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Abstract

Obj ect ive:  To develop a system of data management  that  allows us to est imate the comparat ive 

effect iveness of the various ant iret roviral t reatment  (ART) regimens.

Met hod:  Rest rospect ive observat ional st udy in pat ient s infect ed wit h HIV wit h st able ART. 

Adherence to t reatment  and unit  cost  for each pat ient ’s t reatment  was determined. The cost /

pat ient / day was calculated and, mult iplying by an adherence factor (fADH),  the (cost / pat ient /

day)ADH.  The comparison of  bot h al lowed us t o obt ain t he Δcost / pat ient ,  which est imat es t he 

addit ional  cost s caused by lack of  adherence.  The increment al  cost -ef fect iveness (iCER), 

grouping the result s by the various coformulated drugs (“ combos” ).  A study of  the budgetary 

impact  of these combos was carried out .

Resul t s:  468 pat ient s were evaluated (62% adherent ).  Average adherence was 88±18%. The 

average value of  (cost / pat ient / day)ADH was signif icant ly higher t han t he cost / pat ient / day 

(27.3±9.8 € compared to 24.3±7.6 €, P<.001). Just  as with the fADH,  no dif ferences were found in 

the Δcost / pat ient between the dif ferent  ART combinat ions. The combo with the least  deviat ion from 

the cost / pat ient / day due to lack of  adherence was that  composed of  abacavir/ zedovudine/

lamivudine (ABC/ AZT/ 3TC,Δcost / pat ient=8.72±14.18%),  and t hat  wit h t he great est  deviat ion 

AZT/ 3TC (Δcost / pat ient=13.52±17.68%). No signiicant differences were found in the iCER calcluated 
for any combo.  The ART t hat  included abacavir/ lamivudine (ABC/ 3TC) obt ained t he least  

budgetary impact .

Conclusions: The greatest  cost  and percentage of adherent  pat ients associated with the combos 

composed of  Tenovovi r / Emt r ici t abine(TDF/ FTC) and ABC/ 3TC,  and t he least  cost  and 

effect iveness of those composed of AZT/ 3TC and ABC/ AZT/ 3TC, does not  allow us to ident ify 

any option as signiicantly dominant. The regimens with ABC/3TC were shown to be the most 
favourable from the combined point  of view of cost  and adherence.

© 2009 SEFH. Published by Elsevier España, S.L. All rights reserved.
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Introduction

Si nce i t  was di scovered over  20 years ago,  human 
immunodeficiency virus (HIV) has become a pandemic, with 
over 30 mil l ion people t hroughout  t he world infect ed in 
2007.  Wit h t he arr ival  of  t he f i rst  ant ivi rals,  especial ly 
prot ease inhibi t ors (PI) dur ing t he mid-ninet ies,  t he 
evolut ion of  t he disease could be drast ical ly modif ied, 
reducing morbidit y and mort al i t y. 1,2 Lat er progress wit h 
ant i ret rovi ral  t reat ment  (ART) have cont r i but ed t o 
maintaining and improving survival and cl inical cont rol of 
t he infect ion,  and have especial ly increased pat ient s’  
quality of life.3 The staggered int roduct ion of ant iret roviral 
drugs (ARV) determined that , at  a given moment  for a given 
pat ient , the possible ant iret roviral t reatment  combinat ions 
could be l imit ed (mainly due t o select ing t he resist ances 
and intolerance), therefore, personalisat ion was completely 
j ust if ied. Current ly,  in count ries which have access to ART, 
chronic HIV infect ion is clinically cont rollable, although it s 
epidemiology is st i l l  an important  issue for public healt h, 
and it  cont inues to hold an important  social,  economic and 
media impact .4-6

The Spanish AIDS plan (PNS) and t he Spanish AIDS study 
group (GESIDA) gave preference to the combinat ion of three 
drugs in the latest  recommendat ions update on ant iret roviral 
t reatment  in adult s. 7 They recommend st art ing wit h t wo 
nucleot ide or nucleoside analogue reverse t ranscript ase 
inhibi t ors (Nt ARTI or  NARTI) and ef avi renz (EFV:  non-
nucleoside reverse t ranscriptase inhibitor [NNRTI]),  or two 
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Resumen

Obj et ivo:  Desarrollar una sistemát ica de manej o de datos que permita est imar comparat iva-

mente la eiciencia de los diferentes esquemas de tratamiento antirretroviral (TAR).
Mét odo: Estudio observacional ret rospect ivo en pacientes infectados por el VIH con TAR esta-

ble. Se determinó para cada paciente su adherencia y el coste unitario de su t ratamiento. Se 

calculó el coste/ paciente/ día y, mult iplicando por un factor de adherencia (fADH), el (coste/ pa-

ciente/ día)ADH.  La comparación de ambos permit ió obtener el Δcoste/ paciente,  que est ima la desvia-

ción de costes originada por la falta de adherencia. Se calculó el coste-efect ividad-incremental 

(CEI) agrupando los resultados en los diferentes fármacos coformulados (combos). Se realizó un 

estudio de impacto presupuestario de dichos combos.

