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Clinical trials conducted in various countries indicate that the use of epoetin alfa in patients with nephrogenic anemia in
chronic kidney disease can increase the effectiveness of treatment, reduce the incidence of cardiovascular and infectious
complications, and reduce mortality in patients with chronic kidney disease.

The aim of the article was to conduct a comparative clinical and economic assessment of the treatment costs of nephrogenic
anemia in adult dialysis patients with recombinant human erythropoietins: epoetin alfa, darbepoetin and long-acting me-
thoxy polyethylene glycol — epoetin beta.

Materials and methods. The study took into account direct medical costs of nephrogenic anemia pharmacotherapy on the
basis of 1 year maintenance therapy according to the following scheme: epoetin alfa — 3 times per week, darbepoetin alfa
— once per week, methoxy polyethylene glycol — epoetin beta — once per 2 or 4 weeks. A “costs minimization” analysis was
performed for equivalent maintenance epoetins doses for intravenous and subcutaneous administrations. Epoetin alpha
equivalents were calculated for an average patient weighing 75 kg by converting a weekly dose of short-acting epoetin (7500
IU) into equivalent doses using dose conversion factors.

Results. In the hypothetical cohort of patients under study, epoetin alfa, darbepoetin alfa, and methoxy polyethylene gly-
col — epoetin beta not differ in effectiveness in achieving target Hb values and in safety. With the equal effectiveness of the
investigated drugs, in the studied patients, intravenous epoetin alfa can be less expensive drug therapy relative to the equiv-
alent doses obtained by the calculation: darbepoetin by 14-24% and methoxy polyethylene glycol — epoetin beta by 4-30%.
The change-over of patients to the subcutaneous administration makes it possible to decline a weekly dose of epoetin alfa
by 20-30% by reducing the frequency of taking the drug to twice a week, and to reduce the cost of drug therapy by a third.
Conclusion. Intravenous and subcutaneous administrations of epoetin alfa 2500 IU may be a more economical drug therapy
in comparison with the equivalent doses of darbepoetin and methoxy polyethylene glycol — epoetin beta.

Keywords: chronic kidney disease; anemia; erythropoiesis stimulating agent(s); epoetin alfa; economic assessment
Abbreviations: i.v. — intravenous; DA — darbepoetin; VEDs — vital and essential drugs; RRT — renal replacement therapy; CTs —
clinical trials; MP — medicinal preparation; DF — dosage form; INN — international non-proprietary name; VAT — value added
tax; s/c — subcutaneous; RCT — randomized controlled trial; r-HUEPO — recombinant human erythropoietin; ESA — erythropoi-
esis stimulating agent; CKD — chronic kidney disease; CKF — chronic kidney failure; EPO — epoetin.

For citation: I.S. Krysanov, V.Yu. Ermakova, L.B. Vaskova, M.V. Tiapkina.Cost-minimization analysis of using short and long-acting erythropoesis-
stimulating agents for correction of nephrogenic anemia against the background of substitution therapy. Pharmacy & Pharmacology.
2021;9(5):387-399. DOI: 10.19163/2307-9266-2021-9-5-387-399

© U.C. KpoicaHos, B.10. Epmakosa, /1.b. Bacbkosea, M.B. TankuHa, 2021

Ana untuposanua: N.C. KpbicaHos, B.HO. Epmakosa, /1.b. BacbkoBa, M.B. TankuHa. AHann3 MMHMMM3aUMK 3aTpaT MPUMEHEHNA CTUMYIATOPOB

3pUTPONO33a KOPOTKOTO U A/IMTENbHOTO AENCTBUA ANA KOPPeKuUU HepporeHHON aHemMmmn Ha GoHe 3amecTUTeNbHOM Tepanuu. Papmayusa u
apmakonoaus. 2021;9(5):387-399. DOI: 10.19163/2307-9266-2021-9-5-387-399

Tom 9, Beinyck 5, 2021 387



RESEARCH ARTICLE
ISSN 2307-9266 e-ISSN 2413-2241

Scientific and Practical Journal

PHARMACY &
PHARMACOLOGY

AHANN3 MUHUMU3ALWUNN 3ATPAT NPUMEHEHUA
CTUMYNATOPOB 3PUTPOINO33A KOPOTKOIO
U ONUTENBbHOIO AENCTBUA ONA KOPPEKLUU

HE®POrEHHOW AHEMUU

HA ®OHE 3AMECTUTENbHOW TEPANUU

W.C. KpbicaHos?, B.1O. EpmakoBa??, /1.5. BacbkoBa3?, M.B. TankuHa®

IMeanUMHCKUIA MHCTUTYT HenpepbiBHOro obpasosBaHuna deaepanbHOro rocyaapcTBeHHOro 6H0AMKEeTHOro
06pasoBaTeNbHOIO yYperKaeHus Bbicero ob6pasoBaHusa « MOCKOBCKUI rocyaapCTBEHHbIN YHUBEPCUTET
nuuLesbix NponssoacTe» MuHUcTepcTBa obpasoBaHMAa U HayKkK Poccuiickoit ®eaepaumm
125080, Poccus, r. Mocksa, Bonokonamckoe wocce, 11
2000 «UHCTUTYT KAMHUKO-3KOHOMMUYECKOM SKCNEPTU3bl U GapMaKOIKOHOMUKNY
141008, Poccua, MockoBcKana 061., r. MbiTuLiM, HOBOMBITULLIMHCKUIA Np-KT, 21/6
3depepanbHoOe rocyaapcTBeHHOe aBTOHOMHOEe 06pa3oBaTesibHOe yUupexaeHue Bbicllero obpasoBaHua
«MepBbIi MOCKOBCKWUI rocyaapCTBEHHbIN MeANUMHCKUIA YHUBepcHuTeT umeHun U.M. CeyeHoBa»
MuHKUcTepcTBa 34paBooxpaHeHma Poccuninckon Pegepaumm (CeyeHOBCKUI YHUBEPCUTET)
119991, Poccus, r. Mockea, yn. Tpybeukas, 4. 8, cTp. 2

E-mail: krysanov-ivan@mail.ru

MonyyeHo 10.09.2021 MpuHATa K Nneyatn 22.10.2021

KnnHunyeckune nccnepnosaHna, NPoBeAEHHbIE B PA3/IMYHbIX CTPaHaxX, CBUAETENbCTBYIOT O TOM, YTO MPUMEHEHME 3MO3TUHA
anbda y NaumeHToB ¢ HepporeHHOM aHemMmneln NPU XPoOHUYECKo 601e3HN MoYeK MOXKET NOBbICUTb IPPEKTUBHOCTbL NeYEHUS,
CHU3UTb YNCNO CIYHAEB CEPAEUYHO-COCYANCTbIX U MHPEKLMOHHBIX OCIONKHEHWU, A TaKKe CMEPTHOCTb Y NMaLMEHTOB C XPOHMU-
YyecKo 6one3HbI0 NoYek.

