furthermore,
ignoring real costs endangers the credibility and usefulness of outcomes from a cost-effectiveness
analysis (35). Equity issues need to be dealt with, preferably based on all relevant information in
deliberative decision-making processes. In light of the information provided, decision makers

may for instance wish to use a higher threshold for care focused on specific groups of patients (77).

The question of how to appropriately incorporate ethical concerns into the decision-making
process is an important matter in this context. One method is through an appraisal phase in
which ethical concerns are dealt with explicitly, while being fully informed on all relevant costs
and effects (35). This may also be facilitated by incorporating societal distributional preferences
into the ICER or threshold, by assigning higher weights or values to health gains for specific
groups in the population (73). Another option is to use a multi-criterion decision analysis. In

this approach, formal methods are used to identify and score the various factors considered
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relevant to a decision (3). All such methods do require initial inclusion of information on all

relevant costs and benefits.
Discussion

Future Medical Costs

The theory and practical possibility of including future medical costs in a cost-effectiveness
analysis has significantly developed over the past years. Most (relevant) economic models revealed
that optimal outcomes require considering all current and future medical costs, regardless of
whether these are related or unrelated (9,12,25,26). Although some models yielded opposite
results (10,24), the assumptions underlying these models are too restrictive to be relevant in
practice. Furthermore, other arguments against the inclusion of future unrelated medical costs
(e.g., future unrelated medical costs are not a necessary consequence of an intervention or that

future unrelated treatments should be evaluated on their own) have been refuted (12,29).

It has also been explained that projected benefits from interventions require the provision of
future unrelated care and that costs thereof should also be considered in economic evaluations
to be internally consistent (14,22). Furthermore, external consistency requires both the benefits
and costs of future unrelated care to be included for the analysis to be most informative for
the decision maker. It has additionally been argued that ethical issues (e.g., inclusion may
disadvantage specific patient groups) should be dealt with explicitly and informedly and cannot

justify systematically ignoring real costs.

Most pharmacoeconomic guidelines nevertheless still do not require the inclusion of future
unrelated medical costs. This may be because of some ‘status quo bias’, wish for intertemporal
comparability of results, and practical concerns about difficulties of estimating these costs. It may
also simply reflect the fact that guidelines are normally based on well-established and accepted

viewpoints, which implies they follow (with some lag) on from theoretical developments.

It must also be noted that it is not only the cost effectiveness of the new intervention for which
additional inclusion of future unrelated medical costs would be relevant. Additionally, this issue
matters for the determination of the threshold against which the cost effectiveness is judged.
For instance, within a system with a fixed healthcare budget, when funding a new healthcare
intervention implies displacing health sector activity elsewhere, the threshold represents the cost
effectiveness of displaced care. The future unrelated medical costs should also be considered
in the estimates of the threshold to represent the opportunity costs more accurately. Recent
estimates of such a threshold in the Netherlands illustrated how this can be achieved (78).

Future Non-Medical Costs
For jurisdictions adopting a societal perspective in economic evaluations, with the aim to
optimize societal welfare, future non-medical costs are relevant to consider as well (9). This

is typically not done in practice nor prescribed or encouraged in guidelines. Concerns about
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the benefits captured when quantifying outcomes in QALYs reiterated the debate on the
appropriateness of including these costs because internal consistency requires that only costs
are included when benefits thereof are also included (14). Several authors discussed the extent

to which welfare implications beyond health are measured and valued in QALYs (57,58).

A point that has not yet received any attention in the discussion in this context is to what extent
people take into account the non-medical benefits when they provide monetary valuations of
QALY gains. These valuations are usually obtained using willingness-to-pay exercises and are one
possible source of determining the threshold value at which health technologies are considered
too expensive (2). Further research in this area is needed. If such research shows that relevant
aspects of benefits beyond health are indeed not systematically and comprehensively measured
and valued in current economic evaluations, one could take this to imply that the associated
costs can also be ignored. However, if the aim is to improve overall societal welfare, a more
appropriate response might be to investigate how the scope of economic evaluations can be

broadened to include the relevant benefits as well as costs.

Although internal consistency is a fundamental premise (considering that all transactions have
both a cost side and benefit side) (27), internal consistency is not a sufficient criterion. The
information a cost-effectiveness analysis provides should also be externally consistent. It needs
to inform the relevant decision maker by providing information on all relevant consequences
of adopting an intervention. It can be argued that interventions in healthcare primarily aim
to improve health-related quality of life. However, welfare implications beyond health (care
budgets) can also be relevant for decision makers. This is, by definition, true for decision makers
who aim to optimize societal welfare, defined in a relevant welfarist or extra-welfarist approach

).

One might also argue that decision makers in principle taking a healthcare perspective would
not wish to be left completely ignorant about the ‘welfare externalities’ their decisions might
have. In such cases, a separate account of broader societal impacts may be provided. In either
case, the inclusion of future non-medical costs would be warranted. A two-perspective approach
could facilitate a full account of impacts, while indicating where these impacts fall. Recently,
the second US Panel on Cost-Effectiveness in Health and Medicine argued in favor of using
such a two-perspective approach, detailing impacts from both a healthcare perspective and
from a broader societal perspective (72), as was proposed before (79). With such an approach
as standard, non-medical costs could systematically be included in economic evaluations in
healthcare. This leaves open the possibility for decision makers to weight certain impacts more
than others and to explicitly address distributional consequences related to the inclusion of

specific elements.
However, given the questions regarding whether, how, and to what extent the benefits beyond

health related to future non-medical costs are adequately captured in current economic

evaluations, it would be premature to advise to simply include these costs. For now, it might
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be advisable to include these costs separately in a cost-effectiveness analysis. Then, at least the
decision maker is provided with more comprehensive information regarding societal costs that

follow from a new intervention.
Future Research

Regarding future unrelated medical costs, further research could be aimed at reducing practical
objections in terms of difficulties in estimating future unrelated medial costs, by standardizing
methods and estimates across and within jurisdictions. This will improve both the applicability
of inclusion and the comparability of outcomes. Translating the large body of research on the
economics of aging into tools and reference tables that can be used by practitioners of a cost-
effectiveness analysis seems one clear way forward. Furthermore, estimates of future unrelated
medical costs could be improved by taking into account changes in healthcare expenditures over

time as presently these estimates are typically based on the current standard of care.

For future non-medical costs, further research should be conducted regarding the question of
whether relevant benefits are already captured in current outcome measures, and, if not, how
this could be assured. To facilitate inclusion, research is also required on the development and
improvement of methods for the estimation of future non-medical consumption costs. For
instance, by accounting for economies of scale in household consumption and by investigating
the relation between non-medical consumption and health status. Furthermore, research should
focus on how to standardize estimation methods across jurisdictions applying the societal

perspective, to broaden the applicability and comparability of outcomes.
Conclusion

When an intervention prolongs life, additional costs in the added life-years are incurred. To
allow optimal decisions, both from a healthcare and societal perspective, including the additional
related and unrelated medical costs in economic evaluations is required. Knowledge on how
to estimate future (unrelated) medical costs has improved, also allowing inclusion in practice.
Inclusion of these costs would presumably benefit most from lowering the practical difficulties
and the burden on the analyst of including these costs in a cost-effectiveness analysis, as well

as guidelines prescribing or at least encouraging inclusion rather than prescribing exclusion.

For future non-medical costs, the conclusion is less clear. The benefits of future non-medical
consumption and productivity may currently not be comprehensively and systematically
included in a cost-effectiveness analysis. Therefore, the appropriate technique to include future
non-medical costs requires further attention, both theoretically and empirically. Research in this
area is encouraged. Ultimately, this should contribute to optimal decision making in healthcare

to obtain the most favorable outcomes for society.
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Abstract

Objectives: A consensus has been reached in The Netherlands that all future medical costs
should be included in economic evaluations. Furthermore, internationally, there is the
recognition that in countries that adopt a societal perspective, estimates of future non-medical
consumption are relevant for decision makers as much as production gains are. The aims of
this chapter are twofold: (1) to update the tool Practical Application to Include Future Disease
Costs (PAID 1.1), based on 2013 data, for the estimation of future unrelated medical costs and
introduce future non-medical consumption costs, further standardizing and facilitating the
inclusion of future costs; and (2) to demonstrate how to use the tool in practice, showing the
impact of including future unrelated medical costs and future non-medical consumption in
a case-study where a life is hypothetically saved at different ages and 2 additional cases where

published studies are updated by including future costs.

Methods: Using the latest published cost of illness data from the year 2017, we model future
unrelated medical costs as a function of age, sex, and time to death, which varies per disease.
'The Household Survey from Centraal Bureau Statistiek is used to estimate future non-medical

consumption by age.
Results: The updated incremental cost-effectiveness ratios (ICERs) from the case studies show
that including future costs can have a substantial effect on the ICER, possibly affecting choices

made by decision makers.

Conclusion: This chapter improves upon previous work and provides the first tool for the

inclusion of future non-medical consumption in The Netherlands.
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Introduction

Although cost-utility analysis (CUA) is increasingly used to assess whether new interventions in
healthcare yield sufficient value for money (3), there are still several methodological issues that
require attention. One such issue is the extent to which future costs should be included in CUAs
(11,80), where future costs are costs that arise from extending individuals’ lives and include all
costs in the life-years gained (LYG) from an intervention. They are typically divided into medical
(relevant for both societal and healthcare perspectives) and non-medical costs (only relevant for
the societal perspective). Nonmedical costs here refer to consumption (eg, costs for housing and
food) minus production (benefits from additional work in LYG). For medical costs, a distinction
is made between related (eg, costs for check-ups by a cardiologist after a heart attack) and
unrelated costs (eg, costs for treating pneumonia after said heart attack). Future related medical
costs are typically included in CUAs. Including future unrelated medical costs, however, has
been frequently debated. Early in the debate, the extent to which future costs should be included
was discussed using theoretical models aiming to optimize societal welfare. This led to multiple
views on the topic (9,10), the most compelling being that all future costs and benefits should
be considered (9). Later, the discussion was extended with the more practical view that because
future unrelated medical consumption benefits are generally included, the costs thereof should
be included to be consistent (14). This argument was also used to state that future non-medical
costs should not be included, arguing that the benefits thereof are not systematically included in
the Quality Adjusted Life-Year (QALY) (27). There are different views, however, on the extent
to which the benefits from non-medical consumption and production are actually included
(19,20,49), and there is so far no compelling (empirical) evidence regarding this (80). The
inclusion of future unrelated medical costs in CUA is now required in The Netherlands (65) and
recommended in the United States (72). Although production in LYG is often considered part
of productivity costs in CUA using a societal perspective, the inclusion of future non-medical

consumption costs is only recommended in the United States (72).

To facilitate the inclusion of future unrelated medical costs in The Netherlands, the Practical
Application to Include Future Disease Costs (PAID 1.0) was introduced in 2011 (43) and
updated in 2016 (PAID 1.1). This tool provides age and sex-specific average medical spending
estimates, which can be specified to exclude the costs of specific providers and diseases. Estimates
are based on a conceptual model that combines various streams of the literature. Costs by age are
corrected for “time-to-death” by estimating costs separately for survivors and decedents. Time
to death refers to the finding that healthcare costs are often higher in the last period of life (44).
Since older people are more likely to die, not correcting for this leads to an overestimation of the
impact of age on medical expenditures (44) and ignores the fact that saving a life at a given age
leads to the postponement of this high-cost last period of life (42). Future related medical costs

of specific diseases already included in the analysis can be excluded to prevent double-counting.

This chapter provides an extensive update of PAID to PAID 3.0. First, it uses most recent
available cost of illness (COI) data (2017). Second, and the largest difference from PAID 1.1,
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future costs of non-medical consumption are included. We provide guidance, supported by
3 case studies, on how to use PAID 3. PAID 3.0 can be used free of charge via https://imta.
shinyapps.io/PAID3/ and consists of a webapp made in Shiny in R.

Methods

As stated by Meltzer (9), if the aim of economic evaluations is to maximize social welfare given
available resources, all costs following from an intervention should be considered. This implies
that both medical costs, related and unrelated, and non-medical costs should be included. The

incremental cost-effectiveness ratio (ICER), including all costs can be written as follows:

A [LY x(RMC+PC)] ALY xUMC ALY x NMC
ICER = + + (1)
A QALY A QALY A QALY

where
e LY = life years;
¢ RMC = related medical costs;
e PC = productivity costs;
e UMC = unrelated medical costs;

* NMC = costs of non-medical consumption.

Splitting the ICER equation into 3 ratios distinguishes the elements that are currently included
in economic evaluation, related medical costs, and productivity costs, from the additional
costs that are not usually considered: future unrelated medical costs and future costs of non-
medical consumption. Equation (1) also illustrates that differences in unrelated medical costs
and future costs of non-medical consumption are purely the result of differences in survival. In
our estimation of the ICER, in which future costs are included, we use per capita medical and

non-medical consumption cost patterns by age as a starting point.

Lifetime costs of unrelated medical and non-medical consumption LY x [UMC + NMC] for an

individual aged a dying at age n, can be written as shown in Equation (2):

n—1 n
LY X[UMC+NMC] = ¥ sca)+ Y dc(n)+ Y nme(a) @)

where
® a=agein years;
* n =age at death;
e dc = decedent costs (healthcare costs in last year of life);
e sc = survivor costs (healthcare costs in other years);
* nmc = average costs of non-medical consumption;

¢ i=index of unrelated diseases.
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Unrelated Medical Costs

Rather than taking a bottom-up approach and predicting the risk of all unrelated diseases and
connecting these to costs, we take a top-down approach and use total per capita healthcare
costs by age and sex as a starting point for estimating unrelated medical costs. Using methods
identical to those of van Baal and colleagues (43), we first break down total healthcare costs by
disease, enabling the exclusion of costs for diseases already included in the analysis. Although
we explain these methods in the ensuing text, for a more detailed description we refer to the
original paper by van Baal and colleagues (43). Disease-specific per capita healthcare costs were
estimated using data from the Dutch COI from 2017 (81). Rather than using the system of
health accounts (82) perspective (used in PAID 1.1), we use the classification from the National
Institute for Public Health and the Environment (RIVM). Although the system of health
accounts is internationally recognized, the RIVM definition includes more healthcare costs,
such as international care. Whereas average per capita spending hardly changed between 2013
and 2017, age and disease patterns have changed. For example, between 2013 and 2017, costs
of psychological disorders increased 14% when using 2017 prices—far more than costs in other

disease categories, such as diseases of the central nervous system (2% when using 2017 prices).

