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Inﬂuenza is well known among the gener-
al public with regard to its epidemic occur-
rence and association with disabling respi-
ratory illness. However, people are consid-
erably less aware of the size and distribu-
tion of the economic burden imposed by
this virus. A recent study of the medical
care use related to influenza in the United
Kingdom during the mid-1990s found that
in absolute terms adults aged 15-64 years
had more influenza-related physician vis-
its and clinical complications and greater
drug use than children or the elderly [1].
This study explored the cost-effective-
ness of treating an otherwise healthy adult
population for influenza during a typical
annual epidemic period. The treatment
interventions investigated are oseltamivir
and zanamivir, neuraminidase inhibitors
that work specifically against influenza ty-
pe A and B by inhibiting the replication
of the virus in the respiratory tract. Both
are administered twice daily for 5 days. Os-
eltamivir is taken orally, whereas zanami-
vir is inhaled using a special device. The
treatment needs to be initiated within 48 h
of onset of symptoms for efficacy and usu-
ally is associated with only mild, transient
side effects if used as prescribed. Two oth-
er competing products exist in some mar-
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kets: amantadine and rimantadine (not in
the UK), both so-called M2 ion channel
blockers that only work against influenza
A and are associated with gastrointestinal
and central nervous system side effects.
Amantadine is not recommended by the
National Institute for Clinical Excellence
(NICE) for influenza treatment [2]. Given
that most influenza cases are treated with
over-the-counter (OTC) medication on-
ly, we chose to compare usual care with os-
eltamivir and zanamivir.

Methods
The decision-analytic model

A pharmacoeconomic decision-analytic
model incorporating first- and second-
order Monte Carlo simulation was devel-
oped to investigate cost-effectiveness and
cost-utility for a healthy adult population
(13-64 years) both from the perspective of
the healthcare payer [UK National Health
Service (NHS)] and from the societal per-
spective (considers all costs and health ben-
efits regardless of who experiences them).
For the purposes of this analysis usual ca-
re, defined as symptomatic treatment, is
the baseline strategy, since this remains

standard practice in influenza treatment
despite the availability of alternatives.

The decision tree (B Fig. 1) visualizes
morbidity and mortality due to influenza
and its specified complications. The mod-
el starts at the general practitioner’s (GP)
office since both oseltamivir and zanami-
vir are available only with a GP’s prescrip-
tion and not as OTC medication. The treat-
ment options are usual care (current prac-
tice), oseltamivir (intervention 1) and za-
namivir (intervention 2). All effects of in-
tervention with oseltamivir or zanamivir
are those achieved in addition to the use of
OTC medication, as use of selected OTC
medicines (paracetamol, antitussives) was
allowed in the clinical trials for disabling
symptoms.

The model distinguishes between two
periods for the start of treatment (within
48 h of onset of symptoms and after 48 h)
as well as between influenza-positive and
influenza-negative cases (diagnostic cer-
tainty) since treatment with neuramin-
idase inhibitors is confirmed to be effec-
tive against influenza virus only if taken
within 48 h of onset of symptoms. Costs of
oseltamivir or zanamivir treatment are in-
curred although there is no improvement
in health outcome. Each infected individ-
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ual has probabilities of having influenza-
like illness (ILI) only or of developing ILI-
related complications such as pneumonia
and bronchitis.

For both patients with and those with-
out complications the model then de-
scribes three disease states: outpatient
(symptomatic infection that results in out-
patient treatment in the primary sector),
inpatient (symptomatic infection that re-
sults in hospitalization, including outpa-
tient treatment pre- and posthospitaliza-
tion), and death (symptomatic infection
that results in death). Only deaths related
to ILI or to its complications are included
in the model (including outpatient and in-
patient treatment before death). The same
disease states apply for all ILI cases (i.e., in-
fluenza virus positive as well as influenza
virus negative cases). Similar branches are
represented by a plus sign in the model
structure.

