
Comparative pharmacolunetics and 
pharmacodyn arnics of epoetin alta a 
epoetin beta 

Different recombinant human erythropoietin products have been developed. Although they appear to 
have similar pharmacokinetics and function, these have not been directly compared. This randomized, 
double-blind, four-period crossover study compared the pharmacokinetics and pharmacodynamics of in- 
travenous and subcutaneous epoetin alfa and epoetin beta in 18 normal male volunteers. As a control, 
three subjects received placebo treatment. After intravenous administration, the steady-state volume of 
distribution and P-phase volume of distribution of epoetin beta were 7.7% and 16.9% larger than for 
epoetin alfa ( p  < 0.05). The terminal elimination half-life after intravenous administration of epoetin 
beta was 20% longer than the terminal elimination half-life of epoetin alfa. After subcutaneous adminis- 
tration there was a delayed drug absorption with epoetin beta compared with epoetin alfa (p < 0.05). 
There was a small but significantly greater absolute reticulocyte response after subcutaneous epoetin beta 
compared with subcutaneous epoetin alfa. The findings support differences in the pharmacokinetics and 
function of epoetin alfa and beta that are possibly caused by differences in their glycosylation. (CLIN 
PHARMACOL THER 1991;50:702-12.) 
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Recombinant human erythropoietin (epoetin) has re- 
cently been introduced in the therapy of anemia of pa- 
tients undergoing hemodialysis. There are currently 
different epoetin products being used and investigated. 
The pharmacokinetics after intravenous administration 
of the different epoetin products has shown consider- 
able variability. The total body clearance of intrave- 
nous epoetin in normal volunteers varies from 12 + 3 
mlihrlkg with epoetin alfa to 5.0 k 0.8 mlihrlkg with 
epoetin beta. '."imilarly, the terminal elimination 
half-life (t,,?) of epoetin alfa in patients with end-stage 
renal disease varies from 4.7 -C 1.7 hours' to 1 1.2 
hours. "' 
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There is also considerable variability in the absolute 
subcutaneous bioavailability of the different epoetin 
products. The subcutaneous bioavailability of epoetin 
alfa in continuous ambulatory peritoneal dialysis pa- 
tients is 31%, and it varies from 15% to 36% in nor- 
mal male v01un tee r s . l~~~~  The subcutaneous bioavail- 
ability with epoetin beta has been demonstrated to 
vary from 14.9% * 4.8% to 49% + 20%.'-" Patients 
undergoing hemodialysis demonstrate a lower weekly 
dosage requirement when epoetin is administered sub- 
cutaneously versus intravenously despite less than 
100% bioavailability. l 2  

Therefore, given the reported variability in the 
pharmacokinetics of the different forms of epoetin and 
the potential for increased efficacy of administering 
epoetin subcutaneously, this study was designed as a 
comparative clinical trial of the pharmacokinetics and 
pharmacodynamics of epoetin alfa (Epogen) and epo- 
etin beta (Marogen) in healthy male volunteers. 

MATERIAL AND METHODS 
Subjects. Twenty-one healthy men who were 35 

years of age or younger (range, 18 to 35 years) and 
who weighed less than 20% above their ideal body 
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weights (range, 58 to 99.5 kg) were enrolled in the 
study. All of the subjects granted written informed 
consent before study initiation. The study was ap- 
proved by the investigators' institutional review 
board. Each subject was deemed to be healthy on the 
basis of a normal medical history, physical examina- 
tion, electrocardiogram, and laboratory tests (blood 
chemistry, complete blood count, iron studies, coagu- 
lation studies, urinalysis, urine toxicology screen, 
hepatitis B surface antigen, and human immunodefi- 
ciency virus antibody). Subjects were instructed to not 
consume other medications or alcohol for at least 7 
days before and throughout the study and to avoid 
strenuous exertion. 

Study design. This was a single center, random- 
ized, double-blind, single-dose, four-period crossover 
study of intravenous and subcutaneous epoetin alfa 
and epoetin beta in healthy male volunteers. 