COI data are specified by sex and 21 age-classes, which we interpolated using cubic splines
to obtain age-year-specific per capita expenditures, and which are calculated from population
spending totals. The data are further attributed to 100 disease categories and 11 healthcare
provider categories (overview in Appendix A) These disease categories include “Not disease-
related” and “Not allocated,” meaning that these are also included in our definition of unrelated
medical costs. Because healthcare costs are strongly determined by both age and time to death
(83), individual lifetime healthcare costs can be estimated as shown in the first 2 parts of
Equation (2). To obtain estimates for survivors and decedents, average per capita expenditures
are divided into 1 part attributable to those dying and 1 part to those surviving at that particular
age, assuming average costs are a weighted average of costs for survivors and decedents (age and

sex indices are left out here for notational purposes):

aci=((1=-m) X sci+m X dc; ®)

where
* aci= average per capita healthcare expenditure for disease is

* m = mortality rate.
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Disease-specific costs for survivors and decedents can be estimated using Equation (4), using
mortality rates and the sex- and age-dependent ratios between costs for decedents and survivors (r;):
dc;i= r; X sc; )
ac; = s¢; =+ (}"l— 1) Xm X SCi

ac;

Tt (r=1)xm

SCi

Mortality rates from 2017 were obtained from Statistics Netherlands (84). We used the same
disease-specific ratios for costs between decedents and survivors for the hospital sector as used
in previous versions of PAID. For ambulatory healthcare, drugs and appliances, and nursing and
residential care, ratios from 1999 based on total expenditures were used (85). To obtain disease-
specific ratios for these providers, we exponentiated disease-specific hospital ratios by a scaling
constant describing the relation between costs for decedents and survivors between hospital
care and other providers (see Appendix C). For providers for which no ratios were available,
we assumed that costs for decedents were equal to costs for survivors, as it is predominantly in

hospitals that differences in survivor and decedent costs are observed (83—86).

Non-medical Consumption

To estimate costs of non-medical consumption by age, we used data from the cross-sectional
Dutch Household Consumption survey from 2004 adjusted to 2017 price levels using consumer
price indices from Statistics Netherlands. In previous literature, economies of scale within
households have been found to be important when estimating non-medical consumption (87,88),
implying lower per person consumption costs when household size is larger. For instance,
spending on housing can be divided among more people when household size is larger; however,
the utility obtained from housing is likely to be the same whether someone lives on their own or
not. This has important implications for estimating future costs of non-medical consumption
because preventing a death in a single-person household will result in more future non-medical
consumption than preventing a death in a multiperson houschold (89). To estimate costs of
non-medical consumption for an average household by age, we fit 2 generalized additive models
using penalized B-splines on age. The first model estimates annual consumption per household
equivalent. Consumption per houschold equivalent is calculated from household consumption
using the Organisation for Economic Co-operation and Development modified equivalence scale
(90). The Organisation for Economic Co-operation and Development modified equivalence scale
assigns a weighting factor of 0.5 to each additional adult household member and 0.3 to each
child in a multiperson household. The second model estimates the probability of a houschold
having more than 1 adult; we are interested in making predictions for an average household.
Using this equivalence scale implies that preventing a death in a singleperson household results
in twice as much non-medical consumption as compared with a multiperson household with

two adults. Details on these models and testing of assumptions can be found elsewhere (88).
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‘The models are used to estimate average annual non-medical consumption by age of preventing

a death in an average household as in Equation (5):
nmc(a) = [hhequiv(a)X h(a)x w| + [hh equiv(a)x (1 - h(a))] (5)

where
* h = probabilitity of household having .1 adulg;
* hh equiv = annual non-medical consumption per household-equivalent;
* w = weight of deceased household member: .5 for an adult and .3 for a child.

Case Studies

We demonstrate the impact of including future costs on the ICER via 3 case studies. Benefits are
discounted at 1.5% per year and costs at 4% per year, in adherence with Dutch guidelines(65).
For the first case study, a life is hypothetically saved at ages 0 to 100, whereas in the second and
third case studies, we replicate survival curves from previous studies. In the first case study, life
tables for estimating life expectancy at all ages are used and combined with quality-of-life data
from Gheorghe and colleagues (91).

For the second case study, we replicated survival curves from a previously published cost-
effectiveness study on oxaliplatin plus fluoropyrimidines versus fluoropyrimidines only as
adjuvant treatment of stage 3 colon cancer (92), wherein oxaliplatin showed an incremental
QALY gain of 1.02 and 0.68 LYG, incremental costs of V9961, and a corresponding ICER of
V9766. The sample consisted of patients previously diagnosed with stage 3 colon cancer who
were randomized to either treatment or control groups. The median age of patients was 60 years.
This study is then updated by including estimates of future medical costs, after excluding costs

related to colon cancer, and including future non-medical consumption.

For the third case study, we used the results from a clinical trial assessing survival of
pembrolizumab monotherapy compared to platinum-based chemotherapy in a group of
previously untreated patients with locally advanced or metastatic non—small-cell lung cancer
(93). The paper from which the survival curves are extracted does not perform a CEA, and
therefore there are no “baseline” ICER or QALY gains. In this clinical trial, the median age at
baseline was 64 years of age, and 71% of patients were male. This case study demonstrates how
to use PAID when survival is short. We recommend using estimates of living 1 year longer when
studies have a relatively short time-horizon (5 years as rule of thumb), especially when survival
between the new treatment and comparator are highly different in the first study-year. In that
case, using decedent costs would create large differences in costs at baseline between the new
treatment and the comparator for unrelated diseases. This is implausible because it implies a
different past trajectory of costs for the same person before getting the treatment and conflicts

with the definition of unrelated medical costs.
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Costs for living 1 year longer at a particular age can be calculated as follows:

c(a,g) = Sc(a,g)+dc(a+1,g)—dc(a, g) ©6)

where
* ¢ = costs of living one year longer;
® a=agein years;
e g=gender

Furthermore, although the approach discussed earlier assumes independence between the
healthcare intervention and cost of non-medical and unrelated medical consumption, we provide
a framework allowing for a correlation between the intervention and unrelated medical costs—
applied in the third case study. We show the impact of adjusting PAID estimates of unrelated
medical costs for this correlation, which is relevant when the studied population is expected to
have a different healthcare use for unrelated diseases than the average population. Estimates
can be adjusted using the framework as displayed in Equation (7), where per capita costs are

shown as the product of disease prevalence and per patient costs:
sc(a)l.=p(i|a)><sc(a|i)l_ 7)

dc(a); = m(ali) X dc(a|i)t_

where
 p(ila) = probability of disease 7 conditional on age ;
* m(afi)= mortality rate at age « conditional on having disease i;
* sc(afi) = survivor costs at age 4 conditional on having disease i;

c(afi) = decedent costs at age 2 conditional on having disease 7.
. d deced g ditional on having d

Given the relationships displayed in Equation (7), we adjusted unrelated costs to reflect higher

prevalence and mortality for stroke among patients with lung cancer (94). We adjusted the

unrelated costs for stroke by extracting the costs for stroke separately, multiplying stroke costs

with the relative risk of stroke—1.47—as estimated by Chen and colleagues (94) and adding

these back to the sum of unrelated medical costs, as shown in the equations below.

sc(a) = Z sci(a) + scj(a) X 4 ®
i #j

de(a)= ) defa) + dej(a) x A
i#
where

* j = unrelated disease with higher costs (e.g. stroke);

e A= multiplier.
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To demonstrate how to use PAID with survival data on an individual level, we fitted 2 parametric
survival models, assuming a Weibull distribution to overall survival results presented in the

Kaplan—Meier plot (93) from which we randomly drew individual survival times.
Results

Unrelated Medical Costs and Non-medical Costs

Panels A and B in Figure 1 show how average healthcare expenditures rise sharply after age 75,
whereas per capita non-medical consumption shows a less strong age pattern but decreases at
old age and peaks at middle age (identical numbers for males and females because estimates
are not sex specific). These graphs show that up until around age 75, people have higher non-
medical costs than healthcare consumption, whereas afterward, healthcare exceeds non-medical

consumption.

(A) Costs - Men (B) Costs - Women
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— Medical - Non Medical — Medical - MNon Medical
(C) Medical Costs - Men (D) Medical Costs - Women
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Figure 1: (A and B) Average per capita medical costs and nonmedical consumption by age. (C and
D) Medical costs, split into survivor and decedent costs by age.

Age-specific per capita medical costs for survivors and decedents are presented in graphs C and
D, showing comparable patterns in spending by sex, although women’s expenditures are higher,
especially at older ages. These graphs show that differences between survivor and decedent costs
are highest in the first year of life and between 50 and 75 years and become smaller at the highest
ages. This can largely be attributed to causes of death and related periods of illness before dying
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at different ages. In the first year of life, death often follows a period with high use of medical
care. The same holds for middle age. At the highest ages, survivors and decedents typically incur

higher healthcare expenditures, narrowing the difference in costs.

Case Studies
For the first case study, we estimated the impact of including future costs on the ICER when
death is prevented at a certain age (see Figure 2). It shows that the older people get, the more

expensive it is to save them.
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Figure 2: Case study 1. The hypothetical impact of including future unrelated medical costs and
future nonmedical consumption (NMC) on the ICER when death is prevented (for free) at a certain
age.

The results of the second and third case study are summarized in Table 1. Figures 3 and 4 show
differences in costs and survival over time for the two case studies. Including future unrelated
medical costs in case study 2 leads to an increase of €3,761 in the ICER; including non-medical
consumption adds another €5,440 to the ICER.
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Table 1: The impact of including future costs on the ICER for case-studies 2 and 3.

Case-study 2 Case-study 3 (€ per life-year)
(€ per QALY*)
Unadjusted Adjusted for stroke
Original ICER 9,580 N/A N/A
Impact including unrelated medical costs 3,761 (13,341) 5,546 5,619
on ICER
Impact including non-medical costs on 5,440 (15,020) 9,126 9,126
ICER
Total impact on ICER 9,201 (18,781) 14,672 14,745
*Total ICER shown in brackets
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Figure 3: Case study 2. The added costs for including unrelated medical consumption and non-
medical consumption (top), and the difference in survival between intervention and comparator
group (bottom).

For the third case study, we estimated a mean survival of 25.1 months for the intervention group
(pembrolizumab) and 15.3 months for the comparator group (chemotherapy). Figure 4 (bottom)
shows difference in survival. As stated above, in this study no baseline ICERs and QALYs were
available. Therefore, only the impact of inclusion on the ICER can be estimated, and impact
is shown as cost per LYG. We estimated a discounted LYG of 0.77 for the intervention group
compared to the comparator. Inclusion of future unrelated medical costs increased the ICER
by €5,546, or €5,619 after adjustments for stroke incidence. Including future non-medical
consumption further increased the ICER to €9,126. Note here that the impact on the ICER will
be different when QALYs instead of life-years are used. If the LYG will be in less than perfect
health, this will increase the impact on the ICER.
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Figure 4: Case study 3. The additional costs by time for the lung cancer intervention (top left), and
the additional costs by time when adjusted for increased stroke risk (top right). Difference in survival
between intervention and comparator group (bottom).

Discussion and conclusion

In 2011, a practical tool to include future unrelated medical costs in a standardized manner was
introduced (43). In this chapter, we updated the tool with the most recent data on medical costs
and included estimates for future non-medical consumption. Recent COI data were combined
with mortality data and decedent-survivor cost ratios to provide disease-specific estimates of
medical expenditures per capita in survivors and decedents. Related costs of an intervention are
then excluded from total medical expenditure. Non-medical consumption was estimated taking
into account household economies of scale. Using case studies, this chapter further demonstrated

how to use the tool in practice.

The first case study refers to the situation of saving a life at a given age, with no intervention
costs. It shows that the impact of including future costs becomes larger at higher ages, mainly
owing to rising healthcare expenditures with age, whereas in comparison to future medical
costs, the impact of including non-medical consumption remains relatively stable over time. The
consumption curve (Figure 1) follows a U-shape as seen in previous literature (87,95); however,
when dividing these costs by QALY changes, the curve flattens considerably. Another factor
affecting the relative impact of including future costs at younger ages versus older ages is that
the more expensive (older) years are discounted more highly when lives are saved at younger
ages. Furthermore, the impact of including future non-medical consumption is larger than

including future unrelated medical costs until approximately the age of 60. This may seem
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surprising when looking at Figure 1, which shows that per capita non-medical consumption
is larger than medical consumption until approximately the age of 75. When estimating the
impact of including future unrelated medical costs on saving a life at different ages, however,
we consider time to death. As a result, high medical spending in the last year is postponed, and

additional medical spending is less than suggested by Figure 1.

In the second case study, a published evaluation comparing interventions for colon cancer is
replicated. Including future unrelated medical costs increases the ICER by almost 40%, and
when all future costs are included, the ICER more than doubles. In The Netherlands, a cost-
effectiveness threshold ranging from €20,000 up to €80,000 per QALY gained is applied, where
the height depends on the principle of proportional shortfall (2,77). Using the iMTA Disease
Burden Calculator (96), we calculated a proportional shortfall for this case study of 0.37, which
implies that the relevant threshold in this case study is €20,000 (77). Including future costs
in this study could thus make this intervention not cost-effective because it pushes the ICER
near the threshold. It is important to note that an intervention being not cost-effective is not
an undesirable outcome, but simply the result of correctly estimating the change in costs for

an intervention.