Data input

The model is based on published epidemi-
ological and clinical trial data [1, 3, 4, 5, 6,
7 8, 9,10, 11, 12, 13, 14, 15, 16, 17, 18]. A Med-
line search was performed covering a vari-
ety of epidemiological/medical as well as
health economic keywords for the years

1997-2003. After applying inclusion and
exclusion criteria such as quality of study,
outcome parameters measured, and com-
parability across studies, only a small frac-
tion of the retrieved literature was used
as a final data source for the model. Clini-
cal trial data and literature data were com-
plemented with assumptions, supported
by expert opinion. Generally, epidemio-
logical data were used for usual care and
the relative risk reduction, and relative im-
provement were applied to estimate events
for oseltamivir- and zanamivir-treated pa-
tients. Country-specific resource use and
cost data were collected separately from
published sources [9, 10, 19].

Probabilities

O Table 1 presents the main probabilities
used in the analysis. The two complica-
tions included in this analysis — bronchi-
tis and pneumonia — were chosen because
of their strong association with influenza,
their high incidence, and their applicabil-
ity to the chosen population group [20].
The model assumes that individuals can
develop only a single complication. The
underlying data from epidemiological
studies provide the incidence of each com-
plication. There is no published informa-
tion on whether some individuals in the

study population had more than one com-
plication at a time. It is assumed that each
reported complication occurred in a dif-
ferent patient. Treatment with neuramini-
dase inhibitors is assumed to have an effect
on the incidence of complications but not
on the course of these. This means base-
line (usual care) and interventions (neur-
aminidase inhibitors) have the same prob-
abilities for hospitalization and mortality
due to bronchitis or pneumonia once the-
se complications develop. Due to limited
data availability further assumptions have
been made: no hospitalization is assumed
for bronchitis and the mortality rate due
to a complication is not lower than that of
influenza in itself. The impact of the uncer-
tainty surrounding the data used for these
variables (probability of complication, hos-
pitalization, mortality) is determined in
probabilistic sensitivity analysis (second-
order Monte Carlo simulation).

There is recent evidence that in clini-
cal practice compliance with zanamivir
is an issue, particularly in elderly patients,
where the majority (65%) has been found
to have difficulty loading the device [21].
However, clinical trials in healthy adult
populations have reported high rates of
compliance, and therefore 100% compli-
ance for zanamivir is assumed. The possi-
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Abstract

We assessed the cost-effectiveness and cost-

utility of treating influenza with neuramin-
idase inhibitors (oseltamivir and zanami-
vir) from a health care payer’s and societal

perspective in the United Kingdom. A simu-
lation model was developed to predict mor-

bidity and mortality due to influenza and

its specified complications, comparing neur-

aminidase inhibitors with usual care in an

otherwise healthy adult population. Robust-

ness of the results was tested by one-way
and multiway as well as probabilistic sensi-
tivity analyses. Treatment with either neur-

aminidase inhibitor results in reduced mor-
bidity and faster return to normal activities.

However, oseltamivir dominates zanamivir

in cost-utility analysis due to its lower costs.

Comparing oseltamivir with usual care, the
costs are £14.36 per day of normal activity

gained and £5,600 per quality-adjusted life-

year gained from the healthcare payer per-
spective. Oseltamivir dominates usual ca-

re from the societal perspective. Treatment
with oseltamivir is a cost-effective strategy
for otherwise healthy adults in the UK from

both the healthcare payer and societal per-

spective.
Keywords
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bility that some patients discontinue treat-
ment when they feel better, or if they de-
velop gastrointestinal side effects under os-
eltamivir treatment is already included in
the underlying clinical trial data as the in-
tend to treat population was used.

Drug side effects are usually mild and
self-limiting i.e., there is no resource use
associated with them. The impact of side
effects on quality of life is already includ-
ed in the daily quality of life reported in
the clinical trials.

Costs and resource use

This study includes an assessment of direct

medical costs (healthcare payer perspec-
tive) but also of productivity loss due to sick
leave based on unit costs from the year 2001
(B Table 2). Direct healthcare costs used in

the model include drug use costs and pri-
mary and secondary care resource costs. A
comprehensive United States database [Na-
tional Ambulatory Medical Care Survey
(NAMCS)] has been used to develop esti-
mates of the resource use of each complica-
tion, including GP and specialist visits, tests

and investigations, and drugs [10]. Data to

this level of detail were not available specifi-
cally for the UK. The NAMCS data provide

rates of drug prescribing by complication as

well as drug class. Overall rates of antibiotic

prescribing in the NAMCS database were

strikingly similar to published estimates in
the UK. For example, Meier et al. [1] report-
ed that approx. 80% of complicated influen-
za cases in the UK are treated with an antibi-
otic; the NAMCS estimate was 83%. For un-
complicated influenza cases the rates we-
re 40% and 36%, respectively. Productivity
loss was valued by applying the human cap-
ital approach thus using the time to return

to normal activity (days) as evaluated in epi-
demiological studies and clinical trials and

valuing the time with the average gross UK
income.

