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ABSTRACT
OBJECTIVE: The granulocyte colony-stimulating factor (G-CSF) is the most commonly used hematopoietic growth factor 
recombinant DNA technology. It affects bone metabolism by modulating both osteoclast and osteoblast functions. The aim 
of the present study was to investigate the effects of short-term use of G-CSF on bone metabolism in children with leukemia 
and solid tumors.

METHODS: Thirty-six patients with a malignancy who received G-CSF therapy according to chemotherapy protocols and an-
other 20 growth factor-free cancer patients who were enrolled as controls were included in the study. The serum osteocalcin 
and urinary free deoxypyridinoline levels were measured before the start of G-CSF therapy, on day 3 after treatment, and 7 
days after G-CSF therapy was discontinued. In the control group, the measurements were made during corticosteroid and 
methotrexate-free chemotherapy.

RESULTS: The mean osteocalcin level (8.6±2.3 ng/mL) from before the onset of treatment decreased significantly (7.7±2.3 
ng/mL) on day 3 of G-CSF therapy and significantly increased after 7 days of G-CSF therapy (7.9±2.2 ng/mL) (p<0.001 and 
p<0.001, respectively), which was still significantly lower than the pre-G-CSF values (p<0.001). The urinary free deoxypyridi-
noline level significantly increased on day 3 of G-CSF treatment (25.6±6.5 nmol/mmol Cr) and significantly decreased after 
7 days of G-CSF therapy (22.6±6.4 nmol/mmol Cr) (p<0.001 and p<0.001, respectively), which was still significantly higher 
than the values recorded before G-CSF therapy (p<0.001).

CONCLUSION: The findings show that the short-term use of G-CSF in children with cancer can affect bone metabolism and 
can play a role in metabolic changes. Decreased osteoblastic activity and increased osteoclastic activity suggest that osteo-
porosis may be associated with bone pain in these patients.
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The effects of short-term use of granulocyte 
colony-stimulating factor on bone metabolism
in child cancer patients

Orıgınal Article   PEDIATRY

Hematopoietic growth factors are glycoprotein hor-
mones that regulate the proliferation and differen-

tiation of mature blood and hematopoietic progenitor 
cells. The granulocyte colony-stimulating factor (G-CSF) 
prepared by recombinant DNA technology is the most 

commonly used hematopoietic growth factor. G-CSF 
regulates the survival, proliferation, and differentiation 
of neutrophils and activates and stimulates the functions 
of mature neutrophils. It decreases the neutropenic pe-
riod following intensive chemotherapy in children with 

Cite this article as: Bozkurt Turhan A, Binay C, Bor O, Simsek E. The effects of short-term use of granulocyte colony-stimulating factor on 
bone metabolism in child cancer patients. North Clin Istanb 2018;5(4):277–281.



acute leukemia and solid tumors and also decreases the 
frequency of infections and deaths due to infections [1].

Although G-CSF can be used intravenously and sub-
cutaneously, subcutaneous use is preferred because it is 
less toxic and more effective [1]. The side effects of short-
term use of G-CSF are usually mild fever, fatigue, nau-
sea, and bone pain. The most prevalent side effect is mild 
to moderate bone pain [2–3].

G-CSF affects bone metabolism by modulating both 
osteoclast and osteoblast functions. Bone morphogenetic 
protein 2, an effective inhibitor of the cartilage and bone, is 
also an effective regulator in the conduction pathway [4]. 
Bone metabolism is a continuous and dynamic process 
characterized with new bone formation by osteoblasts and 
bone resorption by osteoclasts [5]. Biochemical markers of 
bone production metabolism include serum alkaline phos-
phatase (ALP), serum osteocalcin, and serum procollagen 
type 1 peptides. Biochemical markers of bone resorption 
metabolism are urinary calcium, hydroxyproline, N-
telopeptide, C-telopeptide, pyridinoline, and deoxypyridi-
noline. Serum osteocalcin levels are indicative of osteoblas-
tic activity reflecting bone mineralization rate. The level of 
urine deoxypyridinoline is considered to be a sensitive and 
specific indicator of osteoclastic activity [6–9].

Long-term treatment with G-CSF is characterized by 
clinically significant osteopenia, decreased bone mineral 
density, and compression fractures in the vertebra [10, 
11]. The prevalence of osteopenia has been reported as 
28% in children under chronic G-CSF treatment due to 
severe congenital neutropenia [10]. Not only long-term 
use but also short-term G-CSF treatment may affect 
bone metabolism. While long-term G-CSF treatment 
resulted in increased osteoclastogenesis, new evidence 
reveals that short-term administration of G-CSF re-
duces the number and activity of osteoblast [12–14].

