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95% CI 0.904, 1.021). A similar relationship was observed 
within each propensity score quintile.  Conclusions:  Hemodi-
alysis patients who received IV DA had dose requirements 
that were similar to their counterparts who were treated with 
SC EB. A once-weekly dosing regimen and avoidance of SC 
administration enhance the attractiveness of DA as an alter-
native to traditional ESAs. The potential for unmeasured con-
founding, restriction to a population that was treated with
a single ESA preparation and application of a 200 IU:1  � g
EB:DA dose conversion are important limitations of this 
study.  Copyright © 2007 S. Karger AG, Basel 

 Introduction 

Erythropiesis-stimulating agents (ESAs) are the cor-
nerstone of anemia management in chronic kidney dis-
ease (CKD). Over 90% of chronic dialysis patients receive 
ESAs [1]. Initial trials with recombinant human erythro-
poietin (rHuEpo) demonstrated a universal correction of 
the hypoproliferative anemia that characterizes CKD with 
the virtual elimination of transfusion dependence [2, 3].

 There are two traditional rHuEpos in current clinical 
use: epoetin- �  (Eprex, Johnson & Johnson, New Bruns-
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 Abstract 

  Background/Aims:  In a cohort of hemodialysis patients, we 
evaluated the hypothesis that weekly administration of intra-
venous (IV) darbepoetin- �  (DA) was associated with lower 
total erythropoiesis-stimulating agent (ESA) requirements as 
compared to a regimen of multiple subcutaneous (SC) doses 
per week of epoetin- �  (EB).  Methods:  We studied 1,159 he-
modialysis patients who were treated exclusively with either 
IV DA or SC EB across a network of Portuguese clinics during 
2004. Linear regression was used to assess the adjusted rela-
tionship between the ESA regimen and weekly ESA require-
ments over the period of observation. Generalized estimat-
ing equations were applied in order to model the population 
average effects of the correlated mean weekly ESA dose for 
each individual. We also calculated propensity scores for the 
receipt of DA and assessed the relationship between ESA 
type and dose requirement within each quintile of the score. 
 Results:  The adjusted dose of IV DA, when expressed as a 
proportion of the dose used in EB-treated patients, did not 
differ from the dose administered to EB recipients (0.961, 
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wick, N.J., USA, and Epogen, Amgen, Thousand Oaks, 
Calif., USA) and epoetin- �  (NeoRecormon, Hoffmann-
La Roche, Basel, Switzerland). Despite their outstanding 
efficacy in treating CKD-associated anemia, rHuEpo 
preparations have important shortcomings. Specifically, 
the relatively short-half life of these agents generally ne-
cessitates the administration of multiple weekly doses. 
Subcutaneous (SC) – rather than intravenous (IV) – ad-
ministration has been recommended to minimize the 
overall dose requirement  [4, 5] .

  Darbepoetin- �  (Aranesp, Amgen, Thousand Oaks, 
Calif., USA) is a ESA with a terminal half-life that is 2–3 
times that of rHuEpo preparations. This is attributed to 
hyperglycosylation of the polypeptide backbone of eryth-
ropoietin given the presence of five glycosylation sites as 
compared to three with traditional ESAs  [6] . Random-
ized trials in dialysis patients have demonstrated the ef-
ficacy of darbepoetin- �  (DA) in maintaining hemoglo-
bin levels with a similar safety profile to first-generation 
ESAs  [7, 8] . As a result, DA is considered as an acceptable 
alternative to rHuEpo in the management of CKD-asso-
ciated anemia  [5] .

  Given the comparable efficacy and safety profiles of 
the various ESAs, factors such as cost and convenience of 
administration may be used to guide the choice of ESA. 
We studied a cohort of prevalent hemodialysis patients 
who were receiving care at Gambro Healthcare facilities 
in Portugal during 2004. We postulated that, as com-
pared to patients treated with SC epoetin- �  (EB), patients 
receiving IV DA would require a reduced ESA dose de-
spite a lower frequency of administration.