In the third case study, we demonstrate how to adjust for short time horizons and show that
PAID estimates can easily be applied to several forms of models. Furthermore, we show how
to adjust estimates when costs for unrelated diseases in the studied population are suspected to
differ from the costs for the general population. This is adjusted for here by using the increased
risk of stroke among patients with lung cancer. In this case, the difference between future
unrelated medical costs, whether adjusted or unadjusted, is relatively small. If the costs of a
disease for which the risk is increased were large and the additional risk substantial, the impact
of such adjustment would be larger, as shown by Manns et al. in their paper on end-stage renal
disease care (52).

An important limitation to the study is that there are no more recently estimated decedent-
survivor cost ratios than those used here. Although more recent estimates of mean overall
spending in the last year of life compared to other years show comparable numbers (97), more
detailed estimates may show different patterns. An update of these ratios would be useful for
future research. A further limitation with regard to decedent—survivor cost ratios is that we did
not have estimates for all providers, and disease-specific estimates for 3 providers were derived
by combining hospital estimates with provider-specific sector estimates. In a similar vein, the
classification of costs among providers was different for 2017 COI data, and therefore fewer costs
could be adjusted using these ratios. It is also worth noting that data from the houschold survey
are relatively old; although data are adjusted to 2017 prices, changes in spending patterns by age
may not be captured. Furthermore, we estimated non-medical consumption by age and assumed
no correlation between non-medical consumption and disease. Although there is relatively
lictle literature covering this topic, there are some findings that suggest such a correlation. For

example, it may be that medical consumption crowds out non-medical consumption for the
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severely ill, although this is unlikely in the Dutch context, given that almost all healthcare
spending is publicly financed (98).The findings that non-medical consumption decreases from
a certain age (87,95,99), however, may imply that as health decreases (as it does at older ages)

so does non-medical consumption. Further research in this area is needed.

Finally, we do not address uncertainty in this chapter. Uncertainty could stem from the 2 key
elements of our estimates: survival and costs. The original costs in this case are averages provided
by Statistics Netherlands and are therefore with little surrounding uncertainty. However, there
are still sources of uncertainty, such as decedent-survivor cost ratios; the larger the time to death

effect (larger ratios), the smaller the impact of future costs on the ICER (9).

In general, including future costs may have a systematic effect on reimbursement decisions
because the “upward” effect on the ICER changes differently by population and intervention.
As the cost of extending life increases with age, this implies that the age at which an intervention
is given will be of increased importance for the cost-effectiveness of an intervention. Another
parameter that affects the magnitude of the impact of including future costs, and thus decisions,
is the ratio of life-years gained to QALYs gained for a particular intervention. It has been shown

that the larger this ratio, the larger the impact of including future costs (9).

In this chapter, no specific attention is paid to future related medical costs and future productivity
because these are typically already included in economic evaluations, and extensive guidance
on how to estimate and include these costs is already available in The Netherlands (100). When
looking at the total impact of including future costs, production gained at working ages would
presumably lead to those years being the least costly. This would, however, also depend on
how productivity is measured. In The Netherlands, these costs are typically quantified using
the friction costs method and thus are limited to the friction period. Using the human capital
approach or including informal and household production would affect the impact of inclusion
at different ages. The latter methods would imply higher negative costs (more productivity
gains from living longer) and thereby lower ICERs. Another issue worth mentioning is that,
although there is agreement that including future unrelated medical costs would improve the
internal consistency of the ICER, implying that costs are included when related benefits are
included, how much QALYs capture the benefits from non-medical consumption (and also
production) is currently unclear (14). Furthermore, it is also unclear to what extent thresholds
to which ICERs are compared include these benefits (80). The impact of including future non-
medical consumption and the comparison with existing thresholds should thus be interpreted

with caution.
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To conclude, this chapter provides an update and extension of PAID and demonstrates through
case studies the application and impact of including future costs in economic evaluations.
Updated ICERs show that including future costs, even just unrelated medical costs, can have a
substantial effect on the ICER, which could affect decision makers’ choices. For future research,

it would be interesting to see the estimates used in a variety of economic evaluations.
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Appendices

Appendix A: Healthcare providers

Table A.1: Summary of healthcare provider categories in PAID 3.0 (based on the categories
distinguished in the Dutch Costs of Illness study)

Cost of Illness VIV (Volksgezondheid

Toekomstverkenning) healthcare provider

% of total costs in 2017

Data used to attribute average

costs per disease to last year of life

categories and other years

Hospitals (HC) 30.3 Hospital records linkage

Nursing and residential care facilities (LTC) 20.5 Hospital records scaled to insurance
claims

Providers of ambulatory healthcare (GP) 10.8 Hospital records scaled to insurance
claims

Retail sale and other providers of medical 9.0 Hospital records scaled to insurance

goods (Med) claims

Provision and administration of public health 1.9 Not applicable**

programmes™

General health administration and insurance* 4.4 Not applicable**

Other healthcare* 3.3 Not applicable**

Welfare® 0.5 Not applicable**

Ambulance and transport* 0.6 Not applicable**

Disabled care* 11.3 Not applicable**

Mental healthcare® 7.4 Not applicable**

* These healthcare providers are grouped together and referred to as ‘other healthcare providers’

** Costs for ‘other healthcare providers’ depend only on age and gender for PAID 3.0
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Practical guidance for including future costs in economic evaluations
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Chapter 3

Appendix C: Derivation scaling factor ratios
To obrtain disease-specific ratios for these providers, we exponentiated the disease-specific
hospital ratios by a scaling constant describing the relation between costs for decedents and
survivors between hospital care and the other providers (Equation C.1). The log scale, instead
of multiplying by a constant, is chosen for scaling to prevent that negative ratios would become
positive (or vice versa).
xi>1

ij>1= 152 €D
Where:

* j=index denoting the healthcare provider;

e j=1implies hospital care;

* 7,>1 = ratio for disease i for healthcare provider j other than hospital care;

* x5 = scaling constant for healthcare provider j other than hospital care.

Equation C.1 implies that age- and sex-specific distributions of ratios are proportional on the
log scale for each healthcare provider. Using Equation C.1 for a baseline disease (i=1), this can

be rewritten as Equation C.2:

. log(ri_y i51)
Xis] i=1,j>1

Ti=l,j>1 = r[il>,j:1 = IOg(ri:Lj>1) = xj>llog(ri=1,j=1) Tl E T N (C2)

10g<fi:1,j:1>

We assume that the scaling factor x;1 is equal for all diseases, which leads to Equation C.3:

log(r—y j»1) log(r;sy j»1)

Xjs1 = = forallvaluesofi (C3)
108(%’:1,;’:1) 10g<ri>1,j=1>

The scaling factor was found by minimizing the distance between total survivor costs using the

estimated ratios for total expenditures and total survivor costs as the sum of disease-specific

survivor costs (Equation C.4):

aci, j>1
SCron,js1 = Y (C4)
Tl (rtyo =) xm

60



Practical guidance for including future costs in economic evaluations

61






Chapter 4

Don't forget about the future

The impact of including future costs on the cost-
effectiveness of adult pneumococcal conjugate
vaccination with PCV13 in the Netherlands

Based on: de Vries LM, Kellerborg KM, Brouwer WBF, van Baal PHM. Don't
forget about the future: The impact of including future costs on the
cost-effectiveness of adult pneumococcal conjugate vaccination

with PCV13in the Netherlands.
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Chapter 4

Abstract

Background: When vaccines increase longevity, vaccinated people may experience costs
and benefits during added life-years. These future benefits and costs may include increased
productivity as well as medical and non-medical costs. Such impacts should be considered
in cost-effectiveness analyses (CEA) of vaccines but are often omitted. Here, we illustrate the
impact of including future costs on the cost-effectiveness of vaccination against pneumococcus

disease. We emphasize the relevance of differentiating cost estimates between risk groups.

Methods: We updated an existing Dutch CEA of vaccination against pneumococcus disease
with the 13-valent pneumococcal conjugate vaccine (PCV13) to include all future medical and
non-medical costs. We linked costs by age and risk with survival information and estimates of
cases prevented per vaccination strategy based on the original study to calculate the impact of

inclusion. Future medical costs were adjusted for relevant risk groups.

Results: For the base-case strategy, the original incremental cost-effectiveness ratio (ICER) of
PVC13 was €9,157 per quality adjusted life-year (QALY). Including all future medical costs
increased the ICER to €28,540 per QALY. Also including future non-medical costs resulted in
an ICER of €45,691 per QALY. The impact of future medical costs varied considerably per risk

group and generally increased with age.

Discussion and conclusion: This study showed a substantial effect of the inclusion of future
costs on the ICER of vaccinating with PCV13. Especially when lives of people with underlying
health conditions are extended, the impact of future medical costs is large. This inclusion may
make vaccination a less attractive option, especially in relation to low thresholds as often applied
for prevention. Although this raises important questions, ignoring these real future costs may
lead to an inefficient use of healthcare resources. Our results may imply that prices for some

vaccines need to be lowered to be cost-effective.
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Don't forget about the future: the impact of including future costs

Background

Vaccination has greatly reduced the burden of infectious diseases around the world (101). The
effectiveness and cost-effectiveness of vaccination strategies in preventing both fatal and non-
fatal cases typically vary with age and by risk. Given that there are limited resources available
for healthcare, it is vital to identify the most efficient strategies and to evaluate whether these
interventions provide value for money. For this, cost-effectiveness analyses (CEA) are generally
performed, in which the costs and benefits of an intervention are assessed in relation to a relevant
alternative (like standard care or another intervention or strategy) (4). The health benefits are
typically quantified in quality adjusted life-years (QALYs) and the results summarized in an
incremental cost-effectiveness ratio (ICER), the ratio of additional costs to additional benefits
(4). The cost-effectiveness of an intervention can then be evaluated by comparing the ICER
to a predefined cost-effectiveness threshold (2). Sound CEA should consider all relevant costs
and benefits of interventions, while aligning with the perspective prescribed by the decision
maker. For instance, when a healthcare perspective is applied, all costs and benefits within the
healthcare system should be considered, whereas for a broader societal perspective all costs and

benefits for society are relevant (4).

Some aspects of vaccinations, like externalities (i.e., effects on third parties) including improved
herd immunity, are not often observed with other types of interventions yet particularly relevant
in the context of CEA (102). Since vaccination is often aimed at preventing potentially fatal
diseases, future costs, costs that arise in the life-years gained from an intervention, are also
specifically relevant for vaccination. When vaccination successfully prevents a fatal case, the
survivor will most likely consume healthcare and other goods and services in added life-years,
which constitute costs that should be included in a CEA framework (9). The survivor might
also work during these added years, a benefit that lowers the net costs of consumption. Part of
the healthcare costs in life-years gained flows directly from the intervention (so-called related
medical costs). An example are the costs for booster vaccination in life-years gained from
vaccination. The other part only indirectly flows from the intervention through the extension of
life (so-called unrelated medical costs (UMC)). As an example, a survivor could need treatment
for diabetes or dementia developed during life-years gained. An example of future non-medical

consumption (NMC) are the costs for housing in added years to live.

Whether and to what extent future costs should be considered in CEA has been frequently
debated (11,80). It was shown, using theoretical models, that including all future medical costs
would be required for optimal decisions from a healthcare perspective (12). From a broad societal
perspective, the analysis should include future medical as well as non-medical consumption
and productivity costs (9). Nevertheless, practical and theoretical concerns have been used as
justifications for not including all future costs in practice (e.g., these costs would be difficult
to estimate and it is unclear which costs should be included given that not all non-medical
benefits are captured in the QALY, often measured using the EQ-5D questionnaire and related

country-specific value sets) (80). Future related medical costs are generally included in CEA.
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This, in contrast to future UMC, the inclusion of which is only required in the Netherlands
(from 2016) (103) and was recently recommended in the US by the Second Panel on Cost
Effectiveness in Health and Medicine (104). The inclusion of all future non-medical costs,
defined as NMC minus productivity costs, is currently only recommended in the US by the

aforementioned Panel (104).

The impact of including future costs on the ICER, both in absolute numbers and in terms of the
relative cost-effectiveness of interventions, depends on several factors. Healthcare expenditures
and the impact thereof generally rise with age, partly due to higher costs in the last phase of life
(‘costs of dying’) (83), and NMC and productivity are typically higher in middle ages (87,105).
Healthcare costs are also generally higher for people with underlying health conditions for
which medical treatment is needed (35), who are typically also at higher risk of infection and
more likely to die from infectious diseases. Simultaneously, differentiation between risk groups
generates differences in the impact of future costs through differences in factors such as quality
and length of life, which are typically lower for people at higher risk. In general, the impact of
inclusion is larger when quality of life in added life-years is lower (lowering the denominator of

the ICER) and when interventions are mainly life-extending compared to quality improving.

