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ABSTRACT

Anemia is the most common side effect in patieittschironic kidney disease (CKD) mainly due to Iovexels of
erythropoietin (EPO) hormone. The aim of the présstndy is to compare the efficacy of equivalersedoof
erythropoiesis stimulating agents (ESAs): shorirac{Eprex®; Epoetin alfa) and long acting (Darbegim alfa:
DA) in the treatment of anemia of CKD adult patsetreated from September 2013 to January 2015t&h b fifty
five patients were included; 22 patients were tedatvith Eprex®® (Epoetin alfa) and 33 patients tiged DA.
Different blood indices were assessed in the in8iaveeks. The equality of the doses was basetieonanversion
formula (1 pg of DA = 300 IU Eprex®). Treatment lwibwer dose of DA (0.6440.07 pg/kg QW) induced a
significant increase in hemoglobin (Hb) from weekhdough week 8, while red blood corpuscles (RB&s)
hematocrit (Hct) were significantly elevated in weée A significant increase in Hb and Hct were aled starting
from week 2 through week 8 parallel with a siguwifit rise in RBCs count, starting from week 3 thtowgeek 8
after treatment with DA (0.840.06 pg/kg QW), whilesignificant increment of Hb and Hct were noticter
treatment with DA (1.21540.11 pg/kg QW) from weelo 3veek 7. Administration of higher dose DA (1322
png/kg QW) led to a significant rise of RBCs in waek and 7 while Hb and Hct in week 6 and 7. Treatt with
equal doses of Eprex® (170.85+16.4 IU/kg and 238%2kJ/kg) induced only a mild increase in RBCs ieeW 7
and 6 respectively, while higher dose of Eprex®8#0.8 1U/kg) elevated RBCs significantly at weekn@l Hct in
week 6 and 8. Administration of DA QW is more &ffechan Eprex® QTIW in terms of target anemiagraeters:
RBCs, Hb and Hct during the first 8 weeks of adstiation.

Keywords: Anemia; chronic kidney disease; Erythropoietipr&®; Darbepoetin alfa; Erythropoiesis Stimulating
Agents

INTRODUCTION

Deterioration in kidney function over time is thaimstay of chronic kidney disease (CKD) [1]. Thadyral damage
of renal parenchyma can lead to destruction ofigafft numbers of nephrons which causes progressinge
irreversible decline in renal function that leadréaluced quality of life and eventually death [Phe diagnosis of
CKD is confirmed by elevated plasma level of cr@ag, urea and lower glomerular filtration rateefénare several
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diseases which could lead to CKD, the most likaky high blood pressure, diabetes mellitus, kidneye and
infection [3, 4].

Anemia in CKD is very common. The severity of anasi usually parallel to the degree of renal impaint. It has
been reported that lower kidney function was sthpragsociated with lower hemoglobin (Hb) level amigher
prevalence and severity of anemia [5, 6]. The ncamses of anemia are low renal erythropoietin (E&@jetion,
uremia, chronic blood loss, hemolysis and bone omarsuppression [7]. Accordingly, anemia is a major
complication of CKD [8],which is mainly due to lowkevels of EPO secreted by the damaged kidneythegevith
low serum iron [9].