  Subjects and Methods 

 Patient Population 
 Our cohort included prevalent hemodialysis patients in the 

Gambro Healthcare Portugal network who received either IV DA 
or SC EB exclusively during the 2004 calendar year. Patients re-
ceived care in all 17 Gambro Healthcare dialysis units across the 
country. Overall, approximately one quarter of all Portuguese he-
modialysis patients received care at Gambro facilities during 
2004. Patients were excluded if fewer than 3 consecutive months 
of ESA dosing data were available. Anemia was managed accord-
ing to Gambro standards which called for a hemoglobin target of 
 6 110 g/l, although the selection of ESA preparation was at the 
discretion of the attending nephrologist.

  Exposure, Outcome and Covariates 
 The exposure of interest was the ESA regimen in use over the 

course of the year: IV DA versus SC EB. The outcome of interest 
was the weekly ESA dose expressed in international units/kilo-
gram/week (IU/kg/week). DA doses were converted to conven-

tional rHuEpo units in a ratio of 200 IU rHuEpo:1  � g DA, as the 
peptide mass of the two preparations are equivalent at this point 
 [9] . In addition, the two agents were cost neutral at this ratio in 
Portugal and the European Union  [10] . Information on weekly 
ESA dose was based on physician prescriptions recorded in dialy-
sis records.

  In order to adjust for confounding, the following time-inde-
pendent covariates were considered: age, gender, cause of end-
stage renal disease, time since initiation of hemodialysis, number 
of quarters of follow-up and dialysis clinic. Repeated quarterly 
values (representing the mean of all predialysis values obtained 
during the three component months of each quarter) for hemo-
globin, ferritin, transferrin saturation, calcium, albumin, phos-
phate, intact parathyroid hormone, mean arterial pressure, body 
mass index, normalized protein catabolic rate and Kt/V were also 
evaluated. Vascular access type was also considered at the begin-
ning of each quarter.

  Data Source 
 All information was obtained from the Gambro Healthcare 

Medical Data Information System. This database was established 
to monitor quality of care and practice patterns across the Gam-
bro network. Data were sent from the local information systems 
at the dialysis units to Gambro offices in Portugal and then sub-
sequently to Gambro headquarters in Sweden. All data were de-
identified by Gambro Healthcare and transferred in this form to 
the Portuguese offices for the analyses described herein.

  Statistical Methods 
 Descriptive statistics were used to compare all covariates by 

ESA type. For each patient, data for continuous parameters were 
summarized as means over the period of follow-up. When each 
treatment group was considered in its entirety, mean ( 8 SD) or 
median (interquartile ranges) values were reported, depending on 
normality of the data. Comparisons between ESA regimens were 
conducted using the t test or Wilcoxon rank sum test, as appropri-
ate. For categorical variables, the proportion of patients within 
each stratum was presented and comparisons by ESA type were 
made using the Pearson  �  2  test.

  Median weekly ESA dose was then evaluated in either treat-
ment group after stratifying for the duration of follow-up (up to 
four quarters). As dose data were not normally distributed, the 
Wilcoxon rank sum test was used to compare the two treatment 
groups.

  The relationship between ESA type and dose was evaluated us-
ing multivariate linear regression analysis adjusting for all the 
aforementioned covariates. As ESA dose data were not normally 
distributed, these were logarithmically transformed for the re-
gression analyses. Parameter estimates and 95% confidence limits 
(CI) for the primary exposure were exponentiated to the power of 
the base of the natural logarithm and thus express a relationship 
with ESA dose on a multiplicative scale. In order to model the 
population average effects of the correlated quarterly mean week-
ly ESA dose for each individual, we used generalized estimating 
equations (GEE). This method uses the mean value for each pa-
tient as the outcome and adjusts the standard error for compari-
sons to allow for within patient correlation using what is known 
as a robust sandwich estimator. The GEE methodology is based on 
a marginal or population average effects model. It uses means per 
group and treats correlations within a group as a nuisance factor.
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  To more optimally adjust for confounding, we calculated a 
propensity score  [11]  that reflected a patient’s probability of re-
ceiving IV DA (as compared to SC EB). This was generated using 
logistic regression with ESA type as the dependent variable and 
all previously described covariates as independent variables. Pa-
tients were then divided into five groups based on the propensity 
score quintile. Within each quintile, we used GEE as described 
above to evaluate the impact of ESA type on the prescribed week-
ly dose of ESA.

