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ABSTRACT

Recombinant human erythropoietin (rhuEPQ) therapy
has been reported to maintain corrected hematocrit
values by increasing the length of red blood cell
(RBC) survival. This article presents a controlled study
that assessed the RBC survival before, during, and
after termination of prolonged rhuEPO treatment of
chronic hemodialysis patients. Two groups of 20 pa-
tients were studied. The hematocrit value of each
patient was below 28 vol%. One group (Group A) was
treated with rhuEPO for 1 yr and then treatment was
stopped because of the unavailability of the drug.
The second group (Group B) was treated for 2 yr.
Epoetin beta was administered subcutaneously. The
initial dose was 20 U per kg body weight three times
weekly. Upon reaching the target hematocrit value of
30 to 35 vol%, the dose was individualized for each
patient, to maintain target range. RBC survival was
determined by the chromium-51 technique. In Group
A, RBC survival was determined: (1) before, (2) at 12
months, and (3) 1 yr after cessation of rhuEPO treat-
ment. In Group B, RBC survival was determined: (1) at
24 months of therapy, and (2) 1 yr after cessation of
rhuEPO treatment. RBC survival increased significantly
in both patient groups under rhuEPO treatment. After
cessation of therapy, the RBC survival decreased to
pretreatment values. During the correction period,
reticulocyte counts increased significantly in both
groups. Over the maintenance period, they slightly
decreased, and after termination of rhuEPO therapy,
they decreased to the pretreatment values. The results
of this study could suggest the possibility that RBC
survival was prolonged by the action of EPO on the
erythroid progenitors, resulting in the production of
RBC with improved viability.
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Anemla of chronic renal failure is a well-estab-
lished entity, and depending on the primary
renal disease, may vary in its severity (1). The various
factors that may underlie the anemia of chronic renal
failure include: reduced availability of erythropoietin
(EPO), inhibitors of erythropoiesis, bone marrow fibro-
sis, and hemolysis as a result of extra corpuscular
factors. Renal anemia is of hypoproliferative, normo-
cytic, and normochromic type, but certain deficiency
states, such as iron, folate, or vitamin B, , deficiency,
may alter its nature (1,2).

One of the features of renal anemia is shortened red
blood cell (RBC) survival. Most radioisotopic studies
confirm the presence of mild hemolysis in renal ane-
mia cases. Although the cause for the hemolysis is not
yet fully understood, several factors in the uremic
patient have been incriminated: parathyroid hor-
mone, spermine, and ribonuclease (1-3).

Recombinant human erythropoietin (rhuEPO) treat-
ment has been very effective in the correction of renal
anemia, both by intravenous and subcutaneous ad-
ministration. It has been reported that rhuEPO main-
tains corrected hematocrit (Hct) at a desired level by
increasing the length of RBC survival, and not by a
sustained elevated reticulocyte count, despite marked
reduction of the rhuEPO dose required to maintain
the Hct level (4).

The purpose of the study was to assess the RBC
survival before and after prolonged subcutaneous
rhuEPO treatment in chronic hemodialysis patients.
Furthermore, because of unfortunate circumstances,
we had the unusual possibility to observe the change
of the RBC survival after cessation of rhuEPO therapy.

MATERIAL AND METHODS

Patients

In a prospective clinical study, two groups of patients were
treated with rhuEPO by the same protocol, but for different
time intervals (5). Forty patients were selected for the study
on the basis of inclusion and exclusion criteria, and they
signed informed consents to participate in the study. All
patients were older than 18 yr of age and were anemic, with
a Hct value below 28 vol%. They were treated by chronic
hemodialysis at least 6 months before entering the study.
The hemodialysis regime included 4 to 4.5 h of dialysis three
times per week, with an acetate bath and cellulosic mem-
brane of 1.1 to 1.3 m?. The blood flow ranged between 250
and 280 mL/min. The vascular access for hemodialysis was
from a Cimino-Brescia arteriovenous fistula. The dialysis
dose used before the study for each patient remained con-
stant throughout the entire study period. There have been no
significant changes in weight or in the predialysis serum
urea and creatinine level in the patients. The exclusion
criteria were: iron, folic acid, and vitamin B,, deficiency;
severe infection; malignant or systemic disease; acute liver
infection; uncontrolled hypertension; epilepsy: pregnancy;
hem:?lytlc—uremic syndrome; and thrombocytosis (>500,000/
mm°©).
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The patients were randomized into two groups of 20 pa-
tients each, their basic clinical and demographic data were
recorded (Table 1), and they were then enrolled in the pro-
spective study.

