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Background: In patients undergoing chemotherapy for cancer, anemia is part
of the progression of the disease. Considering the effects of anemia on quality
of life of the patients, the prevention and treatment of chemotherapy-induced
anemia is crucial. This study was aimed to evaluate the efficacy of recombinant
human erythropoietin in reducing the need for blood transfusion in children
with solid tumors receiving chemotherapy.

Methods: In a clinical trial, 57 children referred to the pediatric centre of Tabriz
University of Medical Sciences with a diagnosis of solid tumor were randomly
assigned into two groups. The intervention group (n=29) received recombinant
human erythropoietin (rHuEPO) at a dose of 450 IU/kg subcutaneously once a
week for 12 weeks, and the control group (n=28) received no intervention in this
regard. Hemoglobin levels were analysed at the beginning and end of the study.
The need for blood transfusion was also assessed in the patients.

Results: The mean Hb at the beginning of the study was 8.85+1.01 and 8.98+0.11
g in the intervention and control groups, respectively. The mean Hb at the end
of the study was 9.78+0.32 g/dl in the intervention group and 7.79+0.24 g/dl in
the control group. Hb level was significantly higher in the intervention group
at the end of the 12 weeks of treatment with rHuEPO than in the control group
(P=0.001).

Conclusion: Based on the results of this study, rHUEPO administration seems to
be beneficial in the prevention and treatment of chemotherapy-induced anemia
in children with solid tumors and reduces the amount of blood transfusion in
these patients.

Please cite this article as: Ataollah Hiradfar A, Rezamand A, Pourghasem M, Karkon Shayan S, Ghamari B, Karkon Shayan F. Recombinant
Human Erythropoietin in Children with Solid Tumors and Chemotherapy-induced Anemia. IJBC 2018; 10(1): 9-15.

Introduction

measures for cancer-related severe anemia. Although

Chemotherapy-induced anemia is a common problem
in children with cancer.? It has been shown that
chemotherapy directly targets hematopoiesis by affecting
the precursor cells of the red blood cells in the marrow.
Also, the nephrotoxic effects of cytotoxic agents can
reduce the renal production of erythropoietin.®*

Blood transfusion is one of the most commonly used

blood transfusions are the fastest way to reduce the
symptoms of anemia, they are associated with short and
long-term risks, such as infection, alloimmunization
reactions and other blood transfusion reactions.’ Thus,
alternative strategies have been developed to overcome
chemotherapy-induced anemia.® Human recombinant
erythropoietin (tHuEPO), as the prototype of the
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hematopoietic stimulants, was first developed in the 1980s
and was among the first recombinant human proteins used
in clinics for cancer treatment.! Decreased fatigue and
improved quality of life were also reported at first with the
treatment of anemia with rHuEPO in patients undergoing
chemotherapy. However, the clinical significance of these
symptoms has repeatedly been doubted.’

Studies show that rHUEPO reduces the need for blood
transfusion in patients and also improves their quality
of life.® ° However, some of the recent clinical trials
conducted since 2003 have reported some complications
associated with rHuEPO treatment including increased
risk of tumor progression, vascular thrombotic events and
death. Accordingly, there has been a limitation to minimize
the potential damage following the use of rHuEPQ.! 1% 1!

It is important to note that the main mechanism of anemia
in cancer is the production of inflammatory cytokines
which decrease both the production of erythropoietin and
reduce hematopoiesis, and lead to a relative or absolute
lack of iron. Therefore, the American Society for Clinical
Oncology (ASCO) has updated its therapeutic guidelines
and have proposed the use of Erythropoiesis-Stimulating
Agents only in chemotherapy-induced anemia when the
hemoglobin level is less than 10 g/dL.> 2

Several studies have shown the usefulness of
subcutaneous erythropoietin administration in divided
doses every one or two days. Also, recent evidence shows
that subcutaneous administration of rtHuEPO in a single
weekly dose has not been associated with significant
adverse drug reaction and has been able to reduce the
need for blood transfusion in children.' * Considering
the importance of anemia in children undergoing
chemotherapy and the relatively satisfactory results of
rHuEPO, this study was aimed to evaluate the utility of
this medication at a dose of 450 units/kg of body weight
subcutaneously once a week in anemic children who are
under chemotherapy for solid tumors.

Materials and Methods

This study was a randomised one-way blinded clinical
trial (RCT) performed at Children Hospital of Tabriz
University of Medical Sciences (TUOMS), between
March 2015 and February 2016. We registered this study at
Iranian clinical trial with code of IRCT2015061822805N1
and the regional ethics committee of TUOMS, Iran
approved it under TBZMED.REC.1394.165 code.

