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ABSTRACT. Objective. The efficacy and safety of re-
combinant human erythropoietin (rHuEPO) treatment in
chemotherapy-induced anemia in children were investi-
gated. rHuUEPO is used to treat chemotherapy-induced
anemia. Several studies recommend 150 to 300 IU/kg
rHuEPO for 2 to 8 months. There are only a few con-
trolled trials in children and no precise data about the
optimal dose and duration of rHuEPO treatment is avail-
able.

Patients and Methods. Thirty-four patients receiving
chemotherapy for treatment of their solid tumors be-
tween October 1996 and June 1997 were included in this
study. Patients were randomly selected for each group.
The male/female ratio was 20/14, and the median age was
5 years (range, 1-16 years). They had normal hemoglobin
levels at the time of diagnosis. When hemoglobin levels
decreased to levels lower than 10 g/dL, rHuEPO (150
IU/kg/d, 3 times a week, subcutaneously) was given to 17
patients for 2 months. Their renal, liver, and pulmonary
functions were normal. None of the patients had hema-
tologic disease. We did not use any other drugs such as
iron or granulocyte colony-stimulating factor. There were
17 patients in the control group. Fifteen patients got
chemotherapy regimens including cisplatin (CDDP), but
19 were treated with regimens without CDDP. At the end
of rHuEPO treatment, all patients were examined in
terms of transfusion requirements and rate of change in
hemoglobin levels.

Results. One patient in the study group needed a
blood transfusion, whereas 8 patients needed a transfu-
sion in the control group. Patients in the study group had
less transfusion requirements compared with the control
group. The mean hemoglobin levels before and after the
study were 8.48 = 0.98 g/dL and 8.41 * 1.65 g/dL in the
control group and 8.50 = 0.85 g/dL and 10.21 + 2.14 g/dL
in the rHuEPO group, respectively. Optimal hemoglobin
increments began in 4 weeks and continued during treat-
ment. CDDP-receiving and CDDP-nonreceiving groups
did not have any difference in pretreatment serum eryth-
ropoietin levels. rHuEPO treatment was more effective in
patients treated with non-CDDP regimens. Mean hemo-
globin level increased from 8.68 = 0.73 g/dL to 10.26 =
1.84 g/dL in 9 patients treated with non-CDDP chemo-
therapy regimens in the erythropoietin group, although it
increased from 8.28 = 0.97 g/dL to 10.15 %= 2.5 g/dL in 8
patients treated with CDDP-containing regimens in the
erythropoietin group. rHuEPO caused high blood pres-
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sure in only 1 patient that resolved spontaneously after
cessation of erythropoietin treatment for a week.

Conclusion. rHuEPO treatment (150 IU/kg/d 3 times a
week) is effective and safe in children with chemother-
apy-induced anemia. It decreases blood transfusion re-
quirements in solid tumor patients. Our results show that
the response to rtHuEPO in CDDP-induced anemia is less
than the response in non-CDDP receiving patients.
Higher doses may be necessary in patients using CDDP.
Pediatrics 1999;103(2). URL: http://www.pediatrics.org/
cgi/content/full/103/2/e16; erythropoietin, solid tumors,
chemotherapy, anemia, children.

ABBREVIATIONS. rHuEPO, recombinant human erythropoietin;
CDDP, cisplatin.

nemia in cancer patients has several causes,
A such as bone marrow suppression from che-
motherapy, anemia of chronic disease, hemo-
lysis, and erythropoietin deficiency because of che-
motherapy-induced nephrotoxicity.'? Recombinant
human erythropoietin (rHuEPO) is proposed to treat
chemotherapy-induced anemia for reducing transfu-
sion risks. Some authors stressed that regimens con-
taining cisplatin (CDDP) lead to decreased erythro-
poietin production because of direct toxic effects on
renal cells.®* Several studies showed efficacy of
rHuEPO in these patients.>*® Serum erythropoietin
levels were found to be normal, low, or high in these
studies. Different studies recommend 150 to 300
IU/kg rHuUEPO for 4 to 8 months.>” There are only a
few controlled trials in children and no precise data
about the optimal dose and duration of rHuEPO
treatment is available.®-1° The aim of our study is to
investigate the efficacy and safety of rHuEPO in
chemotherapy-induced anemia in children.

