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Influen za is well known among the gen er-

al pub lic with re gard to its epi dem ic oc cur-

rence and as so ci a tion with dis abling res pi-

ra to ry ill ness. How ev er, peo ple are con sid-

er ably less aware of the size and dis tri bu-

tion of the eco nom ic bur den im posed by 

this vi rus. A re cent study of the med i cal 

care use re lat ed to in flu en za in the Unit ed 

King dom dur ing the mid-1990s found that 

in ab so lute terms adults aged 15–64 years 

had more in flu en za-re lat ed phy si cian vis-

its and clin i cal com pli ca tions and greater 

drug use than chil dren or the el der ly [1].

This study ex plored the cost-ef fec tive-

ness of treat ing an oth er wise heal thy adult 

pop u la tion for in flu en za dur ing a typ i cal 

an nu al epi dem ic pe ri od. The treat ment 

in ter ven tions in ves ti gat ed are os eltamivir 

and zanamivir, neur amin i dase in hibitors 

that work specif i cal ly against in flu en za ty-

pe A and B by in hibit ing the rep li ca tion 

of the vi rus in the res pi ra to ry tract. Both 

are ad min is tered twice dai ly for 5 days. Os-

eltamivir is tak en oral ly, where as zanami-

vir is in haled us ing a spe cial de vice. The 

treat ment needs to be ini ti at ed with in 48 h 

of on set of symp toms for ef fi ca cy and usu-

al ly is as so ci at ed with only mild, tran sient 

side ef fects if used as pre scribed. Two oth-

er com pet ing prod ucts ex ist in some mar-

kets: aman ta dine and ri man ta dine (not in 

the UK), both so-called M2 ion chan nel 

block ers that only work against in flu en za 

A and are as so ci at ed with gas tro in tes ti nal 

and cen tral ner vous sys tem side ef fects. 

Aman ta dine is not rec om mend ed by the 

Na tion al In sti tute for Clin i cal Ex cel lence 

(NICE) for in flu en za treat ment [2]. Giv en 

that most in flu en za cas es are treat ed with 

over-the-coun ter (OTC) med i ca tion on-

ly, we chose to com pare usu al care with os-

eltamivir and zanamivir.

Meth ods

The de ci sion-an a lyt ic mod el

A phar ma coeco nom ic de ci sion-an a lyt ic 

mod el in cor po rat ing first- and sec ond-

or der Monte Car lo sim u la tion was de vel-

oped to in ves ti gate cost-ef fec tive ness and 

cost-util i ty for a heal thy adult pop u la tion 

(13–64 years) both from the per spec tive of 

the health care pay er [UK Na tion al Health 

Ser vice (NHS)] and from the so ci etal per-

spec tive (con sid ers all costs and health ben-

e fits re gard less of who ex pe ri ences them). 

For the pur pos es of this anal y sis usu al ca-

re, de fined as symp tom at ic treat ment, is 

the base line strat e gy, since this re mains 

stan dard prac tice in in flu en za treat ment 

de spite the avail abil i ty of al ter na tives.

The de ci sion tree (. Fig. 1) vi su al izes 

mor bid i ty and mor tal i ty due to in flu en za 

and its spec i fied com pli ca tions. The mod-

el starts at the gen er al prac ti tio ner’s (GP) 

of fice since both os eltamivir and zanami-

vir are avail able only with a GP’s pre scrip-

tion and not as OTC med i ca tion. The treat-

ment op tions are usu al care (cur rent prac-

tice), os eltamivir (in ter ven tion 1) and za-

namivir (in ter ven tion 2). All ef fects of in-

ter ven tion with os eltamivir or zanamivir 

are those achieved in ad di tion to the use of 

OTC med i ca tion, as use of se lect ed OTC 

medicines (par ac et a mol, an ti tus sives) was 

al lowed in the clin i cal tri als for dis abling 

symp toms.

The mod el dis tin guish es be tween two 

pe ri ods for the start of treat ment (with in 

48 h of on set of symp toms and af ter 48 h) 

as well as be tween in flu en za-pos i tive and 

in flu en za-neg a tive cas es (di ag nos tic cer-

tain ty) since treat ment with neur amin-

i dase in hibitors is con firmed to be ef fec-

tive against in flu en za vi rus only if tak en 

with in 48 h of on set of symp toms. Costs of 

os eltamivir or zanamivir treat ment are in-

curred al though there is no im prove ment 

in health out come. Each in fect ed in di vid-
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study pop u la tion had more than one com-

pli ca tion at a time. It is as sumed that each 

re port ed com pli ca tion oc curred in a dif-

fer ent pa tient. Treat ment with neur amin i-

dase in hibitors is as sumed to have an ef fect 

on the in ci dence of com pli ca tions but not 

on the course of these. This means base-

line (usu al care) and in ter ven tions (neur-

amin i dase in hibitors) have the same prob-

a bil i ties for hos pi tal iza tion and mor tal i ty 

due to bron chi tis or pneu mo nia once the-

se com pli ca tions de vel op. Due to lim it ed 

data avail abil i ty fur ther as sump tions have 

been made: no hos pi tal iza tion is as sumed 

for bron chi tis and the mor tal i ty rate due 

to a com pli ca tion is not low er than that of 

in flu en za in it self. The im pact of the un cer-

tain ty sur round ing the data used for these 

vari ables (prob a bil i ty of com pli ca tion, hos-

pi tal iza tion, mor tal i ty) is de ter mined in 

prob a bilis tic sen si tiv i ty anal y sis (sec ond-

or der Monte Car lo sim u la tion).

