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ABSTRACT: Prophylaxis of chemotherapy-induced neutropenia by granulocyte stimulatory factors (GCSFs) has a
KEYWORDS

significant effect on reducing the complications of chemotherapy. The aim of this study was to compare effects of

Pegfilgrastim;

filgrastim and pegfilgrastim (two types of GCSFs) for neutropenia prevention in children with malignancies. This

Chemotherapy;

crossover study was carried out in children who were admitted to oncology ward of Amir Kabir Hospital, Arak, Iran.

Malignancy;

Patients were randomly divided into 3 groups each with 30 participants. Filgrastim (group A), pegfilgrastim (group B)

Filgrastim

were injected subcutaneously 10 µg/kg/day and 100 µg/kg as a single dose, respectively and patients in group C had
no medical treatment. Washout period was 30 days. Cell blood were checked at beginning and at 3, 7, 14 days of the
treatment. The mean age in group A was 6.4 ±3.5 years, the group B was 6.4 ± 3.5 and the group C was 6.2 ± 1.8. The
mean Absolute Neutrophil Count (ANC) was similar in all three groups prior to chemotherapy. After receiving the last
dose of chemotherapy, the mean ANC was not significantly different in 3 groups (p = 0.217), and only 2 cases of mild
neutropenia were seen in group B. On the 14th day, the ratio of neutropenia was different in 3 groups, and this
difference was significant (p = 0.000) but there was no significant difference between the ratio of neutropenia in group
A and group B. (p = 0.524). 20% of cases in group C and then 16.7% in group B were treated due to delayed
neutropenia and this difference was significant (p = 0.026). Pegfligrastim was associated with better clinical response
and fewer side effects as compared to filgrastim in children with solid tumors. Due to efficacy and acceptable safety
profile, pegfligrastim can be a better choice. There was no significant difference between the costs of the three groups
(0.064)

INTRODUCTION
Malignancies are the leading causes of death in the world.

surrounding healthy tissues or metastasize to distant

Malignant tumors are characterized by rapid, abnormal, and

tissues[1-3]. Chemotherapy might be used alone or can be

uncontrolled growth of cells that can quickly get into the
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combined with other treatments like radiotherapy or

in Amir Kabir Hospital in Arak. Prior to study, the parents

surgery.

became informed of the research goals and the researchers

Chemotherapy is usually effective against cells that are

received their informed consent letters. After the end of

actively proliferating and dividing. However,

most

chemotherapy, the qualified patients were assigned to one

chemotherapeutic drugs cannot differentiate between

of the following three groups based on the order of

cancer cells and normal cells [4]. Chemotherapy may

referring to hospital and by systematic random method.

weaken the immune system by suppressing the bone

Group A: A day after the end of chemotherapy, patients

marrow which may lead to decrease in peripheral blood

received 10 µg/kg/day daily filgrastim (with the maximum

neutrophils (called neutropenia) [1, 5, 6]. Neutropenia

of 300 mg) by subcutaneous injection. After the second

causes complications such as fever and opportunistic

chemotherapy period, the patients received single-dose of

infections that can result in hospitalization, decrease of

100 µg/kg pegfilgrastim.

chemotherapy

subsequent

Group B: A day after the end of chemotherapy, patients

chemotherapy sessions, and termination of treatment[7, 8].

received single subcutaneous injection of 100 µg/kg

So far several modalities have been used for preventing

pegfilgrastim. After the second chemotherapy period, the

neutropenia and its complications; such modalities as

patients received 10 µg/kg/day daily filgrastim (with

isolation, prophylactic broad-spectrum antibiotics[9, 10],

maximum dose of 300 mg) by subcutaneous injection.

antifungal

Group C: The patients did not receive any drug after the

drug

drugs[10,

stimulating factors

dosage,

11],

and

delay

in

granulocyte

(G-CSF)[12-14].