PATIENTS AND METHODS

Patients

Thirty-four patients admitted to our department between Oc-
tober 1996 and June 1997 were included in this study. There were
20 boys and 14 girls with a median age of 5 years (range, 1-16
years). Patients were randomly assigned to either the erythropoi-
etin-receiving group or the control group. At the beginning of the
study, an informed consent was obtained from all patients’ par-
ents after an explanation about the study. The types of malignant
diseases in patients are given in Table 1. We put the patients on
different chemotherapeutic regimens including cisplatin, vincris-
tine, cyclophosphamide, (lomustine-1-(2-chloroethyl)-3 cyclo-
hexyl-1-nitrosourea), procarbazine, actinomycin D, adriamycin,
etoposide, dacarbazine, or high-dose methotrexate (in lymphoma
patients) according to tumor subtype. Patients with Wilms’ tumor,
Ewing’s sarcoma, rhabdomyosarcoma, or nasopharyngeal carci-
noma also had local regional radiotherapy. Cranial and/or spinal
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TABLE 1. Patients” Diagnoses

Lymphoma
Brain tumor
Astrocytoma
Medulloblastoma
Ependymoma
Rhabdomyosarcoma
Wilms’ tumor
Neuroblastoma
Liver tumor
Ewing’s sarcoma
Nasopharyngeal carcinoma
Retinoblastoma
Yolk sac tumor
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radiotherapy was applied to brain tumors according to treatment
protocols. Physical examinations and blood pressure measure-
ments were made weekly. Serum erythropoietin levels were mea-
sured at the beginning of the study in all patients and were
repeated again in the rHuEPO-treated group at the end of study.
Complete blood counts were performed weekly. rHUEPO was
given to 17 patients for a period of 2 months. Seventeen patients
were in the control group. Fifteen patients received CDDP-con-
taining regimens and 19 patients were treated with regimens
without CDDP. In the CDDP group, patients continued to have
normal renal function during the treatment course.

Inclusion Criteria

The patients who fulfilled the following criteria were included
in the study: a) the patients” hemoglobin levels were >11 g/dL at
the time of first admission. All patients had chemotherapy regi-
mens because of primary malignant disease. Hemoglobin levels
should be <10 g/dL at the beginning of this study. b) The hepatic,
renal, and pulmonary functions were normal. c) All hematologic
parameters including reticulocyte count, iron, iron-binding capac-
ity, serum ferritin level, direct Coombs test, vitamin By, and folate
levels, and arterial pH and blood gases were normal. d) The
patients who received blood transfusions during the last month
before onset of rHUEPO treatment were not included.

Treatment Regimen

rHuEPO was given at a 150 IU/kg/dose, 3 times a week,
subcutaneously (rHuEPO was supplied partly by Cilag Inc (Zug,
Switzerland) and marketed as EPREX) in 17 patients. If a patient
had any of the complications of rHUEPO treatment such as hy-
pertension, flushing, or deep vein thrombosis, drug administra-
tion was stopped. Patients with hemoglobin levels <6 g/dL
and/or symptoms of anemia were given blood transfusions. At
the end of 2 months, transfusion requirements and hemoglobin
measurements were compared in the study and control groups.
During the treatment period we did not use any other drugs such
as granulocyte colony-stimulating factor or iron that could affect
the hemoglobin response.

Statistical Methods

x> was used to compare transfusion requirements between the
study group and the control group. We compared the differences
of the erythropoietin and hemoglobin levels in patients treated
with and without CDDP by Mann-Whitney U test. The Wilcoxon
test was used to determine the significance of hemoglobin incre-
ments.

RESULTS

Chemotherapy intensities in study and control
groups were compared by analyzing the absolute
neutrophil and thrombocyte counts and there was no
significant difference (P = .56, P = .55, respectively).
At the onset of treatment, serum erythropoietin lev-
els of all patients were found to be between 14 and
410 IU/L (median, 70 IU/L), and there was no dif-
ference between the rHUEPO group and the control
group in terms of serum erythropoietin levels (P =
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TABLE 2. Patient Characteristics in Study and Control
Groups
rHuEPO Control
Group Group
Number of patients 17 17
Mean Hb level (g/dL)
At the beginning of the study = 850 = 0.85 8.48 * 0.98
At the end of the study 1021 =214 841 +1.65

P value .0086 .90
Median erythropoietin
levels (IU/L)

At the beginning 80 (14-410) 62 (19-270)
At the end of the study 22 (3.5-270) Not done
Number of transfusion 1 8

requirements

Abbreviation: rHuEPO, recombinant human erythropoietin.