It has been observed that the level of osteocalcin, 
which is one of the markers of bone formation, was sig-
nificantly lower than baseline, whereas bone and bone-
specific ALP levels significantly increased. It has been 
suggested that bone pain observed in patients receiving 
G-CSF may be due to the effect of osteoblastic activity, 
whereas short-term (3–7 days) G-CSF administration 
does not directly stimulate osteoclasts, and osteoporosis 
may occur indirectly via the activation of osteoclasts as a 
result of the stimulation of osteoblasts [2]. 

In healthy progenitor cells and stem cell donors, it has 
been observed that short-term (3–7 days) G-CSF treat-
ment temporarily suppressed osteoblastic activity and 
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increased osteoclastic activity [2, 12].
We aimed to investigate the effects of short-term G-

CSF use on bone metabolism in children with leukemia 
and solid tumors because of the small number of studies 
investigating the effects of short-term G-CSF treatment 
on bone metabolism.

MATERIALS AND METHODS

Fifty-six patients with hematological malignancies and 
solid tumors followed up by the Department of Pediatric 
Hematology–Oncology, Faculty of Medicine University 
of Eskisehir Osmangazi, including 36 patients receiving 
G-CSF therapy and 20 controls not receiving growth 
factor in compliance with chemotherapy protocols, were 
included in the study. Approval was obtained from the lo-
cal ethics committee of the university where the present 
study was conducted.

None of the solid tumor groups had bone involve-
ment, and baseline calcium phosphorus and ALP values 
were within normal limits. Age, gender, diagnosis of pri-
mary disease, follow-up period, chemotherapy period, 
last chemotherapeutic drug received, development of 
neutropenia, and duration of G-CSF treatment were 
recorded. Among biochemical analyses, calcium, phos-
phorus, and ALP levels were analyzed for the estimation 
of bone metabolism.

Serum osteocalcin and urine free deoxypyridinoline 
levels of the patients in the study group were measured 
before the beginning of G-CSF treatment, 3 days after 
onset of G-CSF therapy, and 7 days after discontinuation 
of G-CSF treatment. Serum osteocalcin and urine levels 
were measured in the control group during chemother-
apy without corticosteroids and methotrexate that could 
affect bone metabolism. In the treated group, G-CSF 
chemotherapy protocol was started on day 3 after treat-
ment and administered subcutaneously every morning 
at a dose of 5 μg/kg daily. Every morning, fasting blood 
samples were placed in heparinized tubes for the mea-
surement of serum osteocalcin, and 10 cm3 urine samples 
were collected for the measurement of deoxypyridinoline 
and urine creatinine. Patients with abnormal parathor-
mone or vitamin D levels who did not provide consent 
were excluded from the study.

Data were analyzed by SPSS Windows 18 (SPSS 
Inc., Chicago, IL, USA). For descriptive statistical anal-
ysis, values were expressed as mean±standard deviation 
(minimum–maximum) using the one-way analysis of 



variance for variables with normal distribution and me-
dian (25%–75%) for non-normally distributed variables, 
and the results were compared using the Mann–Whit-
ney U test. Chi-square test or Fisher’s exact test was used 
for comparison of categorical data, and Student’s t-test 
was used for comparison of continuous data. A p value 
<0.05 was accepted as significant.

RESULTS

Fifty-six patients with G-CSF treatment and 20 controls 
without growth factor were included in the study. The me-

dian ages of the patients and the control subjects were 8.5 
(1–17) and 7 (2.1–15) years, respectively, with no statisti-
cally significant intergroup difference (p=0.24). The male 
gender ratios were 44.4% (n=16) in the patient group and 
50% (n=10) in the control group with no statistically sig-
nificant difference between the groups (p=0.69).

The patients included in the study were followed up 
with the diagnoses of lymphoblastic leukemia (ALL) 
(n=18, 50%), lymphoma (including 11 (30.6%) pa-
tients with non-Hodgkin lymphoma), and solid tumors 
(n=7, 19.4%; including patients with neuroblastoma 
(n=3), Ewing’s sarcoma (n=2), Wilms tumor (n=1), 
and primitive neuroectodermal tumor (PNET) (n=1)) 
in the patient group, whereas the patients in the control 
group (n=20) were followed up with the diagnoses of 
acute ALL (n=10, 50%), acute myeloblastic leukemia 
(n=3, 15%), lymphoma (n=4, 20%; including 1 patient 
with non-Hodgkin lymphoma (n=1)), and solid tumors 
(n=3, 15%; including neuroblastoma (n=1), Wilms tu-
mor (n=1), and PNET (n=1)). The median duration of 
G-CSF administration was 6.4 (3–11) days in the pa-
tient group. Table 1 shows the demographic data of the 
patient and control groups.

