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Abstract

Int roduct ion: The direct  t ransfer of the results of pharmaco-economic studies between countries 

may not  be suitable if  the proper adaptat ions are not  made to take into account  dif ferences in 

t reatment  pat terns, resource use, and costs from count ry to count ry.

Obj ect ive:  To est imate the cost  in Spain of t reat ing anaemia secondary to chronic renal failure 

wit h darbepoet in alpha or epoet in alpha f rom a review and analysis of  avai lable current  

informat ion. In addit ion, the role of the route of administ rat ion as a main driver of the cost  will 

be analysed.

Met hod: Populat ion: pat ients with chronic renal failure induced anaemia. Data: Medline and 

Embase search of studies direct ly comparing erythropoiesis st imulat ing agents. Analysis: Cost  

minimizat ion analysis f rom t he perspect ive of  a hospit al  pharmacy depart ment .  The main 

outcome chosen was the dif ference between the average cost  per pat ient  undergoing a 30-day 

t reatment  with epoet in alpha versus darbepoet in alpha.

Result s: a) Haemodialysis: changing from epoet in alpha to darbepoet in alpha is associated with 

a cost  reduct ion of  8.67%;  95% CI,  —1.34 t o 17.92 (€uro17.48;  95% CI,  —2.70 t o 36.13); 

probabilist ic analysis showed that  the use of darbepoet in alpha could be associated with a cost -

saving probabilit y of 94.9%. The IV administ rat ion yielded a decrease in costs of about  16.00%; 

95% CI, —2.38 to 36.77 (€uro41.78, 95% CI: —6.21 to 96.04); b) Pre-dialysis: darbepoet in alpha is 

associated with a cost  reduct ion of about  11%-32%.
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Introduction

Chronic renal failure (CRF) is a remarkably relevant  health 
problem in Spain,  par t i cular l y in i t s t erminal  st age. 1 
Anaemia, a common complicat ion of this condit ion, requires 
frequent  blood t ransfusions which decrease pat ients’  quality 
of life and puts them at  risk for catching viral infect ions.

The appearance of  eryt hropoesis-st imulat ing agent s 
(ESAs) reduced t he need for t ransfusions and increased 
pat ient  wel l -being,  resul t ing in widespread use of  t hese 
drugs. Epoetin alpha (EPO) was the irst ESA to appear in the 
therapeut ic line-up. It  was followed by other similar agents, 
such as epoet in beta,  darbepoet in alpha (DBT) or epoet in 
delt a,  and most  recent ly by pegylated epoet in.  Both EPO 

Análisis probabilístico de minimización de costes de darbepoetin alfa frente a 

epoetina alfa en el tratamiento de la anemia secundaria a insuiciencia renal crónica. 
Valoración en la práctica clínica española

Resumen

Int roducción: La t ransferencia directa de los resultados de estudios farmacoeconómicos de un 

país a ot ro no es adecuada si no se procede previamente a una adaptación de los datos a cada 

territorio, debido a la diversidad de ut ilización de recursos así como a las diferencias de costes 

ent re países.

Obj et ivo: Estimar el coste en España del tratamiento de la anemia secundaria a insuiciencia 
renal crónica con epoet ina alfa o darbepoet in alfa, a part ir de una revisión y un análisis de la 

información actualmente disponible.  Además, se analiza el papel de la vía de administ ración 

como factor modulador del coste del t ratamiento.

Método: Población: pacientes con anemia secundaria a insuiciencia renal crónica. Extracción 
de datos:  búsqueda en Medline y Embase de estudios de comparación directa de los agentes 

est imulantes de erit ropoyesis. Tipo de análisis: análisis probabilíst ico de minimización de cos-

tes. Perspect iva: servicio de farmacia del hospital (costes farmacológicos). Variable principal: 

diferencia del coste medio por paciente del t ratamiento de 30 días con epoet ina alfa respecto 

de darbepoet in alfa.

Result ados:  a) Hemodiálisis: la sust itución de epoet ina alfa por darbepoet in alfa se asocia a una 

reducción mensual de costes del 8,67 %; intervalo de conianza (IC) del 95 %, —1,34 a 17,92 
(17,48 €; IC del 95 %, —1,38 a 36,13); el análisis probabilíst ico most ró una probabilidad del 94,9 

% de que la ut il ización de darbepoet in alfa estuviera asociada a una reducción del coste. Me-

diante la administ ración por vía int ravenosa, la disminución es del 16,00 %; IC del 95 %, —2,38 a 

36,77 (41,78 €; IC del 95 %, —6,21 a 96,04). b) Prediálisis: la reducción de costes con darbe- poe-

t in alfa se sitúa en el rango más probable del 11-32 %.

