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Objective: Although recombinant human erythropoietin (thEPO) has revolutionized the treatment of anemia in chronic
kidney disease (CKD) receiving hemodialysis (HD) with no need of blood transfusion, some patients have a blunted or
appear to be resistant to rthEPO. There is a controversy in the causes of rhEPO resistance in maintenance HD patients
with anemia. This study is to examine current anemia treatment outcomes and the factors influencing the rhEPO
responsiveness in HD patient with CKD.

Methods: The clinical parameters or factors relating to erythrompoietin treatment outcomes and erythropoietin respon-
siveness were collected from the HD patients in two large dialysis centers for three months. The collected paramenters
included serum iron, total iron biding capacity (TIBC), transferrin saturation rate, ferritin, albumin, intact PTH, C-reac-
tive protein (CRP), nPCR and medications such as an angiotensin converting enzyme inhbitor, an angiotension II recep-
tor blocker and an HMG-CoA reductase inhibitor (HMG-CoA RI). The data were analyzed to examine the degree of
acheiveing the anemia treatment goal and factors relating to ERI.

Results: Among total 111 patients, 42 (42.3%) and 47 (37.8%) patients achieved the target Hct and Hb based on the
Health Insurance Review and Assessment Services (HIRA) reimbursement criteria. In the higher ERI group (upper
quartile), the patients had higher CRP levels (0.5 mg/dl) (p=0.0096), and lower TIBC score (<240 pg/dl) (p=0.0027),
and less patients were taking HMG-CoA RI (p=0.0019). Male patients (p=0.0204), patients with high TIBC score
(R’=0.084, p=0.0021) and patients taking HMG-CoA RI (p=0.0052) required to administer less dose of thEPO mean-
ing higher erythropoietin responsiveness.

Conclusion: Less than 50% of CKD patients were achieving the goals of anemia by erythropoietin administration in
large hospitals in Korea even though the goals were lower than those of NKF-K/DOQI practice guideline. The factors
influencing ERI were sex, TIBC and HMG-CoA RI administration status, and neither an ACEI nor an ARB did not
influence ERI.

[J Key words - anemia, thEPO response, thEPO responsiveness index, chronic kidney disease

285 e 27| "R 3 A R A o AbA bR} o] §o] FRAE o], AntEFe] $7F Al

A 2243 118 (normocytic normochromic anemia)©| Alpld), P42 34 A5 g 01415 25he} meduls-

o1 o)1= 4179 erythropoietin AAF =, S5 o] S 2L o] & Qlgt o] &) Ao B &
gt F571% A, 2 A Hy T 51 ‘4——‘7"] Hal °] A-g3te] W2 533 recombinant human erythropoietin
WA gAke] wide] 2k A2 HA] ke (thEPO)- 1986118 7] 4154 3ake] e X 8A= At

5] ¢} thEPOL] AMg-2o= uw]

Correspondence to : 2A7]

glol WS A8 & QA =)

3}
=
A

Mg orsle)s) opslst e AEE S A
K ASA] ol ot
151-742 M&A] b7 Aotz | AR Ao 7 EX vl 3zl x7]4ek

Tel: +82-2-880-7997, Fax: +82-2-882-9560 =
E-mail: jmoh@snu.ac.kr 50 UkgS 5 33 I3lFA == AHAWFAE F

122

17432 = 8
a, gke] A SR, o3k



A FEA ghxje] wlg ] oA Erythropoietin HF-g-ol °F 3FS

hematocrit (Hct)Z} hemoglobin (Hb)-2 2-45w}cl &7 3}
S vkl mhe} thEPO 83FS ZA3te]of gt} 717K
A AL 7} (Health Insurance Review and Assessemnt
Services, HIRA)}S 4 3xle] vl X3 E2S 2 thEPO

= A3 o) Het 30-33% == Hb 10-11g/dre =2E-303
H)i Aste] ByFedE QA2 92m”, vl Kidney
Disease and Dialysis Outcomes Quality Initiative (NKF-K/
DOQI) X|ZA]F-2 Hct 33-36% =X Hb 11-12g/dis =9
FR2 A A gl

