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Executive summary
Background
Influenza is an acute, febrile illness caused
by infection of the respiratory system by the
influenza virus. The illness is usually self-limiting
in otherwise healthy people. In individuals
considered to be at high risk, such as those aged
over 65 years or having concomitant disease, it
carries the risk of increased morbidity, potentially
serious complications and mortality. A Health
Technology Assessment of amantadine, oseltamivir
and zanamivir for the prophylaxis of influenza
was reported earlier by Turner and colleagues.
Since that review, the marketing authorisation
for zanamivir has been extended to include
intervention in the prophylaxis of influenza as
well as in its treatment. This report presents an
updated assessment of new and existing evidence
for the clinical effectiveness and cost-effectiveness
of amantadine, oseltamivir and zanamivir in the
prevention of influenza.

Objectives
To evaluate the clinical effectiveness of amantadine,
oseltamivir and zanamivir in seasonal and postexposure prophylaxis against influenza and to
estimate the incremental cost-effectiveness of the
above interventions in comparison with each other
and no prophylaxis.

Methods
A systematic review was undertaken and an
independent health economic model developed,
based on a detailed review of existing costeffectiveness models together with ongoing
clinical advice. The model draws together a broad
spectrum of evidence relating to the costs and
consequences associated with influenza and its
prevention. Importantly, where direct evidence
concerning the effectiveness of prophylaxis within
specific model subgroups is lacking, the model
uses effectiveness estimates from mixed subgroups
(e.g. effectiveness of oseltamivir and zanamivir as
post-exposure prophylaxis taken from studies of
households of mixed composition) or extrapolates
from other mutually exclusive subgroups (e.g.

effectiveness of seasonal prophylaxis using
amantadine in adults assumed to be the same in
children and elderly individuals). Cost-effectiveness
estimates are presented according to subgroups
distinguished by age, risk status and vaccination
status. For the purposes of the model, ‘at-risk’ is
defined as the presence of an underlying medical
condition; this definition may not necessarily
coincide with Department of Health definitions
of target groups for vaccination (for example,
an otherwise healthy adult working in a hospital
setting may be eligible for influenza vaccination).

Results
Clinical effectiveness
Twenty-six published references relating to 22
randomised controlled trials (RCTs) were included
in the clinical effectiveness review. An additional
unpublished report was included in the assessment,
giving a total of 23 RCTs. Eight, six and nine RCTs
were included for amantadine, oseltamivir and
zanamivir respectively. The quality of the studies
identified was highly variable and gaps in the
evidence base limited the assessment of the clinical
effectiveness of the interventions across population
subgroups and settings.

Seasonal prophylaxis
Evidence for the use of amantadine in prophylaxis
was very limited and drawn from older research of
relatively poor quality. Evidence was presented for
its efficacy in preventing symptomatic, laboratoryconfirmed influenza (SLCI) in seasonal prophylaxis
in healthy adults [relative risk (RR) = 0.40,
95% confidence interval (95% CI) 0.08–2.03].
Oseltamivir was effective in preventing SLCI,
particularly when used in seasonal prophylaxis
in at-risk elderly subjects (RR = 0.08, 95% CI
0.01–0.63). The preventative efficacy of zanamivir
in seasonal prophylaxis was most notable in atrisk adults and adolescents (RR = 0.17, 95% CI
0.07–0.44) and healthy and at-risk elderly subjects
(RR = 0.20 (95% CI 0.02–1.72)
Post-exposure prophylaxis
Again, very few data were available for the use
of amantadine in post-exposure prophylaxis
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and were taken from older research of lower
quality. A relative risk of 0.10 (95% CI 0.03–0.34)
for the prevention of SLCI in adolescents by
post-exposure prophylaxis with amantadine
was reported. Oseltamivir was effective in postexposure prophylaxis within households of mixed
composition (RR = 0.19 (95% CI 0.08–0.45),
and the efficacy of zanamivir in post-exposure
prophylaxis within households was also reported
(RR = 0.21 (95% CI 0.13–0.33). Interventions
appeared to be well tolerated, with a relatively low
occurrence of subjects experiencing drug-related
adverse events and withdrawals. Very limited
evidence was available for their effectiveness in
preventing complications and hospitalisations and
in minimising length of illness and time to return
to normal activities. No data were identified for
health-related quality of life or mortality outcomes.