Conclusiones:  La ut il ización en España de darbepoet in alfa en el t ratamiento de la anemia se-

cundaria a insuiciencia renal crónica (hemodiálisis y prediálisis) presenta una eiciencia supe-

rior a la est imada con epoet ina alfa; esta diferencia en costes aumenta con la administ ración 

por vía int ravenosa.

© 2008 SEFH. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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Modelo probabilíst ico

and endogenous erythropoiet in possess 3 sugar chains, while 
DBT has 5 chains. This variation has a decisive inluence on 
it s average l ife;  as a result ,  epoet ins can be administered 
weekly,  and DBT mont hly.  Anot her fact or t hat  set s t hem 
apart  is the route of administ rat ion used: both epoet ins and 
DBT may be used by the subcutaneous (SC) or int ravenous 
(IV) rout es;  however,  epoet ins are less ef f icient  when 
administered IV in respect  with the SC route, 2 while DBT’s 
eficiency is similar by both routes.

 Many pharmacoeconomic analyses have been performed 
in order to determine which is the most eficient way to 
use ESAs.  However,  nearly al l  st udies were carried out  in 
such count ries as the United States. It  has been shown that  
geographical extrapolation of pharmacoeconomic 

Conclusions:  The use of darbepoet in alpha for the t reatment  of  chronic renal failure induced 

anaemia (haemodialysis and pre-dialysis) shows higher cost eficiency than epoetin alpha in 
Spain; these dif ferences increase with IV administ rat ion.

© 2008 SEFH. Published by Elsevier España, S.L. All rights reserved.
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assessments is not  possible, mainly because there are such 
impor t ant  di f f erences i n cl i ni cal  pract i ce bet ween 
dif ferent  count ries. 3-6 In t he part icular case of  t he ESAs, 
obvious dif ferences can be observed bet ween economic 
resul t s ar ising f rom di f f erent  cl inical  procedures f rom 
count ry to count ry,  including neighbouring ones, 7 or due to 
t emporary relevant  di f f erences in cost  det erminat ion 
fact ors. 8 Several  aut hors9-11 have reviewed the existing 
cl inical  t r ials wit h EPO and DBT in order t o compare t he 
ef f iciency of  t he t wo by means of  a cost  minimisat ion 
analysis. In that  analysis, the evaluat ion of pharmacological 
cost s was done based on values t aken f rom t he Average 
Wholesale Price (AWP) represent ing the mean sale cost  of 
drugs in the United States, which is very dif ferent  f rom the 
cost  established in Spain. Not  only are the costs of  1U EPO 
and 1 µg DBT in that  count ry clearly higher than in our own 
(159 and 298,  respect ivel y,  but  in addi t ion,  t he cost  
relat ionship (1 µg DBT: 200U EPO) is 1.87 in t he USA, and 
1.00 in Spain. For all of  these reasons, the result s of  these 
pharmacoeconomic assessments cannot  be applied in Spain 
without  making adj ustments for normal pract ice and prices 
in our count ry.

The obj ect ive of  t his st udy is t o est imat e t he cost ,  in 
Spain,  of  t reat ing anaemia secondary t o CRF using eit her 
EPO or DBT by reviewing and analysing current  informat ion. 
A secondary obj ect ive is to analyse factors that  af fect  the 
cost  of both t reatment  alternat ives.

Method

Study design

The st udy was carr ied out  in pat ient s who present ed 
anaemia secondary to CRF. Two dif ferent  pat ient  subgroups 
were formed: a) in dialysis and b) in pre-dialysis. In the irst 
group,  given t hat  most  of  t he dial ysis pat ient s were 
undergoing HD (7.85:1 compared with those undergoing PD), 
we only counted HD pat ients. For all pat ients, the ESA was 
dispensed through the pharmacy service of the corresponding 
hospital in accordance with Spanish law. The pat ients were 
either naïve (pre-dialysis group) or those who, once stable 
with respect  to the dosage of one ESA and their haemoglobin 
levels (Hb),  would change t o a di f f erent  drug (dialysis 
group).