EPOE FofWh= 314k 90% o]4Fo] thEPOS] Foiee]
vl gk g5 Mo x|k vy A] FxlEell A= uhg-e] F-3t
A e ez Bu=wtol oju AR Age] F 1<l
o3 AR BWFE dFHA] rhEPO HES- 74 o 5 2o
Bl steiof giet. 7t AW HEo] FRFNE E78taL
thEPO HHg-o] 8317 33t A2 g7 95 2 344, =t
Y 8, A =4, &FvlE 54, Bé%‘ AHE, it
=% vepl B, 293 93 29 ‘:Ol MU SURCEIAS
3 glekY mEbA gh A Sl 7—‘%7‘46 Ad T
3L, Fulg AR Fd 5 Agteb, ante] £ Al A
=7 1% vlelRl F5-5 $robA thEPO2] HEg-¢] wolx]A|
AwF afFoiof et

=3} Tonelli 5% Ifudu 59 A5 74 H-Ad ] Het
S7ks} thEPOS] HEA] adel <3S Fohar Barsha g)
2w 219 nke] thEPO Hh-ll dFE F= 2912 ACE
inhibitor (ACEI)M’IS), angiotensin II receptor blocker (ARB)16),
HMG-CoA reductase inhibitor (HMG-CoA RI)!"9} 7-2- <&
o] Fol, T JAE A A We) N A= gl HE A

5(2003)0] o8k FA HAAT} wldTte] A BA o
T, A 520002 £ 5200472V 28t thEPOL] A 3}A
o 7S w|X]E= IR} BA o] 2FPH C-reactive protein
(CRP) A3} total iron-binding capacity (TIBC) 3147} %4
=7 shiet.

B QAT AATHE BT gl W) BN Bl
A Het¢} thEPO U ES S 53l
B30, thEPOS] HHSAJel 3kS

£ 3] ArbA] A SAF FTIH R RuERshs

ﬂmﬁ £ 2 ACEI2} ARB, HMG-CoA RI®} & <A
i ek thEPO HE-gA 9] AHiAdell dalM £ 3sted thEPO
Ao G T 9T 2 el HalA epu

AT U LIS

B o‘i:,L% T 3k 27| 3] Q1A e ydate] A
= RS Aoz gL 7|Fe Hgst IS %

SR 123

gratoich 239 A= SANEE B3 JAFHS F 3
34X A7|H o2 FHAdt i o)A} Wk gl EhA}
W X8 B 07 hEPOE 1Y oA} Fof I 9l

Prolgleh. & A7 Y] o8] el A Ak,

'IE I:II-I:H

ATF717Fs}t BAEE thEPOE HIRA Fo37]Eol wheh
Het7} 30% elste]l vt Hbel 10 g/dl o]ated o Fofrggle
v, thEPO2] &2 25 =t 45 mfc} AJd)sh 3] Heteo}
Hb ZA} Aol wte} %—7&3}“‘:} thEPOE 74 F 3
32 Foi3lg . X2 EF(H )= Her} 30-33% == Hb7}
10-11 g/dle] o}, =) 3322 ﬁ‘rx}ﬁ ATE AFS 49l oen
(80.5%), Tt ferritin®] 100 ng/ml ©|%ke] A1} transferrin
saturation rate (TSR)7} 20% w]5te]l 73-9- A2 FARE- A BA)|
A E Tl skeh(14.4%).

T+ 29 3320|879
2 B2 5 QT4 7|20l AR
yol 2187)%-2 sAste] TG Fap ?J*Jfé%%lv‘r.
=9} thEPO A 85 2

dHE 20054 49 30U (135)7HA] o], o] 7]7}01] 333}
B9 275 2T AL oA SR A
B B Hgsh gefst AR whdAlFA e Al
A1 A8 F27]7F, ZAA| Z(dried body weight), Kt/Vo =2 1e}
A FA - E(dialysis adequacy) %! normalized protein
catabolic rate (nPCR) 5-°] Z35 1=}