Lienb. MpoBecTv CPAaBHUTENbHYIO KIMHUKO-IKOHOMMYECKYHO OLLEHKY 3aTpaT Ha Tepanuio HepporeHHoN aHeMuun y B3pOC/bIX
NaLVeHTOB, HAXOAALLMXCA Ha AMaNn3e, PeKOMOUHAHTHBIMW Ye/I0BEYECKUMU IPUTPONOITUHAMM: IMO3TUHOM anbda, fap6a-
NOSTUHOM U 3MO3TUHOM 6eTa (METOKCUNONUSTUNEHTIUKO/b) AUTENIBHOTO AENCTBUS.

Mertoapl. B nccnefoBaHUM Bblav yUTEHbI NPAMbIE MEAULMHCKME 3aTpaTbl Ha dapmaKkoTepanuio HedpPoreHHOW aHeMm1K 13 pac-
yeta 1 roga NoALEPHKMBAIOLLEN TEPANMM MO CXeME: 3MO3TUH anbda — 3 pasa B Heaento, f,apb3anoaTvH anbda — 1 pas B Hegento,
3M03TWH 6eTa (METOKCUMONNSTUNEHTIMKOANB) — 1 pa3 B 2 Heaenu unu 4 Hepenu. NpoBeaeH aHaNU3 K MUHUMM3ALLMA 3aTpaT» A
3KBUBANEHTHbIX MOAAEPMKMBAIOLLMX 403 IMOSTUHOB 419 BHYTPUBEHHOIO U NMOAKOXKHOIO NPUMEHEHUA. IKBUBA/IEHTHbIE 3M03-
TUHY anbda [03bl OblIM paccyUTaHbl 418 CPeSHECTaTUCTUUECKOTO NaLMeHTa C Maccoi Tena 75 Kr, nyTem nepecyeta HeeNbHOM
[0,03bl 3MO3TMHOB KOPOTKOro Aeicteuna (7500 ME) B 9KBMBANEHTHbIE Yepes KoahdULMeHTbl KOHBepTaLmu A03.

Pe3ynbratbl. Y nccieayemon runoTeTMyeckomn KoropTbl 60/1bHbIX 3N03TUH anbda, 4ap63n03TUH anbda M 3N03TUH beTa (me-
TOKCMNONNITUNEHININKO/b) HE OT/IYAtoTCA NO 3GDEKTUBHOCTU B OCTUNKEHNUM LieneBblx 3Ha4YeHnn Hb n 6e3onacHoctu. Mpu
paBHOM 3PPEKTUBHOCTM UCCAeAyeMbIX NPenapaTos, 3NO3TUH albda BHYTPUBEHHO MOXET ABNATLCA Y UccieayeMbix 601bHbIX
MeHee 3aTpaTHOW SIeKapcTBEHHOM Tepanuelt OTHOCUTENbHO SKBMBAMIEHTHbIX 103, NMOAYYEHHbIX PacyeTHbIM NyTem: Aapbano-
3TWMHA Ha 14—-24% 1 3n03TMHa 6eTa (MeTOKCMNONUITUNEHINNKONL) — Ha 4—30%. MepeBog, 60/bHbIX Ha NOAKOXHOE BBeAeHMe
NO3BO/IAET CHU3UTb HeAEeNbHYI0 403y 3N03TMHA anbda Ha 20-30% 3a cHeT CHUXKEHMA YACTOTbl MPUemMa npenapaTa 4o 2 pa3 B
HeZento, U COKPaTUTb CTOMMOCTb IEKAPCTBEHHOW Tepanum Ha TPeTb.

3aknoueHue. 3nosTnH anboda 2500 ME npu BHYTPMBEHHOM U NOAKOXKHOM BBEAEHUU MOXKET ABNATLCA BoNee SKOHOMUYHOW fe-
KapCTBEHHOW Tepanueli B CPaBHEHWM C SKBUBANEHTHbIMU L03aMM Aap63N03TMHA M 3N03THHA 6eTa (METOKCMMONMSTUNEHTIMKOD).
KntoueBble cnoBa: xpoHuyeckas 601e3Hb NoYeK; aHeMus; CpeacTBa, CTUMYAUPYIOLLME 3PUTPOMO33; 3NO03TUH aNbda; SIKOHO-
MUYecKas oLeHKa

CNUCOK COKPALLEHMIA: B/B — BHYTPUBEHHbIN; JA — 1ap63m03TuH; HBJIM — }KM3HEHHO HEOBX0AUMbIE U BarKHeWLLMe NeKap-
CTBEeHHble npenapatbl; 3MNT — 3amecTUTebHasA noveyHas Tepanusa; KU — KaMHuyeckme uccnenosanusa; JIM — NneKapCTBEHHbIN
npenapart; JI® — nekapcTBeHHana ¢opma; MHH — mexayHapoaHoe HenaTeHToOBaHHOe HaumeHoBaHue; HAC — Hanor Ha go-
6aBNEHHYI0 CTOMMOCTb; /K — NOAKOMKHbIN; PKU — paHA0OMU3MpOBaHHOE KOHTPO/IMpyeMoe mcciegosaHue; pudo — pekom-
BUHaAHTHbIN YenoBeyeckuit 3puTponoaTnH; CC3 — cpeacTBa CTUMYAATOPbI 3pUTPONo33a; XBMN — xpoHuyeckan 60/1e3Hb noyek;
XMH — xpoHuMyeckasa noyeyHana HeJZoCTaToYHOCTb; MO —3n03TUH

INTRODUCTION

Currently, there is an acute issue of the high prev-
alence of chronic kidney disease in the general pop-
ulation. It has been notified that on average, it can
reach 13.4%, and in terms of coverage, it is compa-
rable to arterial hypertension and diabetes mellitus.
Chronic kidney disease (CKD) is often associated with
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nephrogenic anemia, which complicates the course of
CKD and tends to worsen due to the CKD progresses.
In modern clinical practice, anemia of the renal ori-
gin is a frequent complication and is observed with
a decrease in creatinine clearance to 40—-60 ml/min.
It is widespread in all types of renal replacement
therapy, but is especially pronounced in dialysis pa-
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tients (in the absence of treatment, the hemoglobin
level below 10 g/dl can be observed in 90% of dial-
ysis patients)?. Anemia is associated with a deteri-
oration in patients’ quality of life (Qol), an increase
in cardiovascular complications and the frequency of
CKD patients’ hospitalizations?. In the pathogenesis of
nephrogenic anemia, a key factor is a deficiency in the
production of endogenous erythropoietin in the kid-
neys. In clinical practice, for the treatment of nephro-
genic anemia, preparations of recombinant human
erythropoietin (r-HUEPQ) are widely used. Timely cor-
rection of anemia to the recommended targets can
improve the effectiveness of treatment in general and
reduce the incidence of cardiovascular and infectious
complications in CKD* patients.