As there were no signiicant differences with respect to 
t he ef fect iveness of  dif ferent  ESAs for t reat ing anaemia 
secondary to CRF, the pharmacoeconomic analysis used in 
t his st udy was a cost  minimisat ion model which assumed 
similar resul t s and est abl ished t he ef f iciency dif ference 
based on those costs.

In Spain,  ESAs are onl y dispensed t hrough hospi t al 
pharmacies. For that  reason, the study was performed from 
a hospital pharmacy perspect ive. That  fact  means that  the 
costs incorporated into the study are those of acquiring the 
ESAS that  were administered.

The t ime horizon for t reat ing anaemia was adj usted t o 
that  found in published studies: normally, 24 weeks. 

The t reatment  alternat ives that  were init ially considered 
were all ESAs indicated for t reat ing CKD-associated anaemia 
(EPO, epoet in beta, epoet in delta, pegylated epoet in, and 
DBT), requiring only that  they be evaluated simultaneously 

in the same study for a direct  comparison to be permit ted. 
The analysed routes of  administ rat ion were the ones that  
are generally used: IV and SC. Dosage guidelines correspond 
with those authorised in each ESA’s package lealet.

Data extraction

A bibliographic search was run on Medline, Embase and the 
Índice Bibliográico Español en Ciencias de la Salud with no 
time, publication or language limits. We extracted studies 
t hat  met  t he direct  comparison crit eria,  whether parallel 
or consecut ive,  of  t reat ment  cost s wit h ESAs,  as wel l  as 
t hose t hat  per f ormed an ef f i ciency analysis f or  each 
treatment alternative, making express mention of the 
doses t hat  were administ ered t o reach a t arget  Hb and 
using t he doses recommended in our  count ry.  St udies 
carried out  using doses that  are not  authorised according 
to package lealets approved in Spain were excluded. We 
subsequent ly reviewed t he bibl iographical  references in 
the selected articles and also extracted any studies that 
met  t he cr i t er i a speci f i ed above.  Given t he l imi t ed 
informat ion found in conference presentat ions, these were 
not  used in the study.

Data for Hb levels and the doses that  were used were then 
extracted from the studies that had been selected. Data on 
t he si ze of  each anal ysed sampl e and t he rout e of 
administration were also extracted.

Eficiency data

In the dialysis subgroup, the result ing variable was the Hb 
level at the time of changing the ESA, as well as the inal 
recorded level;  both were measured in g/ dL. These values 
were f inal l y combined in a weight ed f orm in order t o 
establ ish a median value of  Hb at  t he t ime of  t he change 
and at the end of the study. Lastly, we veriied eficiency 
equality between both parameters, which justiies choosing 
the cost  minimisat ion analysis.

Cost estimation

Given t he perspect ive of  t he present  st udy,  t he model 
incorporat es only t he cost  of  t hose ESA used in t reat ing 
anaemia (see Appendix).

Probabilistic analysis

In order to incorporate not  only the uncertainty arising from 
the results (irst-order uncertainty), but also that associated 
wi t h t hei r  pr obabi l i t y di st r i but i ons (second-or der 
uncertainty), we then performed a probabilist ic analysis.

Subgroup analysis

EPO and epoet in bet a have shown t hemselves t o behave 
different ly depending on the route of administ rat ion in use,2 
however,  DBT can be used in with both IV and SC delivery 
with the same eficiency.12 This distinguishing factor justiies 
a dif ferent iated analysis of pat ients according to the route 
of  administ rat ion used in each study.  Therefore,  af t er an 
analysis of  t he t ot al  pat ient  group,  we proceeded t o a 
subanalysis for each of the 2 routes, SC and IV.
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Results

Haemodialysis

Included studies

The pharmacoeconomic analysis was carried out  based on 
t he st udies t hat  direct ly compared EPO t o DBT,  whet her 
they were clinical t rials13-15 or observat ional studies in which 
we subst it ut ed t reatment  wit h DBT16-28 once t he pat ient s 
were stabil ised with respect  to the EPO dose administered 
and t heir Hb levels in order t o minimise t he st at ist ical 
regression.

Epoet in beta could not  be included in the analysis because 
only one study evaluated the 3 ESAs as a group.27 Pegylated 
epoet in and epoet in delta were not  included either because 
there were no available comparison studies with DBT, added 
t o t he fact  t hat  t he lat t er had not  yet  been market ed in 
Spain at the time this study was carried out. Data extracted 
from pharmacological resources are shown in Tables 1-3.