Result ados:  Se evaluaron 468 pacientes (62% adherentes). La adherencia media fue de 88 ± 18%. 

El valor medio del (coste/ paciente/ día)ADH fue signiicativamente superior al coste/paciente/día 
(27,3 ± 9,8 € frente 24,3 ± 7,6 €, p < 0,001). Al igual que para el fADH,  no se encont raron diferen-

cias en el Δcoste/ paciente ent re las diferentes combinaciones de TAR. El combo con menor desviación 

del coste/ paciente/ día debida a la falta de adherencia fue el const ituido por abacavir/ zidovu-

dina/ lamivudina (ABC/ AZT/ 3TC,Δcoste/ paciente=8,72±14,18%), y el de mayor desviación el AZT/ 3TC 

(Δcoste/ paciente=13,52±17,68%). No se encontraron diferencias signiicativas en los CEI calculados 
para ningún combo. Los esquemas de TAR que incluyeron abacavir/ lamivudina(ABC/ 3TC) obtu-

vieron el menor impacto presupuestario.

Conclusiones:  El mayor coste y porcentaj e de pacientes adherentes asociados a los combos 

compuestos por tenofovir/ emt ricitabina (TDF/ FTC) y ABC/ 3TC, y el menor coste y efect ividad 

de los compuestos por AZT/3TC y ABC/AZT/3TC no permiten identiicar ninguna opción signii-

cat ivamente dominante. Los esquemas con ABC/ 3TC se muest ran como los más favorables des-

de el punto de vista combinado del coste y la adherencia.

© 2009 SEFH. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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NARTI/ NtARTI and a ritonavir-boosted PI (PI/ r). Coformulated 
drugs,  usual l y cal l ed ‘ combos’  are recommended f or 
combinat ions of two NARTI/ NtARTI. For the f irst  t ime since 
ARV were f i rst  int roduced and regardless of  di f f erent  
possible t reatment  scenarios, there are several combinat ions 
available that  are capable of make up act ive ART regimens 
t hanks t o t he recent  arrival  of  new act ive drugs against  
resistant  st rains.  This quant it at ive and qualit at ive change 
has meant  that  the general recommendat ions recognise that  
t here are l ikely t o be several  ART regimens of  simi lar 
ant iret roviral potency and that ,  select ing a given regimen 
would therefore depend on, among other factors, the cost  
of the drugs.7

Controlling and t reat ing HIV/ AIDS involves a high economic 
cost ,  bot h in t erms of  direct  (ant i ret roviral  t reat ment , 
health costs) and indirect  costs.5,8-10 The annual cost  for HIV 
pat ients has been est imated at  €10,000 for asymptomat ic 
pat ient s and €15,000 for sympt omat ic pat ient s. 9 Heal t h 
expenses have been changing over t he past  15 years,  and 
drug t reat ment  cost s is current ly great er t han pat ient  
healthcare costs.10,11

Adherence t o ART,  f undament al l y due t o i t s role in 
virological response and in select ing resistant  st rains, is one 
of the main factors which determine whether therapy is to 
be successful or not .  Lack of  adherence is related with an 
increase in hospit al  admissions,  progression f rom HIV t o 
AIDS, and pat ient  mortalit y, leading to an ineff icient  use of 
healthcare resources.11-14 Despite there being numerous AIDS 
research groups and despi t e t he abundance of  speci f ic 
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publicat ions and their overwhelming bibl iographic impact  
(203,432 references ret rieved using search criteria ‘ HIV or 
ant iret roviral t herapy’ ),  it  is seemingly absurd that  t here 
are so f ew pharmacoeconomic st udies consider ing t he 
signif icant  economic impact  t hat  HIV t reat ment  has (93 
r e f er ences r e t r i eved  usi ng t he sear ch c r i t e r i a 
‘ pharmacoeconomics and ant i ret rovi ral  t herapy’ ).  Bot h 
searches were performed on 5 September 2009 from www.

ncbi.nlm.nih.gov/ pubmed.
The purpose of  t his st udy is t o develop and est abl ish a 

syst emat ic dat a and indicat or management  syst em t hat  
allows us to est imate the comparat ive effect iveness of the 
various ant iret roviral t reatment  (ART) regimens. To do so, 
we have set  the clinical data to one side, and have combined 
economical and drug use data with adherence.