.52; Table 2). This was also true for CDDP and non-
CDDP groups (P = .14). The erythropoietin levels at
the beginning were higher than the levels after eryth-
ropoietin treatment in the study group.

There was no difference in initial hemoglobin lev-
els between rHUEPO and non-rHuEPO groups (P =
.95). The difference between the Hb levels of both
groups at the end of the study was statistically sig-
nificant (10.21 g/dL vs 8.41 g/dL; P = .027; Table 2).
The mean hemoglobin levels before and after the
study were 8.48 * 0.98 g/dL and 8.41 = 1.65 g/dL
(P =.9) in the control group. The mean hemoglobin
level in the rHUuEPO-treated group was 8.50 * 0.85
g/dL before treatment and it increased to the level of
10.21 = 2.14 g/dL (P = .0086) after rtHUEPO treat-
ment. The increase in hemoglobin levels began 4
weeks after onset of treatment and continued pro-
gressively in the rtHUuEPO group. Hemoglobin levels
at 2, 4, 6, and 8 weeks were 8.85 + 1.25,9.27 = 1.8,
9.83 + 1.58, 10.21 = 2.14 g/dL, respectively (Fig 1).
These results were 8.71 * 1.33, 8.62 * 1.25, 8.99 =
1.30, and 8.41 = 1.65 g/dL in the control group,
respectively. tHUEPO treatment was more effective
in the erythropoietin group receiving the non-CDDP
regimen. Mean hemoglobin level increased from
8.68 = 0.73 g/dL to 10.26 + 1.84 g/dL (P = .038) in
9 patients treated with the non-CDDP chemotherapy
regimen, although it increased from 8.28 + 0.97 g/dL
t010.15 = 2.5 g/dL in 8 patients in the erythropoietin
group treated with CDDP-containing regimens (P =
.28; Table 3).

During the treatment period, 1 patient in the
rHuEPO group and 8 patients in the control group
needed blood transfusions. This is statistically signif-
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Fig 1. Hemoglobin levels during the study in the erythropoietin
and control groups.
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TABLE 3. Patient Characteristics in rHUEPO Group Treated
With CDDP or Non-CDDP-containing Regimens

CDDP non-CDDP
Group Group
Number of patients 8 9
Mean Hb level (g/dL)
At the beginning of the study 828 =097  8.68 =0.73
At the end of the study 101525 1026 + 1.84
P value 12 .038

Abbreviations: rHuEPO, recombinant human erythropoietin;
CDDP, cisplatin.

icant (P = .008). Before onset of the study, in the
rHuEPO group 3 patients needed a blood transfusion
once and 3 patients needed a blood transfusion
twice; and transfusion requirements were once in 2
patients and twice in 2 patients for the control group.

We observed only one complication in the
rHuEPO group. This patient had high blood pressure
after 2 weeks of rHUEPO treatment. We stopped
rHuEPO treatment for a week and blood pressure
returned to normal levels. tHuEPO was started again
with no increase in blood pressure.

DISCUSSION

It is well-known that blood transfusions may cause
many complications such as infections (HIV, hepati-
tis B, cytomegalovirus, etc.), iron loading, and hemo-
lytic reactions. Use of recombinant growth factor is
thought to reduce these adverse reactions by de-
creasing transfusion requirements. Most of rHuEPO
studies are related with adult cases.>>7112 Firstly,
Miller and coworkers® mentioned that adult patients
who had received high rHuEPO doses (100-200 IU/
kg) showed a good response. Dunphy et al® reported
that the rHUEPO dose should be increased in pa-
tients who used paclitaxel and carboplatin if the
response was inadequate with 150 IU/kg.