60 children diagnosed with solid tumor admitted to the
pediatric hospital of TUOMS were enrolled. None of the
patients had bone marrow infiltration by the tumoral cells.
Then, we randomly assigned the patients to two control
and intervention groups using randomly permuted block
method via an online software at http:/www.stat.ubc.
ca/~rollin/stats /ssize.

Inclusion criteria for this study were: 1. Age of less than
fifteen years at the time of enrollment, 2. Hemoglobin
level less than 10 gr/dl upon enrollment, 3. A pathological
diagnosis of a solid tumor with chemotherapy-induced
anaemia, 4. No bone marrow involvement, 5. Normal
lung, liver and kidney function upon enrollemnt, 6.
Normal blood parameters for reticulocyte count, serum

ferritin, serum vitamin B12 level and arterial blood gas
along with negative direct and indirect Coombs test, 7.
No history of transfusion in recent months, and 8. No
history of receiving erythropoietin.

We excluded every patient with severe bleeding or
hemolysis, or those with evidence of impaired renal, liver,
and lung function during the study. The patients who
experienced severe complications due to erythropoietin,
including thrombosis, polycythemia and elevated
systemic blood pressure were also excluded from the
study. We also excluded the patients who declined to
participate in the study.

We included 60 children with solid tumours admitted
to the Children Hospital of TUOMS for chemotherapy
and randomly divided them into intervention and control
groups (n=30 each group). One patient was excluded
from the intervention group due to hypertension and
two children; one due to hemolysis and one due to renal
failure were excluded from the control group. Finally, 29
patients in the intervention group and 28 in the control
group entered the study (Figure 1).

Both groups received the scheduled protocol along with
granulocytic growth factor (G-CSF). In the intervention
group, patients received rHuEPO at a dose of 450 1U/kg
subcutaneously once a week for 12 weeks. The control
group received only the chemotherapy protocol without
rHuEPO. In the present study, the minimum acceptable
haemoglobin level in both groups was considered as 7
gr/dl and for the values less than that, blood transfusion
was administered.

Ethical Considerations

This study was in accordance with the ethical standards
of the responsible committee on human experimentation
(institutional and national) and with the Helsinki
Declaration of 1975, as revised in 2008. We explained the
aim of the study, the potential benefits and complications
of rHUEPO (according to previous studies, side effects
were not likely to occur) to the parents of the patients and
patients themselves and stated that all information would
be kept confidential and their personal information would
not be mentioned anywhere. We also obtained the written
informed consent from the parents.

There was no additional intervention except the
administration of tHuEPO in the intervention group. The
cost of drugs in the study was provided by the project
implementer and supported by the vice chancellor of
TUOMS.

The obtained data were expressed as the mean+standard
deviation (SD), frequency and percentage. We applied
linear regression method to determine the relationship
between data and Kolmogorov-Smirnov test to check the
normal distribution of data. Finally, for comparing the
qualitative variables, the chi-square test was used, and the
independent t-test was used to compare the quantitative
variables. P<0.05 was considered to be statistically
significant in all comparisons.

Results
The mean+SD ages of the children in the control and
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Figure 1: CONSORT statement diagram of the study.

intervention groups were 6.11+0.83 and 6.43+0.83 years,
respectively with no significant statistical difference. In
the control group, 13 patients (46.4%) were men and in the
intervention group, 17 (58.6%) patients were men. There
was no significant difference in the gender of the patients
in the two groups (P=0.360). The mean hospitalization
days in the intervention and control group were 22.6+4.23
and 20.7+4.56, respectively (P=0.080).

Table 1 represents the frequency of the patients based
on the type of the malignancy in the two groups. We
showed that there was no difference between the two
groups regarding their malignancy (P=0.990).

Mean haemoglobin levels in the intervention and control
group at the beginning of the study were 8.85+1.01 g/dl,
and 8.98+0.11 g/dl, respectively. There was no significant
difference in the haemoglobin levels at the beginning
of the study between the two groups (P=0.390). In the
intervention group, 11 (37.9%) patients received cisplatin-
based regimen and in the control group, 14 (50.0%)
children received such a regimen. There was no significant
difference regarding receiving a cisplatin-based regimen

Table 1: Frequency of the malignancies.

between the two groups (P=0.360). During the study, in
the 24 (82.8%) patients in the intervention group and 22
(78.6%) patients in the control group received G-CSF.
There was no significant difference between the two
groups regarding receiving G-CSF (P=0.690).