Cost-effectiveness
Seasonal prophylaxis
In healthy children

Amantadine and zanamivir as seasonal prophylaxis
are expected to be dominated or extendedly
dominated. The incremental cost-effectiveness
of oseltamivir versus no prophylaxis is expected
to be greater than £44,000 per quality-adjusted
life-year (QALY) gained. Assuming a willingness
to pay threshold of £30,000 per QALY gained,
the probability that no prophylaxis is optimal is
expected to be around 0.97.

In at-risk children
Amantadine and zanamivir as seasonal prophylaxis
are expected to be dominated or extendedly
dominated. The incremental cost-effectiveness of
oseltamivir versus no prophylaxis is expected to be
around £17,000 per QALY gained for unvaccinated
at-risk children, and in previously vaccinated
at-risk children greater than £50,000 per QALY
gained. Assuming a willingness to pay threshold
of £20,000 per QALY gained, the probability
that oseltamivir is optimal in unvaccinated at-risk
children is expected to be approximately 0.70,
and assuming a threshold of £30,000 per QALY
gained, the equivalent probability is around
0.94. For previously vaccinated at-risk children,
the probability that no prophylaxis is optimal at
£30,000 per QALY gained is 0.97 or higher.
In healthy adults
Amantadine and zanamivir as seasonal prophylaxis
are expected to be dominated or extendedly
dominated. The incremental cost-effectiveness
of oseltamivir versus no prophylaxis is expected

to be greater than £148,000 per QALY gained,
irrespective of vaccination status. Assuming a
willingness to pay threshold of £30,000 per QALY
gained, the probability that no prophylaxis is
optimal is close to 1.0.

In at-risk adults
Based on the current list price for zanamivir, both
amantadine and zanamivir are ruled out of the
analysis. The incremental cost-effectiveness of
oseltamivir versus no prophylaxis is expected to be
greater than £64,000 per QALY gained. Assuming
a willingness to pay threshold of £30,000 per
QALY gained, the probability that no prophylaxis
is optimal is close to 1.0. When the proposed
price reduction for zanamivir is incorporated,
the incremental cost-effectiveness of zanamivir
versus no prophylaxis is expected to be around
£53,000 per QALY gained in unvaccinated at-risk
adults and £157,000 in previously vaccinated atrisk adults. The incremental cost-effectiveness of
oseltamivir is likely to be around £108,000 per
QALY gained in unvaccinated at-risk adults and
around £314,000 in previously vaccinated at-risk
adults. Assuming a willingness to pay threshold of
£30,000 per QALY gained, the probability that no
prophylaxis is optimal is expected to be 0.99 or
higher.
In healthy elderly
Amantadine and zanamivir are expected to
be dominated or extendedly dominated. The
incremental cost-effectiveness of oseltamivir versus
no prophylaxis in healthy elderly individuals is
expected to be greater than £50,000 per QALY
gained. Assuming a willingness to pay threshold
of £30,000 per QALY gained, the probability that
no prophylaxis is optimal is expected to be close to
1.0.
In at-risk elderly
Amantadine and zanamivir are expected to be
extendedly dominated. The incremental costeffectiveness of oseltamivir versus no prophylaxis
in at-risk elderly individuals is expected to be
greater than £38,000 per QALY gained. Assuming
a willingness to pay threshold of £30,000 per QALY
gained, the probability that no prophylaxis is
optimal is expected to be around 0.77 or higher.
Simple sensitivity analysis suggests that the costeffectiveness of seasonal prophylaxis is sensitive to
assumptions regarding the influenza attack rate,
the level of resistance against oseltamivir, vaccine
efficacy, the threshold used to describe when
influenza is circulating in the community, the risk
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of hospitalisation in uncomplicated cases, and the
discount rate.