When the average serum osteocalcin, serum ALP, and 
urine deoxypyridinoline levels were compared, there was 
no statistically significant difference between the pre-
treatment values of the G-CSF group and the levels of 
the control group (Table 2). Similarly, serum calcium, 
phosphorus, ALP, and vitamin D levels were not differ-
ent between the groups.
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Characteristics Patient  Control 
  group  group 
  (n=36)  (n=20)

  n % n %

Age (years), median (min.–max.) 8.5 (1–17)  7 (2.1–15)
Gender (male) 44.4 16 50 10
Diagnosis
 Acute lymphoblastic leukemia 50.0 18 50.0 10
 Lymphoma 30.6 11 20.0 4
 Acute myeloblastic leukemia 0 0 15.0 3
 Solid tumors 19.4 7 15.0 3

Min.: Minimum; Max.: Maximum.

Table 1. Demographic characteristics of the patients

  Control group (n=20)  G-CSF group (n=36)

   Pretreatment 3 days of  7 days after 
    treatment* treatment£,¥

Serum osteocalcin level (ng/ml) 8.6±1.8 8.6±2.3 7.7±2.3 7.9±2.2
Mean±SD (min.–max.) (5.4–11.7)€ (5.2–13.4) (4.1–12.8) (4.3–12.9)
Urine deoxypyridinoline level (nmol/mmol Cr) 18.7±6.0 19.9±5.9 25.6±6.5 22.6±6.4
Mean±SD (min.–max.) (9.0–30.6)€ (9.3–30.6) (14.0–36.6)* (11.0–37.6)£,¥

Serum alkaline phosphatase level (U/l) 152±38 139±47 145±50 161±53
Mean±SD (min.–max.) (93–222)€ (56–250) (56–261) (58–313)α,β

G-CSF: Granulocyte colony-stimulating factor; Max.: Maximum; Min.: Minimum; SD: Standard deviation; €No difference when compared with pretreatment levels in 
the G-CSF group; *A significant difference when compared with pretreatment levels (p<0.001). £A significant difference when compared with 3-day levels (p<0.001); 
¥A significant difference when compared with pretreatment levels (p<0.001); αA significant difference when compared with 3-day levels (p=0.001); βA significant differ-
ence when compared with pretreatment levels (p=0.001).

Table 2. Comparison of serum osteocalcin, alkaline phosphatase, and urine deoxypyridinoline levels



The mean osteocalcin level before onset of treat-
ment (8.6±2.3 ng/ml) significantly decreased on day 3 
of G-CSF treatment (7.7±2.3 ng/ml) and significantly 
increased 7 days after discontinuation of G-CSF ther-
apy (7.9±2.2 ng/ml) (p<0.001 and p<0.001, respec-
tively). However, they were still found to be signifi-
cantly lower than the values before G-CSF treatment 
(p<0.001, Table 2).

When we compared the mean urine free deoxypyridi-
noline levels on days 0, 3, and 7 after drug withdrawal, free 
urinary deoxypyridinoline level (19.9±5.9 nmol/mmol 
Cr) significantly increased on day 3 of G-CSF treatment 
(25.6±6.5 nmol/mmol Cr) and significantly decreased 7 
days after discontinuation of G-CSF (22.6±6.4 nmol/
mmol Cr) (p<0.001 and p<0.001, respectively). How-
ever, it was still significantly higher than the values before 
the onset of G-CSF treatment (p<0.001) (Table 2).

Serum ALP levels were significantly higher (145±50 
U/l) on day 3 of G-CSF treatment (p<0.001 and 
p<0.001, respectively) than values before onset of treat-
ment (139±47 U/l). While it remained at significantly 
higher levels at 7 days after discontinuation of G-CSF 
treatment (161±53 U/l) (p=0.001).

DISCUSSION

In the present study, it was found that the effects of 
short-term G-CSF treatment on bone metabolism in 
patients with pediatric cancer significantly changed the 
levels of biochemical markers related to bone formation 
and resorption.

