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Abstract no significant differences between the conversion and
non-conversion group. These results are in contrast toBackground. Previous studies comparing intravenous

(i.v.) and subcutaneous (s.c.) administration of recom- some earlier studies suggesting lower rHuEpo require-
ments in case of s.c. administration.binant human erythropoietin (rHuEpo) often did not

achieve optimal iron reserve, were restricted to a
Key words: anaemia; erythropoietin; intravenouslimited follow-up period (not allowing equilibration)
erythropoietin; iron; subcutaneous erythropoietinand/or did not exclude the role of other confounding

factors. In addition all papers focused on the conver-
sion from i.v. to s.c.
Methods. In this study, 30 equilibrated patients on s.c. IntroductionrHuEpo were randomized into two groups, one con-
verting to i.v. after 6 months of follow-up and one

A frequent and hazardous complication of end-stageremaining on s.c. rHuEpo. In both groups rHuEpo
renal disease (ESRD) is anaemia. The responsiblewas administered three times weekly. Only patients
mechanisms are varied and complex. First, the red cellcompleting a further 6 months follow-up were consid-
life span is shorter in uraemic patients compared toered for statistical evaluation. Serum ferritin was tar-
individuals with normal renal function [1]. Second, thegeted at 200 ng/ml and haematocrits between 28 and
decrease in renal mass and the subsequent deterioration36% were pursued.
of endogenous erythropoietin production inhibitsResults. The average haematocrit levels before conver-
virtually all steps of erythropoiesis [1,2]. Finally,sion were 31.9±1.1% in the conversion group and
increased haemorrhagic diathesis (due to coagulation31.4±1.6% at the same time point in the non-
disturbances and anticoagulation) and decreased boneconversion group (P=NS). After 6 months haemato-
marrow response to endogenous erythropoietin mightcrits were 31.5±0.5% in the conversion group and
contribute in the generation of anaemia [1,3,4].31.1±0.9% in the non-conversion group (P=NS).

The administration of recombinant human erythro-Ferritin concentration in the conversion group was
poietin (rHuEpo) in pharmacological quantities219±49 ng/ml before and 230±83 ng/ml after the
enabled a more efficient therapy of ESRD-inducedconversion. For the non-conversion group ferritin
anaemia, significantly reducing the need for bloodwas 224±25 ng/ml and 236±52 ng/ml respectively
transfusions [5]. Moreover, adequate rHuEpo substitu-(P=NS). The weight-standardized average rHuEpo
tion improved quality of life and patient well-beingdose per injection remained the same in the con-
[6–8].version group before and after conversion (44.0±

Until now, numerous publications have addressed1.8 U/kg/injection vs 45.4±4.7 U/kg/injection)
the question whether the subcutaneous (s.c.) or intra-(P=NS). In the non-conversion group the correspond-
venous (i.v.) administration route of rHuEpo affecteding rHuEpo doses were 32.9±4.2 U/kg/injection and
the adequacy of the treatment [9–21]. All of these39.6±7.0 U/kg/injection respectively (P=NS). There
studies, however, focused on the switch from i.v. towere no differences in serum PTH, aluminium, vitamin
s.c. administration and in some of them the targetB12, folic-acid levels, and intake of co-trimoxazole,
ferritin was 100 mg/l [9,16,19], whereas in otherACE inhibitors or theophylline.
studies no target iron level was given. Furthermore,Conclusion. No changes in rHuEpo dose were
some studies were conducted over a limited periodobserved after conversion from s.c. to i.v. There were
[12,16,18].

The aim of the present study was to examine pro-Correspondence and offprint requests to: R. Vanholder Renal
spectively whether the conversion from s.c. to i.v.Division, Department of Internal Medicine, University Hospital,

De Pintelaan 185, B-9000 Gent, Belgium. rHuEpo administration influences the haematological
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parameters and rHuEpo dosage, provided an adequate Haemodialysis characteristics
iron status was maintained.

All patients were dialysed three times weekly for 3–4 h by
pressure–pressure monitored single-needle bicarbonate
haemodialysis. Blood flows and dialysate flows ofSubjects and methods 220–270 ml/min and 500 ml/min respectively were pursued.