There is re cent ev i dence that in clin i-

cal prac tice com pli ance with zanamivir 

is an is sue, par tic u lar ly in el der ly pa tients, 

where the ma jor i ty (65) has been found 

to have dif fi cul ty load ing the de vice [21]. 

How ev er, clin i cal tri als in heal thy adult 

pop u la tions have re port ed high rates of 

com pli ance, and there fore 100 com pli-

ance for zanamivir is as sumed. The pos si-

1997–2003. Af ter ap ply ing in clu sion and 

ex clu sion cri te ria such as qual i ty of study, 

out come pa ram e ters mea sured, and com-

pa ra bil i ty across stud ies, only a small frac-

tion of the re trieved lit er a ture was used 

as a fi nal data source for the mod el. Clin i-

cal tri al data and lit er a ture data were com-

ple ment ed with as sump tions, sup port ed 

by ex pert opin ion. Gen er al ly, epi demi o-

log i cal data were used for usu al care and 

the rel a tive risk re duc tion, and rel a tive im-

prove ment were ap plied to es ti mate events 

for os eltamivir- and zanamivir-treat ed pa-

tients. Coun try-spe cif ic re source use and 

cost data were col lect ed sep a rate ly from 

pub lished sources [9, 10, 19].

Prob a bil i ties
. Ta ble 1 pre sents the main prob a bil i ties 

used in the anal y sis. The two com pli ca-

tions in clud ed in this anal y sis – bron chi-

tis and pneu mo nia – were cho sen be cause 

of their strong as so ci a tion with in flu en za, 

their high in ci dence, and their ap pli ca bil-

i ty to the cho sen pop u la tion group [20]. 

The mod el as sumes that in di vid u als can 

de vel op only a sin gle com pli ca tion. The 

un der ly ing data from epi demi o log i cal 

stud ies pro vide the in ci dence of each com-

pli ca tion. There is no pub lished in for ma-

tion on whether some in di vid u als in the 

u al has prob a bil i ties of hav ing in fluen za-

like ill ness (ILI) only or of de vel op ing ILI-

re lat ed com pli ca tions such as pneu mo nia 

and bron chi tis.

For both pa tients with and those with-

out com pli ca tions the mod el then de-

scribes three dis ease states: out pa tient 

(symp tom at ic in fec tion that re sults in out-

pa tient treat ment in the pri ma ry sec tor), 

in pa tient (symp tom at ic in fec tion that re-

sults in hos pi tal iza tion, in clud ing out pa-

tient treat ment pre- and posthos pi tal iza-

tion), and death (symp tom at ic in fec tion 

that re sults in death). Only deaths re lat ed 

to ILI or to its com pli ca tions are in clud ed 

in the mod el (in clud ing out pa tient and in-

pa tient treat ment be fore death). The same 

dis ease states ap ply for all ILI cas es (i.e., in-

flu en za vi rus pos i tive as well as in flu en za 

vi rus neg a tive cas es). Sim i lar branch es are 

rep re sent ed by a plus sign in the mod el 

struc ture.

Data in put

The mod el is based on pub lished epi demi-

o log i cal and clin i cal tri al data [1, 3, 4, 5, 6, 

7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18]. A Med-

line search was per formed cov er ing a va ri-

ety of epi demi o log i cal/med i cal as well as 

health eco nom ic key words for the years 

Fig. 1 9 De ci sion tree for 
in flu en za treat ment. Plus 
signs Sim i lar branch es in 
the mod el struc ture, i.e., 
the mod el struc ture to 
the right of “in flu en za 
pos i tive” is the same for 
“in flu en za neg a tive,” and 
the mod el struc ture to 
the right of “treat ment 
start <48 h” is the 
same for “treat ment start 
>48 h”
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bil i ty that some pa tients dis con tin ue treat-

ment when they feel bet ter, or if they de-

vel op gas tro in tes ti nal side ef fects un der os-

eltamivir treat ment is al ready in clud ed in 

the un der ly ing clin i cal tri al data as the in-

tend to treat pop u la tion was used.

Drug side ef fects are usu al ly mild and 

self-lim it ing i.e., there is no re source use 

as so ci at ed with them. The im pact of side 

ef fects on qual i ty of life is al ready in clud-

ed in the dai ly qual i ty of life re port ed in 

the clin i cal tri als.

Costs and re source use
This study in cludes an as sess ment of di rect 

med i cal costs (health care pay er per spec-

tive) but also of pro duc tiv i ty loss due to sick 

leave based on unit costs from the year 2001 

(. Ta ble 2). Di rect health care costs used in 

the mod el in clude drug use costs and pri-

ma ry and sec ond ary care re source costs. A 

com pre hen sive Unit ed States database [Na-

tion al Am bu la to ry Med i cal Care Sur vey 

(NAM CS)] has been used to de vel op es ti-

mates of the re source use of each com pli ca-

tion, in clud ing GP and spe cial ist vis its, tests 

and in ves ti ga tions, and drugs [10]. Data to 

this lev el of de tail were not avail able specif i-

cal ly for the UK. The NAM CS data pro vide 

rates of drug pre scrib ing by com pli ca tion as 

well as drug class. Over all rates of an ti bi ot ic 

pre scrib ing in the NAM CS database were 

strik ing ly sim i lar to pub lished es ti mates in 

the UK. For ex am ple, Mei er et al. [1] re port-

ed that ap prox. 80 of com pli cat ed in flu en-

za cas es in the UK are treat ed with an an ti bi-

ot ic; the NAM CS es ti mate was 83. For un-

com pli cat ed in flu en za cas es the rates we-

re 40 and 36, re spec tive ly. Pro duc tiv i ty 

loss was val ued by ap ply ing the hu man cap-

i tal ap proach thus us ing the time to re turn 

to nor mal ac tiv i ty (days) as eval u at ed in epi-

demi o log i cal stud ies and clin i cal tri als and 

valu ing the time with the av er age gross UK 

in come.

