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Executive summary

This systematic review aims to assess the state of the art of and the results from economic
evaluations of interventions to control and prevent influenza pandemics in order to support
policymakers with resource allocation choices, and identify gaps for future research.
MEDLINE as well as health economics, health technology assessment and social sciences
databases were used to identify relevant published papers. To retrieve grey literature and
additional conference proceedings, the search was expanded by using Google and Scirus.
Additional reports were also obtained through correspondence with authors of full texts

included in the final analysis and conference proceedings abstracts.

Thirty studies met the inclusion criteria and were included in the analysis. The majority of
studies adopted cost-effectiveness and cost-utility approaches and mainly focused on
vaccination and antiviral drugs. Although almost studies complied with the standard
methodological guidelines for conducting economic evaluation, quality of evidence used was
relatively poor, especially for estimating adverse events and complications of interventions,
baseline clinical data and resource use. In addition, inadequacy in effectiveness and cost-
effectiveness studies on non-pharmaceutical interventions, variation in vaccination protocols
and drug regimens introduced in the evaluations of pharmaceutical interventions, and a
limited number of studies assessing value for money across potential interventions were

observed.

The combination of pharmaceutical and non-pharmaceutical interventions is relatively cost-
effective compared to providing vaccines and/or antiviral drugs. For pharmaceutical
interventions, incremental cost-effectiveness ratios (ICERs) vary largely from cost-saving to
very high values. According to the average Gross National Incomes per capita used as ceiling
thresholds, social distancing, antiviral prophylaxis for general population plus school closure,
vaccination for general population plus school closure, and antiviral prophylaxis for
household contacts plus school closure are amongst cost-effective strategies for all low-,
middle- and high-income countries. Quarantine for household contacts seems unlikely to be

cost-effective even for low- and middle-income countries.
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To strengthen the WHO guidelines for preparedness and intervention against pandemic
influenza, there are four major recommendations. Firstly, a repeat review should be
performed again in the next two years because a number of published studies on baseline
clinical data, clinical effect sizes, adverse events and complications, and value for money of
different interventions from the recent pandemic will be increasingly available in the near
future. Secondly, the WHO in potential collaboration with other relevant international
agencies should take a leading role in facilitating studies on effectiveness and cost-
effectiveness of interventions against pandemic influenza in the developing world. Thirdly,
the WHO should bring together all relevant experts and stakeholders to seek consensus on
certain important parameters used for future economic evaluations and identify priority
research areas. Lastly, the WHO should devise guidelines or recommendations for assessing
impact of pandemic influenza and its relevant interventions in a systematic and reliable

manner.
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1. Introduction

When a new subtype of influenza A virus which is infectious to humans gains human-to-
human transmissibility efficiently enough to cause community level outbreaks, this virus is
said to have pandemic potential. If this new subtype spreads globally causing disease and
deaths, it becomes pandemic. Since the 16™ century, influenza pandemics have occurred at
intervals ranging between 10-50 years, creating varying levels of impact on the societies.' In
March 2009, a new subtype of influenza A HINI virus was identified in Mexico and the
USA. It spread to all continents in less than 9 weeks becoming the first pandemic of the 21st
century. Children, young adults, pregnant women, and those with chronic illnesses were
disproportionately affected and made up most of the hospitalization cases. The estimated
case-fatality rate was 0.15-0.25%, with most deaths in middle-aged adults with underlying
diseases.” The World Health Organization (WHO) published pandemic preparedness and
response guidance in 1999 with two revisions in 2005 and 2009." * These documents
summarize the recommended WHO and national actions against pandemic influenza
according to pandemic phases. For some recommendations, evidence is limited to
observations or epidemiological models. In some cases inferences are drawn from other
respiratory infectious diseases, such as seasonal influenza or SARS. With a view to
incorporate important experience and evidence acquired during the pandemic HIN1 2009,
WHO will revise the pandemic preparedness guidelines. Including cost-effectiveness
evidence in the revision process will strengthen the guidance by providing a framework to

prioritize the allocation of limited resources in impending, strenuous times.