Health outcome: days of

normal activity gained

Time to return to normal activity was
chosen as the effectiveness measure sin-
ce it is the measure that is most meaning-
ful to the patient as well as to employers
and decision makers. Alleviation of fever
or symptoms captures only part of the dis-
ease picture, with return to normal activ-
ity being the measure that best captures

the “cure” of the disease and the total du-
ration of illness.

Time to return to normal activity was
chosen over mortality as a measure of ef-
fectiveness, as mortality is very low in heal-
thy adults and therefore is not an endpoint
in clinical trials in the healthy adult popu-
lation. The main goal in treating healthy
adults is to restore the patients’ health as
fast as possible. Furthermore, mortality is
included in the quality adjusted life years.

Time to return to normal activity was
a secondary clinical endpoint in the os-
eltamivir trials and was measured using
an 11-point Likert-type scale in which the
endpoint 10 was “returned to normal activ-
ity” Normal activity was defined as usual
ability to carry out normal activities; this
is of course dependent on the individual
and his/her own interpretation. In the heal-
thy adults trials most patients returned to
normal activity within the 21 day follow-
up period (after treatment start); however,
the means are restricted means as a few
patients had not returned to normal activ-
ities before last trial measurement. This
means the patients not returning to nor-
mal activity within 21 days were censored.
The zanamivir trial, however reported the
median duration of days to return to nor-
mal activity: 8.5 days (placebo) vs. 7 days
(zanamivir), a reduction of 18%. Patients
recorded their symptoms, temperature,
and ability to perform normal daily activ-
ities on a diary card for 14 days, if symp-
toms persisted for 28 days [17].

Health outcome: quality-adjusted
life-years saved

Both avoided death and improved quali-
ty of life can be given a single value using
the approach of quality-adjusted life-years
(QALYs). A quality weight is assigned to
each health state and adjusted for the time
a patient spends in this state. This quality
weight is a value between o (death) and 1
(perfect health).

Quality weights were derived from
the literature for all diseases included in
the analysis (influenza, bronchitis, pneu-
monia). The same source was used to
ensure consistency between the weights
[22]. These are generically derived quality
weights, which means they are also consis-
tent with quality weights of various other
diseases such as heart disease or cancer.



Probability  Distribution

Beta (0.00323; 0.99677
Beta (0.00116; 0.99884)
Beta (0.00116; 0.99884)

Beta (0.00002; 0.99998)
Beta (0.00002; 0.99998)
Beta (0.00002; 0.99998)

Beta (0.01234;0.98766)
Beta (0.00802; 0.99198)
Beta (0.00759; 0.99241)

Beta (0.00323; 0.99677
Beta (0.00005; 0.99995)

Beta (0.00278; 0.99722)
Beta (0.00067;0.99933)
Beta (0.00132;0.99868)

Beta (0.07293; 0.92707)
Beta (0.01883; 0.98167)

Gamma (6.63; 11.04)
Gamma (5.57;9.29)
Gamma (5.85; 9.74)

None
None

None

None

Table1
Model inputs: probabilities (/LI influenzalike illness)
Variable Treatment
(mean)

ILl inpatient « Usual care 0.00323

« Oseltamivir 0.00116

« Zanamivir 0.00116
ILI death « Usual care 0.00002

« Oseltamivir 0.00002

« Zanamivir 0.00002
Bronchitis « Usual care 0.01234

« Oseltamivir 0.00802

« Zanamivir 0.00759
Bronchitis inpatient All 0.00323
Bronchitis death All 0.00005
Pneumonia « Usual care 0.00278

« Oseltamivir 0.00067

« Zanamivir 0.00132
Pneumonia inpatient  All 0.07293
Pneumonia death All 0.01883
Daystoreturntonor- - Usual care 8.83
mal activity « Oseltamivir 7.43

« Zanamivir 7.27
Quality weights Oseltamivir 7.43
ILI « Zanamivir 7.79

« Oseltamivir 0.94

« Zanamivir 0.94
Bronchitis All 0.99
Pneumonia All 0.90

None

Reference

[4]

