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Abstract

Background: Erythropoietins are necessary for dialysis patients to maintain adequate
hematocrit(Hct). In order to promote peritoneal dialysis, the erythropoietin payment
criteria loosened in Nov 2006. Before Nov 2006, erythropoietin was not covered by
National Health Insurance (NHI) if the Hct was above 30%. After Nov 2006, the
erythropoietin payment criteria loosen and erythropoietin can be covered by NHI if
the Hct is below 36%. However, the maximum monthly erythropoietin dosage
remains the same (Eprex/Recormon 20,000U, Aranesp 100mcg). After widening the
benefit package, the Hct of prevalent peritoneal dialysis patients increased from
28-29% to 30-31%. From the results of Normal Hematocrit study, CHOIR study and
TREAT study, we find that administration of erythropoietins and pushing Hct to more
than 37% is associated with adverse cardiovascular outcome. However, what is the
optimal Hct target is still an issue of debate. We need local data to find out if it is
better to maintain Hct between 30-31% rather than 28-29%.

Objective: The main purpose of this study is to analyze the impact of loosening
erythropoietin payment criteria on cardiovascular outcome of incident peritoneal
dialysis patients.

M ethods: We selected incident peritoneal dialysis patients from the NHI beneficiaries
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claim data from 2003 to 2010. We defined the period before loosening the

erythropoietin payment criteria as Time 1 (from May 2003 to Oct 2006), the period

after loosening the payment criteria as Time 2 (from May 2007 to Oct 2010). Incident

peritoneal dialysis patients were followed for cardiovascular events including

myocardial infarction, stroke, hospitalization due to heart failure and death.

Findings: There are 1759 incident peritoneal dialysis patients in Time 1 and 2981

patients in Time 2. More patients in Time 2 have hypertension and diabetes mellitus

(DM). The median monthly erythropoietin dosage is significantly higher in Time 2

(Time 1: 10,769U; Time 2: 13,105U). For the composite cardiovascular endpoint, the

risk in Time 2 is significantly lower (HR 0.823, 95% confidence interval 0.711, 0.954,

p=0.0096) after adjusting age, sex, Charlson index, DM, hypertension, history of

coronary artery bypass graft and congestive heart failure. For each cardiovascular

endpoint, the risk reduction in Time 2 does not reach statistical significance. With

regard to subgroup analysis, for patients without DM, no significant difference in

cardiovascular risk is observed between Time 1 and Time 2. However, for patients

with DM, the risk of composite cardiovascular endpoint is significantly lower in Time

2 (HR 0.737, 95% confidence interval 0.613, 0.886, p=0.0011). In addition, the risk of

stroke is also significantly lower in Time 2 (HR 0.591, 95% confidence interval 0.396,

0.883, p=0.0102). The risk of hospitalization due to heart failure is lower in Time 2,
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but does not reach statistical significance (HR 0.785, 95% confidence interval 0.614,

1.004, p=0.0535). The above data can support that under maximum monthly

erythropoietin dose limit, less cardiovascular risk is observed when Hct is maintained

within 30-31% compared to 28-29%. However, it needs further discussion to see if

refine the erythropoietin payment criteria is necessary. Current payment criteria can

leave more room for clinical practice. Besides, further studies are needed to prove that

whether DM patients can have less cardiovascular events with Hct 30-31% under

maximum monthly erythropoietin dose limit

Key words: erythropoietin, payment criteria, cardiovascular risk
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ZF 2 -2~ B 47 & (prevalent case)*t 94 & 1 99 & 2 o VK E

PE Y PR PE R R
94 4£ Q1 28.54 96 4£ Q1 30.06
Q2 29.05 Q2 30.45
Q3 28.90 Q3 30.60
Q4 28.89 Q4 30.18
95 4£ Q1 28.70 97 ££ Q1 30.05
Q2 29.17 Q2 30.93
Q3 29.15 Q3 30.84
Q4 29.52 Q4 30.48
98 4 Q1 30.70
Q2 30.83
Q3 31.01
Q4 30.71
99 4 Q1 30.65
Q2 31.01
Q3 30.99