The study consisted of four single-dose drug admin- 
istration periods. Three subjects received only placebo 
during each of these periods. For the remaining sub- 
jects, treatment phase I consisted of single intravenous 
administration of either 100 IU/kg epoetin alfa (n = 9)  
or 100 IUIkg epoetin beta (n = 9) delivered over 5 
minutes and followed by a crossover to the alternate 
epoetin during treatment phase 111. Treatment phases 
I1 and IV consisted of a crossover comparison of sin- 
gle subcutaneous doses of either 100 IU/kg epoetin 
alfa (n = 9) or 100 IUIkg epoetin beta (n = 9) given 
in the same sequence for each subject as in treatment 
phases I and 111. Thus, one half of the subjects re- 
ceived epoetin alfa during the first two periods and 
one half received epoetin beta during the first two pe- 
riods. The subcutaneous injection was administered in 
the upper arm by the same study nurse on both occa- 
sions. Each treatment phase was separated by an inter- 
val of 14 days. This 14-day time frame was to allow 
for endogenous erythropoietin concentrations and 
reticulocyte counts to return to baseline after single- 
dose epoetin administration. Subjects were randomly 
assigned to the study sequence. A total of 21 subjects 
completed the study: 18 subjects received all four ac- 
tive treatments and three subjects received four pla- 
cebo treatments. 

Epoetin doses were prepared by a pharmacy techni- 
cian who was not blinded to the study protocol. All 
other study personnel handling treatments and study 
subjects were blinded. Each dose was drawn into a sy- 
ringe labeled with a nonidentifying code. Syringes 
were drawn to the same volumes of epoetin alfa and 
epoetin beta for intravenous or subcutaneous adminis- 
tration. 

Epoetin alfa vials contained a solution of 10,000 
IUlml epoetin alfa (Amgen, Inc., Thousand Oaks, Ca- 
lif. ; lot No. 54 lA9). Individual intravenous doses 
were withdrawn from these vials and the final infusion 
volume increased to 10 ml with isotonic saline solu- 
tion. The subcutaneous dose was 0.01 mlikg of the 
premixed epoetin alfa solution. Epoetin beta vials con- 
taining 8000 IU epoetin beta per vial (Chugai-Upjohn, 
Inc., Rosemont, 111.; lot No. W9C81) were used 
throughout the study. Each dose was reconstituted 
with isotonic saline solution. For intravenous dose 
preparation, 2 ml isotonic saline solution was used to 
reconstitute each 8000 IU vial of epoetin beta. Indi- 
vidual subject doses were withdrawn from the result- 
ing 4000 IUiml solution. The final infusion volume of 
these intravenous doses was then increased to 10 ml 
with isotonic saline solution. For subcutaneous dose 
preparation, 0.8 ml isotonic saline solution was added 
to individual 8000 IU vials of epoetin beta, resulting 
in a final concentration of 10,000 IUIml. The subcuta- 
neous dose was 0.01 mllkg of this solution. The pla- 
cebo consisted of isotonic saline solution. The intrave- 
nous dose was 10 ml. The subcutaneous dose was 
0.01 mllkg. 

Each subject received 325 mg ferrous sulfate orally 
twice daily from study day 1 through study day 50 to 
provide sufficient iron for maturation of erythroid pre- 
cursors. 

Twelve hours before each drug administration the 
subjects reported to the Clinical Research Unit. A 
standardized snack was served. At 10 hours before 
dosing, a fast from all food and liquid except water 
was initiated until 4 hours after the administration of 
the study medication. Thereafter, a regular diet was 
initiated. During treatment phases I and 111, subjects 
were confined to the Clinical Research Unit from 12 
hours before study drug administration until 48 hours 
after study drug administration. During treatment 
phases I1 and IV, subjects were confined to the Clini- 
cal Research Unit from 12 hours before study drug ad- 
ministration until 96 hours after study drug adminis- 
tration. Subjects returned to the Clinical Research 
Unit for all follow-up procedures as outlined after 
their discharge. 

A 3 ml blood sample for erythropoietin assay was 
obtained at each of the following time points relative 
to intravenous epoetin administration: predose, at the 
end of the infusion, and Y4, Yi, 1, 2,  4,  8,  12, 16, 20, 
24, 28, 32, 36, 40, 44, and 48 hours after the end of 
the infusion. 

A 3 ml blood sample for erythropoietin assay was 
obtained at each of the following time points relative 
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to subcutaneous epoetin administration: predose and 
2, 4,  6, 8, 10, 12, 15, 18, 21, 24, 28, 32, 36, 40, 44, 
48, 52, 56, 60, 66, 72, 78, 84, 90, 96, and 120 hours 
after the injection. 

Each 3 ml blood sample was drawn into 5 ml red- 
top nonserum separator Vacutainer tube (Becton Dick- 
inson Vacutainer Systems, Ruthersford, N.J.) Sam- 
ples were allowed to clot and were then centrifuged 
for 5 minutes at 2500 rpm. The serum was removed 
immediately and divided in two aliquots and placed in 
polypropylene tubes. The tubes were labeled, capped, 
and stored at -25' C until assayed. 