Filgrastim

colonya

end of chemotherapy. Blood cell count was done on the

recombinant human G-CSF that decreases the risk of

is

first day of hospitalization and at the end of the

infection and neutropenia-related deaths in patients

chemotherapy protocol.

receiving chemotherapy. Filgrastim acts on hematopoietic

Then, on the 1st, 3rd, 7th, and 14th after receiving GCSF

cells to impact production and maturation of neutrophils

drugs, blood cell counts were checked.

mainly by activation of JAK/STAT receptors. Besides, it

The parents were asked to call or refer to the hospital in the

can decrease the duration of antibiotic therapy and

case of fever or any unusual complication. Included

hospitalization[14, 15]. Filgrastim has a short half-life and

patients were released if they did not have complications

it is injected daily. So, there are problems like frequent

like allergy, muscle pain, and fever. They were asked to

referring to hospital, increased costs of treatment, and

refer to the hospital for outpatient CBC test. In the case of

decreased compliance of patients [16, 17]. Pegfilgrastim is

reporting an absolute neutrophil count (ANC) of less than

polyethylene glycol (peg) form of G-CSF that is injected in

1000 per µL3, the patient was reported to be affected by

single-dose at every cycle. Due to longer half-life and

neutropenia. The first and last days of the neutropenia

slower elimination rate than, pegfilgrastim requires less

reports were also recorded. The duration between these two

frequent administration [17-20]. Several studies have

days was reported as the neutropenia period. The duration

compared the two mentioned drugs in order to choose the

of hospitalization for neutropenia and side effects of

more appropriate one. Due to scarcity of published data in

GCSFs such as fever, muscle plain, drug sensitivity, and

children, we decided to compare these two drugs to

decreased blood cell count were also recorded. In the case

determine the preferred drug for decreasing chemotherapy-

of any delay in starting the subsequent chemotherapy

caused neutropenia in children.

period or decrease of chemotherapy dosage as a result of
neutropenia and its complication, these changes were

MATERIALS AND METHODS

recorded, too. The exclusion criteria were severe infections

This randomized and cross over study was done in children

and sepsis, use of corticosteroids, and hypersensitivity to

of 1-15 years old affected by solid tumors and hospitalized

filgrastim and pegfilgrastim.

20

A. Eghbali et al / Journal of Chemical Health Risks 11 (2021) 19-25

tendency and dispersion) were used for analyzing the

Population and samples

quantitative variables, and the qualitative variables were
Based on the formula of neutropenia ratio comparison, the

reported by frequency and percentage. Inferential statistics

study performed by Emilie Milano-Bausset, and modifying

for quantitative variables were reported by analysis of

the number of samples for the three groups, 30 people were

variance, repeated measures, and post hoc test or their non-

assigned to each group;
(

)
(

parameter equivalents;
(
)

)

(

and

inferential

statistics

for

qualitative variables were reported by Chi-square or Fisher

)

exact test. P < 0.05 was statistically significant.

α= 0.05
β=0.1
P1=.21
P2=0.60
N1=N2=N3=30

RESULTS
Table 1 shows the clinical characteristics of study
participants. No significant between-group differences in
patients ’characteristics were seen at enrollment.

Data analysis
Data are shown as mean ± SD. Data were analyzed by
SPSS 19 (Chicago, US). Descriptive statistics (central

Table 1. Baseline characteristics of patients
Characteristics
Age, y

Group A
6.4 ± 3.5

Group B
6.4 ± 3.5

Group C
6.2 ± 1.8

Age (range)

1-12

1-12

1-12

Female

18

18

19

Male

12

12

11

Body weight (Kg)

19 ± 9.7

19 ± 9.7

23 ± 9.6

Concurrent malignancy
Wilms' tumor

8

8

6

Neurobalstoma

5

5

4

Rhabdomyosarcoma

5

5

5

Soft tissue sarcoma

1

1

2

Osteosarcoma

4

4

7

Brain cancer

2

2

3

Ewing's sarcoma

5

5

3

**Data are shown as number or mean ± SD

Determining the initial ANC mean in the three groups
At baseline, the mean absolute neutrophil count (ANC)

significant differences among three study groups (P=0.462)

values in groups A, B, and C were 3070.0/mm3,

(Table 2).

3430.0/mm3, and 3106.7/mm3, respectively; there were no
Table2. The mean values of ANC before starting chemotherapy for the three groups (/mm3)
No

Mean

SD

Median

Exponent

Min

Max

Group A

30

3070.0

1665.6

2600

3800

600

8500

Group B

30

3430.0

1897.8

2600

1800

1500

8900

Group C

30

3106.7

1157.0

2800

2400

1400

6700
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The mean ANC after injection of the last chemotherapy
dosage
In group C, the mean ANC was 2060.0/mm3. The mean

difference was noted among values of ANC in three groups

ANC values in groups A and B were respectively equal to

(P=0.217).