Cost analysis

The analysis was carr ied out  f rom a hospi t al  pharmacy 
perspect ive. For this reason, only those costs associated with 
the ESAs are included as relevant, and they are expressed as 
the 2008 manufacturer sale price (MSP) in euros (€).29 In this 
way, the est imated monthly cost  per pat ient  receiving EPO 
t reatment  in the Spanish health care system was € 201.56, 
while for DBT it  was € 183.97 and we can calculate a monthly 
EPO-DBT cost  increment of € 17.59.

Probabilistic analysis

The Monte Carlo simulat ion with 1000 repet it ions (Figure 1) 
showed equality in the clinical result  ({Prob [HbDBT – HbEPO]  > 
0} = 0.516; {Prob [HbEPO – HbEBT] > 0} = 0.484), which justiies 
choosing the cost  minimisat ion analysis, while also showing 
a cost  dif ference of  €uro17.48 between EPO and DBT (95% 
CI, —2.7 to 36.13) (Table 4). 

The probability analysis for reducing costs by subst itut ing 
EPO t reatment  wit h DBT showed a 94.9% probabil it y t hat  

Table 1 Summary of results of using erythropoesis-st imulat ing agents and the haemoglobin values reached in clinical t rials to 

evaluate effect iveness

Author Ref. na Route DBT EPO Dose rat io

    Dose/ week, µg Hb, g/ dL Dose/ week, U Hb, g/ dL  

Nissenson et  al 13 169 IV 54.18 11.4 12 636 11.2 248

Vanrenterhem et  al 14 134 IV 27 10.94 6700 11.0 233

213 SC 28 10.97 5000 11.0 179

Locatelli et  al 15 76 IV 21.5 11.9 5040 11.3 234

267 SC 22.7 11.2 4160 11.2 183

DBT indicates darbepoet in alpha; EPO, epoet in alpha; Hb, haemoglobin; IV, int ravenous; SC, subcutaneous. 
aSample size.

Table 2 Summary of results of using erythropoesis-st imulat ing agents and the haemoglobin values reached in t reatment  

subst itut ion studies, int ravenous route

Author Ref. na DBT EPO Dose rat io

   Dose/ week, µg Hb, g/ dL Dose/ week, U Hb, g/ dL  

Mart ínez et  al 17 260 29.63 11.8 7407 11.6 250

Del Vecchio et  al 18 146 28.56 11.3 5793 11.1 203

Molina et  al 19 20 62.58 12.1 12 315 11.3 197

Brunkhorst  et  al 20 900 19.92 11.7 4659 11.5 234

Ardèvol et  al 21 34 35 12.1 11 081 12.0 317

Kessler et  al 22 217 22.32 11.6 5452 11.4 244

Pérez et  al 23 24 34.6 13.0 8697 12.6 251

Mann et  al 24 196 13.3 11.4 2520 11.4 189

Icardi et  al 25 40 24.6 11.4 8000 11.4 325

Raymond et  al 26 482 53.1 11.4 12 939 11.4 244

Bock et  al 27 29 24.3 11.8 6758 11.9 278

DBT indicates darbepoet in alpha; EPO, epoet in alpha; Hb, haemoglobin.  
aSample size.
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administering DBT would be less expensive. Consequently, 
we can deduce from its graph that  there is a 50% probability 
that  monthly costs wil l  decrease by €uro17.91 per pat ient  
(Figure 2).

Subgroup analysis

Disaggregating the data extracted for the route of ESA 
administ rat ion demonst rated that  the analysed medicat ions 
behave di f ferent ly.  A new probabi l ist ic analysis using a 
Monte Carlo simulat ion with 1000 repet it ions per subgroup, 
showed t hat  changing f rom IV EPO t o IV DBT resul t ed in 
subst ant ial  savings in t he DBT dose (€uro41.78/ pat ient /
month; 95% CI —6.21 to 96.04) (Table 4), while change from 
SC EPO to SC DBT revealed a cost  dif ference that  was not  
signif icant  (€uro1.80/ pat ient / mont h;  95% CI,  —25.84 t o 
28.02).

The graph of  t he cost  reduct ion probabi l i t y curve 
determined that  there was a 94.9% probability of generat ing 
savings by subst i t ut ing EPO wit h DBT (Figure 2).  Savings 
were est imated at  €uro40.84 with a probabil it y of  50% for 
the IV route.