Health out come: days of 
nor mal ac tiv i ty gained
Time to re turn to nor mal ac tiv i ty was 

cho sen as the ef fec tive ness mea sure sin-

ce it is the mea sure that is most mean ing-

ful to the pa tient as well as to em ploy ers 

and de ci sion mak ers. Al le vi a tion of fe ver 

or symp toms cap tures only part of the dis-

ease pic ture, with re turn to nor mal ac tiv-

i ty be ing the mea sure that best cap tures 
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the “cure” of the dis ease and the to tal du-

ra tion of ill ness.

Time to re turn to nor mal ac tiv i ty was 

cho sen over mor tal i ty as a mea sure of ef-

fec tive ness, as mor tal i ty is very low in heal-

thy adults and there fore is not an end point 

in clin i cal tri als in the heal thy adult pop u-

la tion. The main goal in treat ing heal thy 

adults is to re store the pa tients’ health as 

fast as pos si ble. Fur ther more, mor tal i ty is 

in clud ed in the qual i ty ad just ed life years.

Time to re turn to nor mal ac tiv i ty was 

a sec ond ary clin i cal end point in the os-

eltamivir tri als and was mea sured us ing 

an 11-point Lik ert-type scale in which the 

end point 10 was “re turned to nor mal ac tiv-

i ty.” Nor mal ac tiv i ty was de fined as usu al 

abil i ty to car ry out nor mal ac tiv i ties; this 

is of course de pen dent on the in di vid u al 

and his/her own in ter pre ta tion. In the heal-

thy adults tri als most pa tients re turned to 

nor mal ac tiv i ty with in the 21 day fol low-

up pe ri od (af ter treat ment start); how ev er, 

the means are re strict ed means as a few 

pa tients had not re turned to nor mal ac tiv-

i ties be fore last tri al mea sure ment. This 

means the pa tients not re turn ing to nor-

mal ac tiv i ty with in 21 days were cen sored. 

The zanamivir tri al, how ev er re port ed the 

me di an du ra tion of days to re turn to nor-

mal ac tiv i ty: 8.5 days (pla ce bo) vs. 7 days 

(zanamivir), a re duc tion of 18. Pa tients 

record ed their symp toms, tem per a ture, 

and abil i ty to per form nor mal dai ly ac tiv-

i ties on a di ary card for 14 days, if symp-

toms per sist ed for 28 days [17].

Health out come: qual i ty-ad just ed 
life-years saved
Both avoid ed death and im proved qual i-

ty of life can be giv en a sin gle val ue us ing 

the ap proach of qual i ty-ad just ed life-years 

(QALYs). A qual i ty weight is as signed to 

each health state and ad just ed for the time 

a pa tient spends in this state. This qual i ty 

weight is a val ue be tween 0 (death) and 1 

(per fect health).

Qual i ty weights were de rived from 

the lit er a ture for all dis eases in clud ed in 

the anal y sis (in flu en za, bron chi tis, pneu-

mo nia). The same source was used to 

en sure con sis ten cy be tween the weights 

[22]. These are gener i cal ly de rived qual i ty 

weights, which means they are also con sis-

tent with qual i ty weights of var i ous oth er 

dis eases such as heart dis ease or can cer.
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Ta ble 1

Mod el in puts: prob a bil i ties (ILI in fluen za like ill ness)

Vari able Treat ment Prob a bil i ty 
(mean)

Dis tri bu tion Ref er ence

ILI in pa tient • Usu al care
• Os eltamivir
• Zanamivir

0.00323
0.00116
0.00116

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

[4]
64% re duc tion vs. usu al care [14]
As sumed to have same re duc tion as os eltamivir, al though 
no dif fer ence to pla ce bo de tect ed in clin i cal tri als [5]

ILI death • Usu al care
• Os eltamivir
• Zanamivir

0.00002
0.00002
0.00002

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

[18]
As sump tion: no re duc tion in ILI-re lat ed mor tal i ty
As sump tion: no re duc tion in ILI-re lat ed mor tal i ty

Bron chi tis • Usu al care
• Os eltamivir
• Zanamivir

0.01234
0.00802
0.00759

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

[1]
35% re duc tion vs. usu al care [14]
39% re duc tion vs. usu al care (all adults) [5]

Bron chi tis in pa tient All 0.00323 Beta (0.00323; 0.99677 As sump tion: in flu en za

Bron chi tis death All 0.00005 Beta (0.00005; 0.99995) As sump tion: in flu en za

Pneu mo nia • Usu al care
• Os eltamivir
• Zanamivir

0.00278
0.00067
0.00132

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

[1]
76% re duc tion vs. usu al care [14]
53% re duc tion vs. usu al care (all adults) [5]

Pneu mo nia in pa tient All 0.07293 Beta (0.07293; 0.92707) [6]

Pneu mo nia death All 0.01883 Beta (0.01883; 0.98167) [7]

Days to re turn to nor-
mal ac tiv i ty

• Usu al care
• Os eltamivir
• Zanamivir

8.83
7.43
7.27

Gam ma (6.63; 11.04)
Gam ma (5.57; 9.29)
Gam ma (5.85; 9.74)

Roche clin i cal tri als
16% re duc tion vs. usu al care (Roche clin i cal tri als)
18% re duc tion vs. usu al care [17]