According to the national Russian Recommenda-
tions, the diagnosis of nephrogenic anemia is detected
in CKD patients when the hemoglobin concentration
drops below the average level by 2 standard devia-
tions, taking into account the age and gender. Anemia
in patients on renal replacement therapy (RRT) is con-
sidered as a decrease in hemoglobin lower than 11.5
g/dL in women and 13.5 g/dL in men, as well as lower
than 12.0 g/dL in people over 70 years®. Currently, ac-
cording to the majority of recommendations, the aim
of treatment is to achieve a hemoglobin level of 10-12
g/dL both at the pre-dialysis stages of CKD, in dialysis
patients and after kidney transplantation. International
KDIGO 2012° guidelines and Russian Clinical Guidelines
for CKD’ prescribe starting treatment with r-HUEPO
only when the hemoglobin level drops to 9-10 g/dL,
while the upper limit for most patients is determined at
11.5 g/dL. Achieving higher Hb targets is not associated
with significantly greater clinical effectiveness in terms
of the risks of death or cardiovascular complications;
on the contrary, it may be associated with a greater
risk of adverse outcomes (increased blood pressure,
vascular access thrombosis). Thus, the use of the low-
est possible doses of erythropoiesis stimulating agents
(ESAs) for the treatment of nephrogenic anemia in CKD
patients makes it possible to avoid the risks of unfavor-
able vascular outcomes, as well as improve their qual-
ity of life (Qol) [1], eliminate anemic syndrome and
reduce the frequency of blood transfusions in patients
on hemodialysis®.

It is generally accepted that the incidence of side

* Clinical guidelines. Chronic kidney disease. 2019. 169 p. Russian

2 Updated Russian national guidelines for the diagnosis and treatment
of anemia in chronic kidney disease in the 2014 ed. Moscow, 2014. 34
p. Russian

3 Clinical practical recommendations KDIGO on anemia in chronic
kidney disease 2012. Nephrology and dialysis. 2013; 15(1): 14-53.
Russian

4 Updated Russian national guidelines for the diagnosis and treatment
of anemia in chronic kidney disease in the 2014 edition.

 Updated Russian national guidelines for the diagnosis and treatment
of anemia in chronic kidney disease in the 2014 ed.

& Clinical practical recommendations KDIGO on anemia in chronic
kidney disease, 2012.

7 Clinical guidelines. Chronic kidney disease. 2019.

8 Ibid.
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effects such as seizures, headaches, increased need for
heparin during hemodialysis, impaired dialyzer clear-
ance, and hyperkalemia does not increase significantly
with the use of ESA. One of the frequent and serious un-
desirable effects of r-HUEPO therapy is the occurrence or
progression of arterial hypertension — up to 30% of pa-
tients may need to increase the doses of antihyperten-
sive drugs. When treating patients with CKD complicat-
ed by diabetes mellitus, malignant neoplasms, strokes,
a non-ischemic heart disease or a peripheral vascular
disease, it is recommended to prescribe ESA with cau-
tion, the target hemoglobin range can be reduced to
10-11 g/dL.

In Russian databases, there is a number of pub-
lished works on the pharmacoeconomic analysis of the
use of short, intermediate and long-acting epoetins.
The authors were most interested in the treatment of
nephrogenic anemia in CKD patients undergoing sub-
stitution therapy in the system of domestic health care.
Publication by R.l. Yagudina et al., 2009 [2], is devoted
to assessing the effectiveness of EPO alpha (Eprex), EPO
beta (Recormon) and DA (Aranesp) in dialysis and pre-di-
alysis patients. In the publication by M.V. Avksentieva, a
comparative analysis of the costs of therapy with DA and
EPO alfa (the original drug Eprex) was carried out [3].
The work by Krysanov I.S. et al., 2016 [4] is devoted to
a comparative assessment of the use of EPO alfa (Eprex,
Eralfon), DA (Aranesp) and long-acting EPO (Mircera)
in dialysis patients in real clinical practice. These stud-
ies show high costs of managing such patients, but they
were carried out in the period of 2009-2016, and not
all studies reflect the investigated medicinal products,
which determines the relevance of this study.

THE AIM of this study is to conduct a comparative
cost-effectiveness analysis of short-, intermediate- and
long-acting r-HUEPOs prescribed for the correction of
nephrogenic anemia in adult patients with an end-stage
chronic kidney disease requiring dialysis therapy.

MATERIALS AND METHODS

The objects of the study were:

1. Short-acting r-HUEPO — epoetin alfa (EPO alfa).
Trade name: Eralfon®, release form: 2500 ug syringe, the
holder of the Marketing authorization (LSR-006663/08)
— CJSC PharmFirma Sotex, Russia;

2. Intermediate-acting rhEPO — darbepoetin alfa
(DA). Trade name: Aranesp®, release forms: 20 ug, 30 ug
syringe, the holder of the Marketing authorization (LSR-
001710/07) — Amgen, the Netherlands. Trade name:
Darbestim®, release forms: 20 pg, 30 ug, 40 ug syringe,
the holder of the Marketing authorization (LP-005411) —
CJSC “Biocad”, Russia;

3. Long-acting r-HUEPO — methoxy polyethylene gly-
col — epoetin beta. Trade name: Mircera®, release forms:
50 pg, 75 pug, 100 pg syringe, the holder of the Marketing
authorization (LSR-002182/08) — F. Hoffmann-La Roche
Ltd., Switzerland.

The primary source of the data were clinical guide-
lines KDIGO 2012, updated Russian National Guidelines
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for the diagnosis and treatment of anemia in chronic
kidney disease, Federal Clinical Guidelines for the di-
agnosis and treatment of anemia in chronic kidney
disease, National Guidelines for CKD, as well as a ret-
rospective, multicenter observational study (Choi P,
2013) [5].

The search and selection of literature data on the
effectiveness and safety of r-HUEPO for the nephrogenic
anemia treatment in adult dialysis patients was carried
out in the available medical databases: PubMed data-
base, Cochrane Library. The keywords were: epoetin [All
Fields] AND CKD [All Fields] AND (“renal dialysis” [MeSH
Terms] OR (“renal” [All Fields] AND “dialysis” [All Fields])
OR “renal dialysis” [All Fields ] OR “dialysis” [All Fields]
OR “dialysis” [MeSH Terms]). The search depth was 15
years —January 2006 — July 2020, the studies carried out
in 2005 and earlier, were excluded from the further anal-
ysis.