Sensitivity analysis

Given that  the relevant  variable is the cost  of the ESAs, we 
performed a sensit ivit y analysis t o reduce the cost  of  t he 
least eficient ESA (EPO) by 50% (Figure 3). When delivered 
by the IV or SC route, EPO needs an addit ional discount  of 

Table 3 Summary of results of using erythropoesis-st imulat ing agents and the haemoglobin values reached in t reatment  

subst itut ion studies, subcutaneous route

Author Ref na DBT EPO Dose rat io

   Dose/ week, µg Hb, g/ dL Dose/ week, µg Hb, g/ dL  

Mart ínez et  al 17 566 24.74 11.5 5124 11.6 207

Del Vecchio et  al 18 804 25.43 11.2 5122 11.4 201

Molina et  al 18 19 33.74 12.4 8753 12.1 259

Brunkhorst  et  al 20 602 21.61 11.4 4632 11.4 214

Kessler et  al 22 791 23.32 11.3 4585 11.4 197

Shaheen et  al 28 33 20.8 12.8 7454 11.6 358

Mann et  al 24 905 16.1 11.3 3080 11.6 191

DBT indicates darbepoet in alpha; EPO, epoet in alpha; Hb, haemoglobin.  
aSample size.

Table 4 Est imated average monthly cost  per pat ient  for 

t reatment  with EPO and DBT

Drug 

 

Cost /

pat ient /  

30 days, €

95% CI, € 

 

DBT 184.16 171.73 to 197.87

EPO 201.64 187.20 to 215.87

Cost  difference (EPO-DBT) 17.48 —2.7 to 36.13 

IV DBT 219.38 188.70 to 253.38 

IV EPO 261.17 293.93 to 301.11

Cost  difference (EPO-DBT) 41.78 —6.21 to 96.04

SC DBT 162.81 145.80 to 183.25

SC EPO 164.61 146.01 to 184.71

Cost  difference (EPO-DBT) 1.80 —25.84 to 28.02

DBT indicates darbepoet in alpha; EPO, epoet in alpha;  

IV, int ravenous; SC, subcutaneous.

Figure 1 Graph of  t he cost  dif ference values compared t o 

resul t s af t er t he 1000-repet i t ion sample of  t he resul t s t hat  

were obtained. Hb indicates haemoglobin.
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8.7% in order to reach the same eficiency as DBT. In the 
case of  IV del ivery,  t he addit ional price reduct ion would 
have to reach 16.1%.

Pre-dialysis

Included studies

For t he pre-dialysis pat ient  subgroup,  we analysed t he 
dat a f rom st udies evaluat ing t he DBT ef f iciency vs.  EPO 
ef f iciency26,30-38(Table 5).  However,  i t  was not  possible t o 
properly combine the results we obtained because of their 
heterogeneit y,  especial ly referring t o t he dif ferent  doses 
that  were administered.

Cost analysis

For t hat  reason,  t he analysis focussed on est imat ing t he 
EPO/ DBT dose rat io. We observed that  it  was in the 200-293 
range in most  cases,  which indicates t hat  t he t heoret ical 
relat ionship of  200U EPO:  1 µg DBT is not  maint ained in 
clinical pract ice. We subsequent ly evaluated the costs and 
est imated a DBT/ EPO cost  rat io of 0.68-0.89 (Table 5) which 
t ranslat es int o an 11%-32% cost  reduct ion by using DBT 
rather than EPO.

Discussion

The cost minimisation analysis that examines how DBT and EPO 
are used in Spanish cl inical pract ice for t reat ing anaemia 
secondary to CKD shows that  costs are reduced by using DBT 
rather than EPO, and that this applies both to group of pat ients 
undergoing haemodialysis and to pre-dialysis pat ients; in the 
irst group, IV delivery is a more eficient route.

Consequent ly, in a hospital at tending 100 of these pat ients 
annually,  t he est imated savings would be € 20 976 (8.67% 

less;  95% CI,  —1.34 t o 17.92),  and could reach € 50 136 
year l y (16. 01%;  95% CI,  –2. 38 t o 36. 77) i f  del i vered 
exclusively by the IV route in haemodialysis patients. 
Furthermore, the cost  of EPO should be 8.7% less than that  
of  DBT t o reach t he same ef f iciency level  in t he overal l 
context of SC and IV delivery; if delivery is by the IV route, 
that  incremental discount  would reach 16.1%.