64% reduction vs. usual care [14]

Assumed to have same reduction as oseltamivir, although
no difference to placebo detected in clinical trials [5]

[18]

Assumption: no reduction in ILI-related mortality
Assumption: no reduction in ILI-related mortality

[1]

35% reduction vs. usual care [14]

39% reduction vs. usual care (all adults) [5]

Assumption: influenza

Assumption: influenza

[11

76% reduction vs. usual care [14]

53% reduction vs. usual care (all adults) [5]
(6]

(71

Roche clinical trials

16% reduction vs. usual care (Roche clinical trials)
18% reduction vs. usual care [17]

[22]

12% improvement vs. usual care over the first 9 days,
after 9 days no further benefit assumed (Roche Clinical
trials, similar to [23])

Assumed to have same improvement as oseltamivir as
quality of life has not been evaluated in zanamivir clinical
trials

[22]
[22]

Since the quality of life varies between
the different treatment options for influen-
za, the results of clinical trials (Roche [15])
were used to estimate the relative improve-
ment in quality of life between placebo
and oseltamivir during the first 7 days of
the influenza episode. The same approach
as in a recent NICE assessment [23] was
used: the improvement in quality of life
between placebo and oseltamivir was esti-
mated from patient health state valuations
reported daily for 21 days in oseltamivir
clinical trials. QALY's were generated by re-
calibrating the Roche Likert score to me-
an vsual analogue scale (VAS) scores and
then transforming them to time trade-off
equivalent scores (for a description of the
transformation see [15]). The relative im-

provement for an otherwise healthy adult
population was applied to the generic influ-
enza quality weight [22] to derive a quality
weight for ILI for patients effectively treat-
ed with oseltamivir. As no data are avail-
able on quality of life improvement for za-
namivir, the same improvement as for os-
eltamivir was assumed.

Modeling approach

First-order Monte Carlo simulation

Simulated patients are followed through
the model individually, and since an indi-
vidual patient can be only in a single sta-
te at any given time, he can pass down on-
ly one branch of the tree at a given chance
node (B Fig. 1). Hence the path followed

by different patients differs due to chance.
A large number of patients (10,000) was
chosen because of the large number of end-
points and the very small probabilities in
the model, especially for mortality. The in-
dividual simulation method estimates the
likely variance that is related simply to the
inherent uncertainty of the probabilistic
structure of the model (patient variabili-

ty) [24].

Second-order Monte Carlo
simulation

Second-order Monte-Carlo simulation
models deal with the uncertainty related
to input variables using probability distri-
butions around their point values. This
means that in addition to allowing for vari-
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Table2
OTC over-the-counter)
Variable Unit cost (£)
Oseltamivir 18.18
Zanamivir +24.00
+ 6.50
General practitioner visit 19.00
Specialist visit 74.00
Tests
« Bronchitis 28.48
« Pneumonia 38.00
Antibiotics
«ILI 6.60
« Bronchitis 6.60
« Pneumonia 23.40
OTC 5.00
Hospitalization 242.00
Hourly wage 10.53

Model inputs: unit costs, based on the year 2001 (/L/ influenzalike illness,

Unit References

Episode  Roche UK

Episode [8]

Episode 15 min nursing time for instruction

on device use (expert opinion)
Visit [9]

Visit [9]

Episode [10]
Episode [10]
Episode [8]

Episode  [8]

Episode  [8]

Episode  Assumption
Day [9]

Hour [11]

ability due to the way in which individu-
als travel through the model (first-order
Monte Carlo simulation) the underlying
model variables are allowed to vary over a
given range with a given distribution. For
each simulation run a value from the dis-
tribution of each variable is picked at ran-
dom, generating one set of outputs (costs
and effectiveness). A large number of sim-
ulation runs therefore yields a distribution
of outputs [25]. Because of their possible
impact and the uncertainty surrounding
them certain variables were chosen from
predefined distributions: probabilities
(complication, hospitalization, mortality)
and duration (days to return to normal ac-
tivity, length of stay in hospital). Beta dis-
tributions (probabilities) and gamma dis-
tributions (duration) were used. Each of
the 10,000 patients randomly traverses a
single path through the model. The model
is recalculated 100 times. Incremental cost-
effectiveness and cost-utility analyses are
provided of additional costs and addition-
al health outcomes associated with the sce-
narios compared.