In the selection of works, the preference was given
to meta-analyzes, randomized controlled trials (RCTs),
systematic reviews, then to clinical trials (CTs) without
randomization. The following studies were excluded
from the analysis: animal studies; the studies devoted
to the research of the dosage form of the drug; Cl 1-2
phases; research conducted in pediatric and/or geriatric
practice; CTs in the cohort of pre-dialysis patients, CTs in
the cohort of patients with concomitant diseases: can-
cer, diabetes, HIV infection, etc.

In the PubMed database, 140 publications were
found, in the Cochrane Library database they were 4. For
the pharmacoeconomic analysis, taking into account the
inclusion and exclusion criteria, 12 publications were se-
lected (Fig. 1). Six studies (4 meta-analyzes, 1 systematic
review, 1 RCT) were used to assess the effectiveness and

144 publications
140 — Pubmed
4 — Cochrane library

— Duplicate publications (3)

141 publications

— Pre-dialysis patients (37)

— Poor research quality (5)

v
12 publications

4 — Meta-analysis
1 — Systematic review

safety of therapy: the data from the World Health Orga-
nization report® and 5 peer-reviewed publications [6-10]
the data from the pharmacoeconomic study [11] were
adapted to the conditions of the domestic health care
system and used in conducting a pharmacoeconomic
study at the national level, 5 CTs [5, 12—-15] served as
a source of data for calculating equivalent doses of the
studied drugs.

Russian and foreign Clinical guidelines recommend a
2-stage treatment of nephrogenic anemia. The first phase
is the correction of anemia, the aim of which is to achieve
a lower limit of the target hemoglobin level. In phase 1 of
treatment, the starting r-HUEPO? doses are usually used.
The second phase is maintenance therapy with the EPO
doses, which are 20-30% lower than the starting ones'®.
Taking into account that the selection of doses and the
duration of phase 1 are more dependent on the individual
characteristics of a patient, the cost-effectiveness analysis
was carried out for the maintenance phase of treatment
at the rate of 1 year of continuous therapy. To determine
the standard dosage regimens for EPO drugs at the stage
of maintenance therapy (Table 1), the instructions for
medications, international and National Clinical Guide-
lines®? for the treatment of dialysis patients with anemia
in the CKD*?, were analyzed.

° WHO EML 2016-2017 — Application for erythropoietin-stimulating
agents (erythropoietin type blood factors). WHO EML 2016-2017 —
Erythropoietin-stimulating agents December, 2016.

10 Clinical guidelines. Chronic kidney disease. 2019.

1 Updated Russian national guidelines for the diagnosis and treatment
of anemia in chronic kidney disease in the 2014 ed.

12 Clinical practical recommendations KDIGO on anemia in chronic
kidney disease, 2012.

13 Updated Russian national guidelines for the diagnosis and treatment
of anemia in chronic kidney disease in the 2014 ed.

— Publications not related to the research topic (55)
— RCTs overlapping data from systematic reviews and meta-analyzes (5)
— Other drugs (not related to reference drugs) (15)

— Patients with concomitant diseases (6)
— Pediatric and geriatric practices (6)

5 — CTs for equivalence and conversion assessment of ESA doses

1 — CTs according to the safety assessment ESA

1 — Pharmacoeconomic research data (foreign models)

Figure 1 — Results of data selection for cost-effectiveness analysis
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Treatment stage 1

Treatment stage 2 — Maintenance therapy

Starting Dosage Dosage for patient Weekly dosage
dosage m=75kg _ (3 times per week)
50 1U/kg 33 IU/kg 2500 U 7500 U
Figure 2 — Scheme of maintenance therapy with epoetin alfa
CKD patient m=75 kg
EPO alfa Darbepoetin alfa Epoetin beta [methoxypoly ethylene glycol]
Main analysys
i.v. i.v. i.v. i.v.
33.3 ug/kg = 0.45 pg/kg = . .
2500 IU per patient 33.75 ug per patient 60 ug per patient 120 g per patient
3 times Once Once Once
per week per week per 2 weeks per 4 weeks
2500 IU syringe 20 ug syringe X 2 >0 ug syringe

156 DF per year

104 DF per year

75 pg syringe
104 DF per year

+75 pg syringe
104 DF per year

Costs per year according to market prices scenario

172 992 1955 201 153 rub 2273 216 755 2449 180 456 2 039
rub. EUR ) EUR rub. EUR rub. EUR
| Costs per year according to state register prices scenario |
145 721 1647 165 904— 1875- 208 600 2 357 174 383 1971
rub. EUR 190 690 rub. | 2155 EUR rub. EUR rub. EUR
Changing-over Changing-over Changing-over Changing-over
tos.c. to s.c. tos.c.

tos.c.

Additional analysis

30% lower due
to administration

The dose is not changed

The dose is not changed

The dose is not changed

frequency
Twice Once per Once per Once per
per weeek week 2 weeks 4 weeks

2500 IU syringe

20 pg syringe X 2

75 pg syringe

50 pg syringe

+75 pg syringe
104 DF per year 104 DF per year 104 DF per year 104 DF per year
| Costs per year for scenario analysis according to market prices |
115 328 1303 2273 216 755 2449 180 456 2039
rub. EUR 201 153 rub. EUR rub. EUR rub. EUR
| Costs per year for scenario analysis according to government registry prices |
97 147 1098 165 904— 1875- 208 600 2375 174 383 1971
rub. EUR 190 690 rub. | 2 155 EUR rub. EUR rub. EUR
Figure 3 — Costs analysis for ESAs subcutaneous administration
Tom 9, Buinyck 5, 2021
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Table 1 — Algorithms of maintenance drug therapy for nephrogenic anemia in target cohort of patients

International Mode .
. L . Maintenance therapy scheme
non-propriety name of administration
V. 33.3 IU/kg — 3 times per week
EPO alpha e reducing administration frequency to once-twice per week (weekly doses —
o 30% lower than in i.v. administration)
DA i.v. 0.45 pg/kg — once per week
S4E: 0.90 pg/kg — once per 2 weeks
When changing-over from other r-HUEPOs if the previous weekly dose was:
) <8000 IU per week EPO alpha
Methoxy polye'thylene V. <40 pg/week DA
glycol — epoetin beta s.C.