Methods

We conducted a ret rospect ive,  observat ional study which 
included adult  HIV pat ients being t reated with stable ART 
for at  least  the last  six months, and who were only at tended 
to in the pharmacy department  at  our hospital during 2008. 
We est imated each pat ient ’s adherence using the Spanish 
version of the Simplif ied Medicat ion Adherence Quest ionnaire 
(SMAQ),15 which classif ies the pat ients as adherent  or non-
adherent . We also used the dispensing records (DR), allowing 
us to est imate adherence as a cont inuous variable. A pat ient  
was considered adherent  when t he SMAQ indi cat ed 
adherence and DR≥90%.

Daily cost  of the pat ient ’s ART regimen was also calculated 
(€), using the average prescript ion cost  (APC) for December 
2008, with the following formula:

where Ni is t he number of  unit s dispensed of  a drug i ,  
APCi  is the average unitary prescript ion cost  and Days are 
the days t reated in accordance with the quant ity dispensed 
and the administration regimen. We only included for ≥180 
days. 

We also calculated t he adherence factor (f ADH) for each 
pat ient , using the following formula:

ƒADH = 1 + (1 – DR)

where DR is t he value t aken for t he dispensing record 
average for t he drugs which form part  of  t he pat ient ’s 
regimen, expressed as parts per unit .  

Using bot h f ormulae,  we calculat ed each pat ient ’ s 
normalised daily cost  for adherence ([cost / pat ient / day]ADH):

(cost / pat ient / day)ADH = (cost / pat ient / day) x ƒADH

The variable Δcost / pat ient  est imates t he deviat ion due t o a 
lack of  adherence, with regard to the baseline cost  of  the 
t reatment  regimen. The dif ference between the variables 
cost / pat ient / day and (cost / pat ient / day)ADH has been 
expressed as a percentage with regard to the f irst  variable 
value using the following formula:

A greater Δcost / pat ient  value indicates that  the ART regimen is 
less ef fect ive,  wi t h regard t o i t s use in relat ion t o t he 
adherence calculated as DR.

We analysed ART regimens separat ely.  They included 
coformulated act ive ingredient s in f ixed combinat ions or 
‘ combos’ , considered as f irst -line t reatment  in accordance 
with ART recommendat ions that  were in force unt il  2008, 
devi sed by t he GESIDA and PNS16:  zi dovudi ne 300 
mg+l ami vudi ne 150 mg (AZT/ 3TC) ,  t enof ovi r  245 
mg+emt r i ci t abi ne 200 mg (TDF/ FTC),  abacavi r  600 
mg+lamivudine 300 mg (ABC/ 3TC). We also included combos 
consist ing of abacavir 300 mg+zidovudine 300 mg+lamivudine 
150 mg in the analysis (ABC/ AZT/ 3TC).  We calculated the 
percentage of adherent  pat ients and the mean cost / pat ient /
day for each combo.  We compared t hem wit h t he mean 
values for pat ients that  were not  administered such combo, 
allowing us to calculate the absolute risk reduct ion (ARR), 
underst ood as t he ‘ r isk’  of  being adherent  wit h a given 
combo.  We al so det ermi ned t he i ncrement al  cost -
effect iveness (iCER), which defined the over-cost  necessary 

cost / pat ient / day = ∑[
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t o obt ain an adherent  pat ient  wit h a given combo.  Cost  
analysis al lowed us t o analyse t he budgetary impact  (BI), 
which est imated the addit ional cost  for all of the pat ients to 
be t reat ed wi t h t he same combo f or  1 year.  We only 
cal cul at ed t he BI f or  dominant  combos i n t erms of 
ef fect iveness ,considered as t he percent age of  adherent  
pat ients, i.e. those with mean ARR above 0.

where BIcomboi  is t he budget ary impact  calculat ed for a 
given combo i and nnot i is the number of pat ients that  do not  
take combo i.  

