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Background: In hemodialysis (HD) patients requiring anemia management, the 3-fold longer terminal
half-life (25.3 hours) of darbepoetin-alpha (DA) results in reduced dose frequency when compared with
recombinant human erythropoietin (EPO) -alpha or -beta by intravenous administration (8.5 hours).
However, this might become a disadvantage in the face of rapid withdrawal of the drug against
hemoglobin (Hb) overshoot and/or cycling.
Objective: A “half-and-half’ combination therapy of DA and EPO was used to avoid a possible Hb
overshoot due to the full conversion from EPO to DA.
Methods: Thirty-two stable patients receiving HD (13 men, 19 women) and EPO monotherapy were
enrolled and prospectively followed for 9 months. The mean (SD) patient age was 63.2 (11.3) years. The
HD duration was 10.7 (8.2) years. The DA doses (in micrograms) of 1/200 of halves of previous weekly
EPO doses (in international units) were given intravenously on the second HD day of a week. The
remaining half doses of previous weekly EPO doses were dividedly administered intravenously on the
first and the third HD days of the week. The target Hb was 11 g/dL.
Results: The “half-and-half’ combination with DA and EPO resulted in no episodes of Hb overshoot. The
Hb values did not exceed 13 g/dL throughout the follow-up period. The mean (SD) dose of 3984 (2175)
IU/wk EPO was converted to a combination of 1688 (894) IU/wk EPO and 13.4 (7.9) pg/wk DA at
baseline. Thereafter, the mean (SD) doses became 304 (656) IU/wk EPO and 16.0 (8.4) ng/wk DA at
3 months, and 532 (912) IU/wk and 15.8 (9.0) ng/wk, respectively, at 9 months. The total combination
doses of DA/EPO (as EPO equivalents) were significantly reduced to 80% to 84% of the original EPO doses
after 2 months of introduction of the DAJEPO combination.
Conclusions: A “half-and-half’ combination therapy may be a safe and easy method to merge DA into
EPO monotherapy without Hb overshoot or dramatic cycling.

© 2013. The Authors. Published by Elsevier Inc. All rights reserved.

Introduction

later, darbepoetin-alpha (DA), which has 5 N-linked carbohydrate
chains and 2 added N-linked carbohydrate sites in the primary

Since the late 1980s, recombinant human erythropoietin (also
known as epoetin [EPO]) has played a critical role in the manage-
ment of renal anemia in patients receiving maintenance dialysis,
resulting in prolonged survival rates and improved quality of life
in addition to decreased need for blood transfusions.!”® A decade
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sequence (3 N-linked chains) of EPO, was developed for clinical
use with a 3-fold longer mean terminal half-life of 25.3 hours for
intravenous DA compared with 8.5 hours for intravenous EPO.4-°
In fact, DA administered once weekly is as effective and well
tolerated as EPO administered 3 times weekly for the treatment of
anemia in patients not receiving dialysis or patients with chronic
kidney disease who are receiving dialysis.”"'° Its longer terminal
half-life results in reduced dose frequency relative to EPO;
however, this might simultaneously become a disadvantage in
the face of rapid withdrawal of the drug against hemoglobin (Hb)
overshoot and/or cycling.'’"1?

When DA, which became commercially available in July 2007
in Japan, was introduced to our clinic during December 2007,
halves of weekly EPO doses were converted to DA (“half-and-half”
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combination therapy) to avoid a possible overshoot in Hb rise
with its full conversion from EPO to DA. This is the first report of
combination therapy with DA and EPO in patients receiving
maintenance hemodialysis (HD).