FRXR 96 E5e FPLEREESTHL > 415 5.10 (94Q1 96Q4)

VEF=FFLERAFSTIEE 471 5.12(97Q1 t0 99Q3)
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28M 28M

92.5.1 95.11.1 99.10.31

"R E=Timel R {8 E2=Time 2
Hct } *130% Hct } *236%

g Tk
AT A THRRLE TR HERARFLF LR T 2 AR g
TR 2003 & I 2010 &£ 2 Pkt & iR P fh(CD) s Mk F 4P i
(00) ~ Ll F R} * if 8P mh(DD) ~ WEF R § * F 4 F & P imfh(DO)2 K if
FALM(ID) - i+ 2003 # 1 2010 # ¢ |Ef7 5P > HELFe B F ¢ ¥
SRREY L S SR T o
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é.'*z  F RR s - Lok F ¥ 2R S 4y iR(time to first event of CV
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SHERBLR ) DAL CRFR T FEP i G ¢ 47 428~ 40201 - 40211
40291 ~ 40401 ~ 40403 ~ 40411 ~ 40413 ~ 40491 2 40493 7B+ - (¥ b | eh2| =
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AR A S EHELE D N7

1. &% Eprex ~ Recormon ~ Aranesp # 87 Fr #| & ¥ =2 DRUG_NO -

2. PR Fem mh(00)® - EP-F ¢ WHREENTF L RBL D B
3% % > ¢ » #-Eprex ~ Recormon ~ Aranesp # 8% ¢ #| & ¥ > 2

DRUG NO £ TOTAL QTY Apsk » ¥ {#3% 7 iren k4 £ 3 2§ o

\y

3. i RS %# ® » Eprex ~ Recormon # B * } *2 5 20000U > Aranesp
5 100meg; e a3t EF B Y on k4 & F W F PF o % Aranesp 100mceg %

B % Eprex 20000U » 4 i +* §iz o Eprex £ Recormon RJ4R & 4p ¢ & &

B

4. d ** TOTAL QTY ¢ 3 ¥ 47&gifenifa) > ¥ R w2 23 FL AR

#=# 7 Eprex/Recormon  *T % 20000U * §ef + F 3 B = fow 2h 4 <
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SR A RIS ISR o FRELAFL B 95

110 1R % 2 A5 LRSI o Ao

Time 2 ¥ A= X LT & > p BafE 28177 PEHe 5 2 99 & 10 7
31 p > F* 99 & 107" 31 poEg#Hi L RET(LR -0 B TY LR
A B BT A S R RETR(TRE S B WY e R ¥ S
B R AR RS PR S 2 B
AT 0 P GRR G AWET R o FRRLAFL 99 107 31 p W o

DR A R EATEE S o AT o

Hfa Ry %A T n FERE L4 0 2 Kaplan-Meier * 3¢ iz 3+ Timel
22 Time 2 2. time to first CV composite endpoint 7 survival curve o I $ * Cox
proportional hazards model » (5 & i+ # # ~ {4+ %] ~ Charlson index ~ )ﬁ%f]\}}ia B o B
T B9 0% Yeap £ LR RO % Fhf L % %3 {4 > &~ +7 Time 1 ¥2 Time 2 time to first
CV composite endpoint 2. £ £ o

&Py R vk~ TR RBE,, ~ TP R~ T3
2 Kaplan-Meier * ;% iz 2+ Timel ¥ Time 2 2. time to each CV composite endpoint
e survival curve o I #% * Cox proportional hazards model » (§fe it & # ~ } %] ~
Charlson index ~ #& f s ~ % o & Ttk B % e LR s R BRI

4 17 Time 1 & Time 2 time to each CV composite endpoint 2. £ £ -
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Sk FEELRG IR Z &I oL FREEHEE BY L § ¥ 22 Kaplan-Meier
AT B w & D OME RO 8 2 P S 2 e

i %l

IS RSN e U

*LFRGE 718 Time 1 4~ & M4 495 1759 = > Time 2 5 2981 i - Time 1 £
Time 2 4~ =% "L %35 47 B, & \fbkd\)ﬁ-?ﬁ;x |5t 4w -1 o ¥R Time 2 2. T 5 #2R
Time 1 % 3 (55.26 vs 52.92)> Charlson index T 327 % Time 2 7% 1% § (3.50 vs 3.25)