Two perspectives are investigated:
healthcare payer and society. The human
capital approach, based on average income,
is used to value a patient’s inability to work
due to illness [26, 27]. To avoid double
counting in the cost-utility analysis, indi-
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rect costs due to premature mortality are
not included since these are captured by
the measure of health outcomes (QALYs)
[28]. For comparison these costs were also
excluded in the cost-effectiveness analysis.
Most costs and effects related to influen-
za occur within 1 year but some occur in
the future (years of life lost due to prema-
ture death). Therefore results of this analy-
sis are presented as discounted using a dis-
count rate of 1.5% for health outcomes (ye-
ars of life lost) per annum, which is recom-
mended for economic evaluations in the
healthcare field in the UK [29].

Analyses

The base case is defined as having a 70%
diagnostic certainty rate and 100% treat-
ment start within 48 h from onset of symp-
toms. One-way sensitivity analyses are pre-
sented for two variables that are generally
believed to have a major impact on the re-
sults: diagnostic certainty and time of treat-
ment start after onset of symptoms. Diag-
nostic certainty describes the percentage
of influenza-positive patients within the
ILI population, which is presumably high-
er when influenza is circulating. For the
base case scenario diagnostic certainty is
assumed to be 70% (point estimate). This
assumption was made based on a diagnos-

tic certainty rate of around 67% observed
in oseltamivir clinical trials [30]. Drawing
on analyses published for the zanamivir
technology assessment, 34% was chosen
as alow estimate of diagnostic certainty in
sensitivity analysis [19]. Since time of treat-
ment start should be within 48 h of onset
of symptoms for treatment with neuramin-
idase inhibitors to be effective, the assump-
tion is made that only patients having a
GP consultation within this period receive
the neuraminidase inhibitors. In sensitivi-
ty analysis the impact of a proportion of
patients receiving the neuraminidase in-
hibitors after 48 h of symptoms was eval-
uated. Clinical trials are likely to have con-
trolled for this factor already to some ex-
tent. However, the impact of 25% of pa-
tients receiving treatment in excess of 48 h
after symptom onset was tested. This rep-
resents an arbitrary proportion of late pre-
senters receiving treatment, but helps to
demonstrate the sensitivity of results to
this variable.

Multiway sensitivity analysis, assuming
neuraminidase inhibitors have no effect
on hospitalizations, complications, or mor-
tality and a low diagnostic certainty rate of
34%, was performed as these outcome mea-
sures have not been included to varying
degrees in other publications. This means
the only effect captured is the reduction in
days to return to normal activity and the
improvement in quality of life of a typical
outpatient episode of influenza. An addi-
tional sensitivity analysis shows results ex-
cluding all hospitalizations, complications,
and mortality from all strategies (usual ca-
re, oseltamivir and zanamivir) with a diag-
nostic certainty rate of 34%.

Only life years lost due to premature
death are discounted. The discount rate
is therefore expected to have only a small
impact on the results. However, an undis-
counted analysis was performed. Days
lost (time to return to normal activity)
are valued using the human capital ap-
proach. While this approach reflects val-
ue of healthy time foregone, i.e., also the
value of missing leisure time, time to re-
turn to normal activity as used in the ba-
se case analysis seems long compared to
that in other studies evaluating productiv-
ity loss [31]. Sensitivity analysis was there-
fore performed valuing only productivity
loss by assuming that for outpatients only



25% of the time to return to normal activ-
ities is productivity loss and that for inpa-
tients weekends would usually (i.e., if not
sick) be leisure time and are therefore no
work loss.

Results

O Table 3 presents the expected costs and
benefits in the base case scenario for the
treatment of otherwise healthy adults.
From the healthcare payer perspective os-
eltamivir is associated with greater over-
all benefits than zanamivir and usual ca-
re, greater mean expected cost per patient
than usual care, and lower mean expect-
ed cost per patient than zanamivir. Dif-
ferences in costs between zanamivir and
oseltamivir are due mainly to the higher
price of zanamivir but also to a higher ra-
te of pneumonia (zanamivir). Oseltamivir
therefore dominates zanamivir in cost util-
ity analysis. The incremental cost per day
of normal activity gained with oseltamivir
in comparison to usual care is £14.36 (min-
imum: £10.69, maximum: £17.67) and
the mean expected incremental cost per
discounted QALY is £5,600 (minimum:
£1,403, maximum: usual care dominant).