Qual i ty weights Os eltamivir 7.43 – –

ILI • Zanamivir
• Os eltamivir

• Zanamivir

7.79
0.94

0.94

None
None

None

[22]
12% im prove ment vs. usu al care over the first 9 days, 
af ter 9 days no fur ther ben e fit as sumed (Roche Clin i cal 
tri als, sim i lar to [23])
As sumed to have same im prove ment as os eltamivir as 
qual i ty of life has not been eval u at ed in zanamivir clin i cal 
tri als

Bron chi tis All 0.99 None [22]

Pneu mo nia All 0.90 None [22]

Since the qual i ty of life varies be tween 

the dif fer ent treat ment op tions for in flu en-

za, the re sults of clin i cal tri als (Roche [15]) 

were used to es ti mate the rel a tive im prove-

ment in qual i ty of life be tween pla ce bo 

and os eltamivir dur ing the first 7 days of 

the in flu en za ep i sode. The same ap proach 

as in a re cent NICE as sess ment [23] was 

used: the im prove ment in qual i ty of life 

be tween pla ce bo and os eltamivir was es ti-

mat ed from pa tient health state val u a tions 

re port ed dai ly for 21 days in os eltamivir 

clin i cal tri als. QALYs were gen er at ed by re-

cal i brat ing the Roche Lik ert score to me-

an vsu al an a logue scale (VAS) scores and 

then trans form ing them to time trade-off 

equiv a lent scores (for a de scrip tion of the 

trans for ma tion see [15]). The rel a tive im-

prove ment for an oth er wise heal thy adult 

pop u la tion was ap plied to the ge ner ic in flu-

en za qual i ty weight [22] to de rive a qual i ty 

weight for ILI for pa tients ef fec tive ly treat-

ed with os eltamivir. As no data are avail-

able on qual i ty of life im prove ment for za-

namivir, the same im prove ment as for os-

eltamivir was as sumed.

Mod el ing ap proach

First-or der Monte Car lo sim u la tion
Sim u lat ed pa tients are fol lowed through 

the mod el in di vid u al ly, and since an in di-

vid u al pa tient can be only in a sin gle sta-

te at any giv en time, he can pass down on-

ly one branch of the tree at a giv en chance 

node (. Fig. 1). Hence the path fol lowed 

by dif fer ent pa tients dif fers due to chance. 

A large num ber of pa tients (10,000) was 

cho sen be cause of the large num ber of end-

points and the very small prob a bil i ties in 

the mod el, es pe cial ly for mor tal i ty. The in-

di vid u al sim u la tion meth od es ti mates the 

like ly vari ance that is re lat ed sim ply to the 

in her ent un cer tain ty of the prob a bilis tic 

struc ture of the mod el (pa tient vari abil i-

ty) [24].

Sec ond-or der Monte Car lo 
sim u la tion
Sec ond-or der Monte-Car lo sim u la tion 

mod els deal with the un cer tain ty re lat ed 

to in put vari ables us ing prob a bil i ty dis tri-

bu tions around their point val ues. This 

means that in ad di tion to al low ing for vari-
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Ta ble 2

Mod el in puts: unit costs, based on the year 2001 (ILI in fluen za like ill ness, 
OTC over-the-coun ter)

Vari able Unit cost (£) Unit Ref er ences

Os eltamivir  18.18 Ep i sode Roche UK

Zanamivir • 24.00
•  6.50

Ep i sode
Ep i sode

[8]
15 min nurs ing time for in struc tion 
on de vice use (ex pert opin ion)

Gen er al prac ti tio ner vis it  19.00 Visit [9]

Spe cial ist vis it  74.00 Visit [9]

Tests
• Bron chi tis
• Pneu mo nia

 28.48
 38.00

Ep i sode
Ep i sode

[10]
[10]

An tibi otics
• ILI
• Bron chi tis
• Pneu mo nia

  6.60
  6.60
 23.40

Ep i sode
Ep i sode
Ep i sode

[8]
[8]
[8]

OTC   5.00 Ep i sode As sump tion

Hos pi tal iza tion 242.00 Day [9]

Hourly wage  10.53 Hour [11]

abil i ty due to the way in which in di vid u-

als trav el through the mod el (first-or der 

Monte Car lo sim u la tion) the un der ly ing 

mod el vari ables are al lowed to vary over a 

giv en range with a giv en dis tri bu tion. For 

each sim u la tion run a val ue from the dis-

tri bu tion of each vari able is picked at ran-

dom, gen er at ing one set of out puts (costs 

and ef fec tive ness). A large num ber of sim-

u la tion runs there fore yields a dis tri bu tion 

of out puts [25]. Be cause of their pos si ble 

im pact and the un cer tain ty sur round ing 

them cer tain vari ables were cho sen from 

pre de fined dis tri bu tions: prob a bil i ties 

(com pli ca tion, hos pi tal iza tion, mor tal i ty) 

and du ra tion (days to re turn to nor mal ac-

tiv i ty, length of stay in hos pi tal). Beta dis-

tri bu tions (prob a bil i ties) and gam ma dis-

tri bu tions (du ra tion) were used. Each of 

the 10,000 pa tients ran dom ly tra vers es a 

sin gle path through the mod el. The mod el 

is re cal cu lat ed 100 times. In cre men tal cost-

ef fec tive ness and cost-util i ty anal y ses are 

pro vid ed of ad di tion al costs and ad di tion-

al health out comes as so ci at ed with the sce-

nar ios com pared.

Two per spec tives are in ves ti gat ed: 

health care pay er and so ci ety. The hu man 

cap i tal ap proach, based on av er age in come, 

is used to val ue a pa tient’s in abil i ty to work 

due to ill ness [26, 27]. To avoid dou ble 

count ing in the cost-util i ty anal y sis, in di-

rect costs due to pre ma ture mor tal i ty are 

not in clud ed since these are cap tured by 

the mea sure of health out comes (QALYs) 

[28]. For com par i son these costs were also 

ex clud ed in the cost-ef fec tive ness anal y sis. 