The aim of this paper is to systematically review published and unpublished economic
evaluations of interventions to control and prevent influenza pandemics. The analysis will
describe and assess the identified studies and determine patterns in cost-utility ratios. The
findings will contribute to the revision of the WHO guidance on pandemic influenza,
potentially support policy-makers to take informed decisions on allocating resources

effectively and identify gaps for future research.
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2. Methods

In September 2010, a systematic search was started with a conventional database used for
systematic review, MEDLINE. In addition, the specialist health technology assessment
databases, namely National Health Service Economic Evaluation Database (NHS EED),
Health Economic Evaluation Database (HEED), Cost-Effectiveness Analysis Registry (CEA
Registry), European Network of Health Economics Evaluation Databases (EURONHEED),
Health Technology Assessment Database (HTA), Health Evidence Network (HEN), EconLit
and Research Papers in Economics (RePEc) were further explored. Since the abovementioned
searches identified a majority of pharmaceutical interventions, a search through the Social
Science Citation Index (SSCI), which is more focused on non-pharmaceutical issues and also

covers conference proceedings, was also introduced.

To retrieve grey literature and additional conference proceedings, the search was expanded
by using the generic search engine Google, and the science-specific search engine Scirus.
Furthermore, reference lists of relevant publications were screened and cited reference
searching of the first topic-specific economic evaluation (Meltzer et al.)’ was also performed
using Web of Science. Additional reports were obtained through correspondence between one
reviewer (RPV) and authors of full texts included in the final analysis and conference

proceedings abstracts.

The search strategies used controlled vocabulary thesaurus terms in combination with
relevant free-text terms, including ‘HIN1’, ‘pandemic influenza’, ‘influenza pandemic’, ‘cost
benefit’, ‘costs’, ‘cost effective’ and ‘economics’. The summarized search strategy from

MEDLINE is shown as an example in appendix 1.

All identified abstracts were reviewed by two independent reviewers from a review team
(AM, KW, NP, RPV and SK). Discrepancies were resolved by a third reviewer. The papers

were included in the analysis if they met criteria shown in table 1.
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Table 1 Inclusion and exclusion criteria employed in the abstract selection process

Inclusion Criteria Exclusion Criteria

e Original economic evaluation studies e Reviews or editorial reports of original studies

considering prevention or control of 2009 . . .
R &p K . e Studies not including both costs and outcomes of
pandemic or potential pandemic influenza . .
interventions

e Partial economic evaluations if both costs and .. .
. R . e Economic impact of pandemic influenza per se
outcomes of one intervention either

pharmaceutical or non-pharmaceutical was e Economic evaluations of interventions related to
considered pandemic influenza complications
e Full economic evaluations if costs and outcomes e No provision of English full text (except
of more than one pharmaceutical or non- Spanish, German, Thai, Dutch for which the
pharmaceutical interventions were considered review team possessed language translation
ability)

A standardized data extraction form was devised. The articles were grouped according to
type of evaluation: i) cost-minimization analysis if they compared costs of different
interventions with evidence of equal effectiveness, ii) cost-benefit analysis if they measured
health outcomes in monetary units, iii) cost-effectiveness analysis if they expressed health
outcome in natural units, e.g. cases averted, hospitalization averted, or death averted, and iv)
cost-utility analysis if they presented health outcomes in common units, e.g. quality-adjusted

life-years (QALY's) or disability- adjusted life-years (DALYSs).

The studies were appraised in two different ways for quality assessment purposes following
approaches employed by Teerawattananon et al.* First, according to specific methodological
and reporting practices for economic evaluation studies, the expression of perspective used
for the analysis, relationship between time horizon and discounting, reporting of incremental
cost-effectiveness ratio (ICER), performing uncertainty analysis, and declaration of funding

support were examined.

Since it is widely recognized that the credibility of economic evaluations not only depends on
the appropriateness of the methods employed but also on the quality of evidence used,
various individuals and groups of health economists have devised guidance for selection of
input parameters for economic evaluation to minimize bias. As a result, the review considers

the hierarchy of data sources (see table 2). The hierarchy of evidence showed a list of
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potential sources of i) clinical effect sizes; ii) adverse events and complications; iii) baseline

clinical data; iv) resource use; v) costs; and vi) utilities, which were applicable only to cost-

utility analysis studies. Data sources of each component are ranked from one to six in

descending order. Rank 1 was given if its parameters were derived the most appropriate data

sources.