This result is signiicantly different from conclusions in 
other geographic areas, which proves that  direct  geographic 
extrapolation of economic assessment data is not possible.39 
In t his manner,  Morreale et  al9 determined that  t he mean 
annual cost  with DBT is 1.2-3.0 t imes higher than EPO, which 
is mainly due to the fact that those prices are signiicantly 
higher than the ones in our count ry. Therefore, if  we adapt  

Figura 3 Sensit ivity analysis. Cost  variat ion for EPO. DBT indi-

cates darbepoet in alpha; EPO, epoet in alpha; IV, int ravenous; 

SC, subcutaneous.
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Table 5 Summary of results of DBT and EPO for t reat ing anaemia secondary to CKD during pre-dialysis

Ref N.º EPO DBT Cost Cost

  
(EPO/ DBT)

 

 

Dose/ week,  

U

Cost , 

€

Dose/ week,  

U

Cost , 

€

rat ioa

 

 

rat iob

 

 

Vekeman et  alc 30 66 822 26 509 228.8 118.6 198.5 0.89 223

Locatelli et  ald 31 129/ 37 7000 58.83 31.5 52.70 0.89 200

3.983 33.47 23.8 39.81 1.19 167

Papatheofanis et  ald 32 396/ 393 11 639 97.81 45.2 75.56 0.77 257

Duh et  ald 33 595/ 260 11 536 96.95 42.5 71.10 0.73 271

Duh et  ald 34 293/ 102 12 748 107.10 43.5 72.77 0.68 293

Papatheofanis et  ald 35 200/ 200 10 155 85.34 37.6 62.87 0.74 270

Molina et  ale 36 39 2500 21.02 11.20 18.73 0.89 223

Raymond et  ale 26 111 5516 46.36 25.20 42.16 0.91 219

Hertel et  ale 37 524 10 369 87.14 24.5 40.90 0.47 423

Hymes et  ale 38 153 7090 59.58 24.7 41.32 0.69 287

DBT indicates darbepoet in alpha; EPO, epoet in alpha. 
aDBT/ EPO cost  rat io. 
bEPO/ DBT dose rat io. 
cHospitalised pat ients. 
dOutpat ients. 
ePat ients changing t reatment .  
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that  review to Spanish prices, the result  becomes inverted, 
and the DBT/ EPO cost  rat io of 1.49 becomes 0.79 in one of 
the studies that  we analysed, and changes from 1.40 to 0.72 
in anot her.  A budget  impact  analysis publ ished af t er t he 
present  study was completed also indicates that  DBT could 
create savings in the Spanish health care system. However, 
the price difference alone does not completely explain the 
cost  savings from DBT use. Earlier, Scot t  41 pointed out  that  
above a certain EPO dosage threshold, which he established 
at  7000 U, t ransferring pat ients from EPO to DBT requires a 
smaller dose than the theoret ical equivalent  indicated by 
the classic 200 U EPO: 1 µg BT relat ionship; he observed a 
rat io of nearly 280:1 with init ial EPO doses of 7000-15 000 U. 
That  modi f icat ion t o t he rat io st at ed above has been 
corroborated in other geographical areas, such as Aust ralia, 
Asia or Europe,23,27,28 including Spain as well.21

In addit ion,  t he rout e of  administ rat ion has a decisive 
inluence on increasing DBT eficiency compared with that 
of EPO. IV administration contributes increased eficiency to 
DBT use.

This study has certain limitations. The irst is that the cost 
est imates for Spain were calculated based on the mean cost  
of  1 U of EPO and 1 µg DBT, and not  to the number of vials 
that  are used, because this informat ion is not  described in 
publ ished st udies.  However,  t his skewing t endency is 
minimised because it  affects both drugs equally and the unit  
cost  was included in a log-normal probabil it y dist ribut ion 
funct ion.  The second l imitat ion is t hat  t he mean cost  per 
pat ient  was based on global consumpt ion without  considering 
the variat ions occurring from dosage adjustment. This entails 
a loss of informat ion, although it  does not  affect  the overall 
result .  The third is that  real-l ife pract ice pat terns may be 
not iceably different  from those observed in the studies that  
were evaluat ed;  however,  t here were some Spanish 
observational studies that did relect that situation, and the 
doses that were used were included in a log-normal probability 
dist ribut ion funct ion which minimises that  effect .