Most costs and ef fects re lat ed to in flu en-

za oc cur with in 1 year but some oc cur in 

the fu ture (years of life lost due to pre ma-

ture death). There fore re sults of this anal y-

sis are pre sent ed as dis count ed us ing a dis-

count rate of 1.5 for health out comes (ye-

ars of life lost) per an num, which is rec om-

mend ed for eco nom ic eval u a tions in the 

health care field in the UK [29].

Anal y ses

The base case is de fined as hav ing a 70 

di ag nos tic cer tain ty rate and 100 treat-

ment start with in 48 h from on set of symp-

toms. One-way sen si tiv i ty anal y ses are pre-

sent ed for two vari ables that are gen er al ly 

be lieved to have a ma jor im pact on the re-

sults: di ag nos tic cer tain ty and time of treat-

ment start af ter on set of symp toms. Di ag-

nos tic cer tain ty de scribes the per cent age 

of in flu en za-pos i tive pa tients with in the 

ILI pop u la tion, which is pre sum ably high-

er when in flu en za is cir cu lat ing. For the 

base case sce nario di ag nos tic cer tain ty is 

as sumed to be 70 (point es ti mate). This 

as sump tion was made based on a di ag nos-

tic cer tain ty rate of around 67 ob served 

in os eltamivir clin i cal tri als [30]. Draw ing 

on anal y ses pub lished for the zanamivir 

tech nol o gy as sess ment, 34 was cho sen 

as a low es ti mate of di ag nos tic cer tain ty in 

sen si tiv i ty anal y sis [19]. Since time of treat-

ment start should be with in 48 h of on set 

of symp toms for treat ment with neur amin-

i dase in hibitors to be ef fec tive, the as sump-

tion is made that only pa tients hav ing a 

GP con sul ta tion with in this pe ri od re ceive 

the neur amin i dase in hibitors. In sen si tiv i-

ty anal y sis the im pact of a pro por tion of 

pa tients re ceiv ing the neur amin i dase in-

hibitors af ter 48 h of symp toms was eval-

u at ed. Clin i cal tri als are like ly to have con-

trolled for this fac tor al ready to some ex-

tent. How ev er, the im pact of 25 of pa-

tients re ceiv ing treat ment in ex cess of 48 h 

af ter symp tom on set was test ed. This rep-

re sents an ar bi trary pro por tion of late pre-

sen ters re ceiv ing treat ment, but helps to 

demon strate the sen si tiv i ty of re sults to 

this vari able.

Mul ti way sen si tiv i ty anal y sis, as sum ing 

neur amin i dase in hibitors have no ef fect 

on hos pi tal iza tions, com pli ca tions, or mor-

tal i ty and a low di ag nos tic cer tain ty rate of 

34, was per formed as these out come mea-

sures have not been in clud ed to vary ing 

de grees in oth er pu bli ca tions. This means 

the only ef fect cap tured is the re duc tion in 

days to re turn to nor mal ac tiv i ty and the 

im prove ment in qual i ty of life of a typ i cal 

out pa tient ep i sode of in flu en za. An ad di-

tion al sen si tiv i ty anal y sis shows re sults ex-

clud ing all hos pi tal iza tions, com pli ca tions, 

and mor tal i ty from all stra te gies (usu al ca-

re, os eltamivir and zanamivir) with a di ag-

nos tic cer tain ty rate of 34.

Only life years lost due to pre ma ture 

death are dis count ed. The dis count rate 

is there fore ex pect ed to have only a small 

im pact on the re sults. How ev er, an undis-

count ed anal y sis was per formed. Days 

lost (time to re turn to nor mal ac tiv i ty) 

are val ued us ing the hu man cap i tal ap-

proach. While this ap proach re flects val-

ue of heal thy time fore gone, i.e., also the 

val ue of mis sing leisure time, time to re-

turn to nor mal ac tiv i ty as used in the ba-

se case anal y sis seems long com pared to 

that in oth er stud ies eval u at ing pro duc tiv-

i ty loss [31]. Sen si tiv i ty anal y sis was there-

fore per formed valu ing only pro duc tiv i ty 

loss by as sum ing that for out pa tients only 
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25 of the time to re turn to nor mal ac tiv-

i ties is pro duc tiv i ty loss and that for in pa-

tients week ends would usu al ly (i.e., if not 

sick) be leisure time and are there fore no 

work loss.

Re sults

. Ta ble 3 pre sents the ex pect ed costs and 

ben e fits in the base case sce nario for the 

treat ment of oth er wise heal thy adults. 

From the health care pay er per spec tive os-

eltamivir is as so ci at ed with greater over-

all ben e fits than zanamivir and usu al ca-

re, greater mean ex pect ed cost per pa tient 

than usu al care, and low er mean ex pect-

ed cost per pa tient than zanamivir. Dif-

fer ences in costs be tween zanamivir and 

os eltamivir are due main ly to the high er 

price of zanamivir but also to a high er ra-

te of pneu mo nia (zanamivir). Os eltamivir 

there fore dom i nates zanamivir in cost util-

i ty anal y sis. The in cre men tal cost per day 

of nor mal ac tiv i ty gained with os eltamivir 

in com par i son to usu al care is £14.36 (min-

i mum: £10.69, max i mum: £17.67) and 

the mean ex pect ed in cre men tal cost per 

dis count ed QALY is £5,600 (min i mum: 

£1,403, max i mum: usu al care dom i nant).

