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1. Introduction

Influenza infection is a major cause of illness, morbidity and mortality throughout the
world, affecting 5-15% of global population each year. The high-risk groups of influenza
complication include mainly elderly and patients with cardiovascular or pulmonary disor-
der, and metabolic disease (diabetes). The influenza vaccination has proved to be effective
in reducing acute complications among high-risk patients, particularly in influenza-like
iliness, hospitalisation and mortality from all causes.

The burden of influenza on health care systems becomes highly relevant, since the increas-
ing proportion of population aged over 65. Therefore, substantial public health implica-
tions arise from the decision maker perspective, when programming an annual vaccination
strategy. In particular, the public decision maker faces a strategic problem when deciding:
a) whether to implement a vaccination campaign, apavhich vaccine(s) to prescribe.

On the one hand, a vaccination program can result in an effective strategy, both from
the financial and the clinical point of view, in light of the reduction of hospitalisations
and deaths among the elderly. On the other hand, the cost effectiveness of this choice is
highly dependent on some exogenous parameters, such as influenza attack rate (which is
likely to vary from year to year), and coverage rate (i.e. the proportion of patients that
are actually vaccinated). Given the presence on the pharmaceutical market of at least two
types of influenza vaccines (the standard and the more recent subunit vaccine adjuvated
with MF59), in order to take into account pros and cons, over the entire population, the
decision should be taken integrating pre-constituted opinions and empirical data.

The aim of this paper is then to build a decision model which allows the decision mak-
ers to evaluate the possible results under different scenarios, and to choose the decision
associated to the highest expected utility, expressed in terms of incremental cost effec-
tiveness ratiolCER). The paper is structured as follows: section 2 presents the statistical
approach used in the definition of the model and section 3 describes the main results and
conclusions obtained.

2. Material and Methods

The decision problem under study has been reconstructed and represented in terms of
an Influence Diagram (ID), Howard and Matheson (1981); Dawid (2002), using a set
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of a) random nodes, each associated to a local probability distributjaecision node
(whether to vaccine the reference population or not), @natility nodes, expressed in
terms of costs associated to each possible choice. Among the random nodes, we distin-
guished three different kinds of variables. First, we haveettagenousariables (i.e. the
coverage rate, which is dependent on the reference population, and the attack rate, which
the decision maker cannot directly control, as it is flu-season dependent). Second, we can
consider the vaccine-dependent variables (i.e. variables taking into account the reduction
in the utilisation of health resources generated by the vaccination). Finally, there are the
risk measures (i.e. variables used to estimate the probability of death, hospitalisation, GP
visits, and of incurring in influenza related drug prescription). The ID is represented in
Figure 1.

Figure 1. The ID representation of the Influenza vaccination problem

give vaccine?

coverage rate

In this case, we had not access to a comprehensive database, which could allow us to
observe directly all the quantities of interest. For this reason, we followed a two-fold
strategy: when possible, we used sample data from an observational study carried out
on the elderly population of Pianiga (Venice) during three flu seasons (2000-2001, 2001-
2002 and 2002-2003), with the help of four General Practitioners. As for the variables
that are not observable in the Pianiga database, we performed a Bayesian meta-analysis
of literature data, to obtain the distributions of interest. The estimations of exogenous
variables were based on Italian data, while the effectiveness of vaccination (either for
the standard vaccine or the MF59) was derived by a set of studies, performed on several
countries. For all those variables, defined in the intej¥al], we performed a standard

non informative learning, based onfzeta likelihood. To preserve the computational
facilities associated to a Bayesian Network, the results were summarised on a grid of 10
values. This strategy also allows a sensitivity analysis, since different scenarios can be
considered, for the exogenous and the vaccine-related variables, simply by instantiating
them to a given value.

As for the utility measures, while associating a proper numerical utility measure to the
risk of death can be cumbersome, it proves to be relatively straightforward to define a
(dis)utility measure for all the other risk measures. In fact, the decision maker should
weigh the choice of whether to vaccine the elderly population on the basis of the global
reduction of the risks, and on the total costs associated. Hence, we calculated the relevant



direct costs, weighing the unit cost of each health care resource by the occurrence proba-
bility that we observed in the Pianiga database, in order to provide an estimation of costs
that is strictly related to the clinical practice reality that we are monitoring.