Table 2 Hierarchies for data sources (adapted from Cooper et al.” )

Rank

Data components

Clinical effect sizes/adverse events and complications

1+

Meta-analysis of RCTs with direct comparison between comparator therapies, measuring final
outcomes

1

Single RCT with direct comparison between comparator therapies, measuring final outcomes

Meta-analysis of RCTs with direct comparison between comparator therapies, measuring surrogate
outcomes

2 Meta-analysis of placebo-controlled RCTs with similar trial populations, measuring the final outcomes

for each individual therapy
Single RCT with direct comparison between comparator therapies, measuring the surrogate outcomes

2 Single placebo-controlled RCTs with similar trial populations, measuring the final outcomes for each
individual therapy

34 Meta-analysis of placebo-controlled RCTs with similar trial populations, measuring the surrogate
outcomes

3 Single placebo-controlled RCTs with similar trial populations, measuring the surrogate outcomes for
each individual therapy

4 Case control or cohort studies

5 Non-analytic studies (e.g. case reports, case series)

6 Expert opinion

9  Not clearly stated

Baseline clinical data (if applicable)

Case series or analysis of reliable administrative databases specifically conducted for the study covering

1 . N .
patients solely from the jurisdiction of interest

5 Recent case series or analysis of reliable administrative databases covering patients solely from the
jurisdiction of interest

3 Recent case series or analysis of reliable administrative databases covering patients solely from another
jurisdiction

4 Old case series or analysis of reliable administrative databases. Estimates from RCTs

5 Estimates from previously published economic analyses: unsourced

6  Expert opinion

9  Not clearly stated

Continued next page
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Table 2 Contd

Rank Data components

Resource use

1 Prospective data collection or analysis of reliable administrative data for specific study

Recently published results of prospective data collection or recent analysis of reliable administrative
data: same jurisdiction

Recently published results of prospective data collection or recent analysis of reliable administrative

2
3 Unsourced data from previous economic evaluations: same jurisdiction
4 ; L

data: different jurisdiction

5 Data source not known: different jurisdiction

6  Expert opinion

9  Not clearly stated

Costs
1 Cqst t::al.cul.ations based on reliable databases or data sources conducted for specific study: same
jurisdiction
2 Recently published cost calculations based on reliable databases or data course: same jurisdiction
3 Data source not known: same jurisdiction
4 Using charge (price) rather than cost when societal perspective was adopted
5 Recently published cost calculations based on reliable databases or data sources: different jurisdiction
6 Data source not known: different jurisdiction

9  Not clearly stated

Utilities (if applicable)

Direct utility assessment for the specific study from a sample either:
(a) of the general population, or
(b) with knowledge of the disease(s) of interest, or
(c) of patients with the disease(s) of interest
Indirect utility assessment from specific study from patient sample with disease(s) of interest, using a
tool validated for the patient population

Indirect utility assessment from a patient sample with disease(s) of interest, using a tool not validated
for the patient population

Direct utility assessment from a previous study from a sample either:
(a) of the general population, or
(b) with knowledge of the disease(s) of interest, or
(c) of patients with the disease(s) of interest
Indirect utility assessment from previous study from patient sample with disease(s) of interest, using a
tool validated for the patient population

Data source not known: method of elicitation unknown

Patient preference values obtained from a visual analogue scale

Delphi panels, expert opinion

O N B

Not clearly stated

This review compared the value for money of different interventions for prevention and
control of pandemic influenza; however, the evaluations were conducted in different settings
and timeframe. This study adjusted cost-effectiveness ratio into a common currency and

utility unit. International dollars (I$), at 2010 values, were presented using national gross
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domestic product deflator values and implied purchasing power parity conversion rates from
the International Monetary Fund.® In addition, exchange rates obtained from OANDA
(http://www.oanda.com/currency/historical-rates) were applied when cost outcomes were
reported in foreign currencies rather than local. In order to judge which interventions are
cost-effective the ceiling thresholds, the amount of budget that decision-makers are willing to
pay to gain a QALY, needs to be clearly specified. Because of a lack of explicit and implicit
thresholds for most countries in the world, the World Bank thresholds for classifying
countries into low-income, lower middle-income, upper middle-income and high-income
countries were used as a maximum ceiling threshold, due to the fact that the World Bank

