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Background: Treatment with erythropoietic-stimulating agents (ESA) exerts effects quite different from
biologic erythropoietic processes; treatment involves short, intermittent, non-physiologic bursts of plasma
erythropoietin availability. A recent study revealed that repeated, cyclical, up-and-down movements of hemoglo-
bin levels are a common occurrence during ESA treatment in patients on hemodialysis. We attempted to deter-
mine whether the variations in hemoglobin levels differed between patients treated with epoetin Beta (EPO) and
those treated with darbepoetin Alfa (DPO). Methods: Twenty-five patients on hemodialysis who were switched
from EPO to DPO in July 2007 were enrolled in this study. We investigated 24 sets of data from July 2006 to June
2007 obtained while the patients were treated with EPO and 24 sets of data from October 2007 to September
2008 when they were treated with DPO. We excluded the first 3 months after the ESA switch from the observa-
tion period, because hemoglobin values could change with switch of the type of ESA itself. The change in the he-
moglobin values were compared between the EPO treatment period and DPO treatment period. Results: There
was no difference in the mean hemoglobin value (10.0+ 04 g/dl 10.0 =04 g/dl respectively) and hemoglobin vari-
ability (6.4 = 2.1, 7.1 = 1.6, respectively) between the period of treatment with EPO and that of treatment with
DPO. Conclusion: There were no significant differences in the hemoglobin variability induced between EPO and
DPO. The same hemoglobin variability may be obtained regardless of the type of ESA used, if the ESA is used in
adequate doses.
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Introduction

Treatment with erythropoietic-stimulating agen-
ts (ESA) has been a major advance in improving the
lives of hemodialysis patients. However, treatment
with ESA exerts effects quite different from bio-
logic erythropoietic processes; treatment involves
short, intermittent, non-physiologic bursts of plasma
erythropoietin availability, which do not directly co-
incide, either temporally or in magnitude, with that
under physiologic circumstances. A recent study
revealed that repeated, cyclical, up-and-down move-
ments of hemoglobin levels are a common occur-

rence during ESA treatment in patients on hemo-
dialysis”. There is only one report on the difference
in the hemoglobin variability with change of ESA
from epoetin Beta (EPO) to darbepoetin Alfa
(DPO)?. We attempted to determine whether the
variations in hemoglobin levels differed between pa-
tients treated with EPO and those treated with
DPO.
Materials and Methods

Twenty-five outpatients who were switched from
EPO to DPO in July 2007 and were not admitted
with gastrointestinal bleeding were retrospectively
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enrolled in this study. The background data of the
study participants (age, gender, duration of hemo-
dialysis, cause of primary end-stage kidney disease)
were recorded. All the blood samples were obtained
before the first dialysis session of the week. Hemo-
globin was measured every two weeks and c-
reactive protein (CRP), iron (Fe) and the total iron
binding capacity (TIBC) were measured once a
month. Routine chemistry profiles were determined
by standard methods. Fe saturation was calculated
as Fe divided by TIBC. As the index of body fluid
volume, we investigated body eight at the time of
blood sampling. We obtained 24 sets of data from
July 2006 to June 2007 obtained while the patients
were treated with EPO and 24 sets of data from Oc-
tober 2007 to September 2008 when they were
treated with DPO.

The conversion ratio from EPO to DPO was
225:1. We excluded the first 3 months after the ESA
switch from the observation period, because hemo-
globin values could change with switch of the type
of ESA itself.

Not only the value of hemoglobin, but also the
change in the hemoglobin value is considered to be
important to determine the dosage of ESA. The
same doctor determined the dosage of EPO and
DPO. We aimed for a hemoglobin level of over 10-11
g/dl, which is the recommended value in Japan®.
Hemoglobin variability was calculated as the stan-
dard deviation from the individual patients’ hemo-
globin divided by the patients’ mean hemoglobin
x100”. The variability of body fluid volume was also
calculated as the standard deviation from the indi-
vidual patients’ body weight divided by the pa-
tients’ mean body weight. The change in the hemo-
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globin values were compared between the EPO
treatment period and DPO treatment period. This
study was conducted in accordance with the princi-
ple of the Declaration of Helsinki.

The paired t-test was used to compare the vari-
ables. Data values are presented as means =SD. A
probability value of less than 0.05 was considered to
represent significance. All statistical calculations
were performed with Stat View SE.

Results

The clinical characteristics of the subjects are
summarized in Table 1. Out of 25 patients, 14 pa-
tients were male. The mean age of the patients was
69.0 £ 8.2 years. The mean duration of hemodialysis
was 21.1 £ 114 years. Primary cause of end-stage
kidney disease was chronic glomerular nephritis in
17 patients, diabetic nephropathy in 5, nephrosclero-
sis in 2 and unknown in 1. The comparison of iron
and inflammation markers and hemoglobin variabil-
ity is shown in Table 2. Fe saturation was higher
during the EPO treatment period (29.4 = 7.1%) than
during the DPO treatment period (25.1 =7.7%, p<
0.01). There were no difference in the serum CRP
level (042 £ 0.41 mg/dl, 041 +0.49 mg/dl, respec-

Table 1 Background characteristics of
the study participants

Characteristic

Number (Male/Female) 25 (14/11)
Age (years) 69.0+82
Duration of hemodialysis (years) 211114
Primary cause of ESKD
Chronic glomerulonephritis 17 (68.0%)
Diabetic nephropathy 5 (20.0%)
Nephrosclerosis 2 ( 8.0%)
Unknown 1 ( 4.0%)

ESKD: end-stage kidney disease.