Treatment Protocol

Each group of patients was treated by the following proto-
col. The initial dose of epoetin beta (Recormon; Boehringer-
Mannheim, Mannheim, Germany) was 20 U per kilogram
body weight (U/kg body wt), administered subcutaneously
three times weekly, 10 min before each dialysis session. The
dose could be increased by 20 U/kg body wt per single dose
every 4 wk, if Hct rise was too slow or absent. This period was
called the correction period. After reaching the target Hct of
30 to 35 vol%, the last administered dose was reduced by half
and adjusted thereafter individually, to keep the Hct value in
the range of 30 to 35 vol%. It was the maintenance period of
the study. During the rhuEPO therapy, body iron stores were
regularly monitored by determination of serum ferritin,
transferrin, and total iron binding capacity. The patients
were treated with oral iron therapy in the form of ferrous
sulfate if serum ferritin level fell below 200 ng/mL or if
transferrin saturation index fell below 20%.

One group of patients (Group A) was treated for 1 yr and
treatment was then discontinued because of unavailability of
the drug. The second group (Group B) was treated for 2 yr
and the treatment was also then discontinued for the same
reason.

Determination of RBC Survival

The following procedure was used: at the onset of a dialysis
session, 10 mL of blood were withdrawn from the patient into
a sterile 50-mL glass tube containing 2 to 3 mL acid-citrate-
dextrose (Grade I NIH). One hundred mCi radioactive sodium
chromate (Cr51) with high specific activity was then added to
the mixture. After 30 to 40 min of incubation at room
temperature with intermittent gentle agitation, the tube was
centrifuged (1000 X g for 12 min at 25°C). The supernatant

TABLE 1. Demographic and basic clinical data of
patients

Patients Group A Group B
Age (yr) 483 (range, 47.6 (range,
23 to 69) 25 to 70)
Sex
Male 12 1"
Female 8 9
Hemodialysis Duration 47.6 (range, 60.5 (range,
(months) 21to 111) 20 to 133)
Primary Renal Disease
Chronic Glomerulonephritis ) 5
N
Chronic Interstitial 2 4
Pyelonephritis (N)
Calculous Pyelonephritis (N) 3
Balkan Nephropathy (N) 2 1
Hereditary Nephropathy (N) 2 2
Nephrosclerosis (N) 3 1
Uric Nephropathy (N) 2
Undifferentiated 3 4
Nephropathy (N)
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was discarded using a sterile needle connected to a vacuum.
Labeling efficiency was over 80%/dose measured in a dose
calibrator. Approximately four-fifths of the Cr51-labeled RBC
was injected intravenously into the patient at the end of the
same dialysis session, and the needle was flushed by sterile
saline. A heparinized blood sample of 5 mL was withdrawn
after 24 h and was used as the “Day 0" sample. Subse-
quently, blood samples were drawn three times weekly at
appropriate intervals for the next 3 wk or until the radioiso-
tope concentration in the blood had decreased to one-half its
original (Day O) level. The data were plotted on semilog
graphs and RBC survival was determined by regression
analysis (6,7).

RBC survival was determined in both patient groups (8,9).
In Group A, it was determined before the onset of rhuEPO
therapy in 18 patients. Two patients were unavailable for
determination. All 18 patients were tested again at 12
months of rhuEPO therapy. The third determination of RBC
survival was performed 1 yr after cessation of rhuEPO treat-
ment in 12 patients of this group.

In Group B, RBC survival was determined in 18 patients
after 24 months of rhuEPO therapy. The second determina-
tion was made 1 yr after termination of therapy in 11 patients
from this group.

Hematocrit (vol%) level was determined weekly, and uncor-
rected reticulocyte count (% peripheral RBC) was determined
monthly over the entire study period, using standard labo-
ratory methods. Throughout the study, all laboratory param-
eters were determined from blood taken before hemodialysis
sessions.

Results were expressed as mean (M) = SD. The t test was
applied to observe the difference between different time
intervals of the study.

RESULTS
Group A

During the correction period of 16 wk, Hct value had
risen to the target range of 30 to 35 vol% in all
patients, and was thereafter maintained within the
target limits by low subcutaneous doses of rhuEPO.
The highest mean rhuEPO dose during the correction
period for the whole group reached 35 U/kg body wt
per single dose. The mean maintenance dose varied
between 20 and 30 U/kg body wt applied three times
weekly.