O Figure 2 presents a cost-effective-
ness acceptability curve for the compari-
son oseltamivir to usual care (health care
payer perspective) generated by probabilis-
tic analyses, showing the level of uncertain-
ty around the base case estimate of cost-ef-
fectiveness. The probability of oseltamivir
being cost-effective in the otherwise heal-
thy adult population at an assumed cost
per QALY ceiling of £30,000 is 0.85. Anal-
yses were also conducted from the societal
perspective (B Table 3). Oseltamivir domi-
nates usual care but also zanamivir in cost-
utility analysis, accruing more benefits per
patient at less cost.

Sensitivity analyses

Results of one-way and multiway sensitiv-
ity analyses are presented for the compar-
ison oseltamivir to usual care only sin-
ce zanamivir is dominated by oseltamivir
in sensitivity analyses because zanami-
vir is more expensive than oseltamivir in
the UK, while the two neuraminidase in-
hibitors have a similar way of action and ef-
fectiveness. The impact of a lower level of
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diagnostic certainty upon the incremental
cost-effectiveness of oseltamivir was com-
pared to usual care (see @ Table 4). For
the NHS perspective the analyses demon-
strate that the results are very sensitive to
the level of diagnostic certainty assumed.
As the level of diagnostic certainty is re-
duced, the incremental cost-effectiveness
ratios for oseltamivir increase. This can
also be seen in a shift of the cost-accept-
ability curve to the right (see B Fig.3).
However, oseltamivir remains cost-effec-

tive in terms of the incremental cost per
QALY gained from the healthcare payer’s
perspective at a threshold of 30,000/QA-
LY gained and dominant from the societal
perspective even assuming 34% diagnostic
certainty.

The impact of time to treatment initia-
tion on cost-effectiveness results was also
assessed (B Table 4). In the base case we
assume that 100% of patients treated with
oseltamivir start their treatment within
48 h of symptom onset. For the sensitivity
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Table3

Base case incremental cost-effectiveness results: means (parentheses minimum and maximum)

(D dominates in the incremental analysis, UC usual care, Oselt. oseltamivir)

Cost per patient (£) Time to return
to normal
activity per
patient (days)?

Health care payer perspective

« Usual care 50.66 (47.73; 54.53) 8.96 (8.93; 8.99)
«Oseltamivir  65.24 (63.67; 66.83) 7.95(7.92;7.98)
« Zanamivir 77.54(75.88;79.81) 7.84(7.81;7.87)
Society perspective

«Usualcare  808.23(803.97;813.30) 8.96 (8.93;8.99)
« Oseltamivir 736.96 (733.87;740.57) 7.95(7.92;7.98)
«Zanamivir  740.03 (736.20; 743.60) 7.84(7.81;7.87)

Cost per day of normal
activity gained (£)

14.36 (10.69; 17.67)
112.84 (93.88; 149.67)

Oselt. D (Oselt. D; Oselt. D)
28.19 (8.00; 56.75)

QALYs (discounted)

31.3797 (31.3726; 31.3818)
31.3823 (31.3714; 31.3836)
31.3821(31.3745; 31.3836)

31.3797 (31.3726; 31.3818)
31.3823 (31.3714; 31.3836)
31.3821(31.3745; 31.3836)

aAs estimated by the model (including outpatients, inpatients, complications, influenza negative cases)

bRate for usual care

Incremental cost per
QALY gained
(discounted, £)

5,600 (1,403; UCD)
Oselt. D (3,737; Oselt. D)

Oselt. D (Oselt. D; 15,619)
Oselt. D (318.54; Oselt. D)

Table4

Sensitivity analysis of cost-effectiveness results for oseltamivir vs. usual care: means

(parentheses minimum and maximum) (D dominates in the incremental analysis, UC usual care, Oselt. oseltamivir)

Base case
Diagnostic certainty 34%
Late starters 25%

NIs have no effect on

Health care payer perspective

Cost per QALY gained (£)

5,600 (1,403; UCD)
11,872 (1,881; UCD)

7,826 (1,574; UCD)
20,717 (19,217; 22,647)

Cost per day of normal
activity gained (£)