The empirical literature on the impact of including additional future costs in CEA is growing.
For instance, it was shown that ICERs of cancer screening in the US were underestimated by
between $10,300 and $13,700 when future UMC would be excluded and utility losses for
competing diseases would not be considered (106). Also, for the UK, it was shown that including
future UMC led to an increase in the ICER of between 7% and 13% (103). A last example is
from the Netherlands, where a tool was developed and updated to include both future NMC and
UMC (104). Nevertheless, there is little evidence of the impact of inclusion for different types
of interventions and for different sub-groups in a population. To illustrate the relevance and
impact of including future costs when evaluating the cost-effectiveness of vaccination, we update
a previous Dutch CEA of vaccination of different risk groups against pneumococcus disease with
the 13-valent pneumococcal conjugate vaccine (PCV13) compared to no vaccination (107) by
including all future costs. Streptococcus pneumoniae, or pneumococcus, is a preeminent cause of
morbidity and mortality with highest rates of infection in individuals with immunocompromised
conditions, infants and the elderly (108). With different vaccination strategies considering several
age cohorts and health-based risk groups and a large share of QALYs gained from prevented fatal
cases, this study is a suitable illustration of how to adjust UMC based on risk groups and the
impact of inclusion for vaccination in general. We also consider the relevant cost-effectiveness
thresholds for the different strategies, which are important to evaluate the eventual impact of

inclusion on decision making.
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Methods

To evaluate the impact of including more future costs in CEA on the cost-effectiveness of the
different strategies for PCV13, we compare results from the CEA with and without these costs.
More specific, we compare the ICERs including only related medical costs and productivity
costs from the original study with the ‘total ICERS’ including all future costs. The original
CEA estimated costs and benefits of PVC13 compared to no vaccination. The calculation of
costs and benefits, including future costs, is shown in Equation (1) (notations for age and risk

group are left out):

ALY X(RMC + PC)] ALY xUMC ALY x NMC

Total ICER = + 1)
A QALY A QALY A QALY

Original ICER Impact. UMC Impact NMC

The first part of the equation shows the ICER including only related medical costs (RMC)
and productivity costs (PC), which entails the incremental RMC and PC for PCV13 versus no
vaccination in all life-years (LY), divided by QALYs gained from PCV13 versus no vaccination.
We obtained these from the original study and adjusted these to 2017 prices using consumer
price indices from Statistics Netherlands (109) to align with cost estimates. The second and
third parts of the equation represent the impact of including UMC and NMC on the ICER
respectively, which entail life-years gained (LYG) multiplied with UMC and NMC in those years
divided by QALYs gained. In the next sub-section, we discuss how these costs were estimated.
QALYs used from the original study were obtained from general population utilities and EQ-5D
questionnaires from disease-specific studies. As mentioned in the background section, it is
under discussion to what extent QALYs capture benefits beyond health — and related to what
extent the costs thereof should be considered. However, since the focus of this chapter is on the
cost-side, we focus on these here and pay some more attention to the issue in the discussion and

suggestions for further research.

To estimate the impact of inclusion for the different vaccination strategies, we first estimated the
impact of including UMC and NMC for preventing a fatal case at different ages for the different
risk groups. For this, we multiplied remaining life-years based on the survival curves for the
different risk groups with costs and QALYs in these added life-years. All costs were discounted
at 4% per year and all benefits at 1.5% per year, in adherence with Dutch guidelines (65). We
combined these estimates and the QALYs gained from preventing non-fatal cases with cases
prevented over time by age- and risk group. For this, we multiplied these costs and QALYs by
the cases prevented for the different years. Detailed information on cases prevented could not
be obtained directly from the original study. For that purpose, we constructed a simplified
replication of the original model in which we followed the risk groups (low- medium- and high-
risk) within five age cohorts (18—49, 50—64, 6574, 75—84 and 285 years) during the first 15
years after vaccination (vaccine efficacy was limited to those years). For detailed information

on the input parameters, we refer to the original study (107).
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Since not all details from the original model were available, we deviated from the original model
in a few ways. First, we only followed the population for the first 15 years after vaccination
as opposed to following the cohorts until death or the age of 100 directly as for the original
study. Instead, to obtain estimates of costs and QALYs for prevented fatal cases, we combined
the numbers of prevented fatal cases with estimates of costs and QALYs gained for preventing
fatal cases. We further assumed no transition to higher risk groups, which was considered in
the original model, since we could not obtain information on the approach and assumptions
underlying this transition besides that this could only occur in one direction. Consequently,
our estimates of cases and QALY losses prevented differed somewhat from the original study.
However, for the estimation of the impact of including UMC and NMC on the ICER differences
in absolute numbers are less relevant since our main interest is in the ratio of additional costs
per QALY gained.

Estimating costs

The costs that were used as input for the estimation of the impact described above were based
on the estimates from the Practical Application to Include future Disease costs (PAID) 3.0
(104). PAID provides age and gender specific estimates of average medical spending, which can
be specified to exclude the costs of specific providers and diseases, and estimates of NMC by
age. The estimates of UMC are based on per capita healthcare expenditures by disease from the
Dutch Cost of Illness study and separated into costs for decedents and survivors using mortality
information from Statistics Netherlands and ratios of spending in the last year to other years
to account for the finding that healthcare expenditures are often higher in the last phase of
life. NMC are estimated based on information from Dutch Household Consumption surveys.
Economies of scale within households were considered in these estimates as these have been
found important when estimating NMC (89). To do so, consumption for the average household
was estimated using the Organisation for Economic Co-operation and Development modified
equivalence scales for the additional consumption of an additional individual in a household

to obtain average per person consumption.

The estimates for NMC were used directly from PAID without further adjustments. Estimates
of UMC were obtained from PAID after exclusion of costs related to the treatment (upper
respiratory tract infections) to prevent double counting (as related medical costs are already
included in the original study). PAID estimates of UMC, based on per capita estimates of
yearly spending on healthcare, can safely be used when the study population is comparable to
the general population regarding their healthcare expenditures. In the current study, however,
several risk groups were identified based on their current health: (1) those at high risk, including
individuals with an immunocompromising condition; (2) those at medium risk, including
immunocompetent patients with chronic medical conditions; and (3) those at low risk, including
the remainder of the population. The different risk groups include people that have already
other diseases or worse health conditions than the general population. It is therefore expected
that their (unrelated) medical costs are higher than those of the general population, as the costs

for the diseases in these risk groups will by definition be incurred by the people in these risk
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groups. We adjusted PAID estimates for this by transforming the per capita costs per disease to
per patient costs for those diseases that only occur in higher risk groups. We do this by dividing
per capita costs for survivors and decedents for the diseases in the risk group by the incidence
of that risk group, while taking into account how mortality for the risk group is different from
that of the general population. In Appendix A and B, we explain in more detail how we derive

per patient estimates.

Cost-effectiveness thresholds

In the Netherlands, vaccinations in the National Immunisation Programme are typically
evaluated by the Dutch Health Council. Indicated prevention, aimed at people already ill
or at higher risk of becoming ill, is generally evaluated by the Dutch National Health Care
Institute for provision through the standard healthcare benefit package (110). Separate advices or
collaboration between these institutes is sometimes preferred when both national and indicated
prevention are considered, as earlier for PCV13 (PCV13 could then not qualify as indicated
prevention due to insufficient evidence on its effectiveness in high-risk groups) (111). These
organizations have different approaches regarding cost-effectiveness thresholds, which we both
consider since ICERs for both general strategies and strategies only including higher risk groups

are updated.

The Dutch Health Council typically applies a fixed threshold of €20,000 per QALY,
stemming from a guideline for primary prevention for cardiovascular disease with cholesterol-
lowering statins (112). Cost-effectiveness thresholds used in reimbursement decisions by the
Dutch National Health Care Institute vary by severity of disease as based on the principle
of proportional shortfall (110). Proportional shortfall generally reflects the (average) health
lost in a population treated. The proportional shortfall is a ratio between the difference in
remaining QALYs between an affected individual without the new treatment and population
averages for individuals of the same age and gender (i.e., QALYs lost due to being affected),
divided by the remaining QALYs of population averages for remaining QALYs of individuals
of the same age and gender. For a proportional shortfall within 0.1 and 0.4 (where one thus
lost 10-40% of otherwise lived health), a threshold of €20,000 applies; within 0.41 and 0.7,
a threshold of €50,000 applies, and within 0.71 and 1.0, a threshold of €80,000 per QALY
applies. A proportional shortfall below 0.1 would be too low for the treatment to be eligible for
reimbursement (77,110). The €20,000 is based on the threshold for primary prevention. The
€50,000 and €80,000 are mainly based on research into the willingness to pay for treatment in

others and themselves or loved ones, respectively (110).

The calculation of severity of illness is relatively complicated in prevention since effects are
typically further in the future, more uncertain, and affect only a part of the treated population,
leading to questions on what point of time should be measured (at vaccination or when the
benefit occurs) and whether proportional shortfall should be measured in the population that
gets the disease or in the entire vaccinated population (113,114). The current guide is to estimate

proportional shortfall at the time of the intervention and for the share of those vaccinated who
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would get the disease (114). For estimating average proportional shortfall, we thus estimated the
undiscounted quality-adjusted life-expectancy (QALE) at different ages for the full population
and for those expected to fall ill without vaccination at time of vaccination, for all using the
survival and utility information as used in the original study. We calculated average proportional
shortfall rather than proportional shortfall for the average ages, since different vaccination

strategies considered different risk groups with different related QALE within these groups.
Results

Cost estimates

Table 1 shows the estimates of UMC and NMC for the different risk groups for each first age in
a cohort. Estimates are provided for UMC in the last year, other years, and on average (average
of decedent and survivor costs, considering mortality). Overall, these results show increasing
healthcare expenditures by age, except for the high-risk group, where average and survivor costs
in lower and highest ages are highest. The relation between age and costs for different risks are
somewhat different for decedent costs. For medium- and low-risk groups, decedents costs do still
increase with age, but at a slower pace. Decedents costs in the high-risk group show a hump-
shaped pattern, for which an important factor is the large share of costs for cancers for this risk
group, for which per capita costs increase until approximately age 60 and then decrease. The cost
adjustments for risk show large differences between costs for the different risk groups. At age
18, the average UMC for the high-risk group are almost 4 times the costs for the medium-risk
group and 15 times the costs for the low-risk group. UMC for the medium-risk group are then
almost 4 times the costs for the low-risk group. The differences in costs between risk groups
gradually decline with age. The costs for the high-risk group eventually become smaller than
those for the medium-risk group. At age 85, the ratio of costs of medium to high is 1.1. The
ratio of high to low is then 1.4 and of medium to low is then 1.6. An important reason for this
is that for medium-risk, costs for cardiovascular diseases comprise a large share of the costs,
which rapidly increase with age for both survivors and decedents. This, while costs for cancers
are a large share of the costs in the high-risk group and these costs are much more centered in
the last year of life compared to the costs for cardiovascular diseases. The estimates of NMC by

age for all risk groups show a hump-shaped pattern, indicating highest NMC in middle ages.

Table 1: Unrelated medical costs (UMC) for decedents, survivors, and on average; and non-medical
consumption (NMC) (all in €), by risk group and for first age in cohorts.

Age
Cost category Risk group 18 50 65 75 85
UMC decedents Low 8,736 23,399 29,422 32,906 42,170
Medium 28,938 31,917 41,020 44,048 59,547
High 85,770 128,203 174,370 106,932 72,876
UMC survivors Low 2,180 2,941 4,054 6,475 15,050
Medium 8,576 6,071 7,438 10,810 23,779
High 31,711 18,232 13,264 12,877 20,536
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Table 1: Unrelated medical costs (UMC) for decedents, survivors, and on average; and non-medical
consumption (NMC) (all in €), by risk group and for first age in cohorts. (continued)

Age
Cost category Risk group 18 50 65 75 85
UMC average Low 2.181 2,997 4,343 7,233 17,581
Medium 8.592 6,262 8,126 12,423 28,250
High 32,010 20,543 17,424 16,629 25,276
NMC All 19,337 22,279 22,019 20,274 18,801

Impact of future costs on ICERs for preventing fatal cases

Figure 1 shows the impact of the inclusion of future UMC and NMC on the ICER for preventing
fatal cases at different ages and for different risk groups. In Figure A.1 in Appendix C, an
additional graph is shown only including UMC. The impact of including UMC is relatively
stable up until the age of 60 for all risk groups, where after it grows rapidly. Up until the age of
60, the impact of inclusion of UMC for the high-risk group is relatively large in comparison to
both the low- and medium-risk group. Thereafter, the impact for the medium-risk group grows
more rapidly than the impact for the high-risk group, and the impact for the medium-risk group
is larger than for the high-risk group from around age 80. The impact of including NMC is
relatively stable and changes little in the relative impact of including future costs on the ICERs

for the different risk groups. Including NMC mainly results in an upward shift of the curves.
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Figure 1: Impact future unrelated medical costs and non-medical consumption on ICER for saving
a life by age and risk group

Impact of future costs on cost-effectiveness of vaccination strategies

The first columns in Table 2 display the impact of the inclusion of future UMC and NMC on the
ICER for the different vaccination strategies. For the base-case strategy (the full 65-74 cohor),
the impact of UMC and NMC was €19,383 and €17,151, respectively. The middle columns in
Table 2 show the original ICER and the ICERs after including the different types of future
costs. For the base-case strategy, the ICER before inclusion (adjusted to 2017 prices) was €9,157.
After including UMC, the ICER was €28,540 and after including both UMC and NMC,

the ICER was €45,691. These columns also show the relative ranking of vaccination strategies
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before and after including future costs in terms of cost-effectiveness. Most notable difference in
the ranking before and after inclusion is for the strategy including those at medium-risk in the
65-74 cohort. This strategy is the 5th most cost-effective before and the most cost-effective after
the inclusion of future UMC. Also including future NMC to the ICERs had little additional

impact on the ranking.