  Descriptive statistics were performed using SAS 9.1.3 (SAS In-
stitute, Cary, N.C., USA). Stata 9.2 (StataCorp, College Station, 
Tex., USA) was used for all regression models. Statistical signifi-
cance was established with a p value  !  0.05.

  Results 

 1,254 hemodialysis patients were treated exclusively 
with either SC EB or IV DA during 2004 and were thus 
eligible for this analysis. 95 patients were excluded due to 
incomplete data for covariates. The 1,159 patients in this 
analysis represent 48.2% of the 2,404 patients who were 
active within the Gambro Portugal network for some 

part of the 2004 calendar year, and 54.1% of the 2,131 pa-
tients who received any ESA therapy during this period. 
The subpopulation of patients whom we studied had sim-
ilar demographic and biochemical characteristics com-
pared to the overall population of ESA-treated patients in 
the Gambro Portugal network (data not shown). 442 
(38.1%) patients contributed data for the entire year, 376 
(32.4%) patients were analyzed for three quarters, 230 
(19.8%) for two quarters and 111 (9.6%) for one quarter. 
236 (20.3%) patients received SC EB while 923 (79.7%) 
received IV DA.

  The DA and EB groups had similar demographic and 
clinical characteristics, although there were some notable 
differences, as shown in  table 1 . EB recipients were more 
likely to be men, dialyze through AV fistulas and have 
diabetes or hypertension as the etiology of end-stage re-
nal disease. Mean arterial pressure over the course of the 
study period was slightly but significantly higher among 
EB recipients. In addition, the EB patients had higher se-
rum ferritin and albumin levels and lower intact parathy-
roid hormone and phosphate levels, as compared to DA 

SC EB (n = 236) IV DA (n = 923) p value

Age, years 59.6815.2 60.1816.2 0.66
Males, % 63.1 54.8 0.02
Time on dialysis, years 2.7 (1.2, 6.2) 2.8 (1.0, 5.9) 0.78
Quarters of follow-up 3 (2, 4) 3 (2, 4) 0.11
Cause of ESRD, %

Diabetes 
Hypertension
Chronic GN
Other

21.2
21.6
14.4
42.8

19.8
14.2
14.3
51.7

0.02

Ferritin, �g/l                                    551.5 (345.0, 828.0)         404.0 (263.0, 579.0) <0.0001
Transferrin saturation, % 30.9812.2 31.4811.6 0.58
Calcium, mmol/l 2.3280.15 2.3280.17 0.55
Phosphate, mmol/l 1.5580.5 1.6180.42 0.04
iPTH, ng/l 176 (70, 372) 258 (146, 453) <0.0001
Albumin, g/l 42.885.4 40.183.8 <0.0001
nPCR 1.280.2 1.280.2 0.38
Body mass index, kg/m2 24.284.0 24.184.5 0.52
Hemoglobin, g/l 120811 121810 0.17
Kt/V 1.580.2 1.680.2 0.71
Mean arterial pressure, mm Hg 96.4812.9 94.2812.9 0.02
Vascular access type at start of follow-up, %

AV fistula
AV graft
Catheter

78.0
9.7

12.3

70.9
16.1
13.0

0.04

Data for categorical variables are displayed as percentages; data for continuous vari-
ables are presented as mean 8 SD or median (interquartile range), as appropriate.

iPTH = Intact parathyroid hormone; nPCR = normalized protein catabolic rate.