A&HAL HEXIE

(U, uniE FEAIZE “thEPOS] AN 20054 24
193 2005 49 30L7HA] 1353 Aol Al Fol5l FAME
fo= Aejslgiet? wat AT FF 7 thEPO 43
(the average weekly rhEPO dose/dried body weight)>2 rhEPO
o] EALEEHU)S AAFH 1322 e Zh=HslE Uke/
week) 22 A 23193, thEPOS & ¥4 A =4l “thEPO
responsiveness index (ERI, 32 rhEPO resistance index,
thEPO WA olgli® = AAZ o Hetol| W3 3%
rHEPO £-3F(weekly thEPO dose/hematocrit/dried body weight,
)= UHctkgweek) o2 A ojslgich ) wlg x| 8e] £
ZA3#2] Hete} Hb 3kabnie} 3707 A 3he] o=
A 2] slgi v}l Het, Hb, total cholesterol, BUN, creatinine, iron,
TIBC, TSR, ferritin, serum albumin, intact PTH(GPTH, -7+
328, CRP, nPCR 52| A E= v = AR F4&
4319 771754t ACEL ARBS} HMG-CoA RI B-%-
o H-Z Eelslsion o5 ofAle] Aute] Qls 7-Fell AlA
g3t Al ow 7l st <22 ‘%J%”—E— < 304



124

A8ERA] GHEE %%7171} el Z4% 34 Hbzt
B P AR 7L HIRA)Z ] =
NKF-K/DOQI¢] X| 8533 ]oﬂ =3t 3x0) v &2 skoh

MERI®} TERE Zio| UMX EA H|m
2E AFsake] thEPO HHA) A=<l ERI ZHE 43912

vHre] 4 o2 BRI olF 145 vlnkel 3kAl
< rhEPOS 7]‘ 79,7—]] AL8-3s} F("AERIZ")O2, 34395
O]A]-O] §]—7§]— 7]—?]— U]—o] A].Jls]. "‘("——ﬂERI—'”)_i Zé-/]
st}

ER0ll d&S D|X|l= Xt 24

a5, AJNAS A7 Il 2, ) Fo2 ALt E
slal 71ef 72 QA AR AR 9} o] A E o] 2
N Fo2 BEF3l9em, ACEL, ARB, HMG-CoA RI®] ¥
of offe] wel 77 vl Fo= BRdn. 9k A&
Z} = 7¢ Hb, Het, % rthEPO FoJ2F, 18]35 ERI %9
g vlwsle] FAA o2 froJgt zfeo| 7} Q=R £ 5}
3 ERI el 5 | AE RS A gD

4 24

EARAE 93 Z2 a7 SAS® verson 829} SPSS®
verson 12.0 AHE31I L, B W4 7b 9] A atA]
2 3l9dvh. AERIT-#} ZERIT- 2F 94 A%E v|ws)r] 4
gt FAMPH 22 WM (crosstabulation analysis), 55 t-
test (independent t-test) 3 #AH-A (ANOVA)S AHE-31T).
w3t of2] YAF A Ee} BRI RS H7] $siA] Sl
A At A2 7 A ARES VN o) o B
3le] 7k &+ 7b 2ol & WA (crosstabulation analysis), 5
& ttest (independent t-test) & F-AFEA (ANOVA)E o] 83}
o] BA3lal, ERISH 72 A A RS 7 ATEA S AAjs)
Act. EAEA el o8 ERISF AR o] e Aoz vehd
A5 ARPAE Bl TS ‘i"‘i"/v: sto Z}7} 3
TA1S AL, BRI WA= o] AEE FAEIAT oF
3] 954 (stepwise multiple regression)—"— AraA 7} 9= el
s F TAAHLE ot deS nAl AAE AgE)
AsA AREE S 2] BARA A A A
choll AR8-% 2] F(significance level> 0.05¢] ).

A7 Az
sixte| =A

WA= 2 11522 Falr) 5479 (48.7%), A7} 57
H(513%)°1 A2, AA S| FFAY- S85EFHA

Kor. J. Clin. Pharm., Vol. 21, No. 2, 2011

1

+11. 1)/40]041;]_ 2L AR
W2 A A el 407 (36.0%),

A9 el AR 71
TP A

g2

o rlo
o

¢
W
O

Table 1. Clinical characteristics of hemodialysis patients

Characteristics N (%)
54 (48.7): 57 (51.3)
58.5+11.1 (27-84)

Male : Female
Age, meantSD (range), years
Cause of chronic kidney disease (CKD)