Table 2: Impact future costs on the ICER, ICER before and after inclusion, and cost-effectiveness
threshold based on proportional shortfall for different vaccination strategies (all in €)

Impact ICERs Thresholds
(ranking?) (proportional
UMC NMC  Original® Original Original shortfall)®
+UMC +UMC

+NMC

65-74-all (base-case) 19,383 17,151 9,157 28,540 45,691 20,000

®) 7) 7) (0.15)

65-74-low 7519 13347 53,142 60,660 74,008 0
12) 12) 12) (0.02)

65-74-medium 17,324 16,939 3,041 20,365 37,304 20,000
®) 0 o) (0.20)

65-74-high 22716 17,814 1,612 21,104 38917 20,000
1) () (3 (0.19)

65-74-at risk 20,155 17,398 1,175 21331 38,729 20,000

& 6) ®) 6) (0.20)
g 6Splus-atrisk 24,035 17445 4835 28,870 46,314 20,000
E (6) ®) ®) 0.17)
S 65plus-all 23159 17222 13,684 36,842 54,064 20,000
g (10) a1 a1 (0.14)
£ 50plus-at risk 20,665 17,111 2778 23442 40,554 20,000
4) 5) 5) (0.18)

50plus—all 19,422 16,828 13,732 33,154 49,982 20,000
an (10) (10) 0.13)

18plus-at risk 19921 16,658 2429 22350 39,008 20,000

) ) @) (0.18)

65plus-all & 18-G4-at risk 19,594 16,564 7,968 27,562 44,126 20,000

@) ©6) ©6) (0.14)

50plus-all & 18-49-acrisk 18,922 16,455 12,406 31,328 47,783 20,000

9) ) ) (0.14)

a Ranking of ICERs based on cost-effectiveness

b ICER from the original study adjusted to 2017 prices

¢ Proportional shortfall and corresponding threshold (0 for 0-0.09; 20,000 for 0.1-0.4; 50,000 for 0.41-0.7; 80,000
for >0.7)

The last column in Table 2 shows the cost-effectiveness thresholds based on the average

proportional shortfall ((average) health lost in the population treated) in the vaccination
strategies. According to this, the €20,000 threshold would apply for all but the strategy including
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those at low risk in the 65-74 cohort. For that strategy, the proportional shortfall would be too
low for the strategy to be eligible for reimbursement. For the strategies considered in this study
there would thus be no difference between the threshold to apply for national prevention (fixed
at €20,000) and for indicated prevention which would only include higher risk groups. The
relatively small differences between the proportional shortfall in the strategies with high- and/or
medium-risk groups can be explained from the similar utility values that are used in the different
risk groups. Would lower utility values have been used for higher risk groups, the proportional

shortfall might have been higher which could have resulted in higher relevant thresholds.

In Table A.2 in Appendix C we also provide the impact of including UMC and NMC and
the thresholds based on proportional shortfall for the different risk groups and age cohorts
(compared to Table 2 with the information per vaccination strategy). Comparing this to Table
2, it clearly shows that the impact of the higher risk groups is limited by the smaller relative share
of these groups within the strategies. For instance, the impact of including UMC and NMC
for the strategy 18plus-at risk is €36,579, whereas the impact for the subpopulation aged 85+
with medium-risk of infection is €77,260. This emphasizes that how the different strategies are
constructed highly affects the outcomes of the impact, and presumably the analyses in general,

and careful construction of these strategies is warranted.
Discussion and conclusion

Saving lives by preventing illnesses may lead to costs and benefits in added life-years from
medical and non-medical consumption and increased productivity. This study showed that
the additional medical and non-medical costs in the context of vaccination can be substantial,
especially for people at higher risk of infection due to underlying health conditions for which
medical treatment is needed. Considering these costs in CEA can lead to interventions no
longer being cost-effective when judged against a relevant threshold. This threshold is typically
relatively low in the Netherlands for national prevention, but also for indicated prevention when
based on average severity of illness. While a higher threshold may apply for risk groups with a
higher severity of illness, this could be offset by the related higher healthcare costs and lower
quality of life in those groups. Hence, inclusion of future costs may also then indicate that these

interventions are not cost-effective.

An important strength of this study is that we adjusted UMC based on the underlying health
conditions for those at higher risk of infection. As the costs related to those conditions will be
incurred only by those suffering from these conditions, this approach provides more realistic
estimates of UMC for the different risk groups. In comparable research, typically the average
per capita healthcare expenditures are used (e.g., (50,53,106)). We further discuss the impact
of inclusion in relation to the relevant cost-effectiveness thresholds. While highlighting the
impact on the ICER of including future UMC and NMC is already important, the potential
effects of inclusion on final (reimbursement) decisions is also crucial, which in part depends on

the thresholds applied in the decision-making process.
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A limitation of our study is that we did not have access to the original models. We therefore
estimated how QALYs gained would be distributed over time using a simplified replication
of the original model based on the information provided in the original paper. This resulted
in somewhat different numbers of total cases and QALYs gained for the different vaccination
strategies, partly due to missing information on the transition to higher risk groups. Although
using the original models may change our results somewhat, it is not expected this would
substantially affect our conclusions. Indeed, the costs for saving a life in the different age and

risk groups already highlighted the large impact inclusion can have on results.

Another limitation is related to the prevalence for the risk groups in the original study, which
was determined by age- and risk. When adjusting UMC from per capita to per patient costs,
this led to discontinuities in costs by age around the bounds of the age-groups. A more gradual
change in prevalence would have enabled more accurate estimates of per patient costs. However,
given the information available, these per patient costs are presumably more accurate for these
risk groups than per capita estimates, given that the diseases for which those costs arise occur

per definition within these risk groups.

Further, the utility estimates in the original study were based on age-specific estimates in the
general Dutch population, resulting in relatively high utility scores for all risk groups. Since the
people in higher risk groups suffer from one or several medical conditions, it is likely that their
quality of life is lower than for those in lower risk groups. Lowering the denominator of the
ICER, these QALY differences would (further) increase the differences in impact of including
more future costs on the ICER between lower and higher risk groups. Different utility values
for different risk groups also directly affect the severity of illness (expressed as proportional
shortfall) calculations and might also affect the relevant thresholds when this approach would
be followed. In general, the accuracy of future CEA could presumably be improved by using

utility values measured in the specific risk groups.

Finally, we used point estimates from the original study in our analysis as no detailed information
on distributions was available. Future research ideally would also consider uncertainty around

the estimates for a more comprehensive analysis.

The results of this study have important implications for the CEA of vaccination. First, we
demonstrated that obtaining risk group specific estimates of future costs is feasible. This study
could be used as an aid for that purpose next to the practical guidance provided with PAID 3.0
(104). Furthermore, as it was shown that the impact of future costs for vaccination strategies
can be substantial, these costs cannot be simply ignored (even if inclusion poses important
normative questions). This study showed that differences in the impact between risk groups can
be large and considering these differences is important for studies where strategies are designed
that include different risk groups based on their current health.
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The potential of the inclusion of future costs to affect reimbursement decisions may have
distributional consequences, not only across interventions, but also within. For instance, it could
be that vaccination of people in the high-risk groups will not be cost-effective, while vaccination
of people in lower risk groups is. This may result in and increase existing health inequalities.
These results may reinforce ethical concerns related to the inclusion of future costs (and indeed
other costs). One could argue that when including future costs, some people might no longer be
eligible for treatment, which may be considered undesirable. Such concerns clearly need to be
addressed. However, ignoring real costs may be considered an inappropriate strategy in dealing
with these issues. Not only because this would ultimately harm other groups in society (since
excluding costs just like including costs has distributional consequences), but because ignoring
costs would not even allow assessment of the extent to which this would be the case. Ignoring
these costs would moreover endanger the quality and usefulness of CEA. Ethical concerns would
preferably be explicitly incorporated in the evaluation and decision-making process (80). For
instance, if deemed appropriate, higher thresholds could be used for prevention or for specific
high-risk groups when this accurately represents societal preferences and policy purposes. An
accurate and complete estimate of all costs and benefits is a prerequisite for such an (and any

other) exchange between efliciency and equity.

Although including future costs may result in ICERs above the relevant threshold, this
represents the relevant estimate of costs and effects of the intervention. Not including these
costs does not mean they will not occur. Moreover, the ICER can be influenced by altering
the price of the vaccine. As an example, the original study showed that lowering the price of
the vaccination would make the base-case strategy cost-saving and cost-effective judged by the
€20,000 threshold, also after including future UMC. Further price reductions would be required
for the strategy to be cost-effective when including both future UMC and NMC. In that context
patent status is also important, as average drug prices often drop after its expiration (115) (note
that the patent of the studied vaccine has not yet expired (116)).

This study left several questions for further research. First, while we adjusted UMC for the
different risk groups based on underlying health conditions in our study, we did not adjust
NMC. However, it is not unlikely that illness also affects NMC to some extent (117). As existing
research reported different findings for the health state dependency of NMC, future research

should further explore the impact of potential differences.

In our study, we further did not focus on future productivity costs as these were already included
in the original analysis. These were estimated using the friction costs method (limiting added
productivity to the friction period which is the period required to replace an absent worker) and
could reach a maximum of €13,460 for persons between 15 and 49 and €15,605 for persons
between 50 and 64. Previous studies, using the human capital method (not considering the
possibility of replacement and counting all added productivity during the remaining lifetime)
have shown that including future productivity costs (or gains) could result in a lower ICER after

including future costs for relatively young adults (during working ages) (e.g., (50,53)). Future
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research could investigate the differences between existing approaches to estimate productivity
costs in the context of preventing mortality. It would be relevant to then also consider potential
differences in productivity based on different risk groups. People with underlying conditions
could, for instance, be less productive during their lifetime, potentially lowering the impact of

these costs.

Finally, although this was not the focus of this study, we want to note the ongoing discussion
on what costs should be considered in CEA. The issue currently under debate is whether the
benefits of future non-medical costs are fully captured in the QALY, and, if this is not the case,
what this implies for including future non-medical costs (80). It has been argued that, when
benefits from NMC and losses from less leisure due to additional productivity in terms of utility
are not fully captured in the QALY, the costs thereof should not be considered either (14). It
is also unclear to what extent thresholds to which ICERs are compared include these benefits

(80). Further research into these issues is therefore recommended.

To conclude, in this chapter we estimated the impact of including future UMC and NMC in the
CEA of vaccination with PCV13 against pneumococcus disease. It was shown that the inclusion
of these costs has a substantial effect on the ICER, especially when people at higher risk with
underlying health conditions are saved. Given this impact, interventions that were first projected
to be cost-saving, were shown to be cost-ineffective after inclusion, when judged against relevant
thresholds. Although this indicates the need to consider ethical considerations regarding how
to deal with such situations, especially when they could exacerbate health inequalities, ignoring
these real medical and societal costs does not solve the underlying issue and is not in line with

optimizing outcomes with limited resources.
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Appendices

Appendix A: Per capita costs to per patient costs

To consider different future unrelated medical costs (UMC) for the people in different risk
groups, we needed to transform the per capita estimates from PAID 3.0 to per patient estimates
for the costs for diseases indicating increased risk of pneumococcus infection. More specific,
average costs as the division of healthcare costs for the entire population by the number of people
in the population (per capita/unconditional) needed to be transformed into average costs as the
division of total healthcare costs for the diseases by the number of patients suffering from the
disease (per patient/conditional). Equation A.1 shows this relation by presenting total healthcare
expenditures for disease i at age a (hcei (a)) as average costs for disease i at age a, conditional on
having disease i (acj(a\i)), multiplied by the number of patients having the disease at age a and

as average costs for disease i at age a, multiplied by the entire population at age a.

total hcej(a) = aci(a|i)*patientsi(a) =acja)*population(a) (A.1)

By writing patients/population as the prevalence (p), this can be rewritten into Equation A.2,
which shows average conditional costs as average unconditional costs for disease i at age a divided

by the prevalence of disease i at age a.

acia)

aci(a | i)= @)

(A.2)

Knowing both the prevalence of the diseases (from the percentages of the population in the risk
groups) and per capita average costs (from PAID), we can derive average per patient costs for
the diseases in the risk groups. However, PAID provides estimates not of average costs at age
a, but as costs for decedents (dc) and survivors (sc), based on mortality. The relation between
average costs and decedent and survivor costs is shown in Equation A.3. for per capita costs and

in Equation A.4 for per patient costs.

c(a) = [1 - m(a)] X sci(a) +m(a) X dci(a) (A.3)

acitali) = [1 =m(a|D] x sci@li) + mia|i) x deitali) (A4)
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Equation A.5 and A.6 show how we obtained age and disease specific per patient costs for
decedents and survivors, based on the relations described in equation A.2, A.3, and A 4. For
this, we used the survival information for the specific risk groups as used in the original study
and the population mortality from Statistics Netherlands as used in PAID.

m(a) x dc; (@) = dc; (ali) x p; x m(ali) (A5)
=
de, (ali) = m(a) xdc; dc;(a)

m(ali)

pi(a) X m(ali) B p,(a) X ( )
t m(a

(1 —m(a)) x sc; (a) = sc; (ali) x p; X (1 —m(ali)) (A.6)
=

. (1-m(a)) xs¢ sci(a)
sc; (ali) = =

pi(@) x (1 —m(ald)) (1 —m(ali))

P X T @)
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Appendix C: Results

Unrelated medical costs
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Figure A.1: Impact future costs on incremental cost-effectiveness ratio for saving a life by age and
risk group
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Table A.2: Impact future unrelated medical costs (UMC) and non-medical consumption (NMC)
on the ICERs and cost-effectiveness threshold based on proportional shortfall for different age- and
risk groups (all in €).

Impact Thresholds
Age Risk UMC NMC UMC + NMC (proportional shortfall)*
18-49 Low-risk 1,805 9,636 11,441 0
(0,01)
Medium-risk 7,700 13,792 21,492 20,000
(0,15)
High-risk 26,107 14,850 40,956 20,000
(0,34)
50-64 Low-risk 4,546 14,109 18,655 0
0,02)
Medium-risk 10,086 16,207 26,293 20,000
0,19
High-risk 20,006 16,854 36,860 20,000
(0,24)
65-74 Low-risk 7,519 13,347 20,866 0
(0,02)
Medium-risk 17,324 16,939 34,263 20,000
(0,20)
High-risk 22,716 17,814 40,529 20,000
(0,19)
75-84 Low-risk 15,530 15,680 31,210 0
(0,01)
Medium-risk 31,260 17,238 48,498 20,000
0,19
High-risk 31,550 18,233 49,783 0
(0,04)
> 84 Low-risk 30,312 16,921 47,234 0
(-0,01)
Medium-risk 59,871 17,389 77,260 20,000
0,17)
High-risk 47,981 17,984 65,965 0
(-0,04)

* Proportional shortfall and corresponding threshold (0 for 0-0.09; 20,000 for 0.1-0.4; 50,000 for 0.41-0.7; 80,000
for >0.7)
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Chapter 6

Abstract

The threat of new emerging infectious diseases demands improvements in infectious disease

surveillance, which crucially depends on (real-time) data sharing and new technologies.