To assess subject tolerance of direct intravenous 
and subcutaneous administration of epoetin and pla- 
cebo, all subjects were instructed to report any abnor- 
mal event. Nothing was suggested by the study per- 
sonnel. 

A complete blood count, reticulocyte count, and 
platelet count (3 ml blood sample) was obtained at 
each of the following time points relative to intrave- 
nous and subcutaneous epoetin administration: pre- 
dose and then daily for 7 days after each epoetin ad- 
ministration. Serum iron, TIBC, and ferritin were 
repeated before each treatment period and at the end 
of the study. Physical examination, ECG, and clinical 
safety laboratory tests were repeated on the last study 
day. 

Analytic procedures. The serum samples were ana- 
lyzed for erythropoietin concentrations with use of the 
Incstar EPO-Trac I ' ~ ~  radioimmunoassay kit (Incstar 
Corporation, Stillwater, Minn.). The assay utilizes a 
rabbit anti-erythropoietin primary antibody and a goat 
anti-rabbit secondary antibody (precipitating com- 
plex). The assay quantitates serum erythropoietin con- 
centrations between 9 mU/ml and 280 mU/ml. How- 
ever, because variability in the assay increased above 
120 mU/ml, any sample yielding an erythropoietin 
concentration greater than 120 mUlml was reassayed 
with an appropriate dilution. Assay diluent was 7% 
bovine serum albumin (RIA grade; Sigma Chemical 
Co., St. Louis, Mo.) in 80 mmol/L sodium phosphate 
buffer adjusted to pH = 7.4 and made isosmotic with 
sodium chloride. Intra-assay coefficients of variation 
were 11.4% at serum concentrations of 13 mU/ml and 
6.9% at serum concentrations of 40 mU1ml. The ana- 
lytic procedure was blinded as to epoetin product, 
with intravenous samples (treatments I and 111) and 
subcutaneous samples (treatments I1 and IV) for each 
subject analyzed within the same assay batch. The 
erythropoietin radioimmunoassay exhibited equal af- 
finity for epoetin alfa and epoetin beta. 

Samples were always reassayed on a separate day if 

either of two criteria were met: (1) a sample yielded 
an erythropoietin concentration greater than 120 
mU/ml (see above) or (2) the sample erythropoietin 
concentration appeared to be falsely high and was 
therefore questionable because the value interrupted a 
pattern of increasing or decreasing erythropoietin con- 
centration over time. Usually these samples also ap- 
peared cloudy. Reassay was performed after 20 min- 
utes of centrifugation at 12,000g. The reassay always 
included other samples drawn before and after the 
sample in question. Reassay results were used instead 
of the original assay value. Although the concentra- 
tion of samples before and after were unchanged, the 
samples in question always measured lower after reas- 
say, possibly because of lipid interference, which was 
eliminated with centrifugation. 

Data analysis. For pharmacokinetic analyses, the 
predose serum concentration of endogenous erythro- 
poietin for each treatment period was subtracted from 
all postdose erythropoietin concentrations for each 
subject to adjust for baseline erythropoietin activity. 
All pharmacokinetic parameters are described as ap- 
parent values because the radioimmunoassay could not 
distinguish between endogenous erythropoietin and 
exogenous epoetin. 

The maximum erythropoietin concentration in se- 
rum (C,,,) and time to C,,, (t,,,) were determined 
by visual inspection of the serum concentration-time 
curves. The terminal elimination rate constant (P) was 
determined by nonlinear regression analysis13 of the 
log linear terminal segment of the serum concentra- 
tion- time curve (24 to 48 hours after intravenous ad- 
ministration and 32 to 72 hours after subcutaneous 
administration). The serum concentrations were 
weighted as llobserved concentration. The terminal 
elimination t,,? was calculated as 0.6931P. The area 
under the serum concentration-time curve from time 
zero to the last observed serum concentration 
[AUC(O-t)] was calculated by the linear trapezoidal 
method. The area under the curve was extrapolated to 
infinity was then calculated as AUC(0-t) plus the 
product of the last serum concentration and l i p  
[i.e., AUC(w)]. The total body clearance (CL) of 
epoetin after intravenous administration was deter- 
mined as the dose divided by the AUC(a). The mean 
residence time (MRT) was determined by statistical 
moment theory. l4  The steady-state volume of distribu- 
tion (Vss) was determined as the CL multiplied by the 
MRT. The beta phase volume of distribution (V$) 
was determined as the CL divided by P. The subcuta- 
neous bioavailability (F) was determined as the 
AUC(w) after subcutaneous administration divided by 
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Fig. I.  Actual serum epoetin concentrations (mean * SD) before and after intravenous adminis- 
tration (100 U/kg) of epoetin beta (o), epoetin alfa (e), and placebo (A). * p  < 0.05, epoetin beta 
versus epoetin alfa. 

the AUC(w) after intravenous administration. The ab- 
solute reticulocyte count was calculated as the per- 
centage of reticulocytes multiplied by the red blood 
cell count. 