Patients and Methods

Although both EPO and DA had been used in clinical practice,
informed consent for this study was obtained by mouth from all
patients enrolled. Thirty-two stable outpatients receiving HD and
EPO monotherapy who had no episodes of bleeding complications
and/or admissions for an antecedent 3 months were selected with
informed consent by word of mouth during December 2007 for
DA/EPO combination therapy and prospectively followed until
September 2008. All patients selected were already stabilized
with intravenous EPO monotherapy for a mean (SD) extended
period of 10.7 (8.2) years before September 2007. HD consisted of
5-hour treatments performed 3 times per week. When DA was
introduced to our clinic during December 2007, halves of weekly
EPO doses were converted to DA by intravenous injection. The
drug preparations available to our clinic were as follows: 10, 20,
and 40 pg DA (Nesp; Kyowa Hakko Kirin Co Ltd, Tokyo, Japan) and
750, and 1500 IU EPO (Epogin; Chugai Pharmaceutical Co Ltd,
Tokyo, Japan). Preparations of DA close to the doses (in micro-
grams) of 1/200 >7~° of halves of weekly EPO doses (in interna-
tional units) were chosen from among the lineups and given
intravenously on the second HD day of each week. The remaining
half doses of EPO were divided and administered intravenously on
the first and the third HD days of the week (Figure 1). The target
Hb level was 11 g/dL. After introduction of DA combined with
EPO, EPO was eliminated when the Hb levels rose to >12 g/dL. In
cases of unchanged Hb levels DA doses were increased. When the
Hb levels decreased to 10 g/dL after elimination of EPO, EPO was
added again to augment the DA treatment (Figure 1).

Intravenous iron supplementation (ferric oxide, saccharated)
(Fesin; Nichi-Iko Co. Ltd, Toyama, Japan) was also administered.
When serum ferritin levels fell to <100 ng/mL, 40 mg iron was
administered intravenously once a week. Once serum ferritin
levels reached >100 ng/mL, 40 mg iron was given intravenously
twice a month and adjusted quarterly (during March, June,
September, and December) according to serum ferritin measure-
ments.'>!* When the quarterly serum ferritin values exceeded
300 ng/mL the frequency of intravenous iron administration was
decreased and when they reached 500 ng/mL, iron supplementa-
tion was discontinued. A complete blood count was performed

twice monthly. The serum ferritin concentration and the total
iron-binding capacity were determined quarterly, and the serum
iron concentration was measured monthly along with the other
routine general blood tests. The transferrin saturation (TSAT) was
calculated using the following formula: (serum iron concentra-
tion/total iron-binding capacity) x 100%. All data are presented as
mean (SD). Student t test (paired and unpaired) was applied for
statistical analysis. Differences were considered to be statistically
significant at P values <0.05. Data from December 2007 were
used as baseline values.

Results

The mean (SD) age of patients (13 men, 19 women) was 63.2
(11.3) years. The mean (SD) HD duration was 10.7 (8.2) years.
The underlying renal diseases were chronic glomerulonephritis
in 17 patients, diabetic nephropathy in 7 patients, hypertensive
nephrosclerosis in 3 patients, chronic pyelonephritis in
2 patients, polycystic kidney disease in 2 patients, and Alport
syndrome in 1 patient.

As shown in the Table, before and after converting the EPO
monotherapy to the “half-and-half” combination therapy of DA
and EPO, mean Hb levels remained unchanged at around
11 g/dL of the Hb target during the study period. However,
the Hb levels in November 2007 and in February, March, and
September 2008 were significantly higher than that observed in
December 2007 (baseline). During the combination therapy
there were no episodes of Hb overshooting ( >3 g/dL'""12). As
shown in Figure 2, the actual Hb values did not exceed 13 g/dL
throughout the follow-up period. The mean (SD) dose of EPO,
which was 3984 (2175) IU/wk in November 2007, was con-
verted to the combination therapy with 1688 (894) IU/wk EPO
and 13.4 (7.9) pg/wk DA in December 2007. Thereafter, the
mean doses of the combination became 304 (656) IU/wk EPO
and 16.0 (8.4) ug/wk DA in March 2008, and 532 (912) IU/wk
and 15.8 (9.0) pg/wk (n = 31), respectively, in September 2008.
The total doses of DA/EPO as EPO equivalents were significantly
reduced to 80% to 84% of baseline EPO dose after February 2008
(see Table). Three months after the combination therapy,
approximately 70% of patients were receiving DA alone and
30% of patients were receiving combination therapy (Figure 3).
Mean (SD) serum ferritin concentration and TSAT did not
significantly change throughout the study period: 237 (82)
ng/mL serum ferritin concentration and 31.0% (11.3%) of TSAT
in September 2007, 253 (83) ng/dL serum ferritin concentration
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Figure 1. Schematic image of “half-and-half’ combination therapy with darbepoetin (DA) and epoetin (EPO). Preparations (see the text) of DA close to the doses (in
micrograms) of 1/200 of halves of weekly EPO doses (in international units) were chosen from the lineups and given intravenously on the second hemodialysis (HD) day of
the week. The remaining half doses of EPO were divided and given intravenously on the first and the third HD days of the week.
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Table