In the late 1980s recombinant human erythropoighinEPO) was introduced and the treatment of aneam@ZKD
patients was drastically changed as the treatnfeamemia in CKD patients by EPO did not only leadélief of
fatigue and improvement of physical activity blgoato enhancement of a broad spectrum of phygiofmnctions
[7]. Treatment with EPO improves quality of lifexch symptoms of anemia in CKD patients as it raides
concentrations [10]. Short acting erythropoiesimslating agents, ESA (Eprex®; Epoetin alfa®) hhe same
amino acid sequence as endogenous EPO while Idimgpd€SA, Darbepoetin alfa® (DA) differs from endompus
EPO in terms of containing two additional N-linkeligosaccharide chain attachments to asparagine.optimal
administration schedule of Eprex®; Epoetin alfgheee times weekly because of its relative sholtliia (6-8
hours i.v and 19-24 hours s.c), while the optimdzhiistration schedule of DA is once a week becdtulsas three
to four times longer half-life (25 hours i.v and H8urs s.c). It has been declared that rhuEPOdwegranemia in
CKD not only through stimulating erythropoiesis baiso by decreasing one of the negative regulator o
erythropoiesis transforming growth factor beta [12]. Furthermore, it has been shown that eryy§yieomembrane
proteins in CKD patients with stage 5 are signifitya altered which may be related to their intei@ctwith
hemodialysis membranes [13]. Patients with CKD hawsggnificantly lower hematological indices indiugl RBCs
count, Hb, packed cell volume (PCV) and plateletdevthe total leukocyte count is normal [14]. leidition, there
is a negative correlation between serum creatilenels and all hematological parameters. RecendsgBlaleh et
al., [15] has reaffirmed the previous results ahdwsed that accumulation of toxic metabolic produatsd
deficiency of EPO secretion in acute and CKD leadhématological changes including a significantrdase in
RBCs count, Hb and hematocrit (Hct) compared tamabrcontrols. In addition, patients with CKD showad
remarkable decrease in mean corpuscular hemogtaricentration (MCHC), red blood cell distributioridih
(RDW%) and platelets count as compared to controlig To date and up to our best knowledge, treeelittle
information regarding the comparison of the effica€ equivalent doses of the short acting ESA: Egrand long
acting ESA: Darbepoetin alfa in the ameliorationdifferent hematological changes in the initial &eks of
treatment in relation to serum iron status; seman,iserum ferritin and calculated transferrin sation (T-SAT) in
CKD patients. Therefore, the aim of the presentlysis to compare efficacy of both Eprex® and DAsatected
hematological parameters in the first 8 weeks irDGitlult patients.

MATERIALS AND METHODS

Study Design and Study Subjects

All clinical data were collected from NephrologyiunKing Abdulaziz Medical City at the National @ud Health
Affairs, Riyadh, Saudi Arabia “between” Septemb8d.2 to January 2015. The study was approved bKihg
Abdullah International Medical Research Center (KIRIC) and the Independent Ethics Committee of King
Abdulaziz Medical City.

This is an observational study on 55 patients diagd with ESKD who are undergoing regular hemosdislyThe

following were the inclusion criteria; patients sittbbe on regular hemodialysis for at least 3 merathd the age
should be more than 18 and under medical treatmightEprex®; Epoetin alfa or DA for the first timgVhile the

exclusion criteria were the following; presence adrtain established diseases as uncontrolledrteypston, heart
diseases as congestive heart failure or thoserneguin emergency transfusion of blood componentnatergoing

platelet transfusion, active neoplasia or with Mrapatitis or who were using certain drugs asasgbrine. Before
starting treatment with Eprex® or DA, serum fermritvas checked and if patient’'s serum ferritin wesslthan 200
(ngll), the patients were treated with i.v iront@gal dose 1 g) 100 mg for 10 days. More than 30%e selected
patients were receiving maintained dose 100 mgfiivon for 10 days.
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The week before starting treatment was consideredkwd. The administration frequency of Eprex® was 3
times/week, i.v. (QTIW) while DA was administereshce weekly, s.c. (QW). The hematological parameters
including red blood corpuscle (RBCs) count, Hb, ,HREV, MCH, MCHC, platelets count and total leukigcy
count, serum iron, ferritin and total iron bindiogpacity (TIBC) were collected from medical recofdhe patients
before starting treatment and at the end of evesgkwfor 8 weeks. Based on the data collected, T-8As
calculated. The dose equivalence of both ESAs lvea&d on recently published observation recommgnitii@
conversion factor: 300 IU Eprex®=1ug Darbepoielif][

Statistical Analysis

Descriptive statistical analyses were performedttierstudy sample. For continuous variables, measoir central
tendency (e.g. mean, median) and range and stad@ardtion or standard error of mean (SEM) werevigled.
Proportions were used for categorical variablese T™o groups (Eprex® and DA) were compared in teohs
baseline characteristics including age, genderbartty weight. Comparisons were made using the tetesfann-
Whitney U test for continuous variables and the-§&fiare test for categorical variables. Statistezahparison
between measured bloods parameters over the fallptime were made using one way analysis of vaeianc
(ANOVA) followed by Tukey—Kramer multiple comparisdests. Statistical significance was considergukat05.