2461.7/mm3 and 2488.3/mm3 (Table 3). No significant
Table3. Mean ANC after the last chemotherapy dosage in the three groups.
No

Mean

SD

Median

Exponent

Min

Max

Group A

60

2461.7

1159.3

2150

1200

1050

6500

Group B

60

2488.3

1349.3

2200

1600

900

7500

Group C

1

2060.0

615.7

1800

1800

1000

3500

10000
9000

Group A

8000

Group B

7000

Group C

6000
5000
4000
3000
2000
1000
0

Figure 1. Comparison of neutrophil counts at different intervals in three groups.

Changes of the mean ANC at different intervals
After chemotherapy, the mean ANC was decreased in all

in group C (Table 4).

three groups and the largest decrease (33.7%) was observed
Table 4. Comparison of the changes in mean ANC values in the groups.
Group A
Group B

Group C

After chemotherapy vs. before that

-19.8%

-27.5%

-33.7%

The first day vs. after chemotherapy

-17.3%

-32.2%

-22.2%

The third day vs. the first day

+150.6%

206.4%

-15.2%

The seventh day vs. the first day

+69.4%

+41.8%

-81.4%

The 14 day vs. the 7 day

-83.3%

-88.8%

-100%

The 14th day vs. before chemotherapy

-53.0%

-76.0%

-100%

The 14th day vs. before chemotherapy

-41.4%

-67.0%

-100%

th

th

Negative (-): decrease positive (+) = increase
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The first day vs. after receiving the last chemotherapy

unfavorable results were observed in group C. In the cohort

dosage: the mean ANC deceased in all the three groups and

study performed by Kourlaba et al, it was found that

the largest decrease (32.2%) was observed in group B.

patients receiving pegfilgrastim are less probable of being

The third day vs. the first day: the mean ANC increased in

affected by severe neutropenia and dose reduction or

groups A and B and decreased in group C. The mean value

delay[21]. In a study by Tan, it was declared that compared

of group B increased by 206.4% and the mean value of

with filgrastim, pegfilgrastim can more effectively decrease

group C was decreased by 15.2%.

the risk of neutropenia and its complications. Moreover,

The seventh day vs. the third day: the mean ANC increased

Brito et al performed a study titled “Comparison of the

in groups A and B; the increase in group A was larger than

effect of neostim (biologically similar to filgrastim),

group C (unlike the results of the third day), and the mean

filgrastim, and pegfilgrastim in prevention of neutropenic

ANC decreased in group C by 81.4%.

fever in breast cancer patients treated by neo-adjuvant. It

th

On the 14 day vs. before chemotherapy: similar to the

was found that compared with filgrastim and pegfilgrastim,

ratio of after chemotherapy, the mean ANC decreased in all

the occurrence of neutropenia was observed more

the three groups and the values of decrease were

frequently in patients using neostim. However, there was

respectively group C (100%), (53%), and (76%) in group

no significant difference between the effectiveness of three

C, group B, group A, respectively. The decrease was

groups[12]. A study performed by Ehsani et al showed no

significant in all three groups (P=0.000).

difference between effects of filgrastim and pegfilgrastim

The 14

th

day vs. after receiving the last chemotherapy

in children below 16 years affected by neuroblastoma[22].

dosage: the mean ANC decreased in all the three groups

Another study compared the effects of filgrastim and

and values of decrease were C (100%), (67%), and (41.4%)

pegfilgrastim in prevention of neutropenic fever in

in group C, group B, group A, respectively. The decrease

lymphoma patients by conducting a cohort study. It was

was significant in all the three groups (P=0.000).

found that there was no significant difference between
primary prophylaxis by filgrastim and pegfilgrastim in

DISCUSSION

terms of prevention of neutropenia and its complications
(dose reduction and delay) in patients with lymphoma[23].

Comparison of the results of three study groups (treatment

In addition, the results of the study performed by Hiangkiat

by filgrastim, pegfilgrastim, and no GCSF treatment)
showed that the mean ANC was significantly higher in

Tan et al showed that compared with filgrastim,

treatment groups (P=0.001). Although the decreased ANC

pegfilgrastim is more effective in reduction of all causes
leading to neutropenia-related hospitalization[24].

mean at the end of the study was significant in all the three
groups, only one of the subjects in group B reported

Finally, in a study performed by Weycker et al,

neutropenia at the end of the study; and dose increase was

hospitalization rate was higher in patients receiving

done for this case. In group A, there was a case of moderate

filgrastim

neutropenia with dose change due to fever. No case of dose

pegfilgrastim, [25].