Post-exposure prophylaxis
In healthy children
Amantadine and oseltamivir as post-exposure
prophylaxis are expected to be dominated or
extendedly dominated. For unvaccinated healthy
children, the incremental cost-effectiveness of
zanamivir post-exposure prophylaxis versus no
prophylaxis is expected to be £19,000–£23,000
per QALY gained, depending on the list price for
zanamivir, and for vaccinated healthy children
at least £59,000 per QALY gained. Based on the
current list price for zanamivir, the probability
that zanamivir is optimal in unvaccinated healthy
children is expected to be 0.15 and 0.45 at
willingness to pay thresholds of £20,000 and
£30,000 per QALY gained respectively. When the
proposed price reduction is incorporated, the
equivalent figures are expected to be 0.47 and
0.79 respectively. For the vaccinated subgroup,
the probability that no prophylaxis is optimal at a
threshold of £30,000 per QALY gained is expected
to be close to 1.0.
For children under the age of 5 years, oseltamivir
is the only licensed antiviral prophylaxis. The
incremental cost-effectiveness of oseltamivir versus
no prophylaxis is expected to be around £24,000
and £74,000 per QALY gained in unvaccinated and
vaccinated groups respectively.

In at-risk children
Amantadine and oseltamivir as post-exposure
prophylaxis are expected to be dominated or
extendedly dominated. For unvaccinated at-risk
children, the incremental cost-effectiveness of
zanamivir post-exposure prophylaxis versus no
prophylaxis is expected to be around £8000 per
QALY gained at the current list price, and around
£6000 per QALY gained when the proposed price
reduction for zanamivir is assumed. For vaccinated
at-risk children, the equivalent figures are expected
to be around £28,000 and £23,000 respectively.
Based on its current list price, the probability
that zanamivir is optimal in unvaccinated atrisk children is expected to be 0.67 and 0.73 at
willingness to pay thresholds of £20,000 and
£30,000 per QALY gained respectively. When
the proposed price reduction is included in the
analysis, the probability that zanamivir is optimal
is expected to be 0.85 at both thresholds. Based on
the current list price for zanamivir, the probability
that it is optimal in vaccinated at-risk children
is expected to be 0.08 and 0.31 at willingness

to pay thresholds of £20,000 and £30,000 per
QALY gained respectively. When the proposed
price reduction is included in the analysis, the
equivalent figures are expected to be 0.26 and 0.65
respectively.
For at-risk children under the age of 5 years, the
incremental cost-effectiveness of oseltamivir versus
no prophylaxis is expected to be around £9000 and
£29,000 per QALY gained for unvaccinated and
vaccinated at-risk children respectively.

In healthy adults
Amantadine and zanamivir prophylaxis are
expected to be dominated or extendedly
dominated. For unvaccinated healthy adults, the
incremental cost-effectiveness of oseltamivir postexposure prophylaxis versus no prophylaxis is
expected to be around £34,000 per QALY gained,
and for previously vaccinated healthy adults around
£104,000 per QALY gained. The probability that
oseltamivir is optimal in unvaccinated otherwise
healthy adults is expected to be around 0 and 0.19
at willingness to pay thresholds of £20,000 and
£30,000 per QALY gained respectively, and for
healthy adults who have previously been vaccinated
close to zero at a threshold of £30,000 per QALY
gained.
In at-risk adults
Amantadine and zanamivir prophylaxis are
expected to be dominated or extendedly
dominated. For unvaccinated at-risk adults, the
incremental cost-effectiveness of oseltamivir
post-exposure prophylaxis versus no prophylaxis
is around £13,000 per QALY gained, and for
previously vaccinated at-risk adults around £44,000
per QALY gained. Based on the current list price
for zanamivir, the probability that oseltamivir is
optimal in unvaccinated at-risk adults is expected
to be 0.89 and 0.84 at willingness to pay thresholds
of £20,000 and £30,000 per QALY gained
respectively. The probability that oseltamivir is
optimal in previously vaccinated at-risk adults is
below 0.05.
In healthy elderly
Amantadine and zanamivir prophylaxis are
expected to be dominated or extendedly
dominated. For unvaccinated healthy elderly
individuals, the incremental cost-effectiveness of
oseltamivir post-exposure prophylaxis versus no
prophylaxis is expected to be around £11,000
per QALY gained, and for previously vaccinated
healthy elderly individuals around £28,000 per
QALY gained. Based on the current list price
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for zanamivir, the probability that oseltamivir is
optimal in unvaccinated healthy elderly individuals
is expected to be 0.87 and 0.82 at willingness to
pay thresholds of £20,000 and £30,000 per QALY
gained respectively. For previously vaccinated
healthy elderly individuals, the equivalent figures
are expected to be 0.09 and 0.50 respectively.