All statistical analyses were performed using SR$E8 [Release 21.0.0.0, IBM, USA].

RESULTS

After investigating all the files of CKD patientsliowed up in King Abdulaziz Medical City at the tianal Guard
Health Affairs retrospectively, a total of 55 paitie satisfying the study inclusion criteria werelied in this
study. Twenty two patients were treated with E@ré40%) and 33 patients were treated with DA (60B@seline
characteristics of the study sample overall androyp are displayed in Table 1. Average age wa3 ¥ars (SD =
16.4), with 53% males. Average body weight was & 1SD = 20.6). No statistically significant difeaces were
found between the two groups in terms of baseliegacteristics.

Table 1: Baseline Characteristics of the study sanig. Total Number of Patients = 55.

Factor All Eprex® Darbepoietin | p-value*
(N =55 (N=22,40% | (N =233, 60%
Age (years) Mean + SD 53.2+16/4 52.8 + 146 58317.7 0.87
Median (range) 57 (23-91 57.5 (24-72) 57 (23-91)

Gender N (% Femal 26 (47.3% 10 (45.5% 16 (48.5% 0.8:2
Male 29 (52.7% | 12 (54.5% 17 (51.5%

Body weight (kg) Mean + SD 74.1+206 76.9+21.y 72.3+20.1 0.52
Median (range) 73 (39-147) 77 (46-147) 70 (39311

*Based on t-test or Mann-Whitney U test for continsi variables and the Chi-square test for categbni@ariables.

Mean initial and weekly measured blood parametaigcated that starting treatment of 6 patients \lith 40-ug
QW with mean dose/kg (0.64+0.07 pg/kg) inducedagistically significant elevation in Hb startingofn week 4
through week 8 and a significant increase in RB@wlver and Hct in week 8 although the mean inigalim iron
(7.08+1.37 umol/l) was lower than the normal le{@B80 pumol/l) (Table 2), while mean initial seruerritin and
calculated T-SAT were within normal range. Using ttonversion factor (300 IU Eprex®: 1 ug DA), treant of
five patients with equal dose of Eprex® 4000 IU @Twith mean dose/kg (170.85£16.4 1U/kg) induced a
significant rise in RBCs count only in week 7 aliigp mean initial serum iron, ferritin and calcuthie SAT were
within normal range (Table 2).
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Table 2: Comparison of the efficacy of Eprex® 4000J QTIW therapy with DA 40 pug QW therapy for treatm ent of anemia in CKD

patients
Hb (g/L) RBCs (x 16 Hct (I/1)
Eprex® Darbepoietin Eprex® Darbepoietin Eprex® Darbepoietin
4000 IU QTIW 40 g 4000 IU QTIW 40 g 4000 IU QTIW 40 g
QW QW QW
Week 0 77 £5.89 80 + 3.56 2.77 £0.1§ 3.14 + 0.5 0.25 + 0.034 0.26 £ 0.020
Week 1 83+6.78 86 +2.18 3.00 +0.14 3.43+0.22 0.30 £ 0.021 0.26 £ 0.011
Week 2 86 + 6.32 86 +1.88 3.09 +0.18 3.43+0.16 0.27 + 0.026 0.28 +0.009
Week ! 83 +3.5C 92 + 6.5¢ 3.14 £ 0.0 3.49 +£0.2! 0.29 +0.03 0.30 £ 0.02
Week ¢ 98 + 6.0: 104 +8.8* 3.35+0.1 4.04+0.3 0.30 +£0.01 0.33+0.02
Week 5 102 + 24.00 101 +5.87 3.55+0.72 3.90380 | 0.28 +£0.020 0.33 £0.024
Week 6 93 +15.56 103 + 6.221 3.54 +0.23 3.77580. 0.28+0.014 0.31 +0.042
Week 7 121 +£9.40 104 £5.00*F  4.14 +0.34* 41851 0.26 + 0.025 0.33 +0.027
Week 8 107 +4.30 108 + 4.80*F 3.75+0.23 4.36.400 0.29 £ 0.020 0.30 + 0.030*
[ | Serum Paramete at Week |