The serial changes of epoetin and darbepoetin doses (including total doses as epoetin equivalents), hemoglobin value, serum ferritin concentration, and transferrin
saturation (TSAT) in 32 maintenance hemodialysis patients before and after the introduction of darbepoetin in December 2007."

2007 2008

September October November December January February March June September

Study Month

-3 -2 -1 0 (Baseline) +1 +2 +3 +6 +9
n 32 32 32 32 32 32 32 31° 31f
Epoetin beta (IU/wk) 4148 (1797) 4148 (2007) 3984 (2175) 1688 (894) 1172 (951) 445 (734) 304 (656) 339 (720) 532 (912)
Darbepoetin alpha (pg/wk) 0 0 0 13.4(7.9) 16.7 (9.1) 15.8 (8.5) 16.0 (8.4) 16.6 (8.1) 15.8 (9.0)

Total doses as epoetin
equivalent (IU/wk)*

4148 (1797) 4148 (2007) 3984 (2175)

4375 (2136)

4516 (2300) 3602 (1831)' 3510 (1753)° 3661 (2030)' 3694 (2400)°

Hemoglobin (g/dL) 10.8 (0.6) 11.0 (0.7) 11.0 (0.8)° 10.7 (0.7) 10.8 (0.6) 11.2 (0.7)° 11.1 (0.7)° 10.8 (0.7) 11.0 (0.7)
Serum ferritin (ng/mL) 237 (82) Not done Not done 253 (83) Not done Not done 232 (96) 227 (88) 239 (109)
TSAT (%) 31.0 (113) Not done Not done 30.5 (10.5) Not done Not done 31.6 (16.6) 30.8 (13.0) 31 (12.5)

* Data are expressed as mean (SD).

" The data deficit (n = 31) in June and September 2008 resulted from an admission of a male patient (aged 77 years) who had an accidental contusion of the head in

the bathroom accompanied by intracranial bleeding.

* Total doses as epoetin equivalents are calculated using the formula [epoetin dose + (200 x darbepoetin dose)].

P <0.05.
"P <0.01 (against the baseline data of December 2007).

and 30.5% (10.5%) of TSAT in December 2007 (at the start of the
“half-and-half” combination), and 239 (109) ng/mL serum
ferritin concentration and 33.1% (12.5%)of TSAT (n = 31) in
September 2008.

Discussion

Despite the irreplaceable effects of EPO or DA on anemia
management in patients with CKD,'>7° recent large-scale ran-
domized controlled trials'>'® strongly suggested harmful effects
of higher doses of EPO or DA per se as well as higher Hb levels
close to normal ( >13 g/dL). Our approach using “half-and-half”
combination of DA and EPO may be a safe and easy way to
introduce DA without overshooting Hb levels beyond the ranges
recommended.’®?° In the study for comparing DA with EPO on
anemia management in patients with chronic renal failure not yet
on dialysis reported by the European/Australian Novel Erythro-
poiesis Stimulating Protein Study Group,” Hb overshooting > 14
g/dL developed in 24% of patients treated with DA and in
35% of patients treated with EPO. The combination of
DA/EPO therapy proposed in our study might become a solution

Hermoghbkin {g/dD
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Figure 2. Serial changes in hemoglobin (Hb) values in 32 maintenance hemodia-
lysis (HD) patients before and after the initiation of “half-and-half” combination
therapy with darbepoetin (DA) and epoetin (EPO). During the first 3 months of the
transition from EPO monotherapy to “half-and-half” combination therapy of DA/
EPO, only a few data exceeded Hb level of 12 g/dL. All Hb levels were <13 g/dL.

of potential concern for Hb overshooting on EPO or DA
monotherapy.