thresholds refer to the 2009 Gross National Income (GNI) per capita.6

3. Results

3.1 Review profile

The search in the electronic databases identified a total of 525 records. In addition, 351
records were identified through internet search engines. There were 107 records that met the
inclusion criteria and were assessed for eligibility, but 81 full texts were not included in the
final analysis. These studies were excluded because they were reviews, epidemiological
models, focused on seasonal influenza, impact of influenza or feasibility of influenza
interventions, full text was unavailable or not in the eligible languages, or did not report both
costs and outcomes of interventions. In addition, five full text grey papers were identified
from correspondence with authors of eligible papers, cited reference searching, and reference
list screening, of which one was excluded as it was an epidemiological model. Finally, 30

studies were considered in our analysis (figure 1).
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Figure 1 Flow chart of search strategy
Identification
525 records identified through 351 records identified through
database searching internet search engines
L 1
Screening *

816 records after internal duplicates* removed

'

816 records screened —_— 709 records excluded
Eligibility l
81 full-text papers excluded,
107 full-text papers with reasons: review, seasonal Influenza, Impact of
e lp e e isease, feasibility, Nt conomic evaluation study,
assessed for Ellglblhty not both costs and outcomes of interventions,

nao full-text, Morwegian language full-text

.

5 additional full-text papers identified

26 full-text papers through personal communication with
i : . — correspanding authors of eligible papers,
to be included in the analysis ited referenoe ssarching and

reference list screening

'

31 full-text papers > 1 full-text paper excluded,
assessed for eligibility with reason: not economic evaluation study

Included l

30 studies included in the analysis

* Records duplicated inside an individual database or internet search results list.

3.2 Descriptive review results

Table 3 provides the characteristics of the studies included in the analysis. The majority of
studies adopted CEA and CUA approaches (12 CEA, 12 CUA, 2 CEA and CBA, and 1 CEA
and CUA) (see figure 2). Three studies reported CBA results. Figure 3 illustrates the
relationship among study settings, year of study, and year of publication. Most studies (10

studies) were conducted in the year 2009, when the pandemic event occurred. Seven studies
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assessed value for money of interventions in the US setting, followed by the UK and Canada
(4 studies in each setting), the Netherlands and Singapore (3 studies in each setting), France
(2 studies), and other six countries with one study each (see figure 4). There was one study

conducted for multinational developed country settings.”

Figure 2 Types of economic evaluation

12 -
10 A
8 -
6 -
4
2
| .

CBA and CEA CEA and CUA

Type of evaluation

Figure 3 Study settings by year of study and year of publication

12 -

10 -

Year of study
mmmm AU; Australia mmmm CA; Canada* —CH; Switzerland*
CDC; Developed countries® i DE; Germany FR; France
mmmm GB; United Kingdom IL; Israel mmmm NL; Netherlands
SE; Sweden mmmm SG; Singapore C—SK; Slovakia*
mmmmm US; United States =@ Year of publication

* Study settings of four studies were not clearly stated
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Modified from the WHO and the World Bank’s classification for containment and mitigation

36:37 table Error! Reference source not found. depicts that vaccination (18

of pandemic influenza,
studies) and antiviral drugs (17 studies) were commonly evaluated for both targeted (specific
groups, such as high-risk or priority population) and general population. Notably, there was
no economic evaluation assessing economic value of travel restriction and public hygiene and

disinfection measures.

Table 4 Classification of studies (using referencing number) by types of interventions
modified from the WHO and the World Bank’s taxonomy

National
Interventions* Community Targeted Broad-based  International
Quarantine 28
Travel restriction
Public Communications & Advisories 14,35
Social distancing 14 8

Public Hygiene and disinfection

Personal protective equipment 14
Vaccinati 7,11,16,23,29, 3,7,8,12,13, 16,
accination 35 18,23, 26, 31,33
- 9,10, 14-16,22, 8, 10, 16, 21, 22,
Antiviral Drug 29,34 24,25, 30, 34

* Categories highlighted in grey are not relevant categories for each intervention