There are a few studies about rHUEPO treatment
in children, and the optimal dose of rHuEPO is not
defined precisely.®® Nenadov Beck et al’ used low
doses of rHUEPO for 2 weeks and did not see any
response in pediatric cases. This period is very short
and inadequate for evaluation of rHUEPO treatment.
They used a maximum of 100 IU/kg rHuEPO, lower
than other studies. Most of the studies recommend
rHuEPO treatment for 2 or 3 months in chemother-
apy-induced anemia of solid tumors. Porter et al®
mentioned that a starting dose of 150 IU/kg was
administered to their pediatric patients with a me-
dian dose of 198 IU/kg rHUEPO per dose. They
increased the rHUEPO dose if the patients had blood
transfusions or inadequate response. They found
that a 16-week treatment with rHuUEPO decreased
the requirement for platelet transfusion. Our results
were similar to this controlled trial for blood trans-
fusion requirements. In our study, we used 150
IU/kg rHuEPO for 2 months without giving any iron
supplement. Optimal results were obtained in 4
weeks and continued during treatment. In another
study, Leon et al®® applied 150 IU/kg rHuEPO 5
times weekly for 3 months, but they used historical
controls and performed red cell transfusions if the
Hb level was lower than 9 g/dL. Historical controls
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have some disadvantages such as case selection bias.
We observed a significant decrease in the transfusion
requirement with the use of rtHUEPO (8 vs 1 patient
needed transfusions in the control group and the
rHuEPO group, respectively). This finding suggests
that rHuEPO, 150 IU/kg for 2 months, can be used
effectively for treatment of chemotherapy-related
anemia in children with malignancy. A good re-
sponse was achieved in 4 weeks. The significant
difference on the hemoglobin levels of the study and
the control groups also confirmed the efficacy of
rHuEPO treatment in our patients. Transfusion was
done if Hb levels were lower than the 6 g/dL in our
study to detect the difference between both groups.
This cutoff level was relatively higher in other stud-
ies, eg, 9 g/dL in one study® and 8 g/dL in another
study.® We believe that the higher cutoff level may
shadow the real difference between the erythropoie-
tin-treated and the erythropoietin-untreated groups.
The decrease of high erythropoietin levels to normal
levels in the rHuEPO-treated group also could be
attributable to both normalization of Hb levels (en-
dogenous cause) and suppression of erythropoietin
synthesis by rHuEPO (exogenous cause).

Some authors reported that patients using CDDP
had inadequate response to erythropoietin as a result
of nephrotoxicity.** Although there is no significant
difference on erythropoietin levels of patients treated
with and without CDDP-containing regimens, re-
sponse to rtHUEPO was better in patients treated with
non-CDDP-containing regimens. Miller et al® inves-
tigated whether rHuEPO affected CDDP-induced
anemia or not. They found out that rtHuEPO, 100 to
200 IU /kg, were useful in those cases, but their study
was only a single arm, dose escalation phase I-II
study. In Cascinu’s? study, 100 patients who received
cisplatin were randomly assigned to either erythro-
poietin or nonerythropoietin groups. They compared
rHuEPO and placebo, but their study did not include
patients who had a non-CDDP-containing regimen.
In our study, the Wilcoxon P values for hemoglobin
increments of CDDP and non-CDDP groups in the
erythropoietin group were .12 and .038, respectively.
This difference may be decreased by giving higher
rHuEPO doses. Bone marrow may not respond ade-
quately because of the myelosuppressive effect of
CDDP.* The anemia of our patients improved after
rHuEPO treatment. We suggest that patients using
CDDP should be treated with higher dosages of
rHuEPO when needed. The number of patients in the
CDDP group is relatively less and further studies
with a greater number of patients and different
erythropoietin doses should be done.

We observed that 1 patient transiently had high
blood pressure during rHuEPO treatment. After ces-
sation of the rHuEPO for 1 week, blood pressure
returned to normal and we continued rHuEPO with-
out any complications. Most of the studies report few
complications with this drug. Deep vein thrombosis,
flushing, polycytemia, and high blood pressure are
among the reported complications.>”#12 We did not
observe any of these complications.

We conclude that rHuEPO treatment is effective
and safe in minimizing transfusion requirements in
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children with solid tumors at doses of 150 IU/kg
given three times a week for 2 months. Higher doses
may be necessary in patients using CDDP. Because
chemotherapy-induced anemia is related to inade-
quate response to high endogenous erythropoietin,
cancer patients may benefit from exogenous rtHuEPO
during chemotherapy.
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