Table 1 Cost  per pat ient  and day, with and without  adj ustment  to adherence, for each of the ART regimes that  include 

combos*

 No. Cost / pat ient / day, € f ADH (Cost / pat ient / day)ADH, €

AZT/ 3TC/ EFV 79 19.05 1.09 (0.14) 20.70 (4.20)

AZT/ 3TC/ LPVr 35 23.74 1.20 (0.22) 28.56 (5.24)

AZT/ 3TC/ ATVa 25a 25.00/26.28 1.20 (0.20)/ 1.21 (0.21) 30.11 (4.88)/32.12 (6.69)

AZT/ 3TC/ SQVr 3 21.94 1.00 (0.00) 21.94 (0.00)

AZT/ 3TC/ FPVr 1 22.40 1.36 30.46

AZT/ 3TC/ NVP 12 16.78 1.11 (0.14) 18.78 (2.39)

TDF/ FTC/ EFV 57 23.88 1.10 (0.17) 26.2 (4.2)

TDF/ FTC/ LPVr 30 28.57 1.13 (0.21) 32.33 (6.20)

TDF/ FTC/ ATVa 17a 30.61/29.83 1.15 (0.21)/ 1.23 (0.28) 34.30 (6.32)/37.87 (8.73)

TDF/ FTC/ SQVr 4 26.77 1.14 (0.29) 30.65 (7.76)

TDF/ FTC/ FPVr 7 27.23 1.10 (0.15) 30.11 (4.24)

TDF/ FTC/ NVP 7 21.61 1.09 (0.15) 23.62 (3.45)

ABC/ 3TC/ EFV 20 21.52 1.08 (0.11) 23.26 (2.49)

ABC/ 3TC/ LPVr 7 26.21 1.04 (0.11) 27.37 (3.07)

ABC/ 3TC/ ATVr 5 28.25 1.30 (0.28) 36.78 (8.03)

ABC/ 3TC/ SQVr 6 24.41 1.01 (0.02) 24.69 (0.69)

ABC/ 3TC/ FPVr 2 24.87 1.35 (0.21) 33.57 (5.27)

ABC/ 3TC/ NVP 2 19.25 1.11 (0.16) 21.46 (3.13)

ABC/ AZT/ 3TC 22 17.00 1.08 (0.14) 18.48 (2.41)

3TC indicates lamivudine; ABC, abacavir;  ADH, adherence; ATV, atazanavir; AZT, zidovudine; EFV, efavirenz; fADH, adherence factor; 

FPV, fosamprenavir; FTC, emtricitabine; LPV, lopinavir;  NVP, nevirapine; SQV, saquinavir;  TDF, tenofovir.
aData for ATV/ ATVr are shown.

*The type of let ter shows the value posit ion between the percent iles shown in Figure 1; normal character: value less than 25P; 

character in italics: value between 25P and the median (50P); character in bold: value between the median and 75P, character in 

bold-italics: value above 75P.

ARRi =  [(%patsADH)pat ient swthcomboi 

 

– (%patsADH)remainingpat ient swit hcombos]  ×
100

1

CERi = 
ARRi

(cost / pat ient / day)comboi – (cost / pat ient / day)remainingcombos

BIcomboi = [(cost / pat ient / day)comboi –  

(cost / pat ient / day)remainingcombos] × nnot i ×365

The cont inuous variables have been reported using their 
mean value and standard deviat ion (SD) and the categorical 
values as percent age (%),  calculat ing 95% conf idence 
interval (CI: 95%) when necessary. Frequency dist ribut ion of 
the cont inuous variable was presented as the median (50th 
percent i le) and 25t h (25P) and 75t h (75P) percent i les.  We 
est imat ed cont inuous var iable dist r ibut ion using t he 
Kolmogorov-Smirnov test .  When dist ribut ion did not  adj ust  
t o normal i t y,  we used non-paramet r ic hypot hesis t est s 
(Kruskal -Wal l i s).  When t he dat a did adj ust  t o normal 
dist ribut ion, we used paramet ric tests (student ’s t  test ) to 
compare averages.  We compared the possible dif ferences 
between the categorical variables using the chi-square test  
(c2).  We examined the cont inuous variables depending on 
t he di f ferent  cat egories,  using single fact or analysis of 
variance (ANOVA).

Results

We assessed a total of  468 pat ients,  they were 42±7 years 
old and mainly male (72%).  62% were est imat ed as being 
adherent , combining SMAQ and DR. Only considering SMAQ, 
72% of pat ients were adherent , and 66% of pat ients obtained 
DR>90%. Adherence measured as a cont inuous variable with 
the DR values obtained a mean of 88±18%.
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The mean indicat or  value (cost / pat ient / day)ADH was 
signi f icant ly higher t han cost / pat ient / day (€27.3±€9.8 
compared with €24.3±€7.6 respect ively; P<0.001). Figure 1 
shows t he dist r ibut ion hist ograms f or  bot h var iables 
including their respect ive median values, 25P and 75P. The 
r ange of  bot h i ndi cat or s f l uct uat ed bet ween 16. 2 
(zidovudine-didanosine-efavirenz;  ATZ/ ddI/ EFV) and 80.3 
(darunavir-ritonavir-raltegravir-maraviroc;DRVr/ RGV/ MRV) 
€/ pat ient / day and between 16.2 (ATZ/ ddI/ EFV) and 80.3 
( d a r u n a v i r - r i t o n a v i r - r a l t e g r a v i r - t e n o f o v i r -
emtricitabine;DRVr/ RGV/ TDF/ FTC) (€/ pat ient / day)ADH.