Statistical analysis. Analysis of variance (ANOVA) 
results were used to detect significant differences for 
treatment, period, and sequence effects. If significant 
period and treatment effects were present, then an in- 
dependent Student t test was used to verify signifi- 
cance during the first period.'5.16 Schuirmann's two 
one-sided t test was used to assess the equivalence of 
AUC, C,,,, and F,  where equivalent assumes a dif- 
ference of means within 20% at a significance level of 
0.05.'5 Paired t tests of erythropoietin serum concen- 
trations at corresponding sampling time points were 
used to look for differences between epoetin alfa and 
epoetin beta at specific time points with use of 
the Bonferroni adjustment. The paired Student t test 
was used to assess for significant changes in prestudy 
and poststudy laboratory tests. The incidence of 
pain on subcutaneous injection of epoetin was deter- 
mined by the McNemar test. Results are expressed as 
mean + SD. 

RESULTS 
Baseline endogenous serum concentrations of eryth- 

ropoietin for each individual, measured immediately 
before each of the four epoetin dosing periods, were 

not significantly different. The intrasubject coefficient 
of variation was 20.5% + 11 .O% (range, 5.4% to 
44.7%). 

The serum erythropoietin concentration versus time 
curves (mean + SD) after intravenous administration 
of epoetin beta, epoetin alfa, and placebo are depicted 
in Fig. 1. The pharmacokinetic parameters of epoetin 
after intravenous administration of epoetin beta and 
epoetin alfa are outlined in Tables I and 11. The serum 
concentrations after intravenous epoetin beta were sig- 
nificantly higher than after intravenous epoetin alfa 
from 40 through 48 hours. Both epoetin beta and epo- 
etin alfa serum concentrations remained about two 
times above endogenous baseline concentrations at 48 
hours. The epoetin beta and epoetin alfa C,,,, 
AUC(0-t), and AUC(w) after intravenous administra- 
tion were not significantly different. 

After intravenous administration the Vss and the 
V,p of epoetin beta were significantly larger than for 
epoetin alfa. However, the CL of epoetin beta and 
epoetin alfa were not significantly different. Thus, be- 
cause of this difference in volume of distribution of 
epoetin beta, the elimination tv, of epoetin beta was 
significantly longer than the elimination tv, of epoetin 
alfa. The MRT after epoetin beta administration was 
10.2% greater than the MRT after epoetin alfa admin- 
istration ( p  < 0.05). 

The serum erythropoietin concentration time curves 
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remained about two times above endogenous baseline 
concentrations at 72 hours and returned to baseline 
concentrations during the 72- to 120-hour period in 
both epoetin groups. The pharmacokinetic parameters 
after subcutaneous administration are outlined in Ta- 

bles I11 and IV. The epoetin beta and epoetin alfa 
C,,,, t,,,, AUC(0-t), and AUC(x) after subcutane- 
ous administration were not significantly different. Af- 
ter subcutaneous administration, the descending P of 
epoetin beta was 41.8% smaller than epoetin alfa @ < 
0.05). This descending P difference between epoetin 
beta and epoetin alfa represents a difference in subcu- 
taneous drug absorption as the subcutaneous absorp- 
tion process is longer than the elimination process. 
The subcutaneous bioavailabilities of epoetin beta and 
epoetin alfa were not significantly different (Table I11 
and IV). 

Period effects were determined by ANOVA within 
the parameters AUC(x), P ,  CL, and V,P after intra- 
venous administration and C,,, and t,,, after subcu- 
taneous administration of epoetin. Significant treat- 
ment effects for parameters of (3 after intravenous and 
subcutaneous administration and V,p after intrave- 
nous administration were determined in the crossover 
analysis. The magnitude of these differences between 
the treatment and period effects was an 8.5% decrease 
for p and 4.1% increase for V,p after intravenous ad- 
ministration. The cause of the period effects remains 
speculative. Because significant period and treatment 
effects ( p  and V,P) were present, independent Student 
t test confirmed that treatment effects also existed 
within period one (first epoetin exposure; n = 9; p < 
0.05).'53'6 Thus the period effect did not affect the de- 
termined treatment differences. No group effects were 
detected. 