. Fig ure 2 pre sents a cost-ef fec tive-

ness ac cept abil i ty curve for the com par i-

son os eltamivir to usu al care (health care 

pay er per spec tive) gen er at ed by prob a bilis-

tic anal y ses, show ing the lev el of un cer tain-

ty around the base case es ti mate of cost-ef-

fec tive ness. The prob a bil i ty of os eltamivir 

be ing cost-ef fec tive in the oth er wise heal-

thy adult pop u la tion at an as sumed cost 

per QALY ceil ing of £30,000 is 0.85. Anal-

y ses were also con duct ed from the so ci etal 

per spec tive (. Ta ble 3). Os eltamivir dom i-

nates usu al care but also zanamivir in cost-

util i ty anal y sis, ac cru ing more ben e fits per 

pa tient at less cost.

Sen si tiv i ty anal y ses

Re sults of one-way and mul ti way sen si tiv-

i ty anal y ses are pre sent ed for the com par-

i son os eltamivir to usu al care only sin-

ce zanamivir is dom i nat ed by os eltamivir 

in sen si tiv i ty anal y ses be cause zanami-

vir is more ex pen sive than os eltamivir in 

the UK, while the two neur amin i dase in-

hibitors have a sim i lar way of ac tion and ef-

fec tive ness. The im pact of a low er lev el of 

di ag nos tic cer tain ty upon the in cre men tal 

cost-ef fec tive ness of os eltamivir was com-

pared to usu al care (see . Ta ble 4). For 

the NHS per spec tive the anal y ses demon-

strate that the re sults are very sen si tive to 

the lev el of di ag nos tic cer tain ty as sumed. 

As the lev el of di ag nos tic cer tain ty is re-

duced, the in cre men tal cost-ef fec tive ness 

ra tios for os eltamivir in crease. This can 

also be seen in a shift of the cost-ac cept-

abil i ty curve to the right (see . Fig. 3). 

How ev er, os eltamivir re mains cost-ef fec-

tive in terms of the in cre men tal cost per 

QALY gained from the health care pay er’s 

per spec tive at a thresh old of 30,000/QA-

LY gained and dom i nant from the so ci etal 

per spec tive even as sum ing 34 di ag nos tic 

cer tain ty.

The im pact of time to treat ment ini ti a-

tion on cost-ef fec tive ness re sults was also 

as sessed (. Ta ble 4). In the base case we 

as sume that 100 of pa tients treat ed with 

os eltamivir start their treat ment with in 

48 h of symp tom on set. For the sen si tiv i ty 

Fig. 2 8 Cost-ac cept abil i ty curve for the health care pay er per spec tive. Base case sce nario; 
com par i son os eltamivir to usu al care. GBP Pounds ster ling

Fig. 3 8 Cost-ac cept abil i ty curve for the health care pay er per spec tive. Sen si tiv i ty anal y sis: 
neur amin i dase in hibitors have no ef fect on hos pi tal iza tions, com pli ca tions, mor tal i ty, 
di ag nos tic cer tain ty 34%; com par i son os eltamivir to usu al care. GBP Pounds ster ling
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Ta ble 3

Base case in cre men tal cost-ef fec tive ness re sults: means (paren the ses min i mum and max i mum) 
(D dom i nates in the in cre men tal anal y sis, UC usu al care, Os elt. os eltamivir)

Cost per pa tient (£) Time to re turn 
to nor mal 
ac tiv i ty per 
pa tient (days)a

Cost per day of nor mal 
ac tiv i ty gained (£)

QALYs (dis count ed) In cre men tal cost per 
QALY gained 
(dis count ed, £)

Health care pay er per spec tive
• Usu al care
• Os eltamivir
• Zanamivir

 50.66 (47.73; 54.53)
 65.24 (63.67; 66.83)
 77.54 (75.88; 79.81)

8.96 (8.93; 8.99)
7.95 (7.92; 7.98)
7.84 (7.81; 7.87)

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

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

–
5,600 (1,403; UC D)
Os elt. D (3,737; Os elt. D)

So ci ety per spec tive
• Usu al care
• Os eltamivir
• Zanamivir

808.23 (803.97; 813.30)
736.96 (733.87; 740.57)
740.03 (736.20; 743.60)

8.96 (8.93; 8.99)
7.95 (7.92; 7.98)
7.84 (7.81; 7.87)

–
Os elt. D (Os elt. D; Os elt. D)
 28.19 (8.00; 56.75)

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

–
Os elt. D (Os elt. D; 15,619b)
Os elt. D (318.54; Os elt. D)

a As es ti mat ed by the mod el (in clud ing out pa tients, in pa tients, com pli ca tions, in flu en za neg a tive cas es)
b Rate for usu al care

Ta ble 4

Sen si tiv i ty anal y sis of cost-ef fec tive ness re sults for os eltamivir vs. usu al care: means 
(paren the ses min i mum and max i mum) (D dom i nates in the in cre men tal anal y sis, UC usu al care, Os elt. os eltamivir)

Health care pay er per spec tive So ci ety per spec tive

Cost per QALY gained (£) Cost per day of nor mal 
ac tiv i ty gained (£)

Cost per QALY gained (£) Cost per day of nor mal 
ac tiv i ty gained (£)

Base case  5,600 (1,403; UC D) 14.36 (10.69; 17.67) Os elt. D (Os elt. D; 15,619a) –

Di ag nos tic cer tain ty 34% 11,872 (1,881; UC D) 32.79 (25.55; 39.07) Os elt. D (Os elt. D; 3,824a) –

Late starters 25%  7,826 (1,574; UC D) 20.20 (14.92; 24.59) Os elt. D (Os elt. D; 9,702a) –