Table 4 demonstrates the discrepancy of drugs and vaccine regimens considered in the
economic evaluation studies. Although the majority (19 studies) assessed oseltamivir, they
used different dosages and durations for prophylaxis. For example, Yarmand® used
oseltamivir 75 mg once daily for ten days for young adult prophylaxis in the US, whilst
Balicer et al.'’ used the same dosage of oseltamivir for 50-day prophylaxis among the Israeli
general population. Doses of vaccine ranged from one to three, without clearly specifying the

duration of protection.
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Table 6 shows the extent to which the 30 reviewed papers complied with standards for
conducting and reporting economic evaluations. All studies complied with the
recommendations on using discounting for costs and/or outcomes for studies with time
horizon longer than one year. A relatively high proportion of studies described the study
perspective(s), selection of comparators, performing uncertainty analysis, and reported ICERs.

67% of these studies disclosed funding sources.

Table 6 Extent to which the published economic evaluation studies included in this
analysis met recommendations for good reporting of economic evaluation studies.”

Recommendations Number of studies ful{'llling Percentage

recommendation (%)

Perspective specified 27/30 90

Description of comparator(s) 29/30 97

Used discounting for costs or/and outcomes 13/13 100

if study period was > 1 year

Calculated and reported ICER 24/28 86

Performed uncertainty analysis 28/30 93

Disclosed funding sources 20/30 67

*Number of studies the recommendation is applicable
ICER: Incremental cost-effectiveness ratio

Nineteen studies adopted a societal viewpoint in the analysis. Four studies employed a
healthcare provider’s perspective and the same number of studies, a healthcare system’s
perspective. Regarding financial support for studies, eleven were supported by domestic
public funders, followed by the for-profit private sector (3 studies). Surprisingly, 10 studies

did not properly declare source of funding.

None of the studies were carried out alongside clinical trials, but all were model-based. Equal
number of studies adopted dynamic and static models, whereas one study adopted both
approaches.” Only one single study did not clearly state the approach used, which the
reviewers were also unable to identify.26 Time horizons (time window during which patients
are followed and their resource use and health/cost outcomes measured) varied largely across
studies, ranging from one month to a lifetime. Twelve studies (40%) did not clearly state time

horizon employed, which is one of the major methodological flaws found in our review.

Quality of evidence used in the economic evaluation of pandemic influenza interventions was

analysed in depth and the results are presented in table 7 and figure 5. They illustrate the poor
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quality of data used for estimating adverse events and complications of interventions
following with baseline clinical data and resource used. More than half of the reviewed
studies used information from non-analytic studies (e.g. case report or case series), expert
opinions, and unsourced information to estimate adverse events and complications, and
baseline clinical data. Although information used for estimating clinical effect sizes and cost
have relatively better overall quality, only a few of them derived from systematic review of
randomized controlled trials measuring final outcomes for clinical effect sizes and cost

calculation based on reliable data sources conducted for study settings.

Table 7 Quality of evidence used in 30 economic evaluations of interventions for
prevention and control of pandemic influenza

. Level qf Clinical Baseline Adverse events  Resource .
information ffoct si linical d & licati Costs Utility
(hierarchies of e ectosmes c mlcz:; ata compolcatlons uie [n (%)] [n (%)]
darn soureesy [0 (0) [n (%)] [ (%)] [n (%)]
Rank 1 3(10) 0(0) 0(0) 0(0) 1(3) 1(8)
Rank 2 3(10) 4(13) 1(5) 8(28) 12 (40) 1(8)
Rank 3 9 (30) 103) 4(19) 0(0) 3(10) 3(23)
Rank 4 2(7) 4(13) 2 (10) 1(3) 1(3) 430D
Rank 5 0(0) 5(17) 9(43) 8(28) 3(10) 2 (15)
Rank 6 9 (30) 9 (30) 5(24) 7 (24) 9 (30) 2 (15)
Rank 9
(not specified) 4(13) 7(23) 0(0) 5(17) 1(3) 0(0)
Figure 5 Rank of evidence used in the economic evaluation studies
100 % - ®Rank 1
. ® Rank 2
" Rank 3
80% 139 Rank 4
0
10% 3% - gﬁ Z
60% - 17% " Not specified
28%
7% 43% 3% 31%
40% A 10%
N l I =
Clinical effect ~ Baseline Adverse Resource use Costs Utility
size clinical data events&

complications
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3.3. Incremental Cost-Effectiveness Ratios (ICERs)

Figure 6 compares the cost per QALY of each intervention. No evidence suggests that target
population, e.g. general or high-risk population, has significant influence on ICERs. The X
axis of the figure is arranged according to population risk (as defined by researchers of each
study), with relative low risk on the left-hand side and relative high risk on the right-hand

side, and no downward trend is observed among similar interventions.