The mean reticulocyte value before the study was
1.21 = 0.55%. During the correction period, it rose to
the maximum level of 2.22 *+ 0.73% (P < 0.001). In the
maintenance phase of the study, the mean reticulo-
cyte count ranged between 1.32 * 0.64% and 1.9 =
0.86%, averaging 1.79 * 0.16% (P < 0.001). After
termination of rhuEPO therapy, the mean reticulocyte
value was 1.26 * 0.84% (P = not significant [NS]). The
difference between the maximum level of 2.22 *
0.73% and the average level of the maintenance period
(1.79 = 0.16%) was also significant (P < 0.05).

The RBC survival at different time intervals of the
study for this group of patients are presented in Figure
1. Before the onset of epoetin treatment, RBC survival,
Le., mean Cr51 half-life (t'2) was 23.3 *+ 2.6 days, ata
mean Hct value of 23.8 + 2.1 vol%. At 12 months of
treatment and mean Hct level of 33.2 + 1.8 vol%, the
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Figure 1. The hematocrit data of Group A patients at the time
of determination of RBC survival are presented Iin the upper
graph. The data of the Cr51 halfife of Group A patients are
shown on the lower graph, determined at three intervals of
the study: (1) before the start of erythropoletin treatment, (2)
at 12 months of rhuEPO therapy, and (3) 12 months after
cessation of thuEPO therapy. The values are expressed as
mean + SD. Paired f test was used for statistical analysis.

mean Cr51 tY2 rose to 27.2 * 4.1 days. One year after
termination of rhuEPO therapy, Cr51 T Y2 decreased
to 22.1 * 3.6 days. The Hct level at that time had also
dropped to 25.9 = 5.1 vol%. These changes were
significant.

The mean body weight of this group before the start
of therapy was 66.5 * 10.42 kg. At 12 months of
therapy, it was 66.8 = 11.04 kg (P = NS). After 1 yr of
termination of rhuEPO treatment, it was 61.33 * 8.98
kg in the remaining 12 patients (P = NS). The differ-
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ences between the three intervals were all nonsignifi-
cant. The predialysis serum urea level was 33 + 5.17
mmol/L before rhuEPO therapy, 35.58 * 4.52
mmol/L at 12 months of treatment, and 33.67 * 6.29
mmol/L 1 yr after cessation of rhuEPO treatment.
These differences were also nonsignificant. These pa-
rameters support the fact that the dialysis dose did
not change during the study.

Group B

This group was treated with rhuEPO for 2 yr and the
Hct value was maintained at 30 to 35 vol%. The
maximum rhuEPO dose for the group during the
correction period reached 49 U/kg body wt, whereas it
ranged between 17 and 27 U/kg body wt during the
maintenance period. Figure 2 presents data on the
Hct value and the RBC survival at the time of deter-
mination. The mean Cr51 t%2 at 24 months of rhuEPO
therapy was 27.3 * 3.7 days, at a mean Hct level of
33.5 * 2.6 vol%. One year after termination of therapy
and a reduced Hct level of 24 + 2.9 vol%, Cr51 t. was
significantly lower at 22.6 * 2.3 days.

During the study, reticulocytes varied similarly to
those of Group A. Mean reticulocyte percentage before
the onset of therapy was 1.2 * 0.43%. It rose to a
maximum of 2.58 + 1.16% (P < 0.001) during the
correction period and ranged between 1.39 * 0.72%
and 1.84 * 0.84% during the maintenance period,
with a mean average of 1.71 + 0.26% (P < 0.001). After
termination of rhuEPO therapy, it decreased to 1.3 *
0.53% (P = NS). The difference between the maximum
level (2.58 * 1.16%) and the average maintenance
level (1.71 = 0.26%) was also significant (P < 0.01).

Mean body weight of this group at 24 months of
rhuEPO therapy was 62.73 * 9.51 kg. In the 11
patients of this group after a year of termination of
rhuEPO, it was 57.3 * 9.08 kg. This change was not
significant. Serum predialysis urea was 30.08 + 3.99
mmol/L at 24 months of therapy, and 31.1 * 3.25
mmol/L 1 yr after termination of rhuEPO. The
changes of these parameters were nonsignificant, in-
dicating that the dialysis dose was not changed during
the study period.

DISCUSSION

Our results suggest that subcutaneous rhuEPO
treatment effectively corrects anemia in uremic dialy-
sis patients, and that corrected Hct value is main-
tained with relatively low doses of rhuEPO, provided
that the iron stores in the body are well preserved with
adequate supplementation.