Table 1. Patient characteristics by receipt 
of EB or DA
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recipients. Over the course of the observation period, 
mean hemoglobin did not differ between the treatment 
groups (120  8  11 g/l for EB vs. 120  8  10 g/l for DA, p = 
0.17).

  The median dosing frequency over the period of 
 observation was 1 per week for DA and 2 per week for 
EB. Median weekly ESA doses for patients treated with 
each of the ESA strategies are displayed in  table 2 . There 
was an inverse relationship between ESA dose and dura-
tion of follow-up. Specifically, the median ESA dose 
(IQR) was 140.7 (84.1, 203.9) IU/kg/week among pa-
tients who were followed for one quarter and gradually 
dropped to 96.3 (65.3, 150.8) IU/kg/week among those 
followed for all four quarters (p  !  0.0001). After strati-
fying patients by duration of follow-up, there were no 
significant differences in the prescribed doses of EB and 
DA ( table 2 ).

  Multivariate analysis revealed that the adjusted week-
ly dose of DA was 4% less than that of EB, however this 
was not significantly different (0.961, 95% CI 0.904, 
1.021). The relations between the remainder of the covari-
ates and ESA dose are displayed in  table 3 . 

  Since the achieved hemoglobin level clearly affects 
ESA dose, it was included as a covariate in the principal 
model. However, the administered ESA dose will also im-
pact hemoglobin levels. Due to our inability to clearly 
define the temporal association between hemoglobin lev-
el and changes in ESA dose, the potential for reverse cau-
sality exists. Re-evaluating the model after excluding he-
moglobin, however, led to the same treatment effect for 
DA as in the model containing hemoglobin.

  We then generated a propensity score for treatment 
with IV DA as compared with SC EB. As shown in  table 4 , 
ESA dose requirements did not differ between DA and EB 
in any of the propensity score quintiles.

  Discussion 

 DA is an alternative to traditional rHuEpos in the 
management of the anemia associated with CKD. The ef-
ficacy and safety of this agent in maintaining hemoglobin 
goals as compared to first-generation ESAs has been es-
tablished in randomized trials  [7, 8]  and observational 
studies  [12, 13] . These findings have led to the acceptance 
of DA as a viable ESA in patients with CKD-associated 
anemia  [5] . We undertook this study in order to compare 
total ESA consumption in patients who were treated with 
one of two ESA strategies: IV DA or SC EB. We found that 
the prescribed dose of ESA did not differ between the two 
strategies. The robust nature of these results was con-
firmed by the absence of a dose difference across a spec-
trum of propensity scores for the receipt of DA.

  The lack of dose difference seen in our cohort is con-
sistent with findings from a randomized trial comparing 
patients treated with DA and traditional ESAs, with the 
latter agents usually injected 2–3 times per week  [7] . On 
the other hand, a recently published randomized trial 
compared dose requirements of DA and EB, both injected 
SC on a weekly basis, to patients previously treated with 
3 times weekly SC EB  [10] . EB recipients had a 44% high-
er dose requirement and part of that difference was driv-
en by the rise in requirements in the EB patients when 
once-weekly dosing was introduced.

  The vast majority of DA recipients in our cohort re-
ceived a once-weekly ESA dose as opposed to a median of 
two-weekly doses for the EB recipients. Dose escalation 
studies clearly established the efficacy of weekly DA dos-
ing as compared to 3 times weekly injections  [14] , thus 
pointing to the potential for reduced nursing workload 
with this agent. However, despite studies suggesting that 
weekly SC EB may be as efficacious as twice- or 3 times 

Table 2. Prescribed ESA dose by number of quarters of follow-up

Median (IQR) weekly ESA dose by duration of follow-up

1 quarter (n = 111) 2 quarters (n = 230) 3 quarters (n = 376) 4 quarters (n = 442)