The cost effectiveness analysis was then carried out combining the results obtained from
the evidence propagation in the ID. We compared three different health programs: the
decision maker chooses not to vaccine the populatior) to vaccine the population

with a standard vaccine;) to vaccine the population with the MF59 vaccine. The cost
effectiveness analysis is based on@ER For each pairwise comparison, it is defined as

the ratio of the difference in total costa,, to the difference in any specific effectiveness
measure).. This value represents the difference between the probabilities of occurrence
of a given risk under the two alternative programs compared (i.e. "do not vaccine” vs
"give standard vaccine”, or "give standard vaccine” vs "give MF59 vaccine”, or "do not
vaccine” vs "give MF59 vaccine”). The main effectiveness measure is mortality, although
one can evaluate the cost effectiveness of a program with respect to the consumption of
any other health care resource considered in the model.

3. Results and conclusions

The algorithm of evidence propagation (Jensen and Dittmer (1994)) provides a solution
tothe ID, i.e. away to determine the choice associated to the highest expected utility. The
total expected utility is calculated and associated to each possible choice. A first result
from the ID is that, given the premises described above, the expected (dis)utility, i.e. the
total annual cost, equals 53.04 euro per patient, should the decision maker decide not to
promote a vaccination campaign, and equals 51.18 euro per patient, in case the decision
maker decides to go for a vaccination campaign. This latter result is an average of the
two specific situations where the vaccine can be either the standard or the MF59. Conse-
guently, the vaccination proves to be a cost saving program. Nevertheless, it is important
to evaluate this result in the light of the benefits that are gained from the population, in
terms of risks reduction. Vaccination proves to reduce each risk measure, as depicted in
Table 1.

Table 1. Posterior probabilities for risk measures
Posterior probabilities for risk measures MF59 vaccine Standard vaccine Do not vaccine

GP visit 0.0604 0.0629 0.0828
Influenza related treatments 0.1102 0.1188 0.1658
Hospitalisation for 1&P 0.0150 0.0160 0.0200
Hospitalisation for CHF 0.0550 0.0580 0.0660
Hospitalisation for RD 0.0006 0.0006 0.0008
Mortality 0.0023 0.0024 0.0033

1&P = Influenza and Pneumonia
CHF=Chronic Heart Failure
RD=Respiratory Diseases

In particular, the alternative based on MF59 vaccine always produces the highest risk
reduction. The standard vaccination also proves to be effective in reducing the risk of
experimenting the events, as compared to the null option (do not vaccine the population).
The total direct costs per year and per patient are of 50.44 euro in case the decision maker
chooses to vaccine population with the MF59 vaccine, and of 51.92 euro in case the pro-



gram chosen is the vaccination with the standard vaccine. Table 2 presel@ig Bh@hat
could be interpreted as savings per event averted) for each risk measure and for the three
pairwise comparisons.

Table 2. Cost effectiveness analysis for the three pairwise comparisons

ICER (savings per event averted) "MF59” vs "MF59” vs "Standard” vs
"Standard” "Do not vaccine” Do not vaccine”
GP visit 592.00 116.52 56.78
Influenza related treatments 172.09 46.94 24.04
Hospitalisation for 1&P Not comparable 13,050.00 5,650.00
Hospitalisation for CHF 1,480.00 522.00 282.50
Hospitalisation for RD 493.33 237.27 141.25
Mortality 16,444.44 2,718.75 1,298.85

1&P = Influenza and Pneumonia
CHF=Chronic Heart Failure
RD=Respiratory Diseases

As appears clear, the vaccination proves to be a highly cost effective strategy, as com-
pared to the null option. Both MF59 and standard vaccine produce a better health status
for the population and savings for the health provider. This is mainly due to the fact
that the high-cost events (hospitalisations) are reduced (see Table 1), leading to relevant
savings for the public payer. The extra cost generated by the vaccine acquisition and
dispensation is more than balanced from this advantages.

Probabilistic expert systems have been well discussed so far, also for medical purposes,
(see Cowellet al. (1999)); nevertheless, the pharmacoeconomics literature has not ex-
plored them thoroughly. Moreover, the perspective we took in this work is somehow
innovative, in that we approach the problem accounting jointly for the clinical and the
economic matter, from the whole reference population point of view. Hence, if on the one
hand this model is an application of some well-established theory, on the other hand, as
far as we are concerned, it is one of the few examples of economic evaluation of a health
decision-making problem, based on this methodology. From our analysis, we provide
evidence that the influenza vaccination is a cost effective strategy, as compared to the null
option. Moreover, the MF59 vaccine proves to be both more effective and cheaper in the
long run, as compared to both the standard vaccination and the null program. The phar-
macoeconomics evaluation based on IDs has a huge potentiality, in our opinion, for the
reasons we described above. We reckon that statistical, economic and clinical research is
to be focused on that topic in the next future.
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