Patient selection and treatment Patient characteristics

Patients, older than 18 years, on a regular haemodialysis
The following characteristics were registered: gender, age,schedule, treated with s.c. rHuEpo and with a stable haemato-
time since start of haemodialysis, protein catabolic ratecrit between 28 and 36% for at least 3 months, were enrolled.
(PCR), ratio of total urea clearance over its distributionExclusion criteria were patients with polycystic kidney dis-
volume (Kt/V ), residual creatinine clearance (Ccrea), andease, chronic inflammatory disease, bleeding disorders and
the primary renal diagnosis.chronic drug therapy interfering with coagulation (e.g. cou-

marin derivatives, ticlopidine). From all patients under treat-
ment in the haemodialysis unit of the University Hospital Therapeutic and biochemical parameters
Gent (n=60), 30 patients were found to conform with the
above-mentioned inclusion criteria. The selected patients The mean dose of rHuEpo per injection was registered
were randomized into two groups at the start of the study: monthly and normalized for body weight. The effect of
a conversion (C) group (n=15) received a 6-month rHuEpo rHuEpo on erythropoiesis was quantified by monthly meas-
therapy using the s.c. pathway, followed by a 6 month period urements of haematocrit levels and red blood cell counts.
of i.v. rHuEpo treatment; a non-conversion group (n=15) Iron status was evaluated by monthly determinations of
received a 12-month course of s.c. rHuEpo. Only patients serum Fe2+, total iron binding capacity (TIBC), serum
that completed an entire 1-year follow-up period were consid- ferritin, and transferrin saturation (TS).
ered for statistical evaluation. Drop-out criteria were defined As additional indicators of possible interference with
as death, renal transplantation, transition to continuous rHuEpo stimulated erythropoiesis were considered:
ambulatory peritoneal dialysis (CAPD), major surgery neces- C-reactive protein (CRP), serum protein, albumin, parathor-
sitating hospitalization for >1 week, and transfer to another mone (PTH ), vitamin B12, extracellular and intracellular
dialysis centre. Acute infectious episodes were not considered folic acid and serum aluminium. These data were collected
as a reason to withdraw from follow-up. In the conversion bi-monthly according to standard techniques.
group, four patients were excluded during the study period, Aluminium accumulation was evaluated by performing
due to death (n=2), major surgery (n=1), and transfer to a desferrioxamine test (DesferalB, Ciba-Geigy, Basel,
another dialysis centre (n=1). Eight drop-outs were noted Switzerland), 3 months before and after the switch.
in the non-conversion group for reasons of renal transplanta- Desferrioxamine (1500 mg) was administered i.v. through
tion (n=3), death (n=2), transfer to another centre (n=2) the arteriovenous fistula or central venous access catheter
and major surgery (n=1). Consequently, 11 patients in the during the last 30 min of the haemodialysis session [26 ].
conversion group and 7 patients in the non-conversion group Serum aluminium levels were measured immediately before
were submitted to analysis. and 44 h after the desferrioxamine administration. The test

The time of conversion in the conversion group was was considered to be indicative of aluminium accumulation
arbitrarily determined as time point 0. Months preceding the when serum aluminium rose to >100 mg/l (normal values
switch were labelled −6 to −1, months after the switch were 0–14 mg/l ) or if a fourfold increase was observed. No i.v.
labelled +1 to +6. For reasons of similarity, the same iron was administered when the desferrioxamine-test was
definitions were used in the non-conversion group. performed.

Both s.c. and i.v. rHuEpo were administered three times
weekly, at the end of the dialysis session. In the conversion

Statistical analysisgroup, the dosage of the first i.v. administration was the
same as that of the last s.c. injection. EprexB (Epoetin Alfa,

Data were stored and processed using the UnistatB StatisticalJanssen-Cilag, Schaffhausen, Switzerland) was used for both
Package version 3.0a, © Unistat Ltd. 1984–1995, and ana-treatment modalities.
lyses were performed by the Wilcoxon signed rank test, theDoses of rHuEpo in each patient were revised monthly,
Mann–Whitney U test and variance analysis whereor whenever the clinician in charge of the dialysis department
appropriate. Significance was accepted for P∏0.05.considered it necessary, based on the targeted haematological

parameters. Haematocrit levels between 28 and 36% were
pursued.