ESA requirement 140.7 (84.1, 203.9) 132.9 (78.6, 197.2) 103.9 (70.2, 175.3) 96.3 (65.3, 150.8)
EB SC
DA IV

112.1 (70.4, 178.4)
160.1 (97.1, 209.6)

132.9 (71.2, 195.4)
131.9 (79.6, 197.3)

105.7 (75.9, 146.5)
103.7 (69.9, 178.1)

90.3 (62.8, 142.1)
97.7 (68.9, 156.1)

p value1 0.07 0.61 0.65 0.27

ESA doses displayed as IU/kg/week with interquartile range. DA doses were converted to conventional dos-
ing units with a conversion factor of 1 �g DA:200 IU EB.

1 For comparison of ESA dose between EB and DA recipients.
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weekly regimens  [15, 16]  with comparable total drug con-
sumption, most of the EB-treated patients that we studied 
received multiple weekly injections.

  Successful maintenance of hemoglobin goals using an 
IV route without compensatory dose escalation is com-
pelling. Due to their relatively short half-lives, tradition-
al ESAs must be given at substantially higher doses when 
administered IV, thereby entailing a cost disadvantage 
 [4] . For this reason, the SC route is advocated for the ad-
ministration of traditional ESAs in hemodialysis patients 
 [5] . As opposed to this, several studies have shown the 
dose equivalence of IV and SC DA for the achievement of 
comparable hemoglobin targets  [7, 12, 13] . This is despite 
the fact that the terminal half-life of IV DA is half of that 
when the drug is given SC (25.3 vs. 48.8 h)  [6] . However, 
even when administered IV, the pharmacokinetics of DA 
permit drug concentrations that persistently remain 
above the threshold required for the stimulation of eryth-
ropoiesis. Use of the IV route will enhance patient com-
fort by eliminating the need for regular SC injections.

  While the efficacy of DA has been shown in several 
controlled trials of conversion from rHuEpo to DA, the 
current study confirmed this in the context of the routine 
care of a large prevalent hemodialysis population. Access 
to an extensive database enabled adjustment for impor-
tant confounders of the relationship between ESA strat-
egy and dose. Furthermore, rather than evaluating ESA 
doses at fixed points in time, our analyses enabled us to 
account for the changes in ESA dose which occur in usu-
al patient care. Intra-patient variability was taken into 
consideration by considering patient clustering and de-
termining robust standard errors of the estimated pa-
rameters with the GEE procedure.

  There are also important shortcomings to consider. As 
choice of ESA was a matter of physician preference, it is 
possible that the decision to employ either SC EB or IV 
DA was related to unmeasured patient factors that could 

Table 3. Adjusted relationship between ESA type, covariates and 
ESA dose

Parameter Param-
eter
estimate

Lower
bound of
95% CI

Upper
bound of
95% CI

p
value

ESA type
EB SC
DA IV

1.000
0.961 0.904 1.021 0.19

Age, /1 year 1.000 0.999 1.001 0.43
Males 0.886 0.855 0.919 <0.0001
Time on dialysis, /1 year 0.996 0.992 1.000 0.07
Etiology of ESRD

Glomerulonephritis
DM
HTN
Other

1.000
0.986
0.985
0.985

0.932 
0.925
0.940 

1.042
1.048
1.034

0.62 
0.64
0.55

Ferritin, /50 �g/l 0.994 0.993 0.996 <0.0001
Transferrin saturation, /1% 0.996 0.995 0.997 <0.0001
Body mass index, /1 kg/m2 0.983 0.979 0.989 <0.0001
Calcium, /1 mg/dl 0.988 0.974 1.002 0.10
Phosphate, /1 mg/dl 1.012 1.004 1.020 0.002
iPTH, /50 ng/l 0.998 0.997 1.000 0.03
Albumin, /1 g/l 0.993 0.990 0.995 <0.0001
nPCR, /0.1 unit 1.001 0.996 1.005 0.76
Hemoglobin, /10 g/l 0.998 0.991 1.005 0.57
Kt/V, /0.1 unit 0.988 0.983 0.993 <0.0001
Mean arterial pressure,/10 mm Hg 1.008 1.001 1.016 0.02
Vascular access type