In both patient groups, RBC survival, as expressed
by the Cr51 technique, was significantly increased
during treatment, with rhuEPO approaching normal
range. The RBC survival of Group A at 12 months of
treatment was comparable to that of Group B at 24
months of treatment, but both values were signifi-
cantly increased when compared with the pretreat-
ment value of Group A.
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Figure 2. The hematocrit values of Group B patients at the
times of determination of Cr51 haifife of the red blood cells
are presented In the upper graph. The RBC survival of Group
B patients, determined at two intervals, is presented in the
lower graph: (1) at 24 months of rhuEPO therapy and (2) 12
months after cessation of rhuEPO therapy. The values are
expressed as mean * SD. Paired ttest was used for statistical
analysis.

One year after cessation of therapy, RBC survival
was significantly reduced and comparable in both
Group A and Group B. Furthermore, mean Cr51
half-life values were comparable to the pretreatment
value of Group A. Thus, EPO treatment significantly
increased RBC survival of uremic dialysis patients
and this effect was continuously maintained under
treatment but diminished after cessation of therapy,
indicating that EPO directly influenced the longevity
of RBC.
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Our results are in agreement with those of Schwartz
et al. (4,10), Hughes et al. (11), and Eschbach (1).
Some other authors have reported that RBC survival
is not affected during rhuEPO treatment, and that the
correction of anemia depends solely on increased RBC
production (12-14). The basic objection to the latter
studies would be that they were too short in follow-up
time because the effect of rhuEPO on RBC survival
might be related to the duration of treatment.

The reticulocyte counts varied similarly in both
patient groups. They rose during the correction period
to a maximum level. Then, as the rhuEPO dose was
individualized and tapered down to keep the Hct value
within the limits of 30 to 35 vol% over the mainte-
nance period, the reticulocyte counts decreased and
leveled off. The difference between pretreatment
counts and maintenance counts could indicate the
presence of early reticulocyte release and minute pro-
longation of RBC survival. After cessation of therapy,
reticulocytes further decreased just slightly. It is im-
portant to note that the increase in reticulocyte counts
in our study was considerably smaller than, for exam-
ple, that in the study of Schwartz et al. (4). This
difference could be explained by the different rhuEPO
doses and routes of administration used in the stud-
ies. One of the aims of our study was the slow correc-
tion of the Hct value, to avoid occurrence of serious
adverse events. Therefore, the doses used in the cor-
rection period were smaller and the target Hct value
was also lower (38 vol% in the study of Schwartz et al.
[4] versus 30 to 35 vol% in ours). For these reasons,
the correction period in our study lasted longer. How-
ever, in principle, the dynamics of reticulocytosis in
our study entirely resembled the pattern of the study
of Schwartz et al.

It is not yet fully elucidated how rhuEPO influences
normalization of erythropoiesis. Koury and Bondu-
rant (15) and Spivak et al. (16) have shown that EPO
acts as both a mitogen and a survival factor. They
proposed that the possible mechanism of action of
EPO on the colony-forming units-erythroids was
stimulation of DNA synthesis, retardation of DNA
breakdown, and prevention of apoptosis (programmed
cell death). Based on in vitro experiments, Bondurant
et al. (17) have postulated that “three possibly inter-
related processes occur simultaneously during colony
development: cell growth and replication, extensive
differentiation and maintenance of all functions nec-
essary for survival. The last area has only recently
been identified as a mechanism of hormonal regula-
tion.” Their “model of erythropoiesis” proposes that
individual progenitors within the EPO-dependent
population exhibit a range of sensitivities to EPO such
that there is an extended dose range of EPO over
which individual progenitors may survive and con-
tinue proliferation and differentiation. Thus, the level
of EPO ultimately controls RBC production by regu-
lating the number of dependent progenitors that sur-
vive or die. So. at a given level of EPO, some cells die
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whereas others survive and progress through differ-
entiation.

Our results, as well as those of Schwartz et al.
(4.10), suggest that the viability of the RBC increases
with EPO therapy. EPO may exert a number of molec-
ular effects on erythroid cells whose ultimate effect
would be the increased viability of RBC (17). These
processes may stabilize the erythrocyte membrane
and make the RBC more resistant to the aggressive
uremic environment. Lerche et al. (18) have provided
evidence for this effect of EPO. They found significant
improvement of the whole RBC deformability after 30
wk of rhuEPO treatment of 20 adults and ten children
with ESRD. They concluded that the disturbed eryth-
ropoiesis in uremic patients also caused impaired
mechanical membrane properties that could not be
attributed to the direct influence of “uremic toxins” on
RBC alone, and furthermore, that the performed ex-
periments did not exclude the direct action of rhuEPO
on the mechanics of the membrane.

Our results, as well as the work of other authors,
suggest that RBC survival may be prolonged because
of the action of EPO on the erythroid progenitors. The
consequence of the molecular effects of EPO on the
erythroid cells could result in increased viability of the
peripheral red blood cells.
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