Of  t he 468 pat ient s,  341 (73%) were administ ered a 
combo-based ART regimen. The most  f requent  combo was 
AZT/ 3TC (155 pat ients,  without  including the combinat ion 
AZT/ 3TC/ TDF), then TDF/ FTC (122 pat ients),  ABC/ 3TC (42 
pat ient s) and ABC/ AZT/ 3TC (22 pat ient s).  Table 1 shows 
t he values of  t he main var iables f or  each of  t he ART 
regimens which included a combo.  Table 2 shows t he 
comparat ive values among t he dif ferent  combos.  We did 
not  f ind any signif icant  dif ferences bet ween t he combos 
grouped for age or adherence (measured as DR). The cost /
pat ient / day was signi f icant ly di f f erent  f or al l  possible 
combo comparisons (P<.001).  The (cost / pat ient / day)ADH 
was also dif ferent  except  when comparing AZT/ 3TC and 
ABC/ 3TC (P=.250)

Five out  of the 6 combinat ions with AZT/ 3TC had a lower 
cost / pat ient / day than the median value calculated for all 

of the possible ART regimens. One was greater than the 75P, 
zidovudine (lamivudine/ at azanavir-r i t onavir [AZT/ 3TC/
ATVr] ),  see Table 1.  The ant erior dist r ibut ion for (cost /
pat ient / day)ADH was substant ially adj usted: it  was less than 
the median for 3 out  of 6 combinat ions, although the other 
3 combinat ions were above t his value.  Two of  t hem were 
even above the 75P value (AZT/ 3TC/ ATV and zidovudine/
lamivudine/ fosamprenavir-rit onavir;AZT/ 3TC/ FPVr).  Four 
out  of  t he six combinat ions which include TDF/ FTC were 
above the 75P value for cost / pat ient / day, one combinat ion 
(TDF/ FTC/ EFV) remained between the median and the 75P 
value, and the other was less than the median (tenofovir/
emt r ici t abine/ nevirapine;TDF/ FTC/ NVP).  The ant er ior 
dist ribut ion was maintained for (cost / pat ient / day)ADH .  Of 
t he 6 ABC/ 3TC combinat ions,  2 did not  reach t he median 
value and 2 were great er t han t he 75P value for cost /
pat ient / day. For (cost / pat ient / day)ADH only the combinat ion 
abacavir/ lamivudine/ saquinavir-rit onavir (ABC/ 3TC/ SQVr) 
did not  maint ain t he ant erior dist r ibut ion,  whose value 
changed to less than the median, and ABC/ 3TC/ FPVr, whose 
value, which was init ially between the median and the 75P 
value,  was greater t han the 75P for (cost / pat ient / day)ADH 
Finally, the combinat ion ABC/ AZT/ 3TC remained below 25P 
for every case.

Similarly to fADH,  no signif icant  dif ferences were found for 
the variable Δcost / pat ient  among the different  ART combinat ions, 
considering each one of  t he regimens and combo-based 

Table 2 Comparison between dif ferent  combos

 AZT/ 3TC TDF/ FTC ABC/ 3TC ABC/ AZT/ 3TC

 Age, years 44 (8) 41 (7) 42 (9) 42 (6) NS

 Dispensing record (DR, %) 87 (18) 88 (20) 89 (17) 91 (14) NS

 Cost / pat ient / day, € 21.04 (2.87) 26.11 (2.80) 23.57 (2.65) 17.00

 P<.001

 P<.001

 P<.001

 P<.001

 P<.001

 P<.001

 (Cost / pat ient / day)ADH 24.02 (5.78) 29.48 (6.91) 26.17 (5.81) 18.48 (2.41) (€)

 P<.001

 P=.250

 P<.001

 P<.001

 P<.001

 P<.001

Mean and standard deviat ion.