change and reinjection until the end of the 14th day was

as

compared

with

patients

administered

CONCLUSIONS

observed in the remaining cases. However, in group C,
treatment was done from the third day for reduction of

Pegfilgrastim was associated with better clinical response

th

and fewer side effects as compared to filgrastim in children

day, there was only one case of severe neutropenia in group

with solid tumors. Due to its efficacy and acceptable safety

C.

profile, pegfilgrastim can be a better choice.

neutropenia complications; therefore, at the end of the 14

rd

th

Acceptable improvements were observed on the 3 and 7

days after treatment in groups A and B; while the most
23
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5. Reson M., 2008. Wilms, tumor and other pediatric renal

Study limitations

masses: Magnetic Resonance Imaging Clinics of North
There are several limitations; it was better to have a longer

America. 16(3), 479-497.

period of follow-up and to monitor effects of drugs and

6. Noripour S., Molaei A., Bandari R., Emadi A., Far

different treatments on ANC. In addition, we could not

S.M.F., Forozeshfard M., 2017. Comparison of the results

recruit children with same malignancy.

of simultaneous surfactant administration and nasal
continuous positive airway pressure (INSURE) and Non-

ACKNOWLEDGEMENTS

administration of surfactant for the treatment of infants
The authors appreciate the cooperation of oncology ward

with

and laboratory of Amir Kabir Hospital of Arak.

Comprehensive Pediatrics. 8(1), e37462.

respiratory

distress

syndrome.

Journal

of

7. Behrman R.E., Kliegman R.M., Jenson H., 2003. Nelson
ETHICAL CONSIDRATION

Textbook of Pediatrics: 17th Edition: Hardback. United

The study was approved by local ethic committee of Arak

States of America: Hal B. Jenson. 903-927. ISBN10

University

0721695566.

of

Medical

Sciences

(IR.ARAKMU.REC.1395.312). The study was registered

8. Gaviria J.M., Liles W.C., Dale D.C., 1999. The Influence

at

of Colony-Stimulating Factors on Neutrophil Production,

Iranian

Registry

of

Clinical

Trials;

Distribution, and Function Clinical Applications of

IRCT2017011131878N1.

Cytokines and Growth Factors. Clinical Applications of
Conflict of interest

Cytokines and Growth Factors. 118-136.
9. Kutluk T., Kurne O., Akyüz C., Ceyhan M., Kanra G.,

None

2004. Cefepime vs. Meropenem as empirical therapy for
neutropenic fever in children with lymphoma and solid

REFERENCES

tumours. Pediatric Blood & Cancer. 42(3), 284-286.
1. Kline N.E., Sevier N., 2003. Solid tumors in children.

10. Ishiguro H., Fung M.C., Sakata T., Morizane T., Adachi

Journal of Pediatric Nursing. 18(2), 96-102.

S., 2003. Evidence-based management of neutropenia and

2. Nasr R., Hasanzadeh H., Khaleghian A., Moshtaghian

fever. Gan to kagaku ryoho. Cancer & Chemotherapy.

A., Emadi A., Moshfegh S., 2018. Induction of apoptosis

30(9), 1365-1371.

and inhibition of invasion in gastric cancer cells by

11. Vardakas K.Z., Michalopoulos A., Falagas M.E., 2005.

titanium dioxide nanoparticles. Oman Medical Journal.

Fluconazole versus itraconazole for antifungal prophylaxis

33(2), 111-117.

in neutropenic patients with haematological malignancies: a

3. Jayedi A., Emadi A., Khan T.A., Abdolshahi A., Shab-

meta‐analysis of randomised‐controlled trials. British

Bidar S., 2020. Dietary Fiber and Survival in Women with

Journal of Haematology. 131(1), 22-28.

Breast Cancer: A Dose-Response Meta-Analysis of

12. Rogers Z., Aquino V., Buchanan G., 2002. Hematologic

Prospective Cohort Studies. Nutrition and Cancer. 1-11.

supportive care and hematopoietic cytokines. Principles

4. Seystahl K., Hentschel B., Loew S., Gramatzki D.,

and Practice of Pediatric Oncology. 4th ed. Philadelphia:

Felsberg J., Herrlinger U., Westphal M., Schackert G.,

Lippincott Williams and Wilkins. 1205-1238.

Thon N., Tatagiba M., 2020. Bevacizumab versus

13. Glaspy J.A., 2003. Hematopoietic management in

alkylating chemotherapy in recurrent glioblastoma. Journal

oncology practice. Part 2. Erythropoietic factors. Oncology

of Cancer Research and Clinical Oncology. 146(3), 659-

(Williston Park, NY), 17(12), 1724-1730.