The combination of pharmaceutical and non-pharmaceutical interventions (represented by
grey bars) was relatively cost-effective compared to providing vaccines and/or antiviral drugs.
For pharmaceutical interventions, ICERs can vary largely from cost-saving to very high
values (>I$ 1,000,000 per QALY). One obvious observation is that antiviral prophylaxis and
treatment are cost-saving for the general population but relatively high ICERs for high-risk

populations (i.e. influenza-like illness patients and pregnant women).

According to the predefined ceiling thresholds, ‘social distancing’ (strategy in which non-
school, non-work and non-household personal contacts are reduced, as defined by Perlroth et.
al.?*), antiviral prophylaxis for general population plus school closure, vaccination for general
population plus school closure, and antiviral prophylaxis for household contacts plus school

closure are amongst cost effective strategies for all low, middle and high income countries.
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Table 8 presents the four types of parameters found to be important in uncertainty analysis.
These are epidemiological parameters and those related to natural disease progression
(infectivity, e.g., attack rate or reproduction number; probability of pandemic; pandemic
duration; disease severity, e.g., case fatality or probability of developing complications),
those related to the intervention (efficacy, coverage, stockpiling capacity, timing of the
intervention), resource use and cost parameters (healthcare costs, resources consumed, value
of life, cost of intervention) and others (utility and discounting rate). There was no study that
systematically analysed the relative importance of parameters. Since all studies purposively
selected parameters for uncertainty analysis, we cannot make a firm conclusion on which
parameters are important to determine value for money of pandemic influenza preparedness
and interventions. However, we recommended that future studies should apply a more
transparent and systematic approach to analyse uncertainty surrounding these parameters.
This can be achieved by using the value of information approach.38

<INSERT TABLE 8>

Due to the importance of contact patterns in the outcomes of dynamic models, we also
reviewed the mode in which populations interact. Consideration of contact patterns is
especially important in modelling non-pharmaceutical interventions (e.g, social distancing),
because the effectiveness of these interventions is highly dependent on how the population
interact or behave in the initial phase of the pandemic.® It is noteworthy that a number of
papers under review did not provide detailed information about contact patterns and relevant
assumptions, but they refer to other epidemiological studies. In this regard, we reviewed the
relevant sources and found that the quality of evidence used ranges from assumption35 to
data from a large study of conducted in the European Union.” 27

In general, all epidemic models have an underlying network of mixing patterns, even though
this network may not be explicit. Some compartmental models included in this review do not
allow for variability (i.e., assume that communities are homogenous, not taking account of

variability derived from age, sex, behaviour, social and spatial structure)'™® % *°

, although
some include modifications that allow for some level of heterogeneity, such as age-specific
mixing patterns.” > 2*?>?7 On the other hand, almost half of the studies included are agent
based models, which appear to reflect the heterogeneity in contact patterns as occurs in the

real world, especially those with a social network designg’ 12,17, 28,31-33 (Appendix 2).
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4. Discussion

The review identified a fair number of economic evaluation studies on preparedness and
interventions against pandemic influenza though the majority (25/30, 83%) focused on only
pharmaceuticals i.e. vaccine and antiviral drugs. This may be explained by several reasons
which make effectiveness and cost-effectiveness studies of non-pharmaceutical interventions
difficult and unattractive for researchers. First, ethical dimension plays an important part in
hindering assessment of particular interventions. For instance, it may be unethical to restrict

travel in or to introduce public communication and advisory measures to some population

groups.