Iron (umol/l) 10.09 + 3.6 7.08+1.3

Ferritin(ug/l) 422 +118 826 +417

T-SAT (%) 27.25+7.40 21.5+4.09

All data are expressed as Mean + SEM, *p<0.05, *§B01, [Compared to week 0 (baseline)]

Administration of DA 60 pg QW to 11 patients witream dose/kg (0.8+£0.06 pg/kg), led to a remarkafieease in
RBCs count starting from week 3 through week 8, emdHb and Hct from week 2 through week 8, althotigh
mean initial serum iron (7.5+1.65 pmol/l) was lovtkan the normal level while serum ferritin andcoédted T-
SAT were within normal range. In Eprex® treated uprothe mean initial serum iron (5.12+1.15 pmo#hd
calculated T-SAT (17.7+4.7) were lower than thenmalrlevel (Table 3). Treatment with Eprex® 6000 QTIW

(238+25.9 1U/KkQg) to 10 patients induced a significencrease in RBCs count only in week 6 (Table 3).

Table 3: Comparison of the efficacy Eprex® 6000 IQTIW therapy with DA 60 ug QW therapy for treatment of anemia in CKD

patients
Hb (g/L) RBCs (x 10) Hct (I/l)
Eprex® Darbepoietin Eprex® Darbepoietin Eprex® Darbepoietin
6000 IU QTIW 60 pg 6000 IU QTIW 60 ug 6000 IU QTIW 60 pg
QW QW QW
Week ( 84+4. 76 + 2.2t 3.10+0.1 2.7+0.0¢ 0.28 0.0 0.24+0.01
Week 1 91.8+4.7 82 +2.52 3.36 £ 0.16 2.88+0.06 0.30+0.02 0.26 + 0.01
Week 2 89+4.6 93 + 3* 3.24+0.14 3.26 +0.1p 900.02 0.30 +£0.01*
Week 3 94+6.3 102 + 2.22* 3.45+0.16 3.54+0@0| 0.30+0.022 | 0.32+0.01*¥
Week 4 90.3+4.3 105 * 2.91* 3.36+0.11 3.50.89* 0.29+0.16 0.33 £ 0.01*¥
Week ¢ 96.8+7.. 114 +6.15% 3.59+0.2: 3.96 +0.20* 0.31+0.0: 0.37 £ 0.02*
Week ¢ 104 + 4. 109 + 6.7 3.92+0.0 3.72 +0.20* 0.33+0.0: 0.34 +£0.02*
Week 7 93.5+59 117 + 6.9*¥ 3.60+0.2 3.88+6¥3 | 0.30+0.03 0.34 + 0.03*
Week 8 102.3+5.2 115 + 4.9* 3.77£0.17 3.87.2@* 0.32 +0.02 0.35 + 0.02*4
| [ Serum Parameters at Week 0
Iron (Lmol/l) 5.12+1.15 7.50 + 1.65
Ferritin (ng/l) 826 + 29( 839 + 49
T-SAT (%) 17.70 £ 4.7 22.00+4.5

All data are expressed as Mean + SEM, *p<0.05, *§801, [Compared to week 0 (baseline)]

Similar results were observed after treatment with higher dose of DA 100 pg (1.37+ 0.22 pg/kgy tpatients,
where RBCs count was significantly increased inkvee6 and 7, while Hb concentration and Hct lewelre
elevated in week 6 and 7 respectively althoughntiean initial serum iron was lower than normal leVghile, the
iron status; mean serum iron, ferritin and cala@dat-SAT were within normal range in patients reicgj higher
dose of Eprex® 10.000 IU (413+ 40.8 IU/kg), a sfigaint increase in RBCs counts in week 8 and Hatllen week
6 and 8 were observed (Table 4).
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Table 4: Comparison of the efficacy Eprex® 10000 I@QTIW therapy with DA 100 pg QW therapy for treatment of anemia in CKD