14.36 (10.69; 17.67)
32.79 (25.55; 39.07)
20.20(14.92; 24.59)
38.80 (36.07; 42.76)

Society perspective
Cost per QALY gained (£)

Oselt. D (Oselt. D; 15,619?)
Oselt. D (Oselt. D; 3,824%)
Oselt. D (Oselt. D; 9,702?)
Oselt. D (Oselt. D; Oselt. D)

Cost per day of normal
activity gained (£)

Oselt. D (Oselt. D; Oselt. D)

hospitalizations,
complications, mortality,
diagnostic certainty 34%
No hospitalizations,
complications, mortality,
diagnostic certainty 34%
Undiscounted

Low work loss N/A

aRate for usual care

20,704 (20,066; 21,318)

5,069 (1,110; UCD)

38.21(37.03; 39.34)

14.36 (10.69; 17.67)
N/A

for all analyses

Oselt. D (Oselt. D; Oselt.D) -

Oselt. D (Oselt. D; 10,466%) -
Oselt. D (Oselt. D; 15,6197) -

analysis a proportion of 25% “late starter of
treatment” (after 48 h) is assumed. For the
societal perspective oseltamivir still domi-
nates usual care. For the healthcare payer
perspective oseltamivir remains cost-effec-
tive even with 47.5% of patients receiving
no benefits (30% influenza negative plus
25% late presenters among the influenza
positive patients). In the multiway sensitiv-
ity analysis, omitting all effects related to
hospitalizations, complications, and mor-
tality and assuming a low diagnostic cer-
tainty rate of 34%, oseltamivir is still cost
effective from the NHS point of view and
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dominates usual care from the societal
point of view. As expected, discounting
only has a small impact on the results as
does the lower work loss assumed in sen-
sitivity analysis.

Discussion

Influenza is an uncomfortable condition
that severely affects quality of life for a rel-
atively short period but is uncomplicated
and self-limiting in most cases. However,
our review of the literature suggests that
actual knowledge about influenza and

its consequences on health, healthcare
resource use, and the economy are limit-
ed. As part of our model we tried to cap-
ture relevant published knowledge about
the disease and its implications. However,
in the context of decision making about
providing treatment with neuraminidase
inhibitors for influenza it is important to
understand that the results presented he-
re are conditional on the baseline proba-
bilities used in the model. Our model is
subject to a number of limitations. In gen-
eral, there is a lack of accurate informa-
tion about influenza complication, mor-



tality, and hospitalization rates in the oth-
erwise healthy adult population. All base-
line probabilities for influenza complica-
tions, mortality, and hospitalization are
from rather few publications due to the
relatively limited knowledge of the true
complication and mortality rates associ-
ated with influenza. Also worth noting is
that the baseline probabilities are based on
ILI and not confirmed influenza cases. If
it had been possible to filter out ILI cas-
es due to other pathogens (e.g., respirato-
ry syncytial virus, parainfluenzavirus, co-
ronavirus) from true influenza cases, the
baseline probabilities would most likely be
higher. Despite the availability of rapid in-
fluenza tests, testing is not routinely car-
ried out as it is not cost-effective [32]. The
baseline probabilities reflect the influen-
za seasons in which the studies were con-
ducted (all of which were interpandemic
seasons). This means that in the case of
a particularly strong influenza epidemic,
or a pandemic, the baseline incidence ra-
tes of complications, mortality and hospi-
talization would probably be substantially
higher, as would be the certainty of diagno-
sis [33]. Hence the resulting cost-effective-
ness of treatment would be even more fa-
vorable (assuming the same treatment ef-
fect). Due to data limitations we also did
not include hospitalizations due to bron-
chitis, nor did we include certain other sec-
ondary complications (e.g., asthmatic ex-
acerbations or cardiac events). However,
the exclusion of all of these events from
our model is likely to generate conserva-
tive estimates of the benefits of influenza
treatment.

Our analysis is also limited by the avail-
ability of accurate UK medical resource
use data, which were not collected along-
side clinical trials. Our estimates of re-
source use are based partly upon non-UK
resource data combined with UK-specific
unit costs. While some data are available
based upon retrospective analysis of pa-
tient records in the UK [1], the inclusion
of data from NAMCS [10] reflects both
the detailed breakdown of resource use by
complication and the similarity of aggre-
gate data on resource use to comparable
UK sources. On the other hand, the mod-
el captures as much of the influenza illness
as possible given the published data and
uses probabilistic modeling taking into ac-

count the uncertainty pertaining to the
complication, hospitalization, and mortal-
ity rates and durations (days to return to
normal activity, length of stay in hospital)
that drives the dynamics of influenza and
influenza treatment.