Hemoglobin and hematocrit responses were not dif- 
ferent from placebo and remained in the normal clini- 
cal laboratory range throughout the study. There were 
no clinically important changes in any clinical labora- 
tory parameter that differed from prestudy to post- 
study. Subjects maintained adequate iron availability 
throughout the study as assessed by serum ferritin 
concentrations and percentage of transferrin satura- 
tion. 

Baseline absolute reticulocyte counts measured im- 
mediately before the four epoetin doses were not sig- 
nificantly different. Therefore the 14-day washout pe- 
riod between treatment phases was sufficient to allow 
for normalization of stimulated reticulocytosis. The 
increase to the peak absolute reticulocyte count was 
greater O, < 0.05) for subcutaneous epoetin (0.08 1 + 
0.044 x 10~1mm" n = 36) compared with intrave- 
nous doses of epoetin (0.047 + 0.033 x 10~1mm~;  
n = 36). The absolute reticulocyte response after in- 
travenous epoetin beta and epoetin alfa did not differ 
significantly (Table V). There was a significantly 
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Fig. 2. Actual serum epoetin concentrations (mean 2 SD) before and after subcutaneous admin- 
istration (100 Ulkg) of epoetin beta (o), epoetin alfa (o), and placebo (A) .  * p  < 0.05, epoetin 
beta versus epoetin alfa. 

Table 111. Epoetin beta data: subcutaneous administration 

Patient No. C ( m l )  t,, (hr) AUC(m) ( m u  . hrlml) P (hr-'1 t ~ h  (hr) F (%) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 

Mean 2 SD 

t ,,,, Time to reach C,,,; F, bioavailability 
*p  < 0.05 epoetin beta versus epoetln alfa. 

greater absolute reticulocyte response after subcutane- with epoetin alfa subcutaneous administration @ < 
ous epoetin beta compared with subcutaneous epoetin 0.05). 
alfa (Table V; Fig. 3). The overall mean response was There was a significantly larger incidence of pain 
12% higher after epoetin beta subcutaneous compared reported by the subjects during routine safety monitor- 
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Fig. 3. Absolute reticulocyte count (1O6/mm3) before and after subcutaneous administration (100 
IUlkg) of epoetin beta (0) and epoetin alfa (@). The overall response was 12% higher with epoetin 
beta compared with epoetin alfa (p  < 0.05). 

Table IV. Epoetin alfa data: subcutaneous administration 

Patient No. C,, (mUlml) t (hr) AUC(m) (mu . hrlml) P (hrp') t~,? (hr) F (%) 

*p < 0.05 epoetin beta versus epoetin alfa 

ing with subcutaneous injection of epoetin alfa (10 of DISCUSSION 
18 subjects, 56%) compared with epoetin beta (1  of This study showed a greater volume of distribution 
18 subjects, 5.6%). The incidence of pain with subcu- and prolonged elimination after intravenous epoetin 
taneous placebo was 2 of 6 subjects or 33%. beta compared with epoetin alfa and delayed subcuta- 
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Table V. Absolute reticulocyte (10~1mm') 

After intravenous administration 

Time (hr) Epoetin beta (n  = 18) Epoetin alfa (n = 18) Placebo(n = 6 )  

Data are mean values i- SD. 
* p  < 0.05 epoetin beta versus epoetin alfa: overall response 12'Z higher. 

neous absorption of epoetin beta compared with epoe- 
tin alfa. These findings are consistent with findings of 
previous studies in normal subjects. A previous phar- 
macokinetic evaluation of intravenous epoetin beta in 
normal volunteers has shown similar pharmacokinetic 
parameters.'' The Vss and V,P of epoetin beta aver- 
aged 77.4 and 103.1 mllkg, respectively. The elimina- 
tion t ~ , ~  was 10.4 ? 0.6 hours compared with 8.8 ? 

2.2 hours in the present study.I7 Consistent with our 
findings, a study of epoetin alfa in normal volunteers' 
demonstrated a smaller V,P (80 k 35 mllkg) and 
shorter elimination t,,> (4.5 k 0.9 hours) than those 
observed for epoetin beta in this and the previous 
study of epoetin beta. l 7  Although there is considerable 
variability in the reported subcutaneous bioavailability 
of epoetin, this study demonstrated that epoetin beta 
and epoetin alfa have a similar subcutaneous bioavail- 
ability of about 32%. This finding is consistent with 
the bioavailability for epoetin alfa (36% k 23%) in 
the other study in normal volunteers.' 