Hypertension 39 (35.1)
Diabetes mellitus 40 (36.0)
Polycystic kidney disease 6(54)
Other 2(1.8)
Unknown 24 (21.6)
Duration of dialysis, mean+SD (range) 47.9+45 8 (3-229)
(months)
Dried body weight, meantSD (range) (kg) 56.2+9.8 (33-83)
Biochemical characteristics MeantSD
Hematocrit (Het, %) 29.782.9
Hemoglobin (Hb, g/dl) 9.89+0.90
BUN (mg/dl) 64.3121.3
Serum creatinine (mg/dl) 9.242.7
Serum iron (ng/dl) 75.9+40.1
TIBC (ng/dl) 205.0+48.0
TSR (%) 38.74£22.0
Ferritin (g/L) 291.74£301.8
Intact PTH (pg/ml) 165.9+£287.2
Albumin (g/dl) 4.11£0.5
Total cholesterol (mg/dl) 149.1£33.7
C-reactive protein (mg/dl) 1.247.3
nPCR (g/kg/day) 1.1£0.3
Kvv 1.6+0.3
Erythropoietin dose (U/kg/week) 87.6140.6
ERI (U/Hct/kg/week) 3.0t14
Hospitalization within 3 months, N (%) 28 (25.2)
ACEl use, N (%) 31(27.9)
ARB use, N (%) 38 (34.2)
ACEI & ARB use, N (%) 6(5.4)
HMG-CoA RIL, N (%) 34 (30.6)
Abbreviation: ACEI, angiotensin converting enzyme; ARB,

angiotensin Il receptor blocker; BUN, blood urea nitrogen; ERI,
erythropoietin ~ responsiveness index; Hb, hemoglobin; Het,
hematocrit; HMG-CoA RI, HMG-CoA reductase inhibitor; Kt/V,
dialysis adequacy; nPCR, normalized protein catabolic rate; PTH,
parathyroid hormone; TIBC, total iron binding capacity; TSR,
transferrin saturation rate; SD, standard deviation
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Table 2. The proportion of patients achieving the target
hemoglobin and hematocrit levels

™ (35.1%), ThdAl A o] 67 (5.4%)0191em, A Fxpe] 2
HANTA 7]7FS 47.9+45.8(3-229)70 < o] 1 TH(Table 1). ThA

Target levels N (%) 3x1o] 370 HF Hets 29.742.9(22.4-36.5)%°1 903,
HIRA Hb 10-11 (g/dl) 47 (42.3) HbZ 9.89+0.90 (7.55-12.18)g/dle] %} >m], ERI:= 3.0+1.4
Het 30-33 (%) 42 (37.8) (0.5-6.8)U/Hct/kg/week, TSRS 38.7422.0%, albumin 4]
Hb 11- 12 (g/dl) 9(8.1) 4.1£0.5 g/dl, iPTH %2 165.9+287.2 (1.4-2315.6)pg/ml, CRP

NKF-K/DOQI
Q Het 33-36 (%) 14 (12.6) e 12473 (0.02-774)mgdl, KyV-E 16403 (0.9-3.1),

Abbreviation: Hb, hemoglobin; Hct, hematocrit; HIRA, Health
Insurance Review and Assessment Services; NKF-DOQI, Kidney
Disease and Dialysis Outcomes Quality Initiative

nPCR-> 1.140.3 gkg/dayol et 22 3704 oW 3 o]
393 Ho] R b= 289 (25.2%)01 L, ATt F
o} ACEIS E-83F 3Al= 25%(22.5%), ARBE 3274 (28.8%),

Table 3. Comparison of hemodialyais patients with ERI in the lowest quartile versus those in the highest quartile