In at-risk elderly
Amantadine and zanamivir as post-exposure
prophylaxis are expected to be dominated
or extendedly dominated. For unvaccinated
at-risk elderly individuals, the incremental
cost-effectiveness of oseltamivir post-exposure
prophylaxis versus no prophylaxis is expected
to be around £8000 per QALY gained, and for
vaccinated at-risk elderly individuals around
£22,000 per QALY gained. Based on its current list
price, the probability that oseltamivir is optimal
in unvaccinated at-risk elderly individuals is
expected to be around 0.83 and 0.77 at willingness
to pay thresholds of £20,000 and £30,000 per
QALY gained. For vaccinated at-risk elderly
individuals, the equivalent figures are 0.35 and
0.78 respectively.
The simple sensitivity analysis suggests that the
cost-effectiveness of post-exposure prophylaxis is
sensitive to assumptions regarding the influenza
attack rate, the level of resistance against
oseltamivir, and the comparative efficacy of
oseltamivir and zanamivir, the efficacy of influenza
vaccination, multiple prescribing of prophylaxis
to contact cases, the risk of hospitalisation in
uncomplicated cases, and the discount rate.

Discussion and conclusions
The clinical effectiveness data used in the costeffectiveness modelling was limited for a number of
population subgroups. This must be borne in mind
in the interpretation of the findings. Additional
consideration should be given to the occurrence of
adverse events attributable to amantadine and the
issue of resistance to antivirals among influenza
isolates, which, although not directly reflected
within the trials identified for inclusion, are factors
that may have an important influence on the
effectiveness of antiviral prophylaxis in clinical
practice. Variation in the levels of resistance to
antivirals among influenza isolates was taken into
account in the cost-effectiveness analysis. Although
the base case assumes oseltamivir resistance to be
zero, multiple sensitivity analyses were undertaken
in order to assess the impact of variation in levels

of resistance amongst influenza strains to the
interventions under study. It should be noted
that in the 2 weeks preceding completion of this
report, the Health Protection Agency issued a press
release stating that approximately 5% (8/162) of
H1N1 influenza tested isolates were resistant to
oseltamivir. Further research is required to assess
the impact of this resistance. Sensitivity analysis
suggests that low levels of resistance are likely to
have a minor impact upon the cost-effectiveness of
oseltamivir. However, increasing levels of resistance
could dramatically influence the conclusions of the
economic analysis. It is centrally important that the
results of the economic analysis are interpreted in
the light of current levels of influenza activity and
resistance.
A number of uncertainties are apparent within
the evidence base, including variation in the
quality of trials in terms of internal and external
validity, study design and clarity of reporting. The
absence of head-to-head RCTs meant that a direct
comparison of the effectiveness of the interventions
was not possible. These weaknesses are directly
relevant to the interpretation of the health
economic model results and rendered the use of
more advanced statistical analyses inappropriate.
A central area of uncertainty is the paucity of
robust preference-based valuations of the impact
of influenza and influenza prophylaxis on healthrelated quality of life.
Several areas warrant further research:
•
•
•
•
•

additional RCTs of influenza prophylaxis in
subgroups for which data are currently lacking
RCTs in which the follow-up period extends
beyond the duration of prophylaxis
head-to-head RCTs in which the clinical
effectiveness of the interventions in different
subgroups is directly compared
quality of life studies to inform future economic
decision modelling
further research concerning the incidence and
management of complications of influenza.