Infectious disease surveillance can be typified as global public good, and related important

obstacles are financing and removing barriers for producing and sharing information.

Public financing and provision are important to enable cost-effective disease surveillance, since

otherwise optimal levels for society are unlikely to be reached.
Additional investments in infectious disease surveillance are preferably based on sound economic

evaluations considering the specific characteristics of infectious disease surveillance, however, a

framework for cost-effectiveness analyses capturing the specific characteristics is yet non-existent.
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Introduction

With the global increase in population density, urbanization, and global travel and trade, the
threat of widespread outbreaks of infectious diseases has increased relentlessly (129) as evidenced
by recent examples of COVID-19 and Ebola. Further, although the most important causes of
death shifted to noncommunicable diseases, in some poorer parts of the world, communicable
diseases remain the most important cause of death (130). Crucial in the prevention of and
reaction to these threats is early detection, which demands an infectious disease surveillance
system that can signal unusual events. How to set up and improve surveillance and how to
prioritize investments are questions that need input from different scientific disciplines. Here,

we focus on some economic considerations.
The benefits of improving infectious disease surveillance

The best recognized purpose of disease surveillance is the (early) detection of epidemics and other
health threats. New diagnostic tools such as unbiased and targeted next-generation sequencing
(NGS) are being explored as options to improve surveillance as these allow to determine causes
of unexplained disease outbreaks, trace and link sources of disease transmission, and facilitate a
better understanding of how viruses and bacteria pass from animal to humans. With NGS, the
same platforms and sometimes even the same protocols can be used for the analysis of viruses,
bacteria, genes and parasites with the potential for cost saving through economies of scale
(economies of scale occur when the costs per unit decrease when produced quantities increase,
as total costs can be divided among more units), improving its affordability also for lower income
countries (131,132). As most emerging infectious diseases are zoonotic, further improvements
could come from incorporating concepts from ‘One Health’, integrating capacities across human
and animal health sectors. In general, sharing data in a timely manner, both within and between
sectors and countries, is expected to greatly enhance and accelerate the understanding of diseases
and their patterning and reduce unit costs. Improved collaboration and data sharing could
further help to reduce barriers for the adaption of new technologies through reducing current
human capital constraints. For instance, limited access to the specific expertise is an important
barrier for the adoption of technologies such as NGS for various countries (133). A last example
of how surveillance could be improved is by limiting current workforce constraints. This was
evidenced during the COVID-19 pandemic where, for instance, testing capacities were falling
short at some points. Indeed, many of such improvements could also improve the effectiveness
and efficiency of healthcare systems in general (134,135).

Incentives for research and data sharing
Currently, there are limited incentives and a lack of appropriate infrastructure for data sharing,
which requires a clear governance structure that ensures a balance between privacy and access

and adheres to (inter)national ethical and legal requirements. Solutions have been proposed for

many of the issues limiting timely sharing of data in genomics research (133). An example of
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an initiative to enhance data sharing is the model for improving disease surveillance set by the
Collaborative Management Platform for detection and Analyses of (Re-)emerging and foodborne
outbreaks (COMPARE) and its sequel Versatile Emerging infectious disease Observator (VEO)
(https://www.compareeurope.eu; https://www.compare-europe.eu/ VEO). The project aims to
develop a global platform for sharing and analyzing NGS data that are customizable so groups

of users can share data rapidly when needed while retaining ownership (131).
Financing disease surveillance and the ‘global public good’ concept

Hossain and colleagues (136) found that low-income and middle-income countries spend an
annual median of $0.04 per capita on vaccine-preventable disease surveillance. The Organization
for Economic Cooperation and Development provides estimates of spending on epidemiological
surveillance and risk and disease control programs for 2018 ranging from 0.002% (Luxembourg)
t0 0.9% (Switzerland) of total healthcare expenditures. Recent research on the willingness to pay
for surveillance in the EU found that, on average, people are willing to spend €264/year, which
roughly translates into 5% of total health spending (137). Based on this, it could be argued that

within the EU currently too little is spent on disease surveillance.

An important characteristic of surveillance and interventions around infectious diseases is
externalities, outcomes beyond the scope of those pursuing the activity. (That is, preventing
the spread in one country may also prevent the spread to other countries. Although externalities
might be an opportunity for collaboration, the risk is that actors consider only their own costs
and benefits, leading to underprovision of surveillance activities). Public goods are a special case
where externalities exist, and goods are non-rivalrous and nonexcludable. Infectious disease
surveillance is sometimes described as a (global) public good (e.g., people cannot be excluded
from benefiting from a reduction in risk of infectious disease when its incidence is reduced (non-
excludability), and one person benefiting from this reduction does not prevent anyone else from
benefiting as well (non-rivalry)) (138). Alcthough the purity of the public good characteristics can
be questioned (139), the concept can be useful to promote and justify public interference and
funding. Non-excludability and thereby inability to demand payment eliminates commercial
incentives for producing public goods in the private market. Consequently, the market fails to
provide quantities optimal for society: an argument for governmental interference and financing.
As no global government exists, global public goods are often financed by international
organizations, national governments or transnational corporations (139). Such organization
of governmental and donor financing is a complex task, which requires attention for, among
others, constraints related to fragmented financing within and across sectors and governmental
levels (140).

Investments in surveillance in developing countries are often initiated as development aid. From
the global public good perspective, however, one could argue that financing by more developed
countries is actually in those countries” own interest. (One of the difficulties, however, is that

countries typically have different priority diseases and thereby different surveillance priorities
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due to the various threats to different population groups. Where rich countries may fear the
importation of new viruses, poor countries suffer from common infections which give rise
to diarrhea and respiratory diseases. Improved affordability of newer catch-all tools that can
provide diagnosis for most common diseases and rule out emerging diseases would reduce these
differences and stimulate international collaboration.) A recent example is the Access to COVID-
19 Tools Accelerator (https:// www.who.int/initiatives/act-accelerator), a global collaboration
to produce and provide equitable access to tests, treatments, and vaccines against COVID-19,
which initially aids poorer countries though eventually helps to protect the entire world. Morton
and colleagues addressed this perspective in a model based on which could be decided how
development aid in global health should be spent (141). However, absence of hard evidence on

cost-effectiveness of disease surveillance complicates the use of such analytical models.
The cost-effectiveness of disease surveillance

Methods of economic evaluation have been applied in cost-effectiveness analyses of clinical
interventions with a clear link between costs of an intervention and health benefits of the
target patient group (4). Such evaluations are more complex in case of surveillance systems. In
general, surveillance results in health improvements only when combined with other programs
as effective policy responses require a well-functioning health system and intragovernmental
coordination. In case of healthcare emergencies, outbreaks further not only influence human
health, health spending and labor market participation but also general security, animal health,
and have broader disruptive effects on international trade and tourism. Furthermore, behavioral
responses with respect to policies play a crucial role, making outcomes less predictable (142).
Some issues regarding cost estimation are that costs from detected cases (including false
positives) should be considered and that costs for the development of incentive structures for
data sharing and facilitation of data sharing can be difficult to quantify and attribute to separate
surveillance systems and activities. The latter relates to seeking an optimal balance between
funding disease-specific (vertical) interventions and (horizontal) health system strengthening.
Models were built (e.g., previous works (16,135)) to address this, which take into account that

investments in health systems will increase benefits of other programs.

Another bottleneck is the absence of a methodological framework capturing the unique
characteristics of surveillance. Earlier estimates of costs of surveillance and response activities
were mainly restricted to predefined preparedness or response activities for endemic diseases

and single pathogen models (see Textbox 1 for an example).
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Textbox 1: The economic evaluation of PulseNet

PulseNet is a surveillance system designed to identify and facilitate investigation of foodborne
illness outbreaks. This molecular subtyping network of public health and food regulatory agency
laboratories provides stakeholders information to improve decision-making and provides powerful
incentives for the industry. It furthermore enhances the focus of regulatory agencies and limits the
impact of outbreaks. The health and economic impacts associated with PulseNet were studied in
an economic evaluation (150). Effectiveness was measured as a reduction of reported illness due to
improved information, enhanced accountability of the industry and more rapid recalls. Economic
costs comprised program costs and medical costs and productivity costs averted due to reduced
illness. Based on data collected between 1994 and 2009, it was estimated that the system reduced the
number of illnesses from Salmonella by 266,522, from Escherichia coli (E. coli) by 9,489, and from
Listeria monocytogenes by 56. This reduced medical and productivity costs by $507million. Direct
effects from improved recalls additionally reduced illnesses from E. coli by 2,819 and Salmonella by
16,994, which further reduced costs with $37million. Annual costs for PulseNet to public health

agencies were $7.3million, representing a more than fivefold return on investment.
g g

Uncertainty is an important characteristic of infectious diseases that should be considered in
evaluations, for instance, by using the ‘value of information’ and ‘real option’ concepts. Value of
information focuses on uncertainty surrounding decisions and the role additional information
can play in reducing uncertainty (143). In Textbox 2, we explain this concept using an example.
The example shows how information can aid policy makers to optimize outcomes, which we
partly illustrate using a decision tree (Figure 1) and simplified sensitivity analysis (Figure 2),
though also reveals other practical difficulties as how to get the industry to cooperate and how
to divide the burden and consequences. Pooling of risks through insurance could be an option
here. Although incentives for prevention and control in the market will be limited when it is
known that potential losses will be reimbursed, such moral hazard is inherent to insurance and
options to limit this, such as the deductible, can be applied. The real option approach focuses
on the dynamic character of uncertainty by valuing the option to postpone an investment
provided that some initial investment is made to ensure such options are available (144). This
is important in the case of disease surveillance as appropriate timing of information provision

and other actions is crucial.

Other issues in the context of economic evaluations of surveillance are the choice of the
appropriate perspective and decision rules. (Two main perspectives used are the healthcare
perspective (where only costs and benefits, the latter typically quantified in quality-adjusted
life years (QALYs), within the healthcare sector are considered relevant) and the societal
perspective (where all costs and benefits in society are considered).) A societal perspective appears
to be most appropriate, recognizing the broad impact of disease surveillance and facilitating
comparisons across interventions (both in different sectors). Obtaining the value or decision
rules for investments in surveillance is complex. In terms of the value of health, a recent review
indicated an average value of a QALY of around €75,000 (13). This figure only captures the
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value of health gains, and furthermore requires health gains to be specified in QALYs to be
useful. The aforementioned study covering several countries within the EU into the valuation
of an improved surveillance system indicated an average willingness to pay of around €22/
month per houschold (137). Figures like this suggest that truly effective surveillance systems
may well offer value for money from a societal perspective, given the broad range of benefits

they potentially offer.

Textbox 2: Value of information and the closure of mink farms

We demonstrate the concept of value of information using a recent example of with COVID-19-
infected farmed minks in the Netherlands (151). We perform a simplified analysis for a policy maker
facing the decision of whether to close the approximately 125 mink farms.* Immediate permanent
closure of a mink farm is assumed to cost approximately €4 million per farm, based on earlier research
(152). Not closing a farm while infected is assumed to cost €10 million,t a combination of the
monetary value of lost life-years after transmission to humans and economic consequences in the
industry. It is assumed that 10%7 of the farms is likely to be infected. With no further information
available the expected value of not closing a farm would be -€1 million (10%*-€10million). With the
expected value of closing a farm of -€4million, the expected value of not closing the farm would be
higher (-€1 million> -€4 million) and that option would be economically preferred. This is presented
in the decision tree in Figure 1.3 For 125 farms, this decision would lead to an expected loss of
€125million.

Closure -€4,000,000
-€4,000,000 0.00 0.00

Infected

-€10,000,000 0.10

-€1,000,000

No closure

-€10,000,000
0.10

Not infected €0

€0 0.90 0.90

-€1,000,000

Figure 1: Decision tree

Now, suppose sequencing and sequence analysis can be introduced to trace the origin and
transmission of the infection. With this information and monitoring, it is possible to detect new
cases quickly and monitor actual statuses in the farms. This would enable a policy maker to close
only farms that are infected or where there is high risk of infection. In that situation, only 10%
of the farms will be closed with an expected loss of €50 million. The value of perfect information
is the expected value with perfect information (-€50 million) minus the expected value with
only probabilistic information (-€125 million), which is €75 million. A policy maker would be

willing to pay a maximum of €75 million for sequencing and sequence analysis in this scenario.
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In this example, we made assumptions on (among others) the values of input parameters. In real life
decision-making, however, there is often uncertainty about the value of these parameters, which can
be demonstrated through various types of sensitivity analyses. In Figure 2, we show simple example
of a sensitivity analysis, where we present the expected value of perfect information (and thereby
investment in sequencing) for different values of the probability of infection, costs of closing a farm
and infection in an open farm, where we use earlier presented numbers for the base case and the

highest and lowest values as presented in the figure.t

Probability infection (2%, 10%, 50%)

Costs closing farm (€1 min; €4 min; €10 min) Highest input value

W Lowest input value

Costs infection in open farm (€5 min; €10 min; €20 min)

0 25 50 75 100 125 150 175 200 225 250

Maximum willingness to pay, in € millions

Figure 2: Sensitivity analysis

*We assume closed farms will not reopen since permanent closure of mink farms is planned for 2024.

tThese numbers are hypothetical and generated solely to illustrate the principle of value of information in the
context of infectious diseases.