The pharmacokinetic differences between epoetin 
beta and epoetin alfa appear to be predominantly re- 
lated to the volume of distribution. A pharmacokineti- 
cally derived volume of distribution for a molecule 
cannot always be defined in physiologic terms. In the 
case of epoetin, the volume of distribution may be de- 
termined by parameters that include binding to the 
subcutaneous tissue, liver, and target organs. Differ- 
ences in the volume of distribution between epoetin 
beta and epoetin alfa may be related to differences in 
the quantity or type of carbohydrate present in epoetin 
beta and epoetin alfa. Erythropoietin is a heavily gly- 
cosylated protein. All functions of protein glycosyla- 
tion are not known, but one function is to provide sta- 
bility in vivo. l 8  Non-glycosy lated erythropoietin has a 
tl/? in vivo of a few minutes, whereas glycosylated 
erythropoietin has a ttI2 in vivo of 6 to 8 hours." 

The larger volume of distribution and a longer elim- 
ination tlI2 of epoetin beta compared with epoetin alfa 
may be partially related to preferential tissue binding. 
Kinoshita et al.'%xamined the time course of radio- 
activity levels within tissues in rats after a single intra- 
venous dose of radioiodinated recombinant epoetin 
beta. Thirty minutes after administration of the radio- 
iodinated epoetin, the radioactivity level in bone mar- 
row was shown to be the highest of all tissue levels 
and was nearly 1.7 times as high as the plasma level. 
At higher doses the ratio of radioactivity in the bone 
marrow compared to plasma decreased, suggesting 
preferential saturation of available bone marrow re- 
ceptors. Low levels of epoetin thus appear to preferen- 
tially bind to the bone marrow. This may help explain 
the clinical efficacy of low-dose epoetin. For epoetin 
beta, the greater reticulocyte response suggests that 
the larger volume of distribution and longer terminal 
elimination tl,? may be related to preferential binding 
to the bone marrow. 

There was a small but significantly greater absolute 
reticulocyte response after subcutaneous epoetin beta 
compared to subcutaneous epoetin alfa. The time 
course of this reticulocyte response fits well with find- 
ings by Flaharty et a1. ,2 who studied the effects of sin- 
gle intravenous doses of epoetin beta (10 to 500 
IUIkg) and saw maximum reticulocytosis 3 to 4 days 
after the dose was administered with elevation of the 
reticulocyte count for 7 days. The greater erythropoi- 
etic efficacy of subcutaneous compared with intrave- 
nous epoetin is likely caused by delayed absorption 
and sustained concentrations of erythropoietin at a 
clinically effective level. The observation of greater 
reticulocytosis after subcutaneous compared with in- 
travenous epoetin is consistent with clinical experi- 
e n ~ e . ~ '  The delayed absorption of epoetin beta com- 
pared with epoetin alfa should further accentuate the 
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Afrer subcutaneous administration 

Epoetin beta* (n  = 18) Epoerin alfu (n  = 18) Placebo (n  = 6 )  

0.0853 * 0.0321 0.0791 2 0.0441 0.0860 2 0.0423 
0.0714 + 0.0317 0.0617 ? 0.0263 0.0977 2 0.0289 
0.0964 ? 0.0331 0.0759 + 0.0335 0.0980 ? 0.0372 
0.1230 * 0.0459 0.1018 t 0.0351 0.1059 + 0.05 13 
0.1367 * 0.0498 0.1156 + 0.0420 0.0900 5 0.0537 
0.0917 + 0.0394 0.0965 ? 0.0453 0.0727 * 0.0325 
0.1094 + 0.0545 0.0943 + 0.0396 0.0782 i 0.0256 
0.1339 + 0.1458 0.1297 t 0.0422 0.1138 + 0.0245 

greater efficacy of the subcutaneous route of dosing. 
This was suggested by the greater reticulocytosis after 
subcutaneous administration of epoetin beta compared 
with epoetin alfa. The more delayed absorption of 
epoetin beta compared with alfa could be caused by 
differences in drug vehicle or by glycosylation. 