Patient preferences were obtained in
clinical trials by using rating scales. As
opposed to the standard gamble method,
the question was framed under certainty,
and the subjects were asked to perform a
scaling task based on introspection. There-
fore the rating scale method does not re-
quire the subject to choose between alter-
natives and does not capture the subject’s
risk attitude. Research has shown that stan-
dard gamble scores are higher than time
trade-off scores, which are higher than vi-
sual analogue scores [26]. Biases that ha-
ve been reported related to rating scales
are the end-of-scale bias (subjects tend not
to use the ends of the scale) and the spac-
ing out bias (subjects tend to space out
the outcomes over the scale) [26]. How-
ever, the rating scale method is a widely
accepted method for measuring patient’s
preferences as it is quick and efficient. Fur-
thermore, rating scales can be converted
to time trade-off scores using power-cur-
ve conversion [26].

A day of normal activity gained is use-
ful as a disease-specific outcome that en-
ables us to make comparisons between
the interventions under consideration he-
re. However, interpreting the results is
not straightforward. We report net costs
for a day of normal activity gained with
oseltamivir compared to usual care to be
£14 for otherwise healthy adults. In gener-
al, £14 for a day of normal activity in a heal-
thy adult population is likely to represent
good value for money, assuming an earlier
return to work and an average gross daily
wage of approx. £80 [11].

We present the simulation results using
the mean, minimum, and maximum val-
ues for cost-effectiveness ratios because
of the problems related to expressing sto-
chastic uncertainty surrounding the cost-
effectiveness ratio. The main problem of
which is the discontinuous distribution of
the cost-effectiveness ratio. Several meth-
ods for estimating confidence intervals
for cost-effectiveness ratios have been pro-
posed, each posing methodological chal-
lenges. One of the alternative approaches

is the use of acceptability curves, which
are also presented for our analysis. Assum-
ing that the cost-effectiveness ratio is sym-
metrical, the 50% point corresponds to the
point estimate of the cost-effectiveness
ratio. Furthermore, when the curves in-
crease monotonically, cutting 2.5% from ei-
ther end of the vertical axis and using the
curve to map these values on to the hori-
zontal axis defines the 95% confidence in-
terval. However, a limitation to this meth-
od is that preferences for gains and losses
are in fact not symmetrical, i.e., the 50%
point would not correspond to the mean
value of the incremental cost-effectiveness
ratio [34].

It is important to consider our results
in the context of other published cost-ef-
fectiveness analyses of influenza treatment
in the UK. Analyses presented with the
most recent guidance regarding the use of
oseltamivir, zanamivir, and amantadine
by NICE [35] report an incremental cost
per QALY for oseltamivir of £19,015/QA-
LY, zanamivir of £31,529/QALY, and aman-
tadine of £11,830/QALY compared to usu-
al care in the base case (assuming 47% di-
agnostic certainty and no impact on hos-
pitalizations and mortality) for the other-
wise healthy adult population. The sensi-
tivity analysis on alternative model specifi-
cations (70% diagnostic certainty) shows
the following incremental cost per QA-
LY compared to usual care: amantadine
£5,532, oseltamivir £11,389, and zanamivir
£20,000, which are comparable to the re-
sults presented in our study.

Conclusion

Given the present published knowledge
about influenza disease and its associated
complications, our analysis found that os-
eltamivir is a cost-effective treatment for
influenza compared to usual care and to
zanamivir in the otherwise healthy adult
population. The incremental cost-effective-
ness ratios comparing oseltamivir to usual
care are £14-39 per day of activity gained
and are £5,600-20,717/QALY from the
health care payer perspective. Probabilis-
tic modeling, used to explore the uncer-
tainty around the base case mean expect-
ed cost-effectiveness ratios, demonstrates
that the simulated estimates are consistent
with a conclusion that oseltamivir is cost-
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effective in the population group evaluat-
ed. From a societal perspective treatment
with oseltamivir dominates usual care and
zanamivir providing health benefits at low-
er total costs.
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