NS indicates not signiicant.
3TC indicates lamivudine; ABC, abacavir;  ADH, adherence; AZT, zidovudine; DR, dispensing records; FTC, emtricitabine; TDF: 

tenofovir.
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regimens (Table 3).  Nor did we f ind any dif ferences when 
comparing al l  regimens t hat  included t he same combo 
(Figure 2).  The combo wit h t he lowest  deviat ion f rom it s 
cost / pat ient / day baseline value was ABC/ AZT/ 3TC, due to 
t he lack of  adherence.  It  had a Δcost / pat ient of  8.72±14.18%. 
The highest  deviat ion was f or  AZT/ 3TC combinat ions  
(Δcost / pat ient=13.52±17.68%).

Table 4 shows the iCER est imate for each of  the combos 
examined, including ARR and CI 95%. In all cases, CI 95% for 
ARR included t he value 0,  and t heref ore none of  t he 
opt ions was signif icant ly associated with an increase in the 
number of  adherent  pat ient s compared wit h t he ot hers. 
Wi t h regard t o absol ut e val ue,  t he most  f avourabl e 
regimens,  given t hei r  higher  percent age of  adherent  
pat ient s,  are formed by TDF/ FTC and ABC/ 3TC,  having 
mean ARR values greater than 0. Figure 3 shows the relat ive 
posit ion of  each combo compared wit h mean values.  The 
most  favourable absolute value combinat ion (ABC/ 3TC) is 
i n t he r i ght  l ower  quadr ant ,  consi der i ng cost  and 
percent age of  adherent  pat ient s,  and in relat ion t o t he 
pat ient  cohort ’s mean values.  The impact  f rom t reat ing 
341 pat ient s which use a combo wit h combinat ions TDF/
FTC or ABC/ 3TC equals an out lay of  €398,875 and €82,943/
year,  respect ively.

Discussion

Twenty years since ant iret roviral t herapy was int roduced, 
ART regimens can now be formulated in accordance wit h 
potency.7 However, study st rategies on ARV drug use st ill has 
not  been suf f i ci ent l y devel oped wi t hi n t he f i el d of 
ef fect iveness-based medicine, which, in short ,  at tempt  to 
f ind the most  eff icient  opt ion to obtain maximum benef it s 
for the populat ion’s health and for individual pat ients. Many 
HIV pat ients have limited possibil it ies to take on an act ive 
ART regimen, due to virological aspects, tolerance or their 
personal preferences or convenience.  However,  t here are 
other scenarios in which a given pat ient  (e.g.  some naïve 
pat ients, many pat ients with f irst  ART change…) can be put  
forward to receive different  ART regimens a priori equivalent  
regarding potency, tolerance and convenience. As with other 
drugs and/ or pharmacotherapeut ic protocols usually used in 
t he hospi t al ,  adequat e examinat ion and select ion i s 
necessary,  bearing in mind t he subsequent  t herapeut ic 
posit ioning of each drug or regimen to ensure that  they are 
not  used arbit rarily and that  the best  interest  of the pat ient  
and society are served (i.e. the best  possible alternat ive is 
used).

Use of  ARV in medical pract ice should be ref lected upon, 
as t heir overal l  cost  is increasing due t o t he int roduct ion 
of  progressively more act ive,  yet  more expensive,  drugs. 
If  we were to only l imit  t he study to cost  analysis and not  
consider aspects related to their adequate use,  we would 
not  be providing a complete and comparat ive view of  t he 
sit uat ion.  The main l imitat ion in our study was it s design. 
The most  recommended f ramework f or evaluat ing and 
comparing dif ferent  ART regimens is probably an economic 
assessment  of  cost -ef f ect iveness,  including surrogat e 
cl inical variables to make the study more ef fect ive (CD4 T 
helper cel ls and plasma viral  load [VL] ).  However,  such 
anal ysi s woul d al so have i mpor t ant  l i mi t at i ons f or 

compar ing regimens,  due precisely t o i t s subst i t ut ive 
nature.  Another l imitat ion is that  the study was developed 
in a specif ic hospit al  wit h det ermined purchasing cost s, 
meaning t hat  it  is dif f icult  t o ext rapolate t he result s and 
concl usi ons obt ai ned.  Mor eover,  gi ven t he l i mi t ed 
populat ion,  some of  t he subgroup samples were too small,  
which explains the extensive variabil it y observed. Another 
of  the methodological problems was that  the bias result ing 
f rom measuring adherence as a cont inuous variable (DR) 
and i t s t endency t o over-est imat e. 14,17,18 Furt hermore, 
using DR as a drug ‘ use’ - rel at ed var i abl e i s al so an 
approximat ion,  given that  dispensing does not  necessarily 
represent  drug use.  However,  alt hough the possible over-
est imat ion can det ermine t he resul t s’  absolut e values, 
compar ing t he var ious ART regimens compensat es t he 
bias,  given t hat  i t  was appl ied t o al l  of  t he pat ient s and 
applied in the same way. However,  adherence, with al l  it s 
bias,  is a cl inical variable surrogate of  f inal result s,  i.e.  it  
is associated with HIV infect ion morbidit y and mortalit y12-14 
and could t herefore be used in t he cost -ef f ect iveness 
analysis.  ART durabil i t y should also be considered,  given 
t hat ,  regardless of  t he est imat ed ef fect iveness such as 
CD4 T helper cel ls,  VL or adherence,  i t  is an obj ect ive 
piece of  informat ion used t o assess t he actual usefulness 
of  a gi ven combinat ion.  It  al so makes i t  i s easier  t o 
compare di f ferent  ART,  and is especial ly appl ied t o t he 
economic assessment . 19,20 Our cross sect ional design does 