§ 0t 5 & Time 2 v % (48.67% vs 43.21%) °

M~ Tun ']tt:u%i%:)l“;ax{ —*Ff
I A

A& Time 1 £ Time 2 '* 4p 02 ©

EREROR B B Bk R M £

% Time2 * &35# Time | 3 % 5 & 5 i &2 9L

© Bz 9118 Time 1 4= =k %% 475 1733 > Time 2 § 2940 i+ - Time 1 £
Time 2 4> S BT R H 2 A A BT 7P 4w D ATRBR I NG S 2 RU2 - R o

ERIRA S F R RIS > TR E LA TEEN R o F B s
& A E P 28k d Timel 5 10769U » Time 2 % 13105U > & —*" ES S e
+ &5 ¥ (p<0.0001 » Wilcoxon Ranksum test) & B 7 (= x k4 & % # £

#L) 7

T 39 (1
& Time 1 % 10165(5805)U » Time 2 % 12342(5111)U >

FARERT I R
¥ (p<0.0001 > ttest) o
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Z#w -1 ~ 252 Time 1 ¥ Time 2 4~ =< Fﬁﬂﬁéf%,%ﬁgiiigi L 2§

Time 1 Time 2
92.5.1-95.11.1 96.5.1-99.10.31
A7 =X PRNCE 4T %’*ﬁﬁiﬂ 1759 2981

# i
T 35(SD)
20-39
40-49
50-59
60-69
=70
Charlson Index
T 35(SD)
=2

3

4

5
=6
e
o

g

o

B R

o5 §RE

Tk 0% MR £ i
U R

T s e HR

52.92 (15.37)
328 (18.65%)
393 (22.34%)
431 (24.50%)
320 (18.19%)
287 (16.32%)

3.25 (1.58)
816 (46.39%)
383 (21.77%)
158 (8.98%)
228 (12.96%)
174 (9.89%)

994 (56.51%)
760 (43.21%)

*F 5 A pEu R @
560 (31.84%)
1301 (73.96%)

19 (1.08%)

134 (7.62%)

20 (1.14%)

154 (8.75%)

55.26 (14.79)
429 (14.39%)
560 (18.79%)
821 (27.54%)
606 (20.33%)
565 (18.95%)

3.50 (1.65)
1197 (40.15%)
573 (19.22%)
330 (11.07%)
482 (16.17%)
399 (13.38%)

1530 (51.33%)
1451 (48.67%)

1248 (41.87%)
2466 (82.72%)
33 (1.11%)
346 (11.61%)
52 (1.74%)
322 (10.80%)
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Z fow -2~ B E Time 1 2 Time 2 47 =% P8 %34 47 ,&ﬁ%i%@‘r%‘ri b

Time 1 Time 2
92.5.1-95.11.1 96.5.1-99.10.31
A7 X PE A 4T B "Lﬁ Hc p 1733 2940

# i
T 35(SD)
20-39
40-49
50-59
60-69
=70
Charlson Index
T 35(SD)
=2

3

4

5
=6
e
o

g

o

B R

o5 §RE

Tk 0% MR £ i
U R

T s e HR

52.93 (15.37)
323 (18.64%)
389 (22.45%)
423 (24.41%)
315 (18.18%)
283 (16.33%)

3.24 (1.57)
806 (46.51%)
379 (21.87%)
157 (9.06%)
220 (12.69%)
171 (9.87%)

980 (56.55%)
749 (43.22%)
54 A w2 @
549 (31.68%)
1283 (74.03%)
19(1.10%)

132 (7.62%)

20 (1.15%)

151 (8.71%)

55.32 (14.76)
418 (14.22%)
552 (18.78%)
811(27.59%)
602 (20.48%)
557 (18.95%)

3.50 (1.65)
1184 (40.27%)
566 (19.25%)
324 (11.02%)
475 (16.16%)
391 (13.30%)