patients
Hb (g/L) RBCs (x 16) Hct (/1)
Eprex® Darbepoietin Eprex® Darbepoietin Eprex® Darbepoietin
10000 IU QTIW 100 ug 10000 IU QTIW 100 pg 10000 IU QTIW 100 pg
QW QW QW
Week 0 73.3+3.60 75+3.54 2.50+0.13 2.6080.0 0.23+0.01 0.24 + 0.01]
Week 1 94.8 + 5.60 80 +3.36 3.13+0.30 279601 0.29+0.02 0.26 + 0.01]
Week 2 62.3 +20.00 85+2.72 2.67 £0.39 2.98080. 0.29 +0.02 0.28 + 0.02
Week 3 97 +£7.20 91 £6.13 3.27 +0.27 3.20 +0.13* 0.24 +0.03 0.29 + 0.02
Week 4 96 + 6.90 84.7 +4.38 3.15+0.17 2.8980.1 0.30+0.02 0.26 + 0.01]
Week 5 101.5 +6.50 3.50 + 0.06 0.33 + 0.03
Week 6 79 +38.50 104 + 5.5™ 3.67 £0.15 3.37 3. 0.35 + 0.04* 0.28 + 0.02*
Week 7 98 +4.00 97 £8.17* 3.50+0.20 3.34+®&17 0.32+0.01 0.32 + 0.02*
Week ¢ 113 +4.6. 3.77+0.12 0.35+0.01*
Serum Parameters at Week 0

Iron (Lmol/l) 9.70+4.70 8.29 +£1.70

Ferritin (ug/l) 409 + 157 567 + 252

T-SAT (%) 27.25+10.00 21.00 +5.0D

All data are expressed as Mean + SEM, *p<0.05, *§pe01

Also, while mean initial serum iron and calculafB¢5AT were considerably lower than normal rangeg£5.8

pmol/l) and (15+5.4) respectively, treatment witih BO pg (1.22+ 0.11 pg/kg) led to significant inese in Hb
concentration in week 3, 4, 6 and 7 and Hct lemaeleek 3, 4 and 7 while having no significant impaic RBCs
count (Table 5). Treatment with short or long-EQ#d not induce any changes in others hematologiaedmeters;
mainly PCV, MCH, MCHC, platelets count and totalkecyte count (data not shown).

Table 5: Effect of DA 80 ug QW therapy for treatmen of anemia in CKD patients

Hb(g/L) | RBCs(x1B [ Hct ()
Darbepoietin, 80 pg, QW
Week ( 752 2.80+0.2! 0.25+0.0:
Week 1 81+3.19 2.90+0.21 0.25+ 0.0
Week 2 88 +5.68 3.00 +0.37 0.27 £ 0.0
Week 3 102 + 9.50* 3.90£0.31 0.33 £ 0.03*
Week 4 104 + 4.00** 3.20 £0.03 0.34 £ 0.03*
Week 6 103 + 3.28** 3.70£0.20 0.32+0.01
Week * 105 +4.00* 3.70£0.2 0.33 + 0.02*
| Serum Parameters at Week

Iron (pmol/l) 5.7+138

Ferritin (ug/l) 466 + 240

T-SAT (%) 15+54

All data are expressed as Mean + SEM, *p<0.05, *§B01, [Compared to week 0 (baseline)]
DISCUSSION

Anemia remains an important challenge in CKD pasierAlthough several factors are implicated in the
development of anemia, EPO deficiency remains tost important one. In the past, treatment of anemsisbased
on blood transfusion with the underlying risk ofeiction transmission in addition to other complicas. However,
with the introduction of ESAs in the late 1980'spbecame the treatment of choice for managemeanemmia in
CKD. DA and Eprex® are two different ESAs formutatiwith the same activity. However, DA has the adage

of being longer acting, and thus it is administevade weekly while Eprex® is given three times week

The findings of this study indicated that treatmwith different doses of DA 40,60, 80 and 100 pg Qiduced a
remarkable and consistently significant elevationHb parallel with a significant increase in RBQsdaHct,

although mean initial serum iron was lower thannmalrrange. While, serum ferritin and calculated AFSvere

within normal range. It has also been observeddlifgrent doses of DA not only increased Hb bgbahaintained
its levels within recommended target range (100-¢/0 This was not the case for the Eprex® treapexlip, where
the level of Hb was fluctuating and different dosé&prex® induced an elevation in RBCs count irelwé, 7 or 8,
although mean initial serum iron, ferritin and cdéted T-SAT were within normal range.
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Survival of RBCs is inversely proportional to levelf blood urea nitrogen (BUN) due to increasedniceplasma
expression of phosphatidylserine on the outer saréd RBCs. This can enhance the identificatiothefRBCs and
destruction by macrophages [17, 18]. Plasma levBIUN is elevated in both groups and the BUN lewak double
in DA treated group (data not shown).