Overall, pharmacokinetic and pharmacodynamic 
differences between epoetin beta and epoetin alfa may 
be best explained by differences in carbohydrate 
structure between these heavily glycosylated mole- 
cules. It is well known that protein glycosylation 
results in heterogeneous structures known as glyco- 
forms.21 Erythropoietin appears to exist as multiple 
heterogeneous forms, which differs with respect to 
size22 and charge.23 Recombinant erythropoietin has 
been shown to have variable carbohydrate attach- 
ment,24 and the metabolic clearance has been shown 
to be carbohydrate dependent.25-26 The physiology of 
erythropoietin and pharmacology of epoetin glyco- 
forms may be analogous to that observed for renin, 
another renal Similar to the renin forms,27 
each erythropoietin glycoform may differ with respect 
to the rate of metabolic clearance. The physiology of 
erythropoietin would then be determined by the mean 
effect of the types and relative proportions of the mul- 
tiple heterogeneous forms. With respect to the com- 
parative pharmacology of epoetin beta and epoetin 
alfa, both epoetins are likely to be composed of mul- 
tiple heterogeneous forms that differ in their pattern of 
glycosylation. Differences in the pharmacokinetics 
and pharmacodynamics between epoetin beta and epo- 
etin alfa are most likely a result of the mean effect of 
differences in the types and relative proportions of the 
heterogeneous forms present in the two products. 

The greater frequency of pain experienced with 
epoetin alfa compared with epoetin beta is quantifiable 
as demonstrated in this double-blind study. This find- 
ing is consistent with clinical reports,28.2y and may be 

caused by drug vehicle. The observation that subcuta- 
neous administration of epoetin beta is less painful 
than epoetin alfa may be of importance for patient ac- 
ceptance of this route of epoetin dosing. 

This pharmacokinetic-pharmacodynamic study sup- 
ports clinical observations that maintenance dosing re- 
quirements for subcutaneous administration may be 
lower than those required for intravenous epoetin ther- 
apy .20 Subcutaneous administration of epoetin may be 
more cost-effective than intravenous administration in 
patients undergoing hemodialysis and more practical 
than intravenous dosing in predialysis patients and in 
patients undergoing continuous ambulatory peritoneal 
dialysis. 

We gratefully acknowledge the technical assistance of the 
staff of The Clinical Research Unit and Dennis Weller of the 
Hypertension Laboratory, as well as the editorial assistance 
of Dee Lunzer. 

References 
Salmonson T, Danielson BG, Wikstrom B. The phar- 
macokinetics of recombinant human erythropoietin after 
intravenous and subcutaneous administration to healthy 
subjects. Br J Clin Pharmacol 1990;29:709-13. 
Flaharty KK, Caro J ,  Erslev A, et al. Pharmacokinetics 
and erythropoietic response to human recombinant 
erythropoietin in healthy men. CLIN PHARMACOL THLR 
1990;47:557-64. 
Salmonson T, Danielson BG. Grahnen A, Wikstrom B. 
Pharmacokinetics of intravenous recombinant human 
erythropoietin in patients with chronic renal failure. J 
Intem Med 1990;228:53-7. 
Boelaert JR, Schurgers ML, Matthys EG, Daneels RF. 
Comparative pharmacokinetics of recombinant erythro- 
poietin administered by the intravenous, subcutaneous, 
and intraperitoneal routes in continuous ambulatory 
peritoneal dialysis patients. Peritoneal Dialysis Int 
1989;9:95-8. 
Stevens JM, Strong CA, Oliver DO, Winearls CG. 



712 Halstenson e t  al. 
CIJN PHARMACOL THER 

DECEMBER 1991 

Subcutaneous erythropoietin and peritoneal dialysis. 
Lancet 1989;l: 1388-9. 
McMahon FG, Vargas R, Ryan M, et al. Pharmacoki- 
netics and effects of recombinant human erythropoietin 
after intravenous and subcutaneous injections in healthy 
volunteers. Blood 1990;76: 17 18-22. 
Kromer G, Solf A, Ehmer B, Kaufmann B, Quellhorst 
E. Single dose pharmacokinetics of recombinant human 
erythropoietin (rhEPO) comparing intravenous (iv), 
subcutaneous (sc) and intraperitoneal (ip) administration 
in IPD patients [Abstract]. Kidney Int 1990;37:331. 
MacDougall IC, Roberts DE, Neubert P, Dharmasena 
AD, Coles GA, Williams JD. Pharmacokinetics of re- 
combinant human erythropoietin in patients on continu- 
ous ambulatory peritoneal dialysis. Lancet 1989; 
1 :425-7. 
Kampf D, Kahl A, Passlick J, et al. Single-dose kinet- 
ics of recombinant human erythropoietin after intrave- 
nous, subcutaneous and intraperitoneal administration. 
Contrib Nephrol l989;76: 106- 1 1. 
Neumayer HH, Brockmoller J,  Fritschka E, Roots 1, 
Scigalla P, Wattenberg M. Pharmacokinetics of recom- 
binant human erythropoietin after SC administration 
and in long-term IV treatment in patients on mainte- 
nance hemodialysis. Contrib Nephrol l989;76: 13 1-4 1. 
Flaharty KK, Besarab A, Caro J, Medina F, Vlasses 
PH. Intravenous and subcutaneous pharmacokinetics 
and pharmacodynamics of human recombinant erythro- 
poietin for anemia in end-stage renal disease [Abstract]. 
CLIN PHARMACOL THER l990;47: 144. 