1515 (51.53%)
1425 (48.47%)

1229 (41.80%)
2428 (82.59%)
32 (1.09%)
338 (11.50%)
49 (1.67%)
315 (10.71%)
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FoE ek FEEFERHBE B FE R G

"R RkE #r i 2 Time 1 & Time 2 4> X WS 4T B - 4 v ¥ E5 e 4
% > Time 2 4p ¥1** Time 2 2. hazard ratio = 0.823>95% ¥ % & 5 0.711, 0.954 »
At ¥ % (p=0.0096) F 5]k FEE s TR TP R
Pl f#mEre ; ~ 7= | > Pl Time 2 4p %> Time 1 2 hazard ratio #2-] 3+ 1 »
FEA ST P EE (A 3) e W R BE BT REAAR (R 4) -

ARe3-TRZE IR FEEFERFE BB R §F P Time 2 4p $43¢ Timel
Ep e

Time 1 Time 2 HR*
92.5.1-95.11.1  96.5.1-99.10.31 95% CI
N=1759 N=2981 P value
s g EREE i 1% 289 500 0.823
(¢ Z? lE 7 B ~F (16.43%) (16.77%) (0.711, 0.954)
R A ) p=0.0096
Bolod g
S VUL B 37 66 0.805
(2.10%) (2.21%) (0.535,1.210)
p=0.2967
¢ R 58 89 0.726
(3.30%) (2.99%) (0.519, 1.016)
p=0.0618
Flo % B AR 158 281 0.841
(8.98%) (9.43%) (0.690, 1.026)
p=0.0876
7= 91 162 0.890
(5.17%) (5.43%) (0.686, 1.155)
p=0.3809

¥ EE > 14 5] - Charlson index ~ # /i €~ % o B €~ SR B IR M £
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E R YR

AR -4 PG Lok FREEFEREE B L FE 2 Time 2 4p $37 Timel

2B

92.5.1-95.11.1

96.5.1-99.10.31

HR*
(95% CI)

P value

i EEFE R

(é’ %:uﬂm*{%\ﬂ&\fﬂ

R BAIRS )

l/ﬂ; Fv‘]lb‘n"_ ';Ff i i+
NN 5“*{%

Fos F B A

0.820
(0.707, 0.950)
p=0.0084

0.805
(0.535, 1.211)
p=0.2985
0.738
(0.527, 1.034)
p=0.0770
0.828
(0.678, 1.012)
p=0.0648
0.897
(0.691, 1.166)
p=0.4179

* & F # ~ M u] ~ Charlson index ~ W ¢ CENS RGNS AL ] < s

g s R R
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Kaplan-Meier 4~ 47 4c@le -1 4 il & ~ P b ~ Flo R HE L~ 7= E Ry
% % ¥ #4512 2 Kaplan-Meier 4~ 454cBle 2~ 2 -3~ w4~ v -5 7 g2 5| Time
1 2 Time2 EPAELE « W2 T2 %%k > H5LBr-6-

Bl&w-1> 5202 0w ¥ 258 &2 Kaplan-Meier 4 15
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B4 w-3~ 5502 1 ¢ b 2 Kaplan-Meier 4 #7
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Time 1
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oW R 2R AR R R

PUERLE 478 2 Time 1 £ Time 2 2 4= =0 4T B 4 ¢ > #twa § ¥ 2ux
é‘viﬁ’]‘%‘:‘rﬁ? B ? b2 fi;}%ﬁ—f ) ik }3@)(%}]'\}7“(3”}5 AR FTIEEL TS F AR S F
BAEIBARL Y ot 32 FEHEEY b o & Time 2 2 b ‘G395 F 10
Time 1> 3 %~ Flow % 2B L 7 = 2 hazard ratio $5/) 3 1 fa A ALt Bg ¥ o
BRAERRBFEHR Lo FERFERBA B Yo FF 2 Time2 & Time 1 Al &

PARLIR « UEHZEMELEETEGENE 24260
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#¥w 5 FRUE