The mean received blood volume in the intervention
and control group was 2.52+1.11 and 8.43+1.67 cc/kg,
respectively. Also, the number of blood recipients in the
intervention group was 6 (20.7%), whereas in control
group was 14 (50.0%). The two groups had a statistically
significant difference in the volume of blood and the
number of blood recipients (P=0.020). Mean number of
blood transfusions in the intervention group and control
groups were 6.60+0.08 and 6.60+0.06, respectively which
the difference was not statistically significant (P=0.900).
In general, the number of blood recipients and also the
volume of the transfused blood was significantly lower in
the intervention group than the control group (P=0.020).

The hemoglobin level of the patients at the end of the
study (end of the 12" week) in the intervention and control
groups was 9.38+0.38 and 7.79+0.24 g/dl, respectively.

Malignancy Total Intervention Control Malignancy Total Intervention Control
number  group group number  group group
Non-Hodgkin’s lymphoma 7 (12.2%) 4 (13.7%) 3(10.7%) Hodgkin’s lymphoma 6 (10.5%) 3 (10.3%) 3 (10.7%)
Ependymoma 2(3.5%) 1(3.4%) 1 (3.5%)  Medulloblastoma 3(52%) 1(3.4%) 2 (7.1%)
Neuroblastoma 8 (14%) 4 (13.7%) 4 (14.2%) Rhabdomyosarcoma 5 (8.7%) 2 (6.8%) 3 (10.7%)
Ewing’s sarcoma 4 (7%) 2 (6.7%) 2(7.1%)  Osteosarcoma 3(52%) 1(3.4%) 2 (7.1%)
Synovial sarcoma 0 (0%) 0 (0%) 0 (0%) Fibrosarcoma 2(3.5%) 1(3.4%) 1 (3.5%)
Yok sac tumor 4 (7%) 2 (6.7%) 2(7.1%)  Germinoma 1(1.7%) 1(3.4%) 0 (0%)
Hepatoblastoma 3(52%) 2(3.8%) 1(3.5%)  Wilm’s tumor 7 (10.5%) 4 (13.7%) 3 (10.7%)
Glioblastoma 1(1.7%) 0 (0%) 1(3.5%)  Nasopharyngeal 1(1.7%) 1(3.4%) 0 (0%)

carcinoma
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The hemoglobin levels in the intervention group were
significantly higher than those in the control group at the
end of the study (P=0.001).

The mean hemoglobin changes during the study period
were +0.92+0.33 g/dl in the intervention and -1.194+0.26
g/dl in the control group. In the intervention group, the
mean hemoglobin level increased during the study and in
the control group, the mean hemoglobin level decreased
during the study and this difference was statistically
significant (P=0.001). Table 2 and Figures 2 and 3 show
the comparison of changes in the hemoglobin among

the patients.

In the intervention group, 11 patients (37.9%) and among
all patients, 25 (43.8%) patients received cisplatin-based
chemotherapy regimen which had haemoglobin changes
based on the following tables (Tables 3 and 4). According
to Tables 3 and 4, hemoglobin levels in patients receiving
cisplatin-containing regimen at the end of the study were
lower than those who did not receive cisplatin, but this
difference was not statistically significant.

Side effects observed in the intervention group due to
rHuEPO were as follows (Table 5). One patient developed

Table 2: The comparison of the changes in the hemoglobin values in the studied groups.

Time period Beginning of the study End of the study P value
Group
Intervention 8.85+1.01 9.78+0.32 P=0.009
Control 8.98+0.11 7.79+0.24 P=0.001
A Hb
1.5
1
0.92
0.5
0 OAHP
Erythropoietin control
-0.5
-1 -1.19
-1.5
Figure 2: Changes in hemoglobin levels in the two studied groups.
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Figure 3: Hemoglobin changes during the study.
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Table 3: Comparison of the level of hemoglobin in the intervention group in terms of receiving cisplatin containing regimen.

Regimen Regimen without cisplatin Cisplatin-based regimen P value
Time (hemoglobin level) (hemoglobin level)
Beginning of the study 8.83+0.11 8.89+0.21 P=0.950
End of the study 10.03+0.38 9.36+0.56 P=0.160
Hemoglobin changes +0.47+0.63 +1.20+0.36 P=0.240

Table 4: Comparison of the level of hemoglobin in the control group

in terms of receiving cisplatin containing regimen.

Regimen Regimen without cisplatin Cisplatin-based regimen P value
Time (hemoglobin level) (hemoglobin level)
Beginning of the study 0.09+8.89 0.12+8.97 P=0.950
End of the study 0.324+9.08 0.3548.46 P=0.160
Hemoglobin changes 0.33+0.20 + 0.38+0.52 - P=0.240
Table 5: Side effects of rHuUEPO in the intervention group.