670.

14. Lord B., Bronchud M., Owens S., Chang J., Howell A.,
Souza L., Dexter T., 1989. The kinetics of human
granulopoiesis following treatment
24

with

granulocyte

A. Eghbali et al / Journal of Chemical Health Risks 11 (2021) 19-25

colony-stimulating factor in vivo. Proceedings of the

21. Kourlaba G., Dimopoulos M.A., Pectasides D., Skarlos

National Academy of Sciences. 86(23), 9499-9503.

D.V., Gogas H., Pentheroudakis G., Koutras A., Fountzilas

15. Welte K., Gabrilove J., Bronchud M.H., Platzer E.,

G., Maniadakis N., 2015. Comparison of filgrastim and

Morstyn G., 1996. Filgrastim (r-metHuG-CSF): the first 10

pegfilgrastim to prevent neutropenia and maintain dose

years. Blood, 88(6), 17-29.

intensity of adjuvant chemotherapy in patients with breast

16. Smith T.J., Khatcheressian J., Lyman G.H., Ozer H.,

cancer. Supportive Care in Cancer. 23 (7), 2045-2051.

Armitage J.O., Balducci L., Bennett C.L., Cantor S.B.,

22. Ehsani M., Ordouee M., Salamati P., Shahgholi E.,

Crawford

of

Sotoudeh K., Hatami S., Ajami H., Abolghasemi H., 2006.

recommendations for the use of white blood cell growth

Evaluation of efficacy and side effects of FILGRASTIM

factors: an evidence-based clinical practice guideline.

versus PD-Grastim in prevention of neutropenia in patients

Journal of Clinical Oncology. 24(19), 3187-3205.

with

17. Milano-Bausset E., Gaudart J., Rome A., Coze C.,

chemotherapy protocol – A Comparative Study. Iranian

Gentet J.C., Padovani L., Lacarelle B., André N., 2009.

Journal of Pediatrics. 16(3), 319-324.

Retrospective comparison of neutropenia in children with

23. Chan A., Leng X.Z., Chiang J.Y., Tao M., Quek R., Tay

Ewing sarcoma treated with chemotherapy and granulocyte

K., Lim S.T., 2011. Comparison of daily filgrastim and

colony-stimulating factor (G-CSF) or pegylated G-CSF.

pegfilgrastim to prevent febrile neutropenia in Asian

Clinical Therapeutics. 31, 2388-2395.

lymphoma patients. Asia‐Pacific Journal of Clinical

J.,

Cross

S.J.,

2006.

2006

update

neuroblastoma

under

treatment

with

OPEC

18. Molineux G., 2002. Pegylation: engineering improved

Oncology. 7(1), 75-81.

pharmaceuticals for enhanced therapy. Cancer Treatment

24. Tan H., Tomic K., Hurley D., Daniel G., Barron R.,

Reviews. 28, 13-16.

Malin J., 2011. Comparative effectiveness of colony-

19. Willis F., Pettengell R., 2002. Pegfilgrastim. Expert

stimulating factors for febrile neutropenia: a retrospective

Opinion on Biological Therapy. 2(8), 985-992.

study. Current Medical Research and Opinion. 27(1), 79-

20. Blackwell K., Donskih R., Jones C.M., Nixon A., Vidal

86.

M.J., Nakov R., Singh P., Schaffar G., Gascón P., Harbeck

25. Weycker D., Malin J., Barron R., Edelsberg J.,

N., 2016. A comparison of proposed biosimilar LA-EP2006

Kartashov A., Oster G., 2012. Comparative effectiveness of

and

of

filgrastim, pegfilgrastim, and sargramostim as prophylaxis

neutropenia in patients with early-stage breast cancer

reference pegfilgrastim for the prevention

against hospitalization for neutropenic complications in

receiving myelosuppressive adjuvant or neoadjuvant

patients with cancer receiving chemotherapy. American

chemotherapy:

Journal of Clinical Oncology. 35(3), 267-274.

pegfilgrastim

randomized

oncology

(supportive care) trial to evaluate comparative treatment
(PROTECT-2), a phase III, randomized, double-blind trial.
The Oncologist. 21(7), 789-794.

25

A. Eghbali et al / Journal of Chemical Health Risks 11 (2021) 19-25

26