ResultsSerum ferritin was taken as the main indicative parameter
for iron status [23–24]. Throughout the entire study period,
target serum ferritin levels were 200 ng/ml. Intravenous iron There were no significant differences in gender, age,
(VenoferrumB, Vifor Int. Inc., St Gallen, Switzerland) was time since start of haemodialysis, PCR, Kt/V and
administered whenever the iron status was deficient or when Ccrea between both groups when considering only the
at least two successive haematocrit levels <25% were regis- patients completing the study (Table 1).tered, in spite of ferritin values between 200 and 400 ng/ml

The overall mean doses per injection, when(the latter situation reflecting functional iron deficiency). In
averaging all data collected, before and after timeaddition, medication other than rHuEpo was kept as constant
point 0 in the conversion group were 44.0±1.8 andas possible and the patient medication lists were examined
45.4±4.7 U/kg/injection respectively(P=NS). In theon possible drug interference with erythropoiesis (e.g. ACE-

inhibitors, co-trimoxazole, theophylline [25]). non-conversion group, these averages were 32.9±4.2
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Table 1. Patient characteristics at the time of the study start

Conversion group Non-conversion group

Patients studied 11 7
Male/female 5/6 3/4
Age 61±17.4 years 65±11.5 years
Time on haemodialysis 1.1±0.87 years 2.1±2.96 years
Protein catabolic rate (PCR) 0.9±0.25 mg/(kg.24 h) 1.0±0.24 mg/(kg.24 h)
Ratio of total urea clearance over its distribution volume ( Kt/V ) 1.1±0.21 1.3±0.22
Residual creatinine clearance 0.2±0.31 ml/min 2.2±2.72 ml/min
Primary diagnosis of studied patients Chronic interstitial nephritis (5) Chronic interstitial nephritis (3)

Renovascular disease (3) Renovascular disease (3)
IgA nephropathy (2) Chronic glomerulonephritis (1)
Chronic glomerulonephritis (1)

and 39.6±7.0 U/kg/injection respectively (P=NS). time points. When compared to time 0, all other time
points in the conversion group showed no significantThe weight-standardized rHuEpo doses at monthly

intervals in both study groups are illustrated in differences (Figure 1a). In the non-conversion group
(Figure 1b), the dose was significantly higher at 3 andFigure 1. There were no differences between the conver-

sion group and the non-conversion group at similar 4 months after time point 0 (P∏0.05). The cumulative
rHuEpo doses over the whole study period for both
groups are compared in Figure 2. No significant differ-
ences were observed.

The overall mean haematocrits when averaging all
data collected were similar between conversion and
non-conversion groups in the period preceding time
point 0 (32.9±1.1% vs 31.4±1.6%) and in the 6
months after time point 0 (31.5±0.5% vs 31.1±0.9%).
Haematocrits were similar at each time point for both
groups (P>0.05) (Figure 1). For the conversion group
(Figure 1a), haematocrit values at all time points com-
pared to the moment of switch showed no difference.
In the non-conversion group, haematocrits were lower
at time points −6, −5, 1 and 2 (P∏0.05) than at time
point 0 (Figure 1b). A similar pattern was seen for red
blood cell counts (data not shown).

The overall mean ferritin, when averaging all data
collected, in the conversion group was 219±49 ng/ml
and 224±25 ng/ml, before and after conversion
(P=NS). In the non-conversion group, values of
230±83 ng/ml before and 236±52 ng/ml after time

Fig. 1a,b. Evolution of rHuEpo/kg per injection (squares; left axis)
and of haematocrit (triangles; right axis) (a) in the conversion group

Fig. 2. Cumulative dose of rHuEpo/kg from time point −6 to 6 forand (b) in the non-conversion group. *Statistical differences
(P<0.05) for both parameters vs time 0. The doses per injection of the conversion group (squares) and the non-conversion group (open

circles); no differences were observed between groups.rHuEpo at each time were not significantly different between groups.
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point 0 were observed. Monthly registered iron status a considerable improvement of the cost-effectiveness
ratio.parameters (Table 2) were not different between

groups, except for an isolated higher serum ferritin in An essential element, underestimated in some of
these earlier studies, is the fact that increased haemo-the conversion group, 4 months after the conversion.