Time 1%-4" weeks 5t-8" weeeks 9t-12" weeks Total

Side effect
Vomiting 5 3 6 14 (48.2%)
Fever 2 4 2 8 (48.2%)
Bone pain 1 3 2 6 (20.6%)
Flu-like syndrome 1 2 1 4 (13.7%)
Flushing 1 0 1 2 (6.8%)
Hypertension 1 0 0 1 (3.4%)
Total 11 12 12 35

hypertension due to rHuEPO who was excluded from
the study.

Discussion

In cancer patients, anaemia is part of the progression
of the disease. Cancer-induced anaemia is associated
with the release of large amounts of cytokines, including
interleukin 1, tumour necrosis factor, and interferons."
These immune modulatory peptides interfere with the
function of the internal erythropoietin and prevent the
production of erythroid cells in the bone marrow.'* On
the other hand, myelosuppressive chemotherapy can, in
turn, aggravate the progression of anaemia in cancer
patients.” Anemia causes fatigue, lethargy, dyspnea
and cardiovascular symptoms such as reduced ability to
perform physical activity in the patients."

Patients with chemotherapy-induced anaemia may
need to receive blood transfusion. Complications due to
blood transfusion such as transmission of infections and
immunologic responses are relatively rare, but if they
occur result in serious comorbidities."” rHUEPO is used as
an accessible and standard medication for the treatment of
anaemia associated with renal failure. Studies have shown
that tHuEPO can be used to control and treat the anemia
associated with chronic diseases and also chemotherapy-
induced anaemia, as a result it could reduce the need for
blood transfusion in many patients.?

The results of this study showed that rHuEPO increases
the level of hemoglobin and also reduces the need for
blood transfusion in anemic patients with solid tumour
who receive chemotherapy. Available data support that
rHuEPO can be used in the treatment of chemotherapy-
induced anemia in cancer patients independent of the type

of the tumor and also prevents hemoglobin decline and
reduces the need for blood transfusion."

There was not a significant difference in the mean
hemoglobin level between cisplatin recipients and non-
recipients among intervention group and also when
analysing all patients together. Contrary to the results
of the present study, Oberhoff et al. stated that patients
receiving cisplatin-based chemotherapy (75 mg/m?/
cycle) had a two-fold higher need for blood transfusion.
Also, they found that the need for blood transfusion
decreased in patients who received tHuEPO (15.3% vs
33.3%, P=0.019), and the patients had significantly lower
frequency of anemia (16.6 % vs 45.8%, P=0.001). They
concluded that rtHuEPO with a dose of 10,000 units, three
times a week reduced the need for blood transfusion
and prevented significant anemia in patients with solid
tumors.” In line with that study, the blood transfusion
rate in THuEPO recipients was significantly lower than
the control group in our study.

Tzekova et al. assessed the safety and efficacy of
subcutaneous injection of Epoetin zeta in 216 patients
with solid tumors or non-myeloid leukemia at risk
for transfusion. The results of this study showed a
significant increase in the mean hemoglobin level (1.8 g/
dl) after 12 weeks of treatment. Response to treatment
(increased hemoglobin levels equal or higher than 1 g/dl
or reticulocyte count of 40,000 cells per microliter) and
improved quality of life were observed during the eight
weeks of the study.”

Weigang-KohlerK.a et al. evaluated the effects of
treatment with Epoetin-a (HX575) at 150 IU/kg/dose,
3 times a week for 12 weeks or 300 1U/kg, three times
a week if hemoglobin levels or reticulocyte counts
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were not increased after 4 or 8 weeks of treatment in
chemotherapy-induced patients with anemia. According
to the results of this study, the mean hemoglobin level
increased by 62% in 37 patients. They found that HX575
is effective in treating chemotherapy-induced anemia
in patients with solid tumors.? In a study by Wauters
et al. the authors showed that despite improvement in
hemoglobin levels and reduction in frequency and amount
of blood transfusion, the quality of life of patients with
solid tumors under chemotherapy did not improve with
Epoetin-a administration.?’

Conclusion

We showed that rtHUEPO increased hemoglobin level and
reduced the need for blood transfusion in anemic children
with solid tumors receiving chemotherapy. There were
also no significant side effects with the use of rHuEPO.
Therefore, THUEPO can be suggested to effectively prevent
and treat anemia caused by chemotherapy in children with
solid tumors. On the one hand, the existence of some
contradictory results on this subject signifies the need
for further studies in this field for better decision making.
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