#Decision tree was prepared with freeware Silver decisions from the website (http://silverdecisions.pl/SilverDecisions.

html?lang=en).

Conclusion

The threat of new emerging infectious diseases creates a need to continuously improve disease
surveillance systems to prevent and control outbreaks. The key mechanism by which surveillance
creates value is by producing information. Generally, the cost of sharing information is much
less than the cost of producing it, and so from an economic point of view, it is desirable to share
information as widely as possible. Unfortunately, incentive structures to ensure the production
of information typically hinder sharing—as once information is shared, it is harder for the
generator to capture the value for himself. Reward and regulatory mechanisms are critical
to the creation and diffusion of innovative technologies for surveillance, and for the optimal
use of the information which these products will generate. Economists have experience with
such mechanisms in other settings and could contribute to the design of such mechanisms for
surveillance technologies such as NGS. Considering substantial positive externalities of discase
surveillance, market failure and consequently underprovision are likely. Hence, we argue for
public interference in surveillance. The extent of such public involvement is an important area
for further research; however, public financing and provision in itself is presumably required to

enable cost-effective disease surveillance, since otherwise optimal levels for society are unlikely
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to be reached. Higher prevalence and burden of infectious diseases in low-income and middle-
income countries, combined with less financial resources available for disease surveillance
in these countries, furthermore, demand financial support by higher-income countries.
Additionally, considering current spending on surveillance, there is potential for substantial
additional investments. For optimal use of scarce resources, further investments are preferably
based on sound economic evaluations. Assessing cost-effectiveness of disease surveillance not
only requires estimates of costs and effectiveness, which are difficult to estimate, but also a
different analytical framework, which is yet non-existent. We highlighted methods, which,
together with current practice of economic evaluation of individual interventions, could form

the basis of such a framework.
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Cost-effectiveness analysis (CEA) has increasingly been used to inform decision makers in
healthcare on the incremental costs and benefits of different interventions, aiming to support
the decision-making process around resource allocation in healthcare. From the start, there have
been practical and methodological issues associated with performing CEA (e.g., (9,10,145,146)).
This thesis aimed to contribute to some of the methodological discussions in the field of CEA
in healthcare and to improve methods used in CEA. In doing so, the thesis focused on the
scope of CEA in terms of what and how costs and benefits should be included in CEA. In this
chapter, the main findings related to the three research questions posed in the introduction
are presented and the limitations and implications of the findings are discussed. Furthermore,
a summarizing answer to the research questions and concluding statement in relation to the

overall aim of this thesis are presented.
Findings

Question 1: How can methods for the estimation and inclusion of future
costs in cost-effectiveness analysis be improved?

In Chapter 2, we performed a critical review of how the debate on the inclusion of future costs
in economic evaluations has developed over the years. In line with how the debates on inclusion
of these costs evolved over time, we discussed future medical and future non-medical costs
separately. There has been little debate on the inclusion of future related medical costs (medical
costs in life-years gained that are related to the condition on which the intervention is focused).
In contrast, the inclusion of future unrelated medical costs (medical costs in life-years gained
that are only related to the intervention through its result of extending life) has been debated
more frequently. Chapter 2 showed that the arguments against the inclusion of unrelated medical
costs in life-years gained generally are invalid. This holds for both conceptual arguments (e.g.,
around whether benefits related to these costs are included and whether it can be assumed that
these costs will take place) and practical arguments (e.g., around whether it is feasible to estimate

these costs and whether inclusion makes a difference).

For future non-medical costs (defined as non-medical consumption minus production in
life-years gained from an intervention, both generally only relevant when adopting a societal
perspective) Chapter 2 showed that the literature is less conclusive. Although previous research
has shown that including the costs and benefits of non-medical consumption would lead to
welfare improving choices from a societal perspective, unclarities in and disagreement about
which related benefits are captured in CEA led to debates on which costs should consequently
be included. A frequently encountered argument for not including non-medical consumption
costs is that the related benefits (i.e., utility gains from more consumption) are presumably not,

not fully, or not consistently captured in the evaluation.
Chapters 3 and 4, in line with previous literature, confirm that estimating and adjusting future

unrelated medical costs is feasible and that inclusion is practically possible. Moreover, inclusion

can make a significant difference, that is, inclusion may lead to different (reimbursement)
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decisions. In Chapter 3, we updated standardized estimates of future unrelated medical costs and
provided estimates of future non-medical consumption for the Netherlands. For the estimates
of unrelated medical costs, Chapter 4 showed that it is also important to consider potential
differences in use of healthcare by the groups on which the intervention is focused. Although
previous estimates and the standardized estimates in Chapter 3 of future unrelated medical care
were typically based on average healthcare spending within an entire population, in some cases
it may be more reasonable to assume that the targeted group has higher or lower healthcare
expenditures than the average person. Chapter 4 showed that the impact of including future

costs indeed differed substantially between risk groups.

Question 2: Which benefits beyond health are captured in monetary
estimates of the value of a QALY?

Chapter 5 focused on this question and investigated the extent to which benefits beyond health
are captured in the monetary value of the QALY (which can be used to set a cost-effectiveness
threshold when adopting a societal perspective). We asked respondents which elements beyond
health they considered during the valuation exercises in which they were asked what they
would be willing to pay for improvements in health. It was found that most respondents,
without instructions to consider these broader elements beyond health, did consider them.
Furthermore, it was found that higher quality of life was related to higher stated utility of
consumption. However, the results also suggest that considering these elements beyond health
on average did not lead to significantly different monetary valuations of health gains. Given
this, it can be argued that although people may (state to) consider elements beyond health, the
impact on the valuation is negligible. In that context it would be inaccurate to conclude that
the benefits of these elements are fully and consistently captured. For this to be the case their
inclusion presumably should have resulted in different valuations, given the potentially large
impact a change in these elements may have on people’s lives. An alternative explanation would
be that in relation to health, respondents attach little value to other elements, and therefore,
the impact of considering these elements on the valuation is actually limited. While health is
an important factor in overall welfare or wellbeing, the latter explanation is not in line with
other types of research, which highlight the relative impact of different life domains on overall
wellbeing (e.g., (147)).

Question 3: How can cost-effectiveness analysis of infectious disease
surveillance be improved?

In Chapter 6, several economic issues related to infectious disease surveillance were described.
We addressed that a decision regarding additional investments in infectious disease surveillance
would preferably be based on CEA considering its specific characteristics. However, it was argued
that a framework for cost-effectiveness analyses capturing these specific characteristics is not yet
available. An example of such a characteristic is the large amount of uncertainty associated with
the estimations of the impacts of infectious diseases and related interventions. Furthermore,
interventions are more based on relatively small probabilities of infection in large samples, rather

than scenarios in a more defined population in which it is more likely or even certain that the
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targeted health event will occur or has occurred. The interventions are also more focused on
improving a health system that facilitates the provision of healthcare, rather than on interventions
targeting the conditions of a specific disease in individual patients. Several suggestions have been
made in Chapter 6 for the improvement and extension of existing frameworks of CEA in order to
facilitate application of CEA of infectious disease surveillance. An important example is dealing
with uncertainty in CEA, which could be incorporated by using ‘value of information’ or ‘real
option’ approaches. Sound CEA should, in general, consider all relevant costs and benefits of
interventions, while aligning with the perspective prescribed by the decision maker. Given that
the impact of (interventions in the area of) infectious diseases may have large impact on societies

that reach beyond health, applying a broader societal perspective appears to be most appropriate.
Limitations

There are some limitations of this thesis that are important to highlight. A general limitation
of this thesis is related to the focus of this research on the Netherlands. Although the applied
methods and comparable methods can (and already have been, e.g., (103,148)) applied to
other countries, this was not demonstrated within the scope of this thesis. Issues that may be
relevant specifically within the context of decision-making frameworks used in other countries
may therefore have been overlooked. For instance, as Chapters 3 and 4 demonstrated for the
Netherlands, it is important to consider the entire decision-making framework to be able to
determine the total impact of inclusion of additional costs in CEA. Also, the research on the
inclusion of elements beyond health is focused on the Dutch population and therefore on how
society and the health system are organized in the Netherlands. Different settings may also here

lead to different findings and implications.

Another limitation is related to the methods applied to provide the standardized estimates of
future unrelated medical costs and non-medical consumption costs. In several ways, this thesis
has improved previous estimates and provided new estimates when these were not yet available.
However, there are ways in which these estimates could be improved even further in the future.
For instance, an important aspect of the estimates of unrelated medical costs in Chapter 3 was
thart a distinction was made between costs for people who will die (decedents) and those who will
not (survivors). This was done given that people generally have higher healthcare expenditures
in the last phase of their lives. To differentiate costs based on the last year of life and earlier
years, we used decedent to survivor cost ratios for different cost-categories. However, (lacking
more recent ones) relatively old decedent-survivor cost ratios were used. Furthermore, for some
cost categories ratios were not available at all. Hence, estimates of these costs could be further
improved by updating the existing ratios and deriving ratios for categories for which these are
not yet derived. It is also worth noting that the data from the household survey, that was used to
estimate non-medical consumption in this thesis, are relatively old. Although data were adjusted

to 2017 prices, changes in spending patterns by age may not have been accurately captured.
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An additional limitation is that we estimated non-medical consumption by age and assumed
no correlation between non-medical consumption and health status. However, findings from
Chapter 5 suggest that non-medical consumption may be affected by health status. People
reported that they expected differences in (benefits from) consumption, leisure, and productivity
in different health states. Also, people with higher health-related quality of life reported a
higher utility of consumption. Standardized estimates of non-medical consumption provided
in Chapter 3 do not take this potential variation into account. The accuracy of estimates of
costs of non-medical consumption could further be improved by adjusting estimates of non-
medical consumption based on health status. Note that this would not only affect non-medical

consumption in life-years gained, but also in normal life-years.

Another noteworthy limitation, specifically related to Chapter 5, is that a new relatively simple
scale was chosen to measure utility of consumption. In this context it is good to note that
no comparisons with other scales or conceptualizations have been performed to date. Future
research could provide more insight into how the applied scale relates to other ways of measuring

the utility of consumption.

A final limitation highlighted here, specifically related to Chapter 6 which focused on the
economics of infectious disease surveillance, was that this was a theoretical chapter. Although
the chapter was based on previous research and included stylized examples tailored on the
discussed topics, this chapter did not include new empirical studies to support its findings and
recommendations. Further research could be performed for this purpose, for instance using the
information available because of the COVID-19 pandemic.

Implications for policy and further research

The findings of this thesis have several implications for policy and future research. First, this
thesis has shown that estimating and adjusting future unrelated medical costs is feasible and
that inclusion is practically possible and makes a significant difference (that is, inclusion could
alter reimbursement decisions). This is the case both for the general population and for specific
target groups with different underlying healthcare needs. These results support the inclusion of
these costs in CEA, regardless of the perspective taken for the analysis. Recommending and/
or requiring this in guidelines for economic evaluations is an important way the inclusion of

these costs can further be stimulated.

The inclusion of future unrelated medical costs is also relevant for the determination of the
threshold against which the cost effectiveness is judged when this threshold should represent
the marginal cost-effectiveness of current care. When adopting a healthcare perspective and
assuming a fixed healthcare budget and the aim of maximizing healthcare from this budget,
funding a new intervention means that current care gets displaced. The threshold then should

represent the cost-effectiveness of that displaced care to ensure health maximizing choices.
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Future unrelated medical costs should then not only be considered in the estimates of the ICER,

but also in those of the threshold to represent the opportunity costs more accurately.

Given the remaining questions regarding the extent to which benefits beyond health related
to future non-medical consumption costs are adequately captured in current CEA, it may
be considered premature to advise to include these costs in standard CEA from a societal
perspective. However, these costs can be shown separately in CEA (e.g., in a sensitivity analysis),
which would provide decision makers with more comprehensive information regarding societal
costs that occur due to implementing new interventions. This seems especially appropriate since,
as was also shown in Chapter 3 and 4, the estimation of these costs is practically feasible, and

their inclusion can make a significant difference on the ICER.

Improving knowledge on what is included in terms of benefits in current CEA, both in terms
of QALYs and the monetary threshold, and working towards measures that capture all relevant
benefits systematically and accurately, are important further steps towards gaining support for
the inclusion of non-medical consumption costs. This would ultimately result in comprehensive
CEA capturing all relevant costs and benefits. This area needs further investigation. Our research
suggests that non-health benefits are, although often considered, presumably not fully and
comprehensively valued, making CEA from a societal perspective including all relevant costs

and benefits difficult to achieve at this point.

For the standardized estimates provided in this thesis to remain relevant, it is important to
update these regularly, especially when significant changes occur in underlying data. It is also
important to produce estimates of these costs for other countries. Next to regularly updating
the estimates, several sources for improvement are found in this thesis for further improvement
of estimates of future costs. For instance, by updating ratios of decedent to survivor medical
consumption and by developing tools that quantify uncertainty in the estimates. Chapter 4
further showed that the impact of including future unrelated medical costs differed substantially
between risk groups. Considering such differences is important for studies in which strategies
are designed that include different risk groups based on their current health. It is important to

stress that this also raises distributional questions.

An important topic for further research related to non-medical consumption is the potential
variation of non-medical consumption with health status. An important finding in this thesis is
that people expect elements beyond health such as utility of consumption and spending to vary
with health. Also, people report higher utility of consumption in higher health-related quality
of life. This has important implications for the inclusion of non-medical consumption costs.
For instance, changing utility of consumption and spending implies that inclusion is relevant
for both quality improving and life-extending interventions. This would imply an important

change relative to current practice.
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This thesis showed that it is important to take into account the specific characteristics of
infectious disease surveillance when performing CEA for investments in this field. An
important factor for improvement that was suggested is to construct an evaluation framework
that adequately captures specific characteristics of disease surveillance, such as uncertainty. In
general, it is important for these evaluations to be broad enough in scope to capture all relevant

societal costs and benefits related to the intervention.
Conclusion

This thesis aimed to contribute to discussions related to and improvements of the methodology
of CEA in healthcare, focusing on the scope of CEA in terms of what and how costs and benefits
should be included in CEA. This was pursued by focusing on three related research questions.