12. Bommer J, Ritz E, Weinreich T, Bommer G, Ziegler 
T. Subcutaneous erythropoietin. Lancet 1988;2:406. 

13. Weiner DL. NONLIN84IPCNONLIN: Software for the 
statistical analysis of nonlinear models. Methods Find 
Exp Clin Pharmacol 1986;8:625-8. 

14. Gibaldi M, Perrier D. Pharmacokinetics, 2nd ed. New 
York: Marcel Dekker, 1982. 

15. Schuirmann DJ. Design of bioavailabilitylbioequiva- 
lence studies. Drug Information J 1990;24:3 15-23. 

16. Woods JR, Williams JG, Tavel M. The two-period 
crossover design in medical research. Ann Intern Med 
1989;110:560-6. 

17. Uji Y, Hirashima K, Hirasawa Y, Iwasaki Y, Tohira Y, 

Mizuno K. A phase I study of recombinant human 
erythropoietin in healthy volunteers-multiple dosing 
study. New Drugs Physicians (Jpn), 1989;26:29-44. 

18. Spivak JL. The mechanism of action of erythropoietin. 
Int J Cell Cloning 1986;4:139-66. 

19. Kinoshita H, Ohishi N, Hiramatu Y, Kato M, Ichikawa 
F, Okazaki A. Metabolic fate of rh-EPO pharmacoki- 
netics and distribution following repeated intravenous 
administration of rh-EPO to rats. J Clin Ther Med (Jpn) 
1990;6:598-606. 

20. Bommer J, Samtleben W, Koch KM, Baldamus CA, 
Griitzmacher P, Schigalla P. Variations of recombinant 
human erythropoietin application in hemodialysis pa- 
tients. Contrib Nephrol 1989;76: 149-58. 

21. Rademacher TW, Parekh RB, Dwek RA. Glycobiol- 
ogy. Annu Rev Biochem 1988;57:785-838. 

22. Sherwood JB, Carmichael D, Goldwasser E. The heter- 
ogeneity of circulating human serum erythropoietin. 
Endocrinology 1988; 122: 1472-7. 

23. Wide L, Bengtsson C. Molecular charge heterogeneity 
of human serum erythropoietin. Br J Haematol 1990; 
76:121-7. 

24. Sasaki H, Bothner B, Dell A, Fukuda M. Carbohydrate 
structure of erythropoietin expressed in chinese hamster 
ovary cells by a human erythropoietin cDNA. J Biol 
Chem 1987;262: 12059- 12076. 

25. Fukuda MN, Sasaki H, Lopez L, Fukuda M. Survival 
of recombinant erythropoietin in the circulation: the role 
of carbohydrates. Blood 1989;73:84-9. 

26. Nielsen OJ, Egfiord M, Hirth P. Erythropoietin metab- 
olism in the isolated perfused rat liver. In: Baldamus 
CA, Scigalla P, Wieczorek L, Koch KM, eds. Erythro- 
poetin: from molecular structure to clinical applications. 
Contrib Nephrol. Basel: Karger, 1989;76:90-7. 

27. Abraham PA, Katz SA, Opsahl JA, Miller RP, Stanch- 
field Jr WR, Andersen RC. Renal secretion and hepatic 
clearance of human multiple renin forms. Hypertension 
1990; 16:669-76. 

28. Piraino B, Johnson JR. The use of subcutaneous eryth- 
ropoietin in CAPD patients. Clin Nephrol 1990; 
33:200-2. 

29. Lee JM. A child on Epogen therapy [Abstract]. Perito- 
neal Dialysis Int 1991;11(suppl 1):162. 