Publication
Tappenden P, Jackson R, Cooper K, Rees A,
Simpson E, Read R, et al. Amantadine, oseltamivir
and zanamivir for the prophylaxis of influenza
(including a review of existing guidance no. 67): a
systematic review and economic evaluation. Health
Technol Assess 2009;13(11).

NIHR Health Technology Assessment Programme

T

he Health Technology Assessment (HTA) Programme, part of the National Institute for Health
Research (NIHR), was set up in 1993. It produces high-quality research information on the
effectiveness, costs and broader impact of health technologies for those who use, manage and provide care
in the NHS. ‘Health technologies’ are broadly defined as all interventions used to promote health, prevent
and treat disease, and improve rehabilitation and long-term care.
The research findings from the HTA Programme directly influence decision-making bodies such as the
National Institute for Health and Clinical Excellence (NICE) and the National Screening Committee
(NSC). HTA findings also help to improve the quality of clinical practice in the NHS indirectly in that they
form a key component of the ‘National Knowledge Service’.
The HTA Programme is needs led in that it fills gaps in the evidence needed by the NHS. There are three
routes to the start of projects.
First is the commissioned route. Suggestions for research are actively sought from people working in the
NHS, from the public and consumer groups and from professional bodies such as royal colleges and NHS
trusts. These suggestions are carefully prioritised by panels of independent experts (including NHS service
users). The HTA Programme then commissions the research by competitive tender.
Second, the HTA Programme provides grants for clinical trials for researchers who identify research
questions. These are assessed for importance to patients and the NHS, and scientific rigour.
Third, through its Technology Assessment Report (TAR) call-off contract, the HTA Programme
commissions bespoke reports, principally for NICE, but also for other policy-makers. TARs bring together
evidence on the value of specific technologies.
Some HTA research projects, including TARs, may take only months, others need several years. They
can cost from as little as £40,000 to over £1 million, and may involve synthesising existing evidence,
undertaking a trial, or other research collecting new data to answer a research problem.
The final reports from HTA projects are peer reviewed by a number of independent expert referees before
publication in the widely read journal series Health Technology Assessment.
Criteria for inclusion in the HTA journal series
Reports are published in the HTA journal series if (1) they have resulted from work for the HTA
Programme, and (2) they are of a sufficiently high scientific quality as assessed by the referees and
editors.
Reviews in Health Technology Assessment are termed ‘systematic’ when the account of the search, appraisal
and synthesis methods (to minimise biases and random errors) would, in theory, permit the replication
of the review by others.

The research reported in this issue of the journal was commissioned and funded by the HTA Programme
on behalf of NICE as project number 07/35/01. The protocol was agreed in October 2007. The assessment
report began editorial review in February 2008 and was accepted for publication in July 2008. The authors
have been wholly responsible for all data collection, analysis and interpretation, and for writing up their
work. The HTA editors and publisher have tried to ensure the accuracy of the authors’ report and would
like to thank the referees for their constructive comments on the draft document. However, they do not
accept liability for damages or losses arising from material published in this report.
The views expressed in this publication are those of the authors and not necessarily those of the HTA
Programme or the Department of Health.
Editor-in-Chief:
Series Editors:

Professor Tom Walley
Dr Aileen Clarke, Dr Peter Davidson, Dr Chris Hyde, Dr John Powell,
Dr Rob Riemsma and Professor Ken Stein

ISSN 1366-5278

© 2009 Queen’s Printer and Controller of HMSO
This monograph may be freely reproduced for the purposes of private research and study and may be included in professional journals provided
that suitable acknowledgement is made and the reproduction is not associated with any form of advertising.
Applications for commercial reproduction should be addressed to: NCCHTA, Alpha House, Enterprise Road, Southampton Science Park,
Chilworth, Southampton SO16 7NS, UK.
Published by Prepress Projects Ltd, Perth, Scotland (www.prepress-projects.co.uk), on behalf of NCCHTA.
Printed on acid-free paper in the UK by the Charlesworth Group.