Osteoblasts provide regeneration of the bone tissue 
by proliferation, differentiation, and mineralization of 
the extracellular matrix. Osteocalcin is the major non-
collagenous protein of the bone and is produced by os-
teoblasts during bone formation and binds to hydrox-
yapatite in the newly mineralized bone. Takamatsu et 
al. [12] reported that osteocalcin levels are significantly 
reduced on day 3 of G-CSF treatment and returned to 
baseline levels shortly after treatment.

Serum ALP levels are associated with bone matrix 
formation and osteoblastic activity. ALP is produced 
by immature osteoblasts, and osteocalcin is produced 
by more mature osteoblasts [15]. It has been thought 
that the increase in ALP level and decrease in serum 
osteocalcin level after G-CSF treatment may be due to 
the downregulation of mature osteoblast and osteocal-
cin expressions [2]. Similarly, in our study, it was found 
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that serum ALP levels increased, and osteocalcin levels 
decreased; these changes continued after termination of 
treatment in relation to G-CSF treatment. This condi-
tion has been associated with a decrease in osteoblastic 
activity, an increase in osteoblast turnover, an increase in 
osteoblast apoptosis, and a decrease in differentiation to 
mature osteoblasts after G-CSF treatment [16]. Cristo-
pher et al. [16] reported that G-CSF treatment reduces 
the number of mature osteoblasts by increasing apopto-
sis and the number of osteoprogenitor cells in the bone 
marrow. Rapid recovery of osteoblastic activity after dis-
continuation of therapy is thought to occur due to the 
accumulation of these osteoblast precursors.

As a result of long-term use of G-CSF treatment, it 
has been reported that significant degrees of osteopenia 
and osteoporosis developed, and bone mineral density 
values significantly decreased due to an increase in os-
teoclastic activity that may cause vertebral fractures [10, 
17]. It has been detected that increased monocytic pre-
cursors with G-CSF treatment were the source of os-
teoclasts, and also osteoclast formation and activity in-
creased with other direct or indirect mechanisms [10, 18, 
19]. Dale et al. [10] proposed a reduction in the level of 
osteoprotegerin (OPG) regulated by osteoblasts in rela-
tion to increased osteoclastic activity, mechanisms such 
as disruption of the OPG/receptor activator of nuclear 
factor kappa-B ligand ratio.

In the bone, collagen fibrils are cross-linked with de-
oxypyridinoline, such as dipyrimidine [20]. Deoxypyridi-
noline, especially in the bone and dentin, is released from 
bone collagen during bone resorption and excreted in 
urine without further deterioration. Therefore, the con-
centration of deoxypyridinoline in urine can be used as 
a specific symptom of bone resorption. Takamatsu et al. 
[12] showed that serum osteocalcin levels decrease, and 
urine deoxypyridinoline levels increase with 6 days of G-
CSF (10 μg/kg) treatment in patients with breast cancer. 
It has been observed that an increase in osteoclastic ac-
tivity peaked at 7 days of treatment and coursed at high 
levels until at least 1 week after discontinuation of treat-
ment. While with pamidronate treatment, an increased 
level of urine dihydropyridine was associated with G-
CSF treatment [12].

Although the G-CSF dose was lower in our study (5 
μg/kg), we obtained similar results for osteoclastic activity.

The findings of our study are similar to previous stud-
ies showing that prolonged administration of G-CSF in 
congenital neutropenia may stimulate osteoclast-medi-



ated bone resorption [21, 22]. Similarly, significant ex-
pansion in bone space and a reduction in bone mass have 
been shown in transgenic mice with chronic and exces-
sive G-CSF expressions [23]. These studies suggest that 
there may be a relationship between bone remodeling 
and mobilization of progenitor cells.

Children are different from adults in terms of bone 
metabolism, and this difference may contribute to the 
variability of results. Although there are few studies on 
the effects of short-term G-CSF use on bone metabo-
lism in the pediatric patient group [17], our study is one 
of the studies performed in children with cancer.

In conclusion, our results showed that the use of 
short-term G-CSF in children with cancer may af-
fect bone metabolism and may play a role in metabolic 
changes. A decrease in osteoblastic activity and an in-
crease in osteoclastic activity suggest that osteoporosis in 
these patients may be associated with bone pain by con-
tributing to osteoporosis in these patients. These find-
ings should be warning signs for closer follow-up of the 
patients, and further studies should be performed with 
greater number of patients.
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