Although the conversion ratio from EPO to DA was originally
recommended to be 1:200 (1 pg DA = 200 IU EPO),>"~° revised
ratios of 1:250 to 350 have recently been reported.®?'=23 In our
study, in which the original conversion ratio of 1:200 was
adopted, the virtual conversion ratio became 1:400 because the
half dose of EPO was converted to DA. The approach proposed
here for initiation of DA may be safe and easy for those who are
not familiar with the drug and prefer to avoid the drastic
conversion from EPO to DA. In our study, although the total doses
(as the equivalent of EPO) of DA with EPO were reduced to
between 80% and 84% of the baseline EPO dose during the period
of EPO monotherapy, the final mean (SD) doses of the DA/EPO
combination therapy were 15.8 (9.0) pg/wk DA and 532 (912)
IU/wk EPO versus the baseline weekly doses of 3984 (2175) IU/wk
having resulted in the consequent conversion ratio of 1:220 (see
the Table). Interestingly, Bock et al?? reported that although the
equimolar 1:200 conversion ratio was appropriate for lower
EPO doses (<5000 IU/wk) DA dose for patients converting
from >5000 IU/wk EPO was more likely to follow a 1:250 to
1:350 conversion rule. Our DA/EPO combination method may be,
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Figure 3. Percentage of patients with darbepoetin (DA) monotherapy after

initiation of “half-and-half” combination therapy with darbepoetin/epoetin (DA/
EPO).
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in this context, more useful for patients receiving EPO mono-
therapy >5000 IU/wk.

Our study also showed that the small lineups of 10, 20, and 40
ng DA and 750, and 1500 IU EPO were enough to carry out the
“half-and-half” combination therapy. Further, by designating the
days of a week to apply the preparations (the second HD day of a
week for DA and the first and third HD days of a week for EPO), no
staff members made injection mistakes during the study period
(Figure 1).

In addition, iron indices of serum ferritin concentration and
TSAT were not changed after introduction of DA in our study,
consistent with the results from other studies.®?> A longer period
of observation will, however, be needed to verify whether or not
the iron requirement is changed by introduction of DA.

Conclusions

A “half-and-half” combination therapy may be a safe and easy
method to merge DA into EPO monotherapy without a concern
about an overshoot in Hb. Further, its long-term effect on anemia
management in HD patients is worth testing.

Acknowledgments

The authors thank the 20 dialysis nursing staff members at
Shimamatsu Naika lin, Shiseikai Medical Corporation, for their
enthusiastic assistance. Dr. Shimamatsu is responsible for whole
parts of the present paper (by designing and directing the protocol
and writing the paper). Ms. Inamasu performed the protocol in
clinical practice under the direction of Dr. Shimamatsu.

Conflicts of Interest

The authors have indicated that they have no conflicts of
interest regarding the content of this article.

References

1. Winearls CG, Oliver DO, Pippard M], et al. Effect of human erythropoietin
derived from recombinant DNA on the anaemia of patients maintenanced by
chronic haemodialysis. Lancet. 1986;328:1175-1178.

2. Eschbach JW, Abdulhadi MH, Browne JK, et al. Recombinant human erythro-
poietin in anemic patients with end-stage renal disease: results of a Phase III
multicenter clinical trial. Ann Intern Med. 1989;111:992-1000.

3. Lundin AP, Delano BG, Quinn-Cefaro R. Perspectives on the improvement of
quality of life with epoetin alfa therapy. Pharmacotherapy. 1990;10:225-265.

4. Macdougall IC, Gray S]J, Elston O, et al. Pharmacokinetics of novel erythropoi-
esis stimulating protein compared with epoetin alfa in dialysis patients. ] Am
Soc Nephrol. 1999;10:2392-2395.

5. The NESP usage guidelines group: Aljama P, Bommer ], Canaud B, et al.
Practical guidelines for the use of NESP in treating renal anaemia. Nephrol Dial
Transplant. 2001;16(Suppl 3):22-28.

6. Scott SD. Dose conversion from recombinant human erythropoietin to darbe-
poetin alfa: recommendations from clinical studies. Pharmacotherapy.
2002;22(Suppl):160S-165S.