Table 2 Comparison of iron, inflammation and body fluid markers and he-

moglobin variability

Epoetin Beta

Darbepoetin Alfa p value

Fe Saturation (%)

CRP (mg/dl)

Hemoglobin (g/dl)

Hemoglobin variability

Body fluid volume variability
ESA dosage (u/week, ng/week)

294=71

042+041

10004
6421

25177 0.01 >
041+049 ns.
100+04 ns.
71+16 ns.
1.3+08 1.7+0.7 ns.
3,730=1,760 22+11

CRP: c-reactive protein, ESA: erythropoietic-stimulating agents.
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tively), the mean hemoglobin value (10.0 =04 g/dl,
10004 g/dl, respectively), body fluid volume vari-
ability (1.3+0.8, 1.7 0.7, respectively) and hemoglo-
bin variability (6.4 = 2.1, 7.1 + 1.6, respectively) be-
tween the period of treatment with EPO and that of
treatment with DPO.

Discussion

Hemoglobin variability results in fluctuation in
oxygen delivery to vital organs. Repeated episodes
of relative ischemia in organs, such as the heart,
may result in disordered pathologic organ function,
and suboptimal patient outcomes. Ebben et al found
that both the risk of mortality and hospitalization
were associated with high-amplitude hemoglobin
swings”. Yang et al also reported greater hemoglo-
bin variability was independently associated with a
higher mortality®. On the other hand, Gilbertson et
al reported number of months for which the hemo-
globin values remain below the target range rather
than hemoglobin variability itself may be the pri-
mary predictor of the increased risk of death”.
Since hemoglobin variability is determined by
many factors, its validity as a surrogate outcome
predictor of a poor prognosis remains to be deter-
mined, and will require RCTs".

Hemoglobin levels tend to rise and fall in a cyclic
pattern, one that varies from patient to patient'. So
in our study, the same patients were examined as
both cases and controls. The longer circulating half-
life of DPO (25.3 hr) than of EPO (85 hr)” may affect
hemoglobin variability. In Australia, Walker R et al
reported that the mean variance in hemoglobin lev-
els was greater in patients receiving DPO than in
those receiving EPO”. But in our study, there were
no significant differences in the hemoglobin vari-
ability between EPO and DPO in hemodialysis pa-
tients with switch of the ESA from EPO to DPO.
Response to ESA is affected by functional iron defi-
ciency and inflammatory conditions. As the marker
of iron repletion, Fe saturation was higher during
the EPO treatment period than during the DPO
treatment period. As the marker of inflammation,
serum CRP level was not different between the pe-
riod of treatment with EPO and that of treatment
with DPO. Body fluid affects hemoglobin value. So

we estimated body weight at the time of blood sam-
pling as the index of body fluid and found there was
no significant difference in body fluid volume vari-
ability between the period of treatment with EPO
and DPO. We considered not only the value of he-
moglobin, but also the change of the hemoglobin
value to control the dosage of ESA. The same he-
moglobin variability may be obtained regardless of
the type of ESA used, if the ESA is used in ade-
quate doses.

There are some limitations in this study. First,
the study design was retrospective and there were
no clear protocol for the dosage of ESA and Fe sup-
plement. The difference of Fe saturation between
the period of treatment with EPO and that of treat-
ment with DPO meant more Fe supplements were
used in EPO treatment period than DPO treatment
period. That might be due to the difference in cost
between EPO and DPO. Second, the sample size
was very small. Further investigation with larger
samples under a rigid protocol is necessary to esti-
mate the differences arising from the type of ESA
used.

Conclusion

There were no significant differences in the he-
moglobin variability between EPO and DPO in
hemodialysis patients with switch of the ESA from
EPO to DPO.
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By BUEBEREEOERLZEMES LTEHEMLSH Y, FDEEE L T erythropoiesis stimulating
agents (ESA) 2MEH I N T3, E4E, ESAIRLAMBHDOLE L DBEEIZ, BV EShEIAESOE VEOL
TOEENRDY, T/, "NEFUCVOEFFAR, BCKEETLZEHESRTYS. 50, FRAOCELS
epoetin Beta (EPO) & darbepoetin Alfa (DPO) TANEZ OV LV OEBIIENEH APHBE L. FE =ZHEXE
REEIZBWT, 200747 HIZEPO %5 DPOWCEH L2 25 BN REFENBEZE 2 R E L. £EHO 12
P ALEEHED4~16» AED 12 » AEOANEZ QY VR P 20, §3tFNEN 24 ERHELS. ~NEFOE
VEENT EHRREE/FHAEITE YY) X100 TE#M L, EPO THEMLZHIM L DPO TiER LM% L
7o, #E EPO OEEHBIcCoONEZOE  OFYHEIZ100£04g/dl T, NEZ7OV U 2BZ64£2]1 THo
7z. —7%, DPO OEFEHETRERATZS oy OFHEIZ 10004 g/dl, ~NEFOE VEBHNLT71+16 Tho7-.
MEIZBWTIANEZOE Y OFHE, ~NEFUE VEFICEREIRD Lo, @ EPO L DPOOLEHLS
D ESA THREGANET O Y EFZHONLEEMED D - 72,
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