The results of the present study confirm the bisichoice of the type of ESA used to maintain theyet Hb;

different doses of DA can achieve the desired ¢levaf the target Hb. Furthermore, the use of Daimmined Hb
levels at the recommended range, while equivalesésl of Eprex® did not only fail to induce the dedielevation
in the Hb levels but also failed to stop fluctuatim Hb levels. These results are in agreement pigviously

published studies which showed that longer dogitgrvals may lead to less variability over timedieg to stable
Hb levels in the target range (110-120 g/l) [19%eTefficacy of DA over Eprex® may be related tdfatiénce in

structure. DA contains two additional N-linked aggccharide chain attachments to asparagine. Sigticcontent
of the carbohydrate moiety has significant effemtsthe biological activity and serum half-life Hoterse relation
with receptor affinity [20]. The longer serum héfé of DA may increase biological activity and@h less frequent
administration. It has been shown that DA termovatialf-life was 25.4 h following i.v administratiovhereas for
Eprex® is only one third of that period [21], whichthe rationale behind using DA less frequertignt Eprex®
while maintaining the stable levels of Hb [22, 23]

Another important aspect of this study is the défee in route of administration of the two drugwl ahe
conversion factor used. Eprex® was administeredavenously while DA was administered subcutaneously
Pharmacokinetic studies performed on Eprex® adteirés during hemodialysis indicated that the bidaldity

of subcutaneous Eprex® was lower but its halfwfes longer than intravenous Eprex® administratiyh P5]

The other factor relevant to current discussiothéconversion factor used in this study. Theahittcommended
conversion factor was 200 IU of Eprex® = 1 ug of .OAowever, there are several conversion factors ese
used in previous studies. The difference in thevewsion factors may be due to different designthefstudies or
the geographical area or the quality of dialysiewdver, it was reported that using fixed conversitio does not
always ensure an equivalent conversion betweeitwtbedosage forms [26]. Arrieta et al., [16] stutlitne dose
equivalence in relation to Hb stability and showlest using conversion factor of 300 IU Eprex® =d.[PA seems
to be suitable for most patients receiving low dosEprex® while 350=1 for higher doses. The difere between
conversion factors used at different doses maylated to losses of some efficacy of Eprex® at highes. In the
current study, the calculated doses for Eprex®gusomversion factor; 300 1U =1ug were adequatarfaintaining
Hb levels within the recommended range (100-120 Ghe results of the present study clearly demratesthat DA
QW was adequately more efficient for maintaining lefel, RBCs and Hct within recommended ranges. élew,
it was reported that the cost of DA is double thfaEprex®. Using higher conversion factor in thegent study can
explain in part low cost of DA as, it appears torbere cost effective than Eprex®. In addition I&sxquent
administration of DA may decrease healthcare anstissave nursing time.

The results of the present study are consistertt thié recently published data showing that DA QWmisre
efficient in achieving target Hb, with minor vasaulaccess complications using the conversion fa&®6rl [27].
Although, a conversion factor of 300:1 was usethis study DA was still more efficient than Eprex®the first 8
weeks of treatment. Moreover, the present studyebono major influencing factors as chronic inflaatary
disease or malignancy reported in the study cases.

CONCLUSION

This study findings suggest that DA QW seems tonbee efficient in ameliorating blood indices (RBEH), Hct)
despite using equal doses of Eprex® QTIW. This tm@ydue to longer duration of action of DA. No sfgrant
changes were observed in all other hematologicedrnpaters evaluated in this study. Further studieshighly
warranted to elucidate the effects of both drugddnger follow-up periods.
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