This study’s strengths include the exhaustive overall 
review and update of all of the available literature, with no 
geographical ,  l inguist ic or t ime l imit s.  We also used t he 
methodology that  is current ly recommended for probabilist ic 
anal ysi s,  whi ch enabl es us t o anal yse second-order 
uncertainty associated with the probabilit y dist ribut ions of 
the relevant  parameters. 

To conclude, this study clearly shows that  it  is not  possible 
to t ransfer the result s of  pharmacoeconomic studies f rom 
country to country without readapt ing those results according 
to the dif ferences that  are normally present .  In this case, 
subst itut ing EPO for DBT to t reat  anaemia secondary to CKD 
would generate a cost  reduct ion in Spain. For haemodialysis 
pat ients, the annual yearly savings is est imated at  €uro20 976 
per 100 pat ients (8.7% reduct ion) and could reach €uro50 136 
with IV delivery (16.1%); in the pre-dialysis group, the most  
probable relat ionship is between 11% and 32%. These results 
should be conirmed by naturalistic studies in our country, in 
which t he ef fect iveness and ef f iciency of  t he described 
therapeut ic st rategies can be described.
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Appendix

The cost  of t reat ing anaemia (CESAi) was est imated 

using:

CESAi = DUESAi × MSPESAi

where DUESAi is the number of administered dosage 

units (µg or internat ional unit  [U]) for each ESA in 

30 days and MSPESAi is the mean unit  price of each 

ESA. This was calculated as the mean cost  of 

each µg or IU est imated according to:

MSPESAi = ∑[(MSPESAz)/ nz]

where MSPESAz is the MSP of each marketed format  

of each product  z and nz is the number of units 

contained in these formats. 

In the dialysis subgroup, the CESAi were  

as follows: for EPO (CEPO),  it  was the cost  

corresponding to the dose used at  the moment  

the pat ient  changed to DBT, once the pat ient   

was stabilised with respect  to the drug dose 

administered and his/ her Hb level to minimise 

the stat ist ical regression effect , and for  

DBT (CDBT) it  corresponded to the cost   

of the DBT used at  the t ime of the last  

evaluat ion.

The end result was expressed as a cost per 
pat ient  per month. Subsequent ly, we combined 

the weighted results from each study to est imate 

the mean cost  per pat ient  and per month for 

every ESA that  was analysed.

Last ly, we calculated the t reatment  cost  rat io CRESA 

as:

CRESA = [CESA1/ CESA2]

where 1 corresponds to DBT and 2 to other ESAs.  

In this way, a rat io lower than 1 indicates a lower 

cost  for DBT, ad therefore, bet ter relat ive 

eficiency, and a higher ratio would favour  
the ESA being evaluated.

To express eficiency in an absolute manner,  
we est imated the cost  dif ferences (DCESA) using  

the following:

DCESA = [CESA2 — CESA1]

here, a value greater than 0 indicates a higher  

cost  for EPO, and therefore, less absolute 

eficiency; if it is less than 0, it shows greater 
eficiency for DBT.
The probabilist ic analysis was carried out   

by designing dist ribut ion funct ions corresponding  

to each variable pertaining to cost  (C) and result  

(R) (Table A1). Next, we performed a Monte Carlo 
simulat ion with 1000 random samples, est imat ing 

new values for each variable (CESAi*, RESAi*)  

and then proceeding to calculate the mean values 

(ČESAi, ŘESAi) and their corresponding dispersion 

measurements. Last ly, we est imated the cost  

difference (ΔCESA) using: 

DCESA = [ČESA2 — ČESA1] .

Table A1 Probabilit y funct ions for the parameters in the model

Parameter Value SD Dist ribut ion

cEPO 0.0084044 0.00013 Log normal

cDBT 1.67292 0.015 Log normal

nEPO 5.596 192.22 Log normal

Hbt0 11.44 0.4 Normal

nDBT 25.39 0.86 Log normal

Hbte 11.44 0.39 Normal

cDBT indicates cost  of 1 µg DBT (at  MSP); cEPO, cost  of 1 U EPO (at  MSP); Hbt0, haemoglobin level at  t ime of change; Hbte, 

haemoglobin level at  24 weeks; nDBT, DBT dose at  24 weeks; nEPO, EPO dose replaced (in 200:1 proport ion compared with DBT).