SR BB AR R

ron PEEFERpERE BY s g F P Time 2 4p4H3¢ Timel

§ R AR

HR* p value HR* p value
(95% CI) (95% CI)

s B EEFEE 0.737 0.0011 0.957 0.7221

(¢ zovfLE~? R ~ (0.613,0.886) (0.750, 1.220)

Flo R AR )

Falod g

N 0.751 0.2332 1.001 0.9978
(0.470, 1.202) (0.438, 2.288)

L 0.591 0.0102 1.102 0.7559
(0.396, 0.883) (0.597, 2.037)

IS SRS REN 0.785 0.0535 0.927 0.6566
(0.614, 1.004) (0.663, 1.296)

7 0.931 0.6782 0.833 0.3826

(0.663, 1.307)

(0.553, 1.255)

*i& F & ~ 4w] ~ Charlson index ~ 3 = TE}]% g~ TR R R "f‘,?rﬁ‘_.‘}?f, g~ U E i

¢ e
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#Fw -6~ B2

SR BB AR R

ron PEEFERpERE BY s g F P Time 2 4p4H3¢ Timel

§ R AR

HR* p value HR* p value
(95% CI) (95% CI)

s B EEFEE 0.738 0.0013 0.943 0.6356

(¢ zovfLE~? R ~ (0.613,0.889) (0.739, 1.203)

Flo R AR )

Falod g

N 0.750 0.2288 1.001 0.9974
(0.469, 1.199) (0.438, 2.289)

L 0.602 0.0137 1.106 0.7469
(0.402, 0.901) (0.599, 2.044)

Fls RSB A 0.784 0.0542 0.897 0.5266
(0.611, 1.004) (0.640, 1.257)

7 0.940 0.7226 0.842 0.4103

(0.667, 1.324)

(0.558, 1.269)

*i& F & ~ 4w] ~ Charlson index ~ 3 = TE}]% g~ TR R R "f‘,?rﬁ‘_.‘}?f, g~ U E i

¢ e
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54 Fe 41 2124
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Fraslr ontkd X35 B o * #E > & Time2 #& Time 1 5 & (¢
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2_ hazard ratio 32/ %% 15 R AE R PR F o d WREFTREY 4L 0t F DF
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%ifi&x
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- EFFH I Time2 42 Flptd " K Time2 S F b "B €3 < o

Normal Hematocrit Study (Besarb A, et al. 1998) ~ CHOIR Study (Singh AK, et al.
2006)¥* TREAT Study (Pfeffer MA, et al. 2010):5 % Bgom > B o Vb % € L RgH 5 0
S g FE o F P Fle 45188 9 Epo #| £ Epo hyporesponse o #- CHOIR Study
i P& Epo ¢ * &| & & #74 $7(Szczech LA et al. 2008) @ Az # * N % o v % 2 (Hct

39.3%)F 37.5%% Fé—fﬁﬁ/ et F PR AR v F B (Het 33.3%) 53 4.7%

‘E.r

EiE R F PR Bt F e 35.1%KEE AR iF 20,0000 14k 2§
€ Epoetina » R n v F 25 9.6% & * 2 3 & E Epoetina ; A 747 > i@
*AZE# ¥ 20,000U 12 F 2 % A& E Epoetin o0 € 34 57% s § ¥ 2 b ‘G (HR
1.57 > 95% CI 1.04-2.36, p=0.03) o o 2 = Z &0 F¢ XMR L » T =
endothelin-1 % & 3 4v - vasoactive prostanoid 3 4r » ‘=& IR 4 = % 7~ ¥ E
thrombogenic pathway (Himmelfarb J > Szczech LA » 2009) » i § 2 k4 = 2 ¥
i ¥ho o kA7 4 o 3% 0 Epo A 7 22 Epo hyporesponse 7 B > F]¥ i 3
dAEF R G R ARBE{ Bens i 2 FE R % B R o % TREAT
Study R ¥ i 34 &%k B E A4 17 (Solomon SD, et al. 2010) : & *
darbepoetin . — B 7 {5 > & i FH <% T &K G F B F(poor response) ; P& I
F =R o & B Y R o darbepoetin o | E P #ch 232 ugc B3N F R iED
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