60 pg — once per 2 weeks
120 pg — once per 4 weeks

Table 2 — Data of tender purchases of drugs — stimulants of erythropoiesis (01.01.2020-06.07.2020),
top prices of the state drugs register

Trade name INN Dose Qty. in pack Price per unit, rub. Price for 1 DF (syringe), rub.
Scenario 1 — Calculation at real pharmaceutical market prices
Eralfon EPO alpha 2500 IU 6 6 653.51 1108.92
20 ug 1 1934.16 1934.16
Aranesp DA
30 ug 1 3289.00 3289.00
EPO beta 50 ug 1 5544.48 5544.48
Mircera [methoxypoly 75 pug 1 8336.74 8336.74
ethylene glycol] 100 pg 1 10222.74 10222.74
Scenario 2 — Calculation at state register prices
Eralfon EPO alpha 2500ME 6 5095.14 849.19  (934.11 with VAT)
20 pg 1 1 666.87 1666.87 (1833.56 with VAT)
Aranesp DA -
30 pg 1 2502.22 2502.22 (2 752.44 with VAT)
20 g 1 1450.21 1450.21 (1 595.23 with VAT)
4 5800.83 1450.21 (1 595.23 with VAT)
Darbestim DA 30 g 1 2176.51 2176.51 (2 394.16 with VAT)
4 8706.02 2176.51 (2 394.16 with VAT)
40 ug Dosage (not included in VED list)
EPO beta 50 ug 1 4900.93 4900.93 (5391.02 with VAT)
Mircera [methoxypoly 75 ug 1 7293.72 7 293.72 (8 023.09 with VAT)
ethylene glycol] 100 pg 1 9293.47 9293.47 (10 222.82 with VAT)

Note: average price for a pack in pharmaceutical market — median for 1-2 qgtrs., 2020; * 1 pack price is indicated in brackets at state register price
including VAT

Table 3 — Equivalent doses of EPO

Initial Converting . Equivalent Equivalent DF
- Data source Source characteristics .
data coefficient dosage per week. (amp., syringe)
Clinical trials
Short-acting EPO - Darbepoetin alfa
Controlled, open-label, randomized 20 g *
<8000 IU . Sulowicz W et al, CT with parallel groups, phase 3, <40 2 DF :lrgweek
per week 2007 [15] assessment of EPO effectiveness and He 30 P or week
safety in CKD patients, n = 572 HEP
Prospective CT, evaluation of EPO "
75001V 200:1 Kuwahara M et al, effectiveness in CKD patients over 144 37.5 pg per week 20 ug
per week 2015 [13] 2 DF per week
weeks long, n =297
Data analysis of prospective cohort CT
7500 IU . Fuller DS et al, "DOPPS", phase 5 data for 9 countries*, 20 pg *
per week AV 2018 [17] 164 medical organizations, n = 3 281, 2B g e TRl 2 DF per week

CKD dialysis patients
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Initial Converting . Equivalent Equivalent DF
- Data source Source characteristics .
data coefficient dosage per week. (amp., syringe)
Retrospective analysis of real practice o
EEL Il 222:1 RO (€5 Erel, (Canada) in Manitoba Renal Program 33.8 ug per week 20 g
per week 2008 [14] . L 2 DF per week
framework, n = 295, peritoneal dialysis
Retrospective analysis of real practice
7eSr0w0e|oL3Jk 244:1 Rayr;ggg [Claft al, (Canada) in Manitoba Renal Program 30.7 pg per week Syassgurr)r?rt\/{\;enjk
P framework, n = 1086, hemodialysis P
Short-acting EPO = Methoxy polyethylene glycol — epoetin beta
Data analysis of prospective cohort CT 75 ug *
7500 IU 2551 Fuller DS et al, 2018 "DOPPS", phase 5 data for 9 countries >9 {,llggper 2::e4eks 2 DF per month
per week ’ [17] *, 164 medical organizations, n = 3 281, wigeEs 75+50 ug per
CKD dialysis patients month
Darbepoetin alfa > Methoxy polyethylene glycol — epoetin beta
Retrospective multicenter research, 28.6 ug per week %
study and determination of equivalence ~ 57.2 pg per 2 /518
24.1 ug ) Choi P et al, 2013 L ) ’ 2 DF per month
or week 1:1.17 (5] coefficient of weighted average EPO weeks 75450 g per
P doses in CKD dialysis patients, n = 302 114.4 pyg per 4
month
weeks
Prospective CT, evaluation of EPO 28.6 ug per week 75 s
30.7 ug e el effectiveness in CKD patients over 144  57.2 ug per 2 2 DF per month
1:0.93 weeks long, n = 297 weeks
per week 2015 [13] 75+50 pg per
114.4 pg per 4
month
weeks
Controlled, open-label, randomized CT 75 pg *
<40 _ Sulowicz W et al, with parallel groups, phase 3, evaluation 60 pg per 2 weeks 2 DF per month
He 2007 [15] of EPO effectiveness and safety in CKD 120 pg per month 75+50 ug per
patients, n =572 month
Methoxy polyethylene glycol — epoetin beta = Darbepoetin alfa
118 Data analysis of prospective cohort CT
ertllg 0.89: 1 Fuller DS et al, 2018 "DOPPS", phase 5 data for 9 countries*®, >26.3 ug per 30
P o [17] 164 medical organizations, CKD dialysis week He
weeks .
patients, n =3 281
Multicenter, observational CT, search
Z;a?fk 1.06:1 DIE J[;z;]al, 2 for equivalent EPO doses in real practice 25.6 pg per week 30 ug
P in CKD hemodialysis patients, n = 1027
International and Russian recommendations
Short-acting EPO - Darbepoetin alfa
7500 |U KDIGO Clinical Practice Guidelines for 37.5 pg per week 20 g *
per week 200:1 KDIGO 2012 Anemia in Chronic Kidney Disease 2012 2 DF per week
Russian Updated Russian national guidelines 37.5 ug per week
7500 IU . £ ia di ; d £ 20 g *
200:1 Recommendations for anemia diagnosis and treatment o
per week 20141 chronic kidney disease, revised in 2014 2 DF per week
. Official instructions on medicinal 37.5 ug per week .
75001V 200:1  'Mstructionson products approved by the Ministry of 20 ug
per week drugs Health (grls.rosminzdrav.ru) 2 DF per week
Federal Federal clinical guidelines for anemia 31.25 pg per 20 pg *2 DF per
75001V K 240:1 Recommendations diagnosis and treatment in chronic week week 30 pg per
perwee 20141 kidney failure, 2014 week (assumption)
Short-acting EPO = Methoxy polyethylene glycol — epoetin beta
Official ~instructions on medicinal 60 pg per 2 weeks 75 ug *2 DF per
<8000 IU - Instructions on products approved by the Ministry of 120 ug per month month
per week drugs Health (grls.rosminzdrav.ru) 75+50 pg per
month
Darbepoetin alfa > Methoxy polyethylene glycol — epoetin beta
<40 ug --- Instructions on Official instructions on medicinal 60 pg per 2 weeks 75 pg *

120 pg per month 2 DF per month
75+50 pg per
month

products approved by the Ministry of
Health (grls.rosminzdrav.ru)

drugs

Note: * countries included in the analysis: Belgium, France, Germany, Italy, Russia, Spain, Sweden, Turkey, United Kingdom