Parameters Low ERI (Q1, n=28) High ERI (Q4, n=28) P-value
Sex 0.1088
Male 17 11
Female 11 17
Age (year) 58.1+11.2 58.4+11.7 0.9166
Cause of chronic kidney disease (CKD) 0.4109
Hypertension 12 10
Diabetes mellitus 12 10
Polycystic kidney disease 0 1
Other 1 0
Unknown 3 7
Duration of dialysis (months) 47.8+58.1 45.2+44.6 0.8639
Dried body weight (kg) 61.319.1 50.617.2 <.0001
Hematocrit (Het, %) 31.1+2.7 29.0+3.4 0.0126
Hemoglobin (Hb, g/dl) 10.1+0.9 9.6£0.9 0.0010
Erythropoietin dose (U/kg/week) 46.6+12.6 143.2431.7 <.0001
ERI (U/Hct/kg/week) 1.5+0.4 4.9+1.0 <.0001
Iron (png/dl) 70.5+£29.7 79.5440.1 0.3475
TIBC (ug/dl) 218.4435.2 185.0+43.6 0.0027
TSR (%) 33.1£13.7 4454232 0.0307
Ferritin (g/L) 254.0£307.6 354.6£181.2 0.1429
Intact PTH (pg/ml) 133.7£218.3 159.1+219.4 0.6661
Albumin (g/dl) 4.1£0.5 4.1£0.5 0.9795
Total cholesterol (mg/dl) 152.6+35.6 147.1£36.1 0.5737
C-reactive protein (CRP, mg/dl) 0.240.2 0.7£0.9 0.0096
nPCR (g/kg/day) 1.1£0.4 1.1£0.3 0.7035
Hospitalization, yes:no 6:22 6:22 1.0000
ACEI use, yes:no 7:21 10:18 0.3833
ARB use, yes:no 10:18 11:17 0.7825
ACEI & ARB use, yes:no 3:25 1:27 0.2994
HMG-CoA RI use, yes:no 15:13 4:24 0.0019

Abbreviation: ACEI, angiotensin converting enzyme; ARB, angiotensin II receptor blocker; ERI, erythropoietin responsiveness index; Hb,
hemoglobin; Hct, hematocrit;, HMG-CoA RI, HMG-CoA reductase inhibitor; nPCR, normalized protein catabolic rate; PTH, parathyroid
hormone; TIBC, total iron binding capacity; TSR, transferrin saturation rate
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ACEI®} ARBE #Zo] E-83t 3t 63 (54%)°) -2
HMG-CoA RIE 5-8-3F 3kx]3= 349 (30.6%)°] A TH(Table 1).
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MERRZI DERE Zie| &y S H|m

ERIE 4E9 2 vre] A2)g HERIZ ILERIENA
ERI Zt2 Z+7} 1.540.4U/Hct/kg/week, 4.9+1.0U/Hct/kg/week
o]gith. AERRES thEPOE A& oF AHS-gell= 4 Hbe}
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A Fo] wo| YZth(p<0.001). ZERIF|A # ERIZ-E.ch
CRP 7to] B2 7oz 2 u(p=0. 0096), thEPO 420
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ITERIFA TIBCE W4oh(p<0.027). %3+ ERIe| o3 3kS-
F= FEAEoAME= JERIFFS HMG-CoA RI E-§ 3z}
H]g-0] o Fhth(p<0.0019) (Table 3).

Table 4. Hemoglobin, hematocrit, erythropoietin dose and ERI according to different level of each clinical parameter

Parameters Hb (g/dl) Hect (%) Erythropoietin dose(U/kg/week) ERI(U/Hcet/kg/week)
Sex
Male 10.0+£0.9 29.8+2.8 78.5+35.4° 2.7+12"
Female 9.8+0.9 29.6+3.1 96.3+43.4 3.3£1.5
Age (years)
23-44 9.8+0.6 29.542.2 100.4+57.6 3.4+1.9
45-64 9.9+0.1 29.743.1 85.9+37.5 2.9+1.3
>65 9.9+0.9 29.7+2.9 86.4+39.7 2.9+14
Cause of chronic kidney disease (CKD)
HTN 10.0+0.8 30.1+2.6 86.5£35.6 2.9+1.1
DM 9.7+1.0 29.143.2 83.1+40.9 2.9+1.6
PCK 9.2+0.9 27.743.2 91.4£52.5 3.2+1.4
Other 10.9+£0.3 32.942.3 61.7+38.0 1.9£1.3
Unknown 10.0+0.8 30.4+2.6 98.3+45.4 3.2+14
Duration of dialysis (months)
<48 9.8+0.9 29.34+2.8 83.8+41.8 2.9£1.5
>48 9.9+1.0 30.0+£3.3 85.3£33.0 2.9+1.1
Iron (ng/dl)
<70 9.9+0.8 26.8+2.7 89.8+41.8 3.1+1.4
>70 9.9+1.0 29.6+3.2 85.1£39.2 2.9+1.3
TIBC (pg/dl)
<240 9.9+0.9 29.8+£2.9 90.2+40.4 3.1+14
>240 9.8+1.0 29.543.4 75.0+39.8 2.6+1.3
TSR (%)
<20 10.0+0.7 30.5+£2.3 82.1+32.6 2.7+1.1
>20 9.9+0.9 29.6+3.0 88.7+42.0 3.0+14
Intact PTH (pg/ml)
<120 9.9+1.0 29.743.1 85.6+40.4 2.9+14
> 120 9.9+0.7 29.842.5 92.1+41.0 3.1+1.3
Albumin (g/dl)
<35 9.5+0.8 28.442.7 102.6+£52.4 3.6+1.7
>3.5 9.9+0.9 29.842.9 86.8+39.9 2.9+1.4
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Table 4. Hemoglobin, hematocrit, erythropoietin dose and ERI according to different level of each clinical parameter