No differences in iron status parameters were observed globin synthesis under rHuEpo administration results
in an enhanced iron demand [27]. Thus absolute orin the conversion group as compared to time 0. In the

non-conversion group, significance was observed for functional iron deficiency, the latter characterized by
a defective response of haematocrit in spite op serumTIBC at time points −1, 2 and 5 and for ferritin at

time points −2 and −1 (P<0.05). ferritin >200 ng/ml, can arise in the course of the
therapy. It is of interest to note that Hörl first demon-CRP, serum protein, albumin, PTH, vitamin B12,intracellular and extracellular folic acid and aluminium strated that s.c. administration of rHuEpo allowed a
considerable dose reduction in comparison to the i.v.were not different in both groups. Comparison of drug

intake demonstrated a similar number of patients route [20], confirming data reported earlier by Bommer
et al. [9]; afterwards this viewpoint was tempered,treated by ACE-inhibitors (3 vs 2); there were no

patients treated with co-trimoxazole and theophylline. because further investigations by the same group indi-
cated an equivalence of the two administration modes,There was no significant difference in the number of

infectious episodes between conversion and non- provided i.v. iron supplements were given [22]. It
remains unclear whether the observation of differencesconversion groups during the entire study period (4

and 2 respectively). between s.c. and i.v. administration of rHuEpo in the
Aluminium mobilization tests with desferrioxamine earlier studies should be attributed to a differential

were negative in all patients of the two groups. Mean effect of the route of administration rather than to
aluminium levels before and 44 h after desferrioxamine alterations in iron status during the follow-up period,
were comparable (data not shown). as in several studies relatively low target iron levels

were pursued, whereas in other studies these target
values are not mentioned (Table 3). The stringent

Discussion limitations imposed on ferritin levels and the absence
of significant changes in TS and serum iron in the
present study (Table 2) combined with the timelyThis prospective study was performed to evaluate
supply with i.v. iron guaranteed a steady and sufficientwhether the transition from s.c. to i.v. rHuEpo was
iron reserve; therefore no capital role can be attributedfeasible without adaptations in rHuEpo dose, provided
to this confounding factor.an adequate iron status was maintained. Under these

In some studies, follow-up periods may have beenconditions, equivalence of both the s.c. and the i.v.
too short to allow equilibration of the response toroute was demonstrated (Figures 1 and 2).
rHuEpo [12,16,18]. It has been demonstrated thatThe question of whether s.c. rHuEpo necessitates
rHuEpo induces both a stimulation of red blood celldose modification has been considered in various ori-
precursor maturation [28,29] and an increased survivalginal or review papers [9–21]. The conclusions were,
of erythrocytes [29,30]. As a consequence, it can behowever, inconsistent. Some authors indicate a superi-
estimated that a new stabilization point is only reachedority of the s.c. route [14–15,17,21], allowing dose-

reduction varying from 14.5 to 70%, thus resulting in after several weeks, upon equilibration of these two

Table 2. Iron parameters (serum iron, TIBC, ferritin, and TS)

Time Serum Fe2+ (mg/dl ) TIBC (mg/dl ) Ferritin (ng/ml ) TS (%)

Conv Non-conv Conv Non-conv Conv Non-conv Conv Non-conv

−6 44±19 57±16 221±64 227±39 180±102 236±114 19.8±7.0 26.0±9.3
−5 48±18 50±21 219±45 216±32 192±120 179±102 22.1±7.4 23.2±9.8
−4 47±17 57±15 225±43 229±34 193±100 175±95 20.8±6.8 25.9±10.0
−3 58±20 61±12 238±54 248±29 273±101 277±114 24.4±7.3 25.2±7.2
−2 64±20 60±20 237±47 248±27 187±86 143±65* 27.6±7.4 24.2±8.0
−1 53±15 52±17 222±37 224±27* 290.1±91 369±132* 24.1±6.4 23.9±8.6

0 63±40 61±31 235±29 237±28 216±111 242±81 27.7±18.0 25.7±12.0
1 59±2.9 57±23 234±41 239±26 248±208 271±32 24.8±8.7 24.1±9.5
2 55±15 55±18 245±44 250±32* 211±107 318±218 23.1±7.2 21.8±6.5
3 55±20 55±16 246±43 246±33 254±100 199±110 22.8±8.7 22.5±4.8
4 57±22 51±14 242±48 243±28 233±58 181±51° 23.6±8.0 20.9±4.0
5 49±13 60±18 240±44 249±26* 206±75 243±79 20.9±6.7 24.3±6.3
6 51±12 52±17 252±41 245±20 194±68 205±44 20.6±5.0 21.3±6.2

Significance of time points vs time 0 is indicated by *(P<0.05); significance between groups is indicated by °(P<0.05). Conv, conversion
group; Non-conv, non-conversion group.
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Table 3. Review of literature data (original papers) have demonstrated a marked difference in bioavail-
ability of rHuEpo depending on the route of adminis-