AV fistula
AV graft
Catheter

1.000
1.035
1.077

0.988 
1.041 

1.084
1.114

0.15
<0.0001

Duration of follow-up
4 quarters
3 quarters
2 quarters
1 quarter

1.000
0.993
0.982
1.024

0.947
0.929
0.957 

1.042
1.038
1.095

0.79
0.52
0.49

Unit No.
2
1
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17

1.000
1.046
1.044
1.640
1.101
0.999
1.161
0.981
0.902
0.984
1.057
1.126
1.190
1.025
1.069
1.036
1.331

0.919 
0.963 
1.049 
1.000
0.905 
1.079
0.883 
0.802 
0.896 
0.979 
1.044 
1.096 
0.938 
0.971 
0.959 
1.104 

1.190
1.132
2.564
1.211
1.104
1.249
1.090
1.015
1.081
1.140
1.214
1.292
1.119
1.176
1.119
1.604

0.50
0.30
0.03
0.05
0.99

<0.0001
0.72
0.09
0.74
0.16
0.002

<0.0001
0.59
0.17
0.37
0.003

Parameter estimates reflect the relative impact of the variable on ESA 
dose as compared to the referent category (for categorical variables) or per 
unit change of the variable (for continuous parameters).

Table 4. Relationship between ESA type and prescribed ESA dose 
within propensity score quintiles reflecting increasing likelihood 
of receipt of DA IV

Propensity
score
quintile

Probability
of receipt
of DA

Relative dose
of DA as com-
pared to EB

95% CI p value
for each
quintile

1 ≤0.70 1.025 0.947–1.109 0.54
2 0.71–0.81 1.027 0.936–1.128 0.57
3 0.82–0.87 0.951 0.855–1.057 0.35
4 0.88–0.92 0.973 0.855–1.106 0.67
5 ≥0.93 1.067 0.916–1.243 0.40
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impact on ESA dose. Similarly, we could not account for 
potential co-interventions that, if applied preferentially 
among recipients of either ESA strategy, could ultimately 
affect the relative dose of the two agents. Despite our best 
efforts to account for important confounders, including 
the use of a propensity score approach, the presence of 
residual confounding cannot be ruled out given the non-
randomized nature of our study.

  The patient population that we studied may limit the 
generalizability of our findings. Our principal eligibility 
criterion, the consistent use of a given ESA regimen (i.e., 
either IV DA or SC EB), may have been a proxy for gen-
eral patient stability and health. Our decision to not ana-
lyze patients in whom the ESA regimen was changed over 
the course of the year may limit the representativeness of 
our study population.

  Finally, since the relationship between doses of DA 
and traditional ESAs is non-linear across a spectrum of 
doses  [19] , our use of a 200 IU:1  � g conversion factor to 

compare EB to DA may yield inaccurate ‘dose equiva-
lents’. This is particularly relevant in patients with high 
requirements for traditional ESAs, as the efficiency of 
these agents declines as compared to DA when weekly 
doses exceed 10,000 IU/week  [19] . Nonetheless, several 
studies adopted this ratio when successfully converting 
patients from traditional ESAs to DA  [7, 8] . Practically, 
this ratio also reflects cost neutrality between the prod-
ucts in the European Union and is thus an appropriate 
benchmark for dose comparisons. It is possible that in a 
subset of patients with high ESA requirements, the use of 
DA may lead to cost savings.

  In conclusion, hemodialysis patients who received a 
single weekly dose of IV DA had anemia control and ESA 
dose requirements that were comparable to patients treat-
ed with multiple doses per week of SC EB. A more conve-
nient dosing schedule and the avoidance of discomfort 
associated with SC injections make DA an attractive al-
ternative to traditional ESAs.
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