4 Clinical practical recommendations KDIGO on anemia in chronic kidney disease 2012.
15 Updated Russian national guidelines for the diagnosis and treatment of anemia in chronic kidney disease in the 2014 ed.
6 |bid.
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Table 4 — Number of annual i.v. doses of r-HUEPO for maintenance therapy — main analysis

Average dosage

Frequency of

INN per m = 75 kg administration Equivalent DF Qty of doses Qty of DFs
EPO alpha 2500 IU 3 times per week 2500 IU 156 156
DA 37.5pug once per week 20+20 pug 52 104
Methoxy polyethylene 60 ug once per 2 weeks 75 pg 26 26
glycol — epoetin beta 120 pg once per 4 weeks 75+50 pg 13 26

Table 5 — Analysis of EPO cost minimization in i.v. administration

Qty of DF Cost of 1 DF Costs Differences in chang-
Medicinal product INN Vo 0510 ’ per year, ing-over to EPO alpha
per year rub./euro
rub. (euro) rub. / euro %
Scenario 1 — Calculation at real pharmaceutical market prices
. 1108.92 172 992
Eralfon 2500 IU Epoetin alfa 156 /1253 € /1955€
. 1934.16 201 153 -28161
Aranesp 20 pg Darbepoetin alfa 104 /21.85€ /2273 € /-318€ 14
. 8336.74 216 755 - 43763
Mircera 75 ug , 26 /94.20 € /2449 € /-494 € 20
Epoetin beta 5 544.48
Mi [methoxypoly 13 /62.65€ 180 456 7 464
Ircera ethylene glycol] : —4
50 ug + 75 ug 13 8336.74 /2039 € /-84 €
/94.20 €
Scenario 1 — Calculation at the prices of the state register
. 934.11 145721
Eralfon 2500 IU Epoetin alfa 156 /1055 € /1647 € - ---
. 1833.56 190 690 —44 969
Aranesp 20 pg Darbepoetin alfa 104 /2072 € /2155 € /508 € -24
. . 1595.23 165 904 —-20183
Darbestim 20 ug Darbepoetin alfa 104 /18.03 € /1875 € /-228€ -12
. 8023.09 208 600 —-62 879
Mircera 75 pg 26 /90.66 € /2357 € /710 € 30
Methoxy
5391.02
X polyethylene
Mircera . 13 /60.92 € 174 383 —28662
glycol — epoetin beta -16
50 pug + 75 ug 13 8023.09 /1971€ /—324 €
/90.66 €

According to the recommendations of KDIGO 2012,
in a hemodialysis patient, the most effective frequency
of short-acting ESA — EPO alfa administration is 3 times
per week. Among prolonged-release drugs, DA is usually
started with a dose of 0.45 pg/kg body weight once per
week subcutaneously (s. c.) or intravenously (i. v.) for di-
alysis patients. In the maintenance phase of treatment,
DA continues to be administered once a week, or the
administration is changed-over to once per two weeks,
increasing the initial dose twice, the most optimal dos-
ing regimen for methoxy polyethylene glycol — epoetin
beta is the administration of the drug once per 4 weeks.
In patients not receiving dialysis treatment or receiving
treatment with peritoneal dialysis, the subcutaneous ad-
ministration is preferable, and in hemodialysis patients it
is intravenous. It is important to notify that for short-act-
ing ESA, the effectiveness of the subcutaneous admin-
istration in hemodialysis patients is higher than that of
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the intravenous administration, which makes it possible
to reduce the weekly dose of the injected drug by 30%,
while for long-term ESA, the effectiveness of subcutane-
ous and intravenous administrations is equivalent.

The study time horizon was 1 year of continuous
erythropoietins therapy. Since modern approaches to
the anemia treatment often involve the beginning of
anemia correction at the pre-dialysis stage of CKD treat-
ment, when calculating the costs for long-acting epoetin
beta, the study included dialysis patients and the ones
who had been treated with EPO preparations in the vol-
ume equivalent to the average maintenance dose of EPO
alfa or DA (<8000 IU per week and <40 ug per week, re-
spectively) 1, 3.

The costs were calculated according to two scenar-
ios: according to the data of tender purchases of the in-
vestigated drugs in 2020 (01.01.2020-06.07.2020), and
according to the maximum selling prices of the manu-
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facturer (including value added tax (VAT)), since all the
investigated dosage forms are included in the current list
of “Vital and Essential Drugs” (VED).

According to the instructions on the medicinal prod-
uct, pre-filled syringes are used for only one injection,
and therefore, when calculating the costs, it was taken
into account that if it was necessary to administer a part
of the dose to one patient, the remainder of the un-
claimed medicinal product in the syringe was disposed
of and not used. In this regard, for the tpharmacoeco-
nomic analysis, the price for 1 dosage form (DF) (syringe)
was calculated (Table 2). The average price per unit in
the pharmaceutical market was determined as the me-
dian among all prices of completed tenders at the time
of the study (the main analysis is Scenario 1) or as the
price of the state register + value added tax (VAT — 10%)
(the main analysis is Scenario 2).

For darbepoetin with the trade name Darbestim,
which is a reproduced drug, there were no sales data
for the analyzed period (01.01.2020-06.07.2020). From
02.09.2020 the drug was included in the VED list; there-
fore, it was calculated at the state register prices. When
converting the costs in euros, the average annual rate of
the euro in 2021 was used — 1 euro = 88.5 rubles.

RESULTS

The meta-analysis by Amato, 2017 [6] of 30 stud-
ies results covered the sample of 7843 CKD patients,
21 studies of which included hemodialysis or peritoneal
dialysis patients. The results showed the equal effective-
ness and safety of epoetin alfa, DA and methoxy poly-
ethylene glycol — epoetin beta. However, DA was statis-
tically significantly superior to EPO alfa in reducing the
number of transfusions. The meta-analysis by Saglim-
bene, 2017 [9] included 27 publications (n = 5410): 7 —
pre-dialysis patients, 19 — dialysis patients, 1 — a patient
requiring kidney transplantation. It was found out that
methoxy polyethylene glycol — epoetin beta in various
dosages significantly little differs in terms of safety and
effectiveness profiles in comparison with EPO alfa and
DA. The meta-analysis by Palmer, 2014 [7] included 21
publications (n = 8328). A comparative analysis of DA
and placebo was carried out in 1 publication; a compari-
son of DA and epoetin alfa—in 16; DA and methoxy poly-
ethylene glycol — epoetin beta were compared in 4 pub-
lications; DA in different dosage modes — in 3 works; the
analysis of various methods of DA administration (i.v. or
s.c.) —in 4 publications. It was revealed that DA reduced
the number of transfusions in CKD patients at stages
3-5, but it did not affect the mortality and patients’ QoL,
and its overall effectiveness was comparable to its an-
alogs (EPO alpha, methoxy polyethylene glycol — epo-
etin beta). Another meta-analysis by Palmer, 2014 [8],
which included 56 publications and 15596 patients, also