Author, year [ref] Number Time Iron levels tration: the area under the curve (AUC)—as measure
(s.c./i.v.) period pursued for bioavailability—of the s.c. route shows a high

(months) inter-patient variability and is only 50% of the AUC
of the i.v. pathway after a single administration of

Grannoleras et al., 1989 [10] 4/4 5 NM rHuEpo [17]. In spite of this difference, similar
Bommer et al., 1991 [9] 16/16 12 100 mg/l***

dose–response curves are observed for both administra-Stockenhuber et al., 1991 [18] 6/6 3 NM
tion modes. It is hypothesized that this effect originatesTomson et al., 1992 [12] 9/9 3 150 mg/l*

Muirhead et al., 1992 [14] 45/38 6 NM from the absence in the s.c. route of peak levels (which
Eidemak et al., 1992 [19] 9/11 4 100 mg/l* are believed to be only partially effective) [17], com-
Besarab et al., 1992 [17] 28/28 3 NM bined with a higher utilization rate by target cells.Taylor et al., 1994 [16 ] 16/16 2 100 mg/l*

The results of this study need to be considered withSchaller et al., 1994 [21] 44/46 8 NM
Paganini et al., 1995 [15] 72/72 3 20%** the necessary care as it was undertaken on a limited

number of patients. To allow definite conclusions, the
present protocol should be reconsidered in a multicen-*Serum ferritin; **transferrin saturation; ***ferritin levels markedly

different during s.c. and i.v. Epo period. tre setting, in view of the possible b-error. Several
earlier studies regarding this issue have, however, been
undertaken on similar or only slightly larger patientdetermining factors. In the present study, we respected

a 12 month follow-up period equally divided before groups (Table 3). The shift from i.v. to s.c. in the
present study induced hardly any change in Epo doseand after the switch. This provided enough time for

the response to rHuEpo to reach a stabilization point. or haematocrit. A change, if any, was observed in the
non-conversion group. The question could be raisedIn addition, no differences among the two groups were

found regarding other factors that potentially could of whether the differences found, even if they would
become statistically significant in a sufficiently largeinterfere with the metabolism/incorporation of iron

and/or the response to rHuEpo (aluminium overload, sample, would be of clinical relevance.
Erythropoietin need was slightly but non-inflammatory status, secondary hyperparathyroidism,

vitamin B12 and folic acid deficiency and ingestion of significantly higher in the non-conversion group, com-
pared to the conversion group. We have no readilyACE-inhibitors, co-trimoxazole and theophylline).

In contrast to the present study, all papers already available explanation for this difference, as the most
relevant confounding factors (aluminium, vitamin Bpublished examined the switch from the i.v. to the s.c.

route. Undoubtedly, the rationale for this can be found and iron status, parathyroid hormone, indices of
inflammation) were similar in both groups. It is ofin the fact that the s.c. administration route was

initially applied in outpatients and CAPD patients, note that the most important difference presented in
the period before month 0, whereas after conversionand only afterwards implemented in haemodialysed

patients. Nevertheless the possible disadvantages (i.e. the period of interest), the average difference only
amounted to 5.8 U/kg per injection.associated with s.c. administration (e.g. difficulty in

delivering higher doses, pain at the site of injection) Although an optimal iron status was pursued in this
study, one must be cautious to attribute the presentand/or the conversion of outpatients and CAPD

patients to haemodialysis might necessitate a switch results to the iron administration. To prove the role of
iron, a group of patients receiving inadequatefrom s.c. to i.v. This study suggests that such a

conversion is possible without major adaptation in quantities of iron should have been included.
In conclusion, in the present trial no changes inrHuEpo dose.

The question arises as to whether the sequence of rHuEpo demand were observed when conversion
occurred from s.c. to i.v. There were no significantconversion influences the response to rHuEpo. To rule

out this possible bias, we performed an order of differences between the conversion and the non-
conversion groups. These results are different fromconversion that was the reverse of that in all other

studies in this field. In addition, the possibility should some earlier papers suggesting a lower rHuEpo need
when administration is performed subcutaneously.be considered that when a s.c. study arm follows an

initial period of i.v. rHuEpo, optimal equilibration of
iron status is achieved only during the i.v. study arm.
This would allow a reduction in dose during the s.c. References
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