Table 3 Δcost / pat ient for each of the ART regimens which 

include any type of combo

ART regimen No. Δcost / pat ient (%)

AZT/ 3TC/ EFV 79 8.73 (17.47)

AZT/ 3TC/ LPVr 35 20.31 (22.09)

AZT/ 3TC/ ATVa 25a 20.42 (19.55)

AZT/ 3TC/ SQVr 3 0.00 (0.00)

AZT/ 3TC/ FPVr 1 36.00 (0.00)

AZT/ 3TC/ NVP 12 11.91 (14.28)

TDF/ FTC/ EFV 57 9.74 (17.47)

TDF/ FTC/ LPVr 30 13.17 (21.72)

TDF/ FTC/ ATVa 17a 23.73 (28.54)

TDF/ FTC/ SQVr 4 14.50 (29.00)

TDF/ FTC/ FPVr 7 10.57 (15.60)

TDF/ FTC/ NVP 7 9.29 (15.99)

ABC/ 3TC/ EFV 20 8.10 (11.58)

ABC/ 3TC/ LPVr 7 4.43 (11.72)

ABC/ 3TC/ ATVa 5a 30.20 (28.45)

ABC/ 3TC/ SQVr 6 1.17 (2.86)

ABC/ 3TC/ FPVr 2 35.00 (21.21)

ABC/ 3TC/ NVP 2 11.50 (16.26)

ABC/ AZT/ 3TC 22 8.73 (14.18)

3TC indicates lamivudine; ABC, abacavir;  ART, ant iret roviral 

t reatment ; ATV, atazanavir; AZT, zidovudine; EFV, efavirenz; 

FPV,fosamprenavir; FTC, emtricitabine; LPV, lopinavir;  NVP, 

nevirapine; SQV, saquinavir;  TDF, tenofovir.
aIncludes ATV and ATVr.
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not  provide informat ion about  t he possible changes or 
causes,  assumi ng t hat  al l  r egi mens ar e si mi l ar  i n 
durat ion.

We di vided t he st udy i nt o t wo main sect i ons:  one 
sect ion assessed t he cost / pat ient / day f or  each of  t he 
pat ient s,  and t heir adj ust ment  (absolut e and relat ive), 
det ermined by adherence as a cont inuous variable (DR). 
In sect ion 2,  we compared t he cost / pat ient / day and t he 
percentage of  adherent  pat ient s for each of  t he regimens 
based on a specif ic combo compared wit h t he regimens 
t hat  did not  include such combo.  In t he f i rst  case,  we 
observed that  most  of  t he ART regimens st il l  had a relat ive 
dist r ibut ion af t er  applying t he adherence f act or (only 
four regimens are penal ised due t o poor adherence,  and 
only one regimen improved).  This means t hat  drug cost  is 

t he main factor for a given regimen to have values higher 
or lower t han the median or a given percent ile.  In relat ive 
t erms,  we observed t hat  regimens cont aining t he combo 
AZT/ 3TC had a higher,  but  not  signi f i cant  Δcost / pat ient ,  
t herefore suggest ing t hat  t heir adherence is lower.  This 
f inding can be explained using t he reverse correlat ion 
bet ween adherence and t ime under  ART,  gi ven t hat  
AZT/ 3TC is t he combinat ion t hat  has been the longest  on 
t he mar ket  of  t hose st udi ed. 14, 21 By cont r ast ,  t he 
combinat ion ABC/ AZT/ 3TC,  despi t e being older  t han 
other combos, has the most  favourable Δcost / pat ient,  probably 
because it  is used on fewer pat ient s,  wit h a good cl inical 
cont rol and has a high adherence rate.