NIs have no ef fect on 
hos pi tal iza tions, 
com pli ca tions, mor tal i ty, 
di ag nos tic cer tain ty 34%

20,717 (19,217; 22,647) 38.80 (36.07; 42.76) Os elt. D (Os elt. D; Os elt. D) Os elt. D (Os elt. D; Os elt. D) 
for all anal y ses

No hos pi tal iza tions, 
com pli ca tions, mor tal i ty, 
di ag nos tic cer tain ty 34%

20,704 (20,066; 21,318) 38.21 (37.03; 39.34) Os elt. D (Os elt. D; Os elt. D) –

Undis count ed  5,069 (1,110; UC D) 14.36 (10.69; 17.67) Os elt. D (Os elt. D; 10,466a) –

Low work loss N/A N/A Os elt. D (Os elt. D; 15,619a) –

a Rate for usu al care

anal y sis a pro por tion of 25 “late start er of 

treat ment” (af ter 48 h) is as sumed. For the 

so ci etal per spec tive os eltamivir still dom i-

nates usu al care. For the health care pay er 

per spec tive os eltamivir re mains cost-ef fec-

tive even with 47.5 of pa tients re ceiv ing 

no ben e fits (30 in flu en za neg a tive plus 

25 late pre sen ters among the in flu en za 

pos i tive pa tients). In the mul ti way sen si tiv-

i ty anal y sis, omit ting all ef fects re lat ed to 

hos pi tal iza tions, com pli ca tions, and mor-

tal i ty and as sum ing a low di ag nos tic cer-

tain ty rate of 34, os eltamivir is still cost 

ef fec tive from the NHS point of view and 

dom i nates usu al care from the so ci etal 

point of view. As ex pect ed, dis count ing 

only has a small im pact on the re sults as 

does the low er work loss as sumed in sen-

si tiv i ty anal y sis.

Dis cus sion

In flu en za is an un com fort able con di tion 

that severe ly af fects qual i ty of life for a rel-

a tive ly short pe ri od but is un com pli cat ed 

and self-lim it ing in most cas es. How ev er, 

our re view of the lit er a ture sug gests that 

ac tu al knowl edge about in flu en za and 

its con se quences on health, health care 

re source use, and the econ o my are lim it-

ed. As part of our mod el we tried to cap-

ture rel e vant pub lished knowl edge about 

the dis ease and its im pli ca tions. How ev er, 

in the con text of de ci sion mak ing about 

pro vid ing treat ment with neur amin i dase 

in hibitors for in flu en za it is im por tant to 

un der stand that the re sults pre sent ed he-

re are con di tion al on the base line prob a-

bil i ties used in the mod el. Our mod el is 

sub ject to a num ber of lim i ta tions. In gen-

er al, there is a lack of ac cu rate in for ma-

tion about in flu en za com pli ca tion, mor-
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tal i ty, and hos pi tal iza tion rates in the oth-

er wise heal thy adult pop u la tion. All base-

line prob a bil i ties for in flu en za com pli ca-

tions, mor tal i ty, and hos pi tal iza tion are 

from rather few pu bli ca tions due to the 

rel a tive ly lim it ed knowl edge of the true 

com pli ca tion and mor tal i ty rates as so ci-

at ed with in flu en za. Also worth not ing is 

that the base line prob a bil i ties are based on 

ILI and not con firmed in flu en za cas es. If 

it had been pos si ble to fil ter out ILI cas-

es due to oth er pathogens (e.g., res pi ra to-

ry syn cy tial vi rus, parain fluen za virus, co-

ro na vi rus) from true in flu en za cas es, the 

base line prob a bil i ties would most like ly be 

high er. De spite the avail abil i ty of rapid in-

flu en za tests, test ing is not rou tine ly car-

ried out as it is not cost-ef fec tive [32]. The 

base line prob a bil i ties re flect the in flu en-

za sea sons in which the stud ies were con-

duct ed (all of which were in ter pan dem ic 

sea sons). This means that in the case of 

a par tic u lar ly strong in flu en za epi dem ic, 

or a pan dem ic, the base line in ci dence ra-

tes of com pli ca tions, mor tal i ty and hos pi-

tal iza tion would prob a bly be sub stan tial ly 

high er, as would be the cer tain ty of di ag no-

sis [33]. Hence the re sult ing cost-ef fec tive-

ness of treat ment would be even more fa-

vor able (as sum ing the same treat ment ef-

fect). Due to data lim i ta tions we also did 

not in clude hos pi tal iza tions due to bron-

chi tis, nor did we in clude cer tain oth er sec-

ond ary com pli ca tions (e.g., asth mat ic ex-

ac er ba tions or car di ac events). How ev er, 

the ex clu sion of all of these events from 

our mod el is like ly to gen er ate con ser va-

tive es ti mates of the ben e fits of in flu en za 

treat ment.

Our anal y sis is also lim it ed by the avail-

abil i ty of ac cu rate UK med i cal re source 

use data, which were not col lect ed along-

side clin i cal tri als. Our es ti mates of re-

source use are based part ly upon non-UK 

re source data com bined with UK-spe cif ic 

unit costs. While some data are avail able 

based upon ret ro spec tive anal y sis of pa-

tient records in the UK [1], the in clu sion 

of data from NAM CS [10] re flects both 

the de tailed break down of re source use by 

com pli ca tion and the sim i lar i ty of ag gre-

gate data on re source use to com pa ra ble 

UK sources. On the oth er hand, the mod-

el cap tures as much of the in flu en za ill ness 

as pos si ble giv en the pub lished data and 

uses prob a bilis tic mod el ing tak ing into ac-

count the un cer tain ty per tain ing to the 

com pli ca tion, hos pi tal iza tion, and mor tal-

i ty rates and du ra tions (days to re turn to 

nor mal ac tiv i ty, length of stay in hos pi tal) 

that drives the dy nam ics of in flu en za and 

in flu en za treat ment.