Second, there is a lack of standard protocols for non-pharmaceutical interventions resulting in
a large variability of practice across settings. For example, no consensus exists on the way to
carry out quarantine, travel restriction and social distancing. Third, most of non-
pharmaceutical interventions are complex involving multidimensional aspects and difficult to
control confounding factors. Assessing this group of interventions is likely to be costly and
require strong support from decision makers in health and non-health sectors and public
acceptance. Lastly, in absence of pandemic event it is difficult to introduce radical public
measures e.g. travel restrictions, school closure and quarantine, which do not provide

opportunity to generate the robust and reliable evidence on the effectiveness.

Despite a large number of economic evaluations of pharmaceutical interventions, existing
evidence on their value for money is inconclusive. Since different vaccination protocols and
drug regimens were examined across studies, the findings on costs and outcomes of these
interventions are incomparable. Even the studies considered the same vaccination protocols
and drug regimens, most modeled parameters, i.e., clinical effect size, baseline clinical data,
and adverse events and complications are drawn from different sources with various levels of
quality, ranging from expert opinion, computer simulation, small observational studies, to

meta-analyses of randomized controlled trials.

Regarding methods for economic evaluation, the overall quality is relatively high. This may
be because these studies were conducted in settings where health economics were well

established. National methodological guidelines for conducting economic evaluation exist in
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most of these settings. This would affect the choice of method employed by the researchers.
If future evaluations are conducted in developing countries where no national guidelines are
available, it is likely that a large variability in research quality can be observed. To ensure the
quality of future evaluations, it is important to introduce internationally accepted
methodological guidelines. Although a WHO guide for standardization of economic
evaluations of immunization programmes® is publicly available, it is applicable only to
vaccination, but not to antiviral drugs and non-pharmaceutical interventions. Despite the fact
that the WHO guidelines on generalized cost-effectiveness analysis were introduced, they
have been widely criticized and are not in line with other guidelines in many countries.****
We strongly encourage the development of new guidelines for evaluations in developing
countries with no national guidelines. In addition, these guidelines should be acceptable and
feasible to follow by those conducting studies in developed countries in order to facilitate

international comparison.

In figure 6, we present a novel approach to summarize cost-effectiveness evidence across
interventions and target populations. This is useful not only for decision-makers in each
country, but also for international organizations which guide and support countries to allocate
resources, such as the WHO, the UNICEF and the World Bank. Even though figure 6 was
contributed by 13 out of 30 reviewed studies, table 9 illustrates that the information in the

121

figure was dominated by only three. These included Lee BY et al.”", Perloth et al.?® and

Sander et al.¥

, which assessed a wide range of pharmaceutical and non-pharmaceutical
interventions that met the eligibility criterion to be included in the figure, i.e. presenting

results in terms of cost-utility ratios.
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In comparison to the work by Lugnér and Postma®, who reviewed economic evaluation
studies of pandemic influenza interventions from MEDLINE as sole source, our review is
more comprehensive since it includes 30 economic evaluations obtained from a variety of
resources. Table 10 shows that conducting evidence synthesis from economic evaluations
available in MEDLINE is likely to leave out a large number of economic evaluations,
especially for non-biomedical interventions and those reported in grey literature. Based on
our experience, personal communication with corresponding authors is an effective way to
identify unpublished literature. By contacting 14 experts and indicating our work was
commissioned by the WHO, we obtained four papers, three of which were included in the
final analysis. In addition, we found that the SSCI is a valuable source to retrieve conference
proceedings, but they were not useful for this review. Getting in contact with the
corresponding authors of recent conference abstracts, we found that full reports of those
studies were not available yet. For older conference abstracts, there are some duplicates

which were already published and identified by other means.

Another point is that Lugnér and Postma* only provided descriptive results of the review
and methodological recommendations for future economic evaluations. Whilst our review
aims to offer policy recommendations, it does not fully succeed due to the aforementioned
limitations, i.e. the lack of effectiveness and cost-effectiveness studies on non-pharmaceutical
interventions, the variation in the vaccination protocols and drug regimens introduced in the
evaluations of pharmaceutical interventions, and the limited number of studies assessing

value for money across interventions.
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Table 10 Searches performed on electronic sources of information

Sources of information Search
(searched in Sept/Oct 2010) records

Relevant records that
met inclusion criteria ()

1. MEDLINE (via PubMed, 1950-23.09.2010)

(see appendix 1 for detailed search strategy) 227

22

2. NHS EED (via CRD, 1992-20.09.2010)
(MeSH Influenza A Virus, HINI Subtype) OR (pandemic NEAR 22
influenza) OR HINI

13 (1)