Tom 9, Buinyck 5, 2021

found out no differences in the effectiveness and safety
of EPO alfa versus DA and methoxy polyethylene glycol
— epoetin beta. A systematic review by Wilhelm-Leen,
2014 [16] also showed that DA is equivalent to epoetin
alfa in terms of effectiveness and safety. A multicenter
randomized controlled open-label study carried out by
Locatelli, 2019 [10], investigated the safety of methoxy
polyethylene glycol — epoetin beta in comparison with
EPO alpha, EPO beta and DA in 2818 CKD patients (dial-
ysis and predialysis patients) with a history of anemia.
The researchers found out that in the target cohort of
patients, taking methoxy polyethylene glycol — epoetin
beta once a month is no worse than taking analog drugs
in terms of adverse cardiovascular complications or mor-
tality from all causes. Thus, based on the analyzed data
of meta-analyzes, a systematic review and RCTs, a con-
clusion was made about the comparable effectiveness in
achieving the target values of Hb and the safety of EPO
alpha relative to DA and methoxy polyethylene glycol —
epoetin beta.

At the next stage of the study, the dosage of EPO alfa
for the maintenance therapy stage according to the in-
structions on the drug was calculated. Thus, for mainte-
nance therapy, it is recommended to reduce the starting
dose of 50 IU / kg by 1.5 times (Fig. 2).

A number of studies [5, 12-15, 17] devoted to the
calculation of the coefficients for converting EPO doses
into equivalent ones, have been analyzed. The results
obtained (Table 3) made it possible to substantiate the
choice of equivalent doses of EPO preparations of var-
ious generations for an average patient with a body
weight of 75 kg.

It should be notified that when converting short-act-
ing EPO to DA, the dose conversion factors varied from
200: 1 to 244: 1. When converting short-acting EPO dos-
es to methoxy polyethylene glycol — epoetin beta, the
conversion factor was 255: 1, or it was indicated that a
weekly dose of epoetin alpha less than 8000 ug is equiv-
alent to 60 pg/once per 2 weeks or 120 ug/once per 4
weeks. When choosing equivalent doses, the empha-
sis was made on the coefficients recommended by in-
ternational and Russian clinical recommendations and
guidelines, as well as the conversion rates used in real
clinical practice [17]. One of the limitations of the model
is also the fact that in real clinical practice the mainte-
nance doses that CKD dialysis patients with anemia can
receive, vary significantly and are more dependent on
the individual characteristics of patients.

Thus, the equivalent ESA doses for the main clinical
and economic study were determined and scientifically
substantiated:

¢ Epoetin alfa — 2500 IU * 3 times per week (the in-
travenous administration, according to the instructions
and clinical guidelines);
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¢ Darbepoetin alfa — 20 + 20 pg (30.7-40 pg) * once
per week (the dosage of 30 ug/week is included in the
sensitivity analysis);

e Epoetin methoxy polyethylene glycol — epoetin
beta — 75 pg (57.2—60 pg) * once per 2 weeks or 75 +
50 pg (114.4-120 pg) * once per 4 weeks. At the same
time, in a number of studies it is notified that the dose of
long-acting EPO in dialysis patients can vary from 100-
200 pg per 4 weeks (100 pg (n = 585) [18], 119 pg (n =
63) [19], 100-200 pg (n = 60) [20], 115 pg (n = 184) [21],
153 pg (n = 3281) [17]). In the present study, the calcu-
lations were performed for patients receiving high doses
of long-acting EPO equivalent to the doses according to
clinical guidelines.

Table 4 shows the results of calculating the number
of intravenous ESA injections per year per 1 CKD patient
at the end-stage (with an average body weight of 75 kg).

Thus, on average, the frequency of injections of
short-acting epoetins is 156 per year, darbepoetin alfa
— 52 injections per year, methoxy polyethylene glycol —
epoetin beta — 13 injections or 26 injections per year for
once per 4 weeks and once per 2 weeks, respectively.

The results of the main cost-effectiveness analysis
of cost minimization for drugs used i. v., are presented
in Table 5.

It was revealed that when calculated at tender pric-
es in the public procurement system (according to the
data of 2020), the costs for treating anemia with epoetin
alfa 2500 IU will be 172,992 rubles (€ 1,955) per patient
per year. In comparison with DA, the use of epoetin alfa
will reduce costs by 28,161 rubles (318 €) per year per
patient (14%). Compared to methoxy polyethylene gly-
col — epoetin beta, epoetin alfa can save from 4 to 20%.

When calculated at the state register prices, the dif-
ferences in costs will be more significant — compared to
DA, the costs will be lower by a quarter (-24%), com-
pared to methoxy polyethylene glycol — epoetin beta,
and the differences in costs varied from —16% to —30%.

It should be notified that in dialysis patients,
short-acting EPO can also be used subcutaneously,
which makes it possible to reduce the administered dose
and, accordingly, the cost of drugs by 20-30%. Fig. 3 be-
low shows the results of the cost minimization analysis
of the study drugs in the comparative aspect when ad-
ministered s / c.

Since to achieve a similar effect, in s.c. EPO alfa ad-
ministration a patient needs the dose up to 30% lower
than in i.v. administration this makes it possible to use
a lower frequency of the drug administration (twice
per week). In its turn, it makes it possible to reduce the
cost of pharmacotherapy by a third — from 172,992 ru-
bles up to 115, 328 rubles (from 1,955 € to 1,303 €), or
from 145,721 rubles up to 97 147 rubles (from € 1,647
to € 1,098) for market prices and state register prices,
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respectively. Prolonged action ESAs can also be used
s/c, however, no adjustment of the administered dose
is made.

Thus, when changing-over from i.v. to s. c. adminis-
tration of the studied ESAs, the savings in choosing epo-
etin alfa for the correction of nephrogenic anemia can
reach 50% (36—47% and 44-53% for market prices and
state register prices, respectively).

DISCUSSION

According to the Russian clinical guidelines on the
treatment of CKD, meta-analyses [6-9], clinical [10] and
retrospective studies [17], it can be stated with a high
evidence level that no significant differences in the ef-
fectiveness of different ESAs for the correction of ane-
mia have been revealed. No significant differences have
been either shown between original and biosimilar epo-
etins [6, 22, 23]. At the same time, there are cases of an
increase in the partial erythrocytes aplasia in the use of
some locally produced epoetins (in Asia and Latin Amer-
ica). These kinds of drug production should be accom-
panied by strict protocols for the approval of biosimilar
drugs by the regulatory authorities of some countries,
including the RFY. The use of CKD makes it possible to
achieve the target hemoglobin values (100-120 mg/ml)
with maintenance therapy for 6 months or more in more
than 80% of patients [24].