(continued)
CRP (mg/dl)
<05 9.9+0.9 29.843.1 82.0+37.4" 2.8+1.3"
>0.5 9.740.8 29.342.5 106.0+45.6 3.6+1.5
Hospitaliztion
yes 9.9+0.9 29.8+3.0 88.4+40.7 3.0+1.4
no 9.8+0.8 29.542.9 85.3+40.8 29+13
ACEI & ARB
Only ACEI 9.3+0.9" 283+3.3" 91.7+43.1 32414
Only ARB 9.9+0.7 29.642.5 97.6+46.4 33£1.6
ACEI & ARB 9.9+0.5 292+1.5 67.6427.1 23+1.0
None 10.2+0.9 30.6+2.9 81.4+35.1 2.7+12
HMG-CoA RI
yes 9.9+0.8 29.542.7 70.3+30.2" 24£12"
no 9.9+0.9 29.8+3.1 95.3+42.3 32+14

Abbreviation: ACEI, angiotensin converting enzyme; ARB, angiotensin II receptor blocker; CRP, C-reactive protein; DM, diabetes mellitus; ERI,
erythropoietin responsiveness index; Hb, hemoglobin; Hct, hematocrit; HMG-CoA RI, HMG-CoA reductase inhibitor; HTN, hypertension; PCK,
polycystic kidney disease; PTH, parathyroid hormone; TIBC, total iron binding capacity; TSR, transferrin saturation rate; SD, standard deviation

*; p<0.05, **:;p<0.01
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Table 5. Simple regression using erythropoietin responsiveness index

Beta Standard error t p-value
Sex Constant 2.068 0414 4.97 <.0001
Sex 0.611 0.260 2.35 0.0204
TIBC Constant 4.706 0.561 8.39 <.0001
TIBC -0.008 0.003 -3.15 0.0021
Constant 3.226 0.154 20.94 <.0001
HMG-CoA RI
HMG-CoA RI -0.795 0.278 -2.85 0.0052

Abbreviation: ERI, erythropoietin responsiveness index; HMG-CoA RI, HMG-CoA reductase inhibitor; TIBC, total iron binding capacity
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RhEPO responsiveness index

Total iron binding capacity { pg/dL}

Fig. 1. Relationship between erythropoietin resistance index
and total iron binding capacity. R=-0.289, R?=0.084, p<0.01
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Fig. 2. Relationship between erythropoietin responsiveness
index and HMG-CoA reductase inhibitor (HMG-CoA RI).

0= group not taking HMG-CoA reductase inhibitor, 1= group
taking HMG-CoA reductase inhibitor P<0.01

Table 6. Stepwise multiple regression using ERI

Parameter Standard error t p-value
Constant 4.032 0.665 6.064  <0.001
TIBC -0.008 0.003 -3302  0.001
HMG-CoARI  -0.867 0.260 -3334  0.001
Sex 0.605 0.240 2.520 0.013

Abbreviation: ERI, erythropoietin responsiveness index; HMG-CoA
RI, HMG-CoA reductase inhibitor; TIBC, total iron binding capacity
R= 0.454, R =0.206, P<0.01
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