Pa tient pref er ences were ob tained in 

clin i cal tri als by us ing rat ing scales. As 

op posed to the stan dard gam ble meth od, 

the ques tion was framed un der cer tain ty, 

and the sub jects were asked to per form a 

scal ing task based on in tro spec tion. There-

fore the rat ing scale meth od does not re-

quire the sub ject to choose be tween al ter-

na tives and does not cap ture the sub ject’s 

risk at ti tude. Re search has shown that stan-

dard gam ble scores are high er than time 

trade-off scores, which are high er than vi-

su al an a logue scores [26]. Bi as es that ha-

ve been re port ed re lat ed to rat ing scales 

are the end-of-scale bias (sub jects tend not 

to use the ends of the scale) and the spac-

ing out bias (sub jects tend to space out 

the out comes over the scale) [26]. How-

ev er, the rat ing scale meth od is a wide ly 

ac cept ed meth od for mea sur ing pa tient’s 

pref er ences as it is quick and ef fi cient. Fur-

ther more, rat ing scales can be con vert ed 

to time trade-off scores us ing pow er-cur-

ve con ver sion [26].

A day of nor mal ac tiv i ty gained is use-

ful as a dis ease-spe cif ic out come that en-

ables us to make com par isons be tween 

the in ter ven tions un der con sid er a tion he-

re. How ev er, in ter pret ing the re sults is 

not straight for ward. We re port net costs 

for a day of nor mal ac tiv i ty gained with 

os eltamivir com pared to usu al care to be 

£14 for oth er wise heal thy adults. In gen er-

al, £14 for a day of nor mal ac tiv i ty in a heal-

thy adult pop u la tion is like ly to re pres ent 

good val ue for mon ey, as sum ing an ear li er 

re turn to work and an av er age gross dai ly 

wage of ap prox. £80 [11].

We pres ent the sim u la tion re sults us ing 

the mean, min i mum, and max i mum val-

ues for cost-ef fec tive ness ra tios be cause 

of the prob lems re lat ed to ex press ing sto-

chas tic un cer tain ty sur round ing the cost-

ef fec tive ness ra tio. The main prob lem of 

which is the dis con tin u ous dis tri bu tion of 

the cost-ef fec tive ness ra tio. Sev er al meth-

ods for es ti mat ing con fi dence in ter vals 

for cost-ef fec tive ness ra tios have been pro-

posed, each pos ing method olog i cal chal-

lenges. One of the al ter na tive ap proach es 

is the use of ac cept abil i ty curves, which 

are also pre sent ed for our anal y sis. As sum-

ing that the cost-ef fec tive ness ra tio is sym-

met ri cal, the 50 point cor re sponds to the 

point es ti mate of the cost-ef fec tive ness 

ra tio. Fur ther more, when the curves in-

crease mono ton i cal ly, cut ting 2.5 from ei-

ther end of the ver ti cal axis and us ing the 

curve to map these val ues on to the hor i-

zon tal axis de fines the 95 con fi dence in-

ter val. How ev er, a lim i ta tion to this meth-

od is that pref er ences for gains and loss es 

are in fact not sym met ri cal, i.e., the 50 

point would not cor re spond to the mean 

val ue of the in cre men tal cost-ef fec tive ness 

ra tio [34].

It is im por tant to con sid er our re sults 

in the con text of oth er pub lished cost-ef-

fec tive ness anal y ses of in flu en za treat ment 

in the UK. Anal y ses pre sent ed with the 

most re cent guid ance re gard ing the use of 

os eltamivir, zanamivir, and aman ta dine 

by NICE [35] re port an in cre men tal cost 

per QALY for os eltamivir of £19,015/QA-

LY, zanamivir of £31,529/QALY, and aman-

ta dine of £11,830/QALY com pared to usu-

al care in the base case (as sum ing 47 di-

ag nos tic cer tain ty and no im pact on hos-

pi tal iza tions and mor tal i ty) for the oth er-

wise heal thy adult pop u la tion. The sen si-

tiv i ty anal y sis on al ter na tive mod el spec i fi-

ca tions (70 di ag nos tic cer tain ty) shows 

the fol low ing in cre men tal cost per QA-

LY com pared to usu al care: aman ta dine 

£5,532, os eltamivir £11,389, and zanamivir 

£20,000, which are com pa ra ble to the re-

sults pre sent ed in our study.

Con clu sion

Giv en the pres ent pub lished knowl edge 

about in flu en za dis ease and its as so ci at ed 

com pli ca tions, our anal y sis found that os-

eltamivir is a cost-ef fec tive treat ment for 

in flu en za com pared to usu al care and to 

zanamivir in the oth er wise heal thy adult 

pop u la tion. The in cre men tal cost-ef fec tive-

ness ra tios com par ing os eltamivir to usu al 

care are £14–39 per day of ac tiv i ty gained 

and are £5,600–20,717/QALY from the 

health care pay er per spec tive. Prob a bilis-

tic mod el ing, used to ex plore the un cer-

tain ty around the base case mean ex pect-

ed cost-ef fec tive ness ra tios, demon strates 

that the sim u lat ed es ti mates are con sis tent 

with a con clu sion that os eltamivir is cost-
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ef fec tive in the pop u la tion group eval u at-

ed. From a so ci etal per spec tive treat ment 

with os eltamivir dom i nates usu al care and 

zanamivir pro vid ing health ben e fits at low-

er to tal costs.
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