This research made it possible to update the previous-
ly obtained data from a similar study by Krysanov, 2019
[25]. The previous study included a marketing analysis of
prices for 3 quarters of 2018 (01.01.2018-31.09.2018).
In this study, the prices for medicines were updated ac-
cording to the tenders carried out in 2020 (01.01.2020-
06.07.2020). In connection with the mandatory re-regis-
tration of the manufacturers’ maximum selling prices for
the drugs included in the VED list, an additional analysis of
the treatment costs was carried out and calculated on the
basis of the state register prices.

The updated results also indicate that epoetin alfa
(Eralfon®) has an economic advantage relative to darbe-
poetin alfa (Aranesp®) and methoxy polyethylene glycol
— epoetin beta (Mircera®) in both the intravenous and
subcutaneous administrations of the investigated drugs
when used in equivalent maintenance doses in adult pa-
tients who have previously received EPO therapy, with
equal effectiveness and safety. It should be notified that
the intravenous administration is preferable for dialysis
patients; however, changing-over to the subcutaneous
administration of the drug can also be considered for
such a cohort of patients. For short-acting ESAs, the ef-
fectiveness of the subcutaneous administration is high-
er than intravenous, which makes it possible to reduce

 Clinical guidelines. Chronic kidney disease. 2019.
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the frequency of the drugs administration in this group
(twice per week), reduce the dose and the cost of drug
therapy in relation to long-term ESAs by 30%. Herewith,
the effectiveness in the subcutaneous and intravenous
administrations appears to be equal at the investigated
dosage frequencies®®. It should be notified that in real
clinical practice, the subcutaneous method of adminis-
tration could hardly be suitable to all patients due to its
high painfulness or other clinical features.

The sensitivity analysis of the data obtained in this
study, to a change in the dosing regimen of darbepoetin
alfa showed that with a decrease in the weekly dose of
DA with 2 DF* 20 ug per week up to 30 pg (1 DF* 30
ug) ([8, 10]), the per year costs for therapy with epo-
etin alfa will be insignificantly higher than with darbe-
poetin. In comparison with INN Aranesp, the per year
cost of therapy with epoetin alfa is 1% higher (172 992
rubles and 171,028 rubles, or 1,955 € and 1,933 €), or
2% (145,721 rubles and 143,127 rubles, or 1,647 € and
1,617 €) when calculated at market prices and the pric-
es of the state register, respectively. In comparison with
INN Darbestim 30 ug once a week, the cost of therapy
with epoetin alfa per year is 17% higher (145,721 rubles
and 124,496 rubles, or 1,647 € and 1,407 €) when calcu-
lated at the prices of the state register, i.e., the results of
calculations with respect to reproduced DA are sensitive
to changes in the dosage regimen. Thus, for a cohort of
patients treated with DA in the weekly dose of 30 ug, the
differences in the costs of the annual treatment in com-
parison with the original DA (1-2%) can be considered
insignificant, and in comparison, with the reproduced
drug — as significant (17%).

The sensitivity analysis of the data obtained to
changing-over the dosage regimen of long-acting EPO
from the 120 pug scheme once per 4 weeks (13 DFs per
year) to 120 pg once a month (12 DFs per year) showed
that the differences in costs varied within +4% to —9%.
The costs depend on the method of price calculation —at
real market prices or at VED prices, respectively. It should
be notified that the calculations carried out, have limita-
tions and reflect the costs in a comparative aspect in the
patients administrated with high doses of Mircera (more
than 100 pg per month). According to the conversion
factors based on the international and Russian clinical
guidelines, high doses of Mircera (more than 100 ug per
month) are equivalent to the dosage regimen of epoetin
alfa 2500 IU per patient * 3 times per week (7500 IU per
week). A large-scale study conducted in 9 countries of
the world, including the Russian Federation, shows that
in real clinical practice, the average prescribed long-act-
ing EPOs are close to high doses [17].

It should be notified that in the study by Krysanov et

8 Clinical practical recommendations KDIGO on anemia in chronic
kidney disease, 2012.
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al., 2016 [4], the use of short, intermediate and long-act-
ing epoetins in hemodialysis patients with nephrogenic
anemia, were also studied. The patients were admin-
istrated with different dosages of drugs depending on
the target hemoglobin value. So, to achieve the index
of 9 + 1 g/dL, on average, the patients are administrat-
ed with epoetin alfa (biosimilar) 2,558 IU 3 times per
week (7,674 IU — a weekly dose), DA 25 ug per week and
long-acting EPO 161 pg per month. Under the assump-
tion of neglecting the differences in the calculated val-
ues of single doses up to 6%, the above-listed doses will
be equivalent: epoetin alfa syringe 2500 IU * 3 times per
week — neglecting an error of 2%, darbepoetin syringe
30 ug * once per week — provided that a 30 ug syringe
is used to achieve a single dose of 25 pg and methoxy
polyethylene glycol — epoetin beta 100 + 50 ug * once
per 4 weeks — neglecting an error of 6%. It should be no-
tified that in the present study, EPO alpha 2,500 IU was
comparable in price to DA 30 pg (the differences in costs
did not exceed 2%) and more economical in comparison
with methoxy polyethylene glycol — epoetin beta 75 +
50 pg. Thus, a conclusion can be made about compara-
ble costs versus DA and the economic advantage versus
long-acting EPO beta 100 + 50 pg, since the preparation
with a dosage of 100 pg has a higher cost per pack in
comparison with the release form of a lower dosage.

The obtained comparison results for the intrave-
nous administration in the pair of EPO alpha and EPO
beta long-acting® once per 2 weeks are insensitive to the
price increases for EPO alpha (Eralfon®) up to +20%. The
comparison results in the pair of EPO alfa and DA 20 pg
per week are insensitive to the price increase up to +
15%; EPO alpha remains an economically more profit-
able alternative. At the same time, in the pair of EPO
alpha and methoxy polyethylene glycol — epoetin beta
* once per 4 weeks, the results are sensitive up to 5%
and the price increases for EPO alpha. The comparison
results for the subcutaneous administration are insen-
sitive to price increases for EPO alpha (it will be more
economical even if prices rise by 50%).

The conclusions reached are relevant when calculat-
ing the cost per patient with an average body weight of
75 kg, and assuming that the number of dosage forms
per injection is rounded to integers, the calculations may
differ for other body weights.

CONCLUSION

Thus, with equal effectiveness and safety of the
studied drugs, EPO alfa 2,500 IU 3 times per week ad-
ministrated intravenously and subcutaneously, is a more
economical drug technology in relation to darbepoetin
40 pg once per week and methoxy polyethylene glycol
epoetin beta with the scheme both 60 pg twice per
month and 120 ug once per month.
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