7. Locatelli F, Olivares ], Walker R, et al. Novel erythropoiesis stimulating protein
for treatment of anemia in chronic renal insufficiency. Kidney Int.
2001;60:741-747.

8. Nissenson AR, Swan SK, Lindberg ]S, et al. Randomized, controlled trial of
darbepoetin alpha for the treatment of anemia in hemodialysis patients. Am J
Kidney Dis. 2002;40:110-118.

9. Vanrenterghem Y, Barany P, Mann JFE, et al. Randomized trial of darbepoetin
alfa for treatment of renal anemia at a reduced dose frequency compared with
rHuUEPO in dialysis patients. Kidney Int. 2002;62:2167-2175.

10. Tolman C, Richardson D, Bartlett C, Will E. Structured conversion from thrice
weekly to weekly erythropoietic regimens using a computerized decision-
support system: a randomized clinical study. J Am Soc Nephrol.
2005;16:1463-1470.

11. Fishbane S, Berns JS. Hemoglobin cycling in hemodialysis patients treated
with recombinant human erythropoietin. Kidney Int. 2005;68:1337-1343.

12. Singh AK, Milford E, Fishbane S, Keithi-Reddy SR. Managing anemia in
dialysis patients: hemoglobin cycling and overshoot. Kidney Int. 2008;74:
679-683.

13. Shimamatsu K. Experience with IV iron chondroitin-sulphate colloid in
Japanese haemodialysis patients. Nephrol Dial Transplant. 1998;13:1053.

14. Shimamatsu K. Low-dose maintenance supplementation of intravenous iron
chondroitin-sulfate colloid in hemodialysis patients: a 3-year follow-up. Dial
Transplant. 2003;32:595-598.

15. Besarab AB, Bolton WK, Browne JK, et al. The effects of normal as compared
with low hematocrit values in patients with cardiac disease who are receiving
hemodialysis and epoetin. N Engl ] Med. 1998;339:584-590.

16. Drueke TB, Locatelli F, Clyne N, et al. Normalization of hemoglobin level in
patients with chronic kidney disease and anemia. N Engl ] Med. 2006;355:
2071-2085.

17. Singh AK, Szczech L, Tang KL, et al. Correction of anemia with epoetin-alfa in
chronic kidney disease. N Engl ] Med. 2006;355:2085-2098.

18. Pfeffer MA, Burdmann EA, Chen C-Y, et al. A trial of darbepoetin alfa in type
2 diabetes and chronic kidney disease. N Engl ] Med. 2009;361:2019-2032.

19. National Kidney Foundation. KDOQI Clinical Practice Guidelines and Clinical
Practice Recommendations for anemia in chronic kidney disease. Am J Kidney
Dis. 2006;47(Suppl 3):S1-5146.

20. European Renal Association - European Dialysis and Transplant Association.
Revised European Best Practice Guidelines for the management of anaemia in
patients with chronic renal failure. Section II. Targets for anaemia treatment.
Nephrol Dial Transplant. 2004;19(Suppl 2):ii6-ii15.

21. Icardi A, Sacco P, Salvatore F, Romano U. Long-term intravenous epoetin-o,/
darbepoetin-o. ratio in iron-replete hemodialysis patients. ] Nephrol.
2007;20:73-79.

22. Bock HA, Hirt-Minkowski P, Briinisholz M, et al. Darbepoetin alpha in lower-
than-equimolar doses maintains haemoglobin levels in stable haemodialysis
patients converting from epoetin alpha/beta. Nephrol Dial Transplant.
2008;23:301-308.

23. Hirai T, Sugiya N, Nakashima A, et al. Switching from epoetin alpha to
darbepoetin alpha in Japanese hemodialysis patients: dose conversion ratio.
Nephron Clin Pract. 2009;111:c81-c86.



	A Safe and Easy Introduction of Darbepoetin-Alpha in Patients Receiving Maintenance Hemodialysis and Epoetin Monotherapy:...
	Introduction
	Patients and Methods
	Results
	Discussion
	Conclusions
	Acknowledgments
	References