The first question asked how methods for the estimation and inclusion of future costs in CEA
can be improved. This thesis showed that including future unrelated medical costs is both
methodologically sound and practically feasible, regardless of the perspective prescribed by the
decision maker. Inclusion and estimation could be improved by recommending and/or requiring
inclusion in pharmacoeconomic guidelines. Furthermore, costs should be adjusted when it
is likely that different sub-populations in the target group have different underlying health
profiles. Given unclarities regarding the extent to which benefits associated with non-medical
consumption costs (which are only relevant when adopting a societal perspective) are currently
captured in CEA, recommending highlighting the impact of including future non-medical costs
on outcomes (e.g., in sensitivity analyses) separately appears more appropriate than including
these in base case estimates at this point. For future costs in general, estimates can be improved

by regularly updating standardized estimates of these costs for individual countries.

The second question of this thesis asked which benefits beyond health are captured in monetary
estimates of the value of a QALY. It was found that although non-health elements were often
considered by respondents in valuation exercises, this inclusion had limited impact on the
resulting valuation. This suggests these benefits are not accurately valued in current CEA.
For CEA from the societal perspective to fully capture all relevant consequences in costs and
benefits, further research should also focus on accurately capturing these benefits. The positive
relation between health and utility of consumption which was found in this research furthermore
suggests that estimates of non-medical consumption could be improved by considering health
status. It also suggests that these costs are relevant both for quality-improving and life-extending

interventions.

The third and final research question of this thesis asked how cost-effectiveness analysis of
infectious disease surveillance can be improved. In general, it is important for such evaluations
to be broad enough to capture all relevant costs and benefits from the intervention. An important
factor for improvement that was suggested is to construct an evaluation framework that captures

specific characteristics of disease surveillance, such as uncertainty.
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Chapter 7

In conclusion, this thesis contributed to discussions and methodology related to what and how
costs and benefits should be included in CEA of interventions in healthcare. In this, it focused on
future costs, non-medical consumption, and infectious disease surveillance. Although this leaves
many questions and topics unaddressed, and despite the limitations of this thesis, the practical
and theoretical contributions in this thesis hope to have contributed to further improvement of

economic evaluations of health interventions.
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Appendices

Summary

Cost-effectiveness analysis (CEA) has been used increasingly in the context of allocating
healthcare resources. Using CEA, decision makers can choose to fund those interventions
that contribute most to their objectives, given the available resources. From the start, there
have been practical and methodological issues around CEA. This thesis aimed to contribute to
discussions related to CEA and improvements of the methodology of CEA in healthcare. In
doing so, the thesis focused on the scope of CEA in terms of what and how costs and benefits

should be included in CEA.

In Chapter 2, we performed a critical review of how the debate on the inclusion of future costs
in economic evaluations developed over the years. It showed that both practical and theoretical
arguments against the inclusion of future unrelated medical costs generally do not hold. This
supports the inclusion of these costs in CEA and recommendation and/or prescription of
inclusion in pharmacoeconomic guidelines, regardless of the perspective of the decision maker.
The discussion around the inclusion of non-medical consumption costs is less determined.
Although, from a theoretical viewpoint, most beneficial outcomes for society would be obtained
when CEAs from a societal perspective include all relevant costs and benefits within the scope
of the decision maker, current outcome measures presumably do not fully and consistently
capture the benefits related to all benefits beyond health, such as utility of consumption. To
be consistent in including both the cost and benefit side of elements, it has been argued that
future non-medical consumption should therefore be excluded. Others argue that consistency
should indeed be aimed for, albeit by finding or constructing measures that accurately capture

all relevant benefits.

In Chapter 3, we provided practical guidance for the inclusion of future unrelated medical
costs and future non-medical consumption costs for the Netherlands. Standardized estimates
of these costs were updated for future unrelated medical costs and produced for future non-
medical consumption costs and incorporated in PAID 3.0, a practical tool to aid the inclusion
of future costs in CEA. Furthermore, case-studies were presented in which the inclusion of
future unrelated medical costs and future non-medical costs was demonstrated. This chapter
confirmed arguments in favor of the inclusion of these costs, presented in Chapter 2, by showing
that estimation and inclusion of these costs is practically possible and does not have to put lot of
additional burden on those performing CEA in practice and by showing that inclusion can have

a substantial impact on the outcome of the analysis and may affect reimbursement decisions.

In Chapter 4, a case-study was performed in which future unrelated medical costs and future
non-medical consumption costs were included in a previously performed CEA for vaccination,
using the estimates provided in Chapter 3. In this chapter, specific attention was paid to the
situation where it is likely that future unrelated medical costs (based on average yearly medical
spending) are different for different groups in the study population. It showed that the impact

of including future unrelated medical costs differed substantially between groups, with larger
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impact (a larger increase of the Incremental Cost-Effectiveness Ratios (ICER)) for people in

worse health.

Driven by the findings in Chapter 2, in Chapter 5 we studied the extent to which benefits
beyond health are captured in the monetary value of a Quality-adjusted Life-year (QALY), using
Willingness to Pay (WTP) methods. We found that although respondents generally consider
elements beyond health while valuing the QALY, the impact of consideration on the valuation
is limited. This raises the need for further research on how to achieve CEA that are consistent
and include all relevant costs and benefits. Chapter 5 also showed that the utility of consumption
is expected to vary with health. That is, people with better health reported higher (expected)
utility of consumption. This suggest that estimates of non-medical consumption costs could
be improved by considering health status. It also suggests that the inclusion of non-medical

consumption costs is relevant for both life-extending and quality-improving treatments.

In Chapter 6, attention was paid to ways in which the economic evaluation of infectious disease
surveillance could be improved. An important factor for improvement that was suggested is to
construct an evaluation framework that captures specific characteristics of disease surveillance,
such as uncertainty and the fact that disease surveillance influences the occurrence and treatment
of multiple diseases. In general, it is important for evaluations to be broad enough to capture

all relevant costs and benefits from the intervention.

In Chapter 7, the findings of the research in the chapters in this thesis were discussed in relation
to the research questions posed in the introduction. Furthermore, limitations of the conducted
research and implications for policy and further research were presented. In conclusion, this
thesis provided contributions to discussions on, and methods related to what and how costs and
benefits should be included in CEA of interventions in healthcare. Both practical and theoretical
contributions were made and both past issues and new directions were explored. In this, the
focus was on future costs, non-medical consumption, and infectious disease surveillance in
relation to CEA.
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Samenvatting

Kosteneffectiviteitsanalyses (KEAs) worden steeds vaker gebruikt om de beschikbare middelen
voor de gezondheidszorg te verdelen. Met behulp van KEAs kunnen besluitvormers kiezen om die
interventies te financieren die het meest bijdragen aan hun doelstellingen, gegeven de beschikbare
middelen. Vanaf het begin van het gebruik zijn er praktische en methodologische problemen
rond KEAs. Dit proefschrift had als doel een bijdrage te leveren aan de discussies gerelateerd
aan KEAs en aan verbeteringen van de methodologic van KEAs in de gezondheidszorg. Daarbij
concentreerde het proefschrift zich op de reikwijdte van KEAs en de vragen welke en hoe kosten

en baten in KEAs moeten worden opgenomen.

In Hoofdstuk 2 hebben we kritisch gekeken naar hoe het debat over het meenemen van
toekomstige kosten in economische evaluaties zich door de jaren heen heeft ontwikkeld. Hieruit
bleeck dat zowel praktische als theoretische argumenten tegen het opnemen van toekomstige
indirecte medische kosten in het algemeen niet opgaan. Dit ondersteunt het opnemen van
deze kosten in KEAs en het aanbevelen en/of voorschrijven van opname hiervan in farmaco-
economische richtlijnen, ongeacht het perspectief van de beslisser. De discussie rond het
meenemen van de kosten van toekomstige niet-medische consumptie is minder beslist. Er
is gebleken dat, vanuit een theoretische invalshoek, de meest gunstige uitkomsten voor de
samenleving kunnen worden verkregen als KEAs vanuit een maatschappelijk perspectief alle
relevante kosten en baten omvatten binnen de reikwijdte van de beslisser. Echter, huidige
uitkomstmaten omvatten vermoedelijk niet volledig en consistent alle niet-medische voordelen
die voortkomen uit gezondheidszorg, zoals het nut van consumptie. Om consistent te zijn in het
opnemen van zowel de kosten als de baten van elementen, is daarom in de literatuur betoogd dat
de kosten van niet-medische consumptie zouden moeten worden uitgesloten. Een andere visie
hierop is dat er inderdaad naar consistentie moet worden gestreefd, echter door instrumenten

te vinden of ontwikkelen die alle relevante voordelen accuraat weergeven.

In Hoofdstuk 3 hebben we praktische richtlijnen gegeven voor het meenemen van
tockomstige indirecte medische kosten en niet-medische consumptie kosten voor Nederland.
Gestandaardiseerde schattingen zijn bijgewerkt voor indirecte medische kosten en geproduceerd
voor niet-medische consumptie kosten en opgenomen in PAID 3.0, een praktisch hulpmiddel om
de opname van toekomstige kosten in KEAs te vergemakkelijken. Bovendien werden casestudies
gepresenteerd waarin indirecte medische kosten en niet-medische kosten werd opgenomen in
bestaande KEAs. Dit hoofdstuk bevestigde de argumenten ten gunste van het opnemen van
deze kosten, gepresenteerd in Hoofdstuk 2, door aan te tonen dat het schatten en opnemen van
deze kosten praktisch mogelijk is en niet veel extra last hoeft te leggen op degenen die de KEAs
in de praktijk uitvoeren, en door aan te tonen dat inclusie een substantiéle impact kan hebben

op de uitkomst van de analyse en van invloed kan zijn op vergoedingsbeslissingen.

In Hoofdstuk 4 werd een casestudy uitgevoerd waarin toekomstige indirecte medische kosten

en niet-medische consumptie kosten werden opgenomen in een eerder uitgevoerde KEA voor
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vaccinatie, waarbij gebruik werd gemaakt van de schattingen uit Hoofdstuk 3. In dit hoofdstuk
werd specifiecke aandacht besteed aan de situatie waarbij het waarschijnlijk is dat indirecte
medische kosten (gebaseerd op de gemiddelde jaarlijkse medische uitgaven) verschillend zijn
voor verschillende groepen in de onderzoekspopulatie. Hieruit bleek dat de impact van het
meenemen van indirecte medische kosten substantieel verschilde tussen groepen, met een grotere
impact (een grotere stijging van de incrementele kosteneffectiviteitsratio, IKER)) voor mensen

met een slechtere gezondheid.

Gedreven door de bevindingen in Hoofdstuk 2, hebben we in Hoofdstuk 5 onderzocht in
hoeverre de baten van niet-medische voordelen zijn opgenomen in de monetaire waarde van een
Quality-adjusted Life-year (QALY), met behulp van Willingness to Pay (WTP) methoden. We
constateerden dat, hoewel respondenten bij het waarderen van een QALY doorgaans rekening
houden met elementen die gezondheid overstijgen, de impact van overweging op de waardering
beperke is. Dit vergroot de behoefte aan verder onderzoek naar methoden voor KEAs die
consistent en accuraat alle relevante kosten en baten van interventies omvatten. Hoofdstuk 5 laat
ook zien dat het nut van consumptie naar verwachting varieert afhankelijk van de gezondheid.
Dat wil zeggen dat mensen met een betere gezondheid een hoger (verwacht) nut van consumptie
rapporteerden. Dit suggereert dat schattingen van de kosten van niet-medische consumptie
kunnen worden verbeterd door rekening te houden met gezondheidsstatus. Het suggereert
ook dat het meenemen van niet-medische kosten relevant is voor zowel levensverlengende als

kwaliteit verhogende behandelingen.

In Hoofdstuk 6 werd aandacht besteed aan manieren waarop de economische evaluatie van
de surveillance van infectieziekten verbeterd zou kunnen worden. Een belangrijke factor voor
verbetering die werd gesuggereerd, is het construeren van een evaluatieckader dat rekening houdt
met de specificke kenmerken van surveillance van infectieziekten, zoals onzekerheid en het feit
dat surveillance het optreden en de behandeling van meerdere ziekten beinvloedt. Over het
algemeen is het belangrijk dat evaluaties breed genoeg zijn om alle relevante kosten en baten

van de interventie in kaart te brengen.

In Hoofdstuk 7 werden de bevindingen van het onderzoek uit de hoofdstukken van dit
proefschrift besproken in relatie tot de onderzoeksvragen die in de inleiding zijn gesteld.
Bovendien werden de beperkingen van het uitgevoerde onderzoek en de implicaties voor
beleid en verder onderzoek gepresenteerd. Concluderend, leverde dit proefschrift bijdragen
aan discussies over en methoden gerelateerd aan welke en hoe kosten en baten moeten worden
meegenomen in de KEAs van interventies in de gezondheidszorg. Er werden zowel praktische
als theoretische bijdragen geleverd en zowel kwesties uit het verleden als nieuwe richtingen
werden verkend. Hierbij lag de nadruk op toekomstige kosten, niet-medische consumptie en

surveillance van infectieziekten in relatie tot KEAs.
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In dit dankwoord wil ik graag wat mensen bedanken zonder wie dit proefschrift niet had kunnen

bestaan. Natuurlijk begin ik hierbij met het bedanken van mijn begeleiders.

Pieter, zonder jouw geduld, vertrouwen, en relativeringsvermogen had ik dit traject niet af
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