The iCER at t empt s t o det ermine t he cost  of  increasing 
pat ient  adherence for an ART regimen based on a given 

Table 4 Incremental cost -effect iveness (iCER: €/ pat ient / day to obtain an addit ional adherent  pat ient ) est imated for each 

of the combos in relat ion to the given comparat ive for mean values cost / pat ient / day and percentage of adherent  pat ients 

obtained from pat ients not  taking the combo being researched

  No. % pat ients ARR (CI 95%) Cost / pat ient /  ∆cost  iCER (€/ day/  

   ADH  day (€/ pat ient / day) pat ient  ADH)

AZT/3TC Yes 155 57.8 −0.065 (−0.17;0.038) 21.04 (2.87) −3.42 52.6
 No 186 64.3  24.46 (3.91) 

TDF/FTC Yes 122 65.3 0.061 (−0.048;0.165) 26.11 (2.80) 4.99 81.8
 No 219 59.2  21.12 (3.16)

ABC/3TC Yes 42 64.3 0.034 (−0.118;0.193) 23.57 (2.65) 0.76 22.4
 No 299 60.9  22.81 (4.01)

ABC/AZT/3TC Yes 22 59.1 −0.024 (−0.233;0.192) 17 −6.31 262.9
 No 319 61.5  23.31 (3.66)

3TC indicates lamivudine; ABC, abacavir; ADH, adherence; ARR, absolute risk reduction; AZT, zidovudine; CI, conidence interval; iCER, 
incremental cost -effect iveness; FTC, emtricitabine; TDF, tenofovir.

AZT/3TC

TDF/FTC

ABC/3TC

ABC/AZT/3TC

0 4 8 12 16 20 24 28 32 36

13.52   

12.56

10.57

8.73

∆cost/patient, %

Figure 2 ∆cost / pat ient grouped mean (%) of the ART regimens formed by each of the combos. The bars represent  the mean value and 

the lines standard deviation for each case. No signiicant differences are observed between them. 3TC indicates lamivudine; ABC, 
abacavir; AZT, zidovudine; FTC, emtricitabine; TDF, tenofovir.
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combo compared wi t h remaining regimens.  It s main 
limitat ion is that  it  has not  been validated externally,  given 
t hat  t he compar ison has not  been per f ormed using a 
standard ART. The highest  percentage of  adherent  pat ients 
was f ound f or  TDF/ FTC and ABC/ 3TC based regimens, 
although the ARR was never signif icant ly above 0. As such, 
we are not  able t o conclude t hat  any given combo has a 
greater percentage of  adherent  pat ient s.  TDF/ FTC had a 
higher iCER value t han ABC/ 3TC,  mainly because cost  
increase was higher.  This also det ermines a much higher 
BI,  as t reat ing 341 pat ient s wi t h TDF/ FTC inst ead of 
ABC/ 3TC cost s over €300,000/ year.  These f indings show 
that ,  in absolute value,  ABC/ 3TC-based regimens are t he 
most  favourable opt ion, with the lowest  iCER, and within a 
cost -ef fect iveness dominant  quadrant  compared with t he 
mean values (Figure 3).  We did not  however ident ify any 
signi f i cant  di f f erences wi t h regard t o t he remaining 
combinat ions.

To conclude,  we would l ike t o highl ight  t he dif ferences 
found for t he t wo analysis sect ions.  Wit h regard t o t he 
impact  of  adherence on cost / pat ient / day,  AZT/ 3TC-
based regi mens are l ess pref er red gi ven t he l ower 
adher ence associ at ed w i t h t hem.  However  t hei r 
favourable cost  al lows an accept able iCER.  By cont rast , 
t he ABC/ AZT/ 3TC regimen has a good adherence i n 
t erms of  DR and a lower cost ,  al t hough i t s t herapeut ical 
use is not  comparable wi t h ot her combos.  However,  i t  
does not  have a f avourable iCER.  When comparing t he 
combos of  choice at  present ,  TDF/ FTC-based regimens 
ar e t hose w hi ch ob t ai n  a l ess f avour ab l e cost -
ef fect iveness,  mainly because i t  is more expensive t han 
ABC/ 3TC.  Despi t e t he impl ici t  int erest  of  t he resul t s 
shown,  a consensus must  be agreed on concerning which 
ART regimens can be used as t he comparable st andard, 
so t hat  t he resul t s can be deemed val id.  Consensus must  
consider cost s,  adherence and cl inical  ef fect iveness,  so 
t hat ,  i n vi ew of  new ARV,  assessment  and sel ect i on 
st rat egies int roduced i t  in t he most  ef f icient  posi t ion 
wit hin HIV pharmacot herapy.
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