3. HEED (via Wiley Online Library, 1992-09.2010)

pandemic AND (influenza OR flu OR HINI) 24

16 2)

4. CEA Registry (1976-2008)

influenza 3

5

5. EURONHEED (via INSERM, 1980-2009)

2rip$ OR flu OR influenza 34

0(0)

6. HTA (via CRD, 1988-20.09.2010)
(MeSH Influenza A Virus, HINI Subtype) OR (pandemic NEAR 13
influenza) OR HINI

1)

7. HEN (via WHO/Europe, on 30.09.2010)

Topic: influenza, Source: all 24

0(0)

8. EconLit (via Ovid, 1969-09.2010)

pandemic AND (influenza OR HINI) 3

1(0)

9. RePEc (via Ideas, on 29.09.2010)
(pandemic | pandemia) + (flu | influenza | grippe | gripe) + (cost
| economic | coste | kosten | cost-effective | coste-efectivo |
kosten-effektiv )

17

2()

10. SSCI (via ISI Web of Knowledge, 1970-01.10.2010)
pandemic AND (influenza OR HINI1) AND (cost* OR economic* 70
OR cost-effective™®

16 (8)

11. Google (www.google.co.uk, on 06.10.2010)
pandemic "cost effective" influenza OR HINI OR flu 123%
(domains .ac, .edu, .gov, .mil, .int, .org, .pdf -past year)

20 (1)

12. Scirus (www.scirus.com, 01.01.2009-07.10.2010)
pandemic AND (influenza OR HINI OR flu)) ("cost-effective”
OR economic OR costs)
(Sections: conferences, thesis and dissertations)

194

6(3)

13. Web of Science (via ISI Web of Knowledge, 1970-11.10.2010)
cited reference search for: 212
Meltzer et al, Emerg Infect Dis. 1999; 5(5):659-71.

7(1)

+ New papers compared to MEDLINE, but may be duplicated compared to other data sources
I 20 best-matches of each search were screened
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5. Moving forward

To strengthen the WHO guidelines for preparedness and intervention against pandemic
influenza, there are four major recommendations. Firstly, the pandemic just occurred in 2009
we suppose a number of published studies on baseline clinical data, clinical effect sizes,
adverse events and complications, and value for money of different interventions will be
increasing available in the next few years. We recommend a repeat review to be performed in

the next two years.

Secondly, we encourage the WHO to have a leading role in facilitating studies on the
effectiveness and cost-effectiveness of interventions against pandemic influenza in the
developing world. In addition, the WHO should coordinate the development of new
acceptable guidelines for economic evaluation of interventions to complement the existing

guidelines.

Thirdly, the WHO should bring together all relevant experts and stakeholders to seek
consensus on certain important parameters used for future economic evaluations and identify
future priority research areas. It is noticed that not all parameters need to be uniform across
settings. By nature, resource used, cost data, compliance to interventions differ amongst
countries but infectivity, clinical effect sizes, or adverse reactions and complications do not

significantly diverse amongst ethnicities.

Finally, because the pandemic is a rare event, occurring presumably once every 30 years, the
global community should be ready for the next pandemic by measuring consequences of
pandemic influenza and its related interventions. We request the WHO devise guidelines or
recommendations not only for preparedness of pandemic influenza but also for assessing its

impacts in a systematic and reliable manner.
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Appendix 1 Search strategies employed for MEDLINE (via PubMed)

Economic evaluation of interventions - pandemic human influenza (1950-23/09/2010) Abstracts
#11 Search #4 AND #10 228
#10 Search #5 OR #6 OR #7 OR #8 OR #9 291,197
#9 Search economic$[tiab] 87,997
#3 Search cost effective [tiab] 36,428
#7 Search costs[tiab] 94,574
#6 Search cost benefit [tiab] 5,885
#5 Search "Costs and Cost Analysis” [Mesh] 150,457
#4 Search #1 OR #2 OR #3 7,158
#3 Search “influenza pandemic” [tiab] 1,436
#2 Search “pandemic influenza” [tiab] 1,766
#1 Search HIN1S [tiab] 5,180
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