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Objective: The present study was designed to evaluate safety and efficacy of 
recombinant human granulocyte colony stimulating factor (G-CSF) injection 
and whether this regimen could reduce the incidence of adverse events caused 
by chemotherapy. 
Method: A total of 100 patients with colon cancer who were treated with 
chemotherapy in our hospital from January 2011 to December 2014 were 
randomly divided into two groups, with 50 patients in each group. The 
patients in the treatment group received G-CSF 24 hours after chemotherapy 
for consecutive three days; the patients in the control group received the 
same dose of normal saline. Routine blood tests were performed 7 days and 
14 days after chemotherapy. 
Results: Compared with the control group, the incidences of febrile 
neutropenia and leukocytopenia in the treatment group were significantly 
lower (p<0.05). In addition, the incidence of liver dysfunction in the treatment 
group was lower than that of the control group, without statistical significance. 
The incidence of myalgia in the treatment was higher than that of the control 
group without statistical significance. 
Conclusion: The present study indicated that G-CSF injection after chemo-
therapy is safe and effective for preventing adverse events in colon cancer 
patients with chemotherapy.

Keywords: granulocyte-macrophage colony-stimulating factor, drug therapy, 
febrile neutropenia.

introduction
Although advanced screening and preventative strategies 
have been widely applied in recent years, colorectal carci-
noma remains a major public health problem worldwide.1 
Currently, surgical resection of the primary colorectal 
lesions combined with adjuvant chemotherapy and ra-
diation is the mainstay of treatment.2 However, despite 
recent advances in earlier detection and improvements 
in chemotherapy, the median survival for all patients with 
metastatic colorectal carcinoma is approximately 22-24 
months, with a 5-year survival rate < 5 %.3

Leukopenia is one of the most common adverse events 
and dosage-limiting toxicities of chemotherapy for patients 

with colon cancer. In addition, it results in febrile neutro-
penia (FN) which is related to life-threatening infections 
with a mortality rate of 7-11%.4-6 The previous study has 
shown that granulocyte colony stimulating factor (G-CSF) 
could decrease the incidence of leukopenia and FN, and, 
therefore, infections and infection-related mortality, as 
well as the incidence of chemotherapy dosage reductions 
and regimen delays.7 Usually, G-CSF is recommended after 
chemotherapy until complete recovery of leukocyte levels. 
Weycker et al.8 have shown that prophylactic application 
of G-CSF resulted in a one-third to two-third decrease in 
the risk of re-hospitalization due to FN in patients treated 
with chemotherapy. In addition, two more recent clinical 
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studies8,9 on comparative effectiveness of G-CSF prophy-
laxis yielded similar findings. In China, G-CSF has been 
widely used to reduce chemotherapy-induced leukopenia. 
However, the clinical efficacy and safety of prophylactic 
application of G-CSF for Chinese colon cancer patients 
have not been fully studied yet. Therefore, we designed and 
conducted the present comparative study. A total of 100 
patients with colon cancer who were treated with chemo-
therapy were randomly divided into two groups, with 50 
patients in each group. The treatment group received 
G-CSF prophylaxis 24 hours after chemotherapy for three 
consecutive days. The control group received G-CSF with 
the same amount of normal saline. 

Method
Patient eligibility
All of the patients had their diagnosis of metastatic 
colorectal adenocarcinomas confirmed by pathology and/
or cytology. They all underwent chemotherapy in Subei 
People’s Hospital (Yangzhou, Jiangsu, China) from Janu-
ary 2011 to December 2014. Inclusion criteria were: (1) 
Karnofsky performance status ≥ 60; (2) age between 18-75 
years; (3) predicted survival time ≥ 3 months; (4) adequate 
bone marrow functions indicated by white blood cell 
counts > 4.0×109 and transaminases < 1.5 times and with-
in the upper limit of normal; (5) without heart, liver and 
kidney dysfunctions. Exclusion criteria were: (1) unabil-
ity to complete two cycles of chemotherapy; (2) any severe 
medical and/or psychiatric conditions; (3) presence of 
any other malignancies; (4) women who were pregnant 
or breastfeeding at the time of study. 

The present study was reviewed and approved by the 
Medical Ethics Committee of West China Hospital (Cheng-
du, Sichuan, China). All participants provided written 
consent forms. 

Treatment method
A total of 100 eligible patients were randomly divided 
into two groups. Patients in the treatment group received 
subcutaneous administration of G-CSF (JiSaiXin, Huabei 
Jintan pharmaceutical Co.) 24 hours after chemotherapy, 
150 µg per day, for three consecutive days. Patients in the 
control group received the same amount of normal saline. 
Routine blood tests were performed 7 days and 14 days 
after chemotherapy. 

Adverse events were evaluated using the National 
Cancer Institute Common Terminology Criteria for Ad-
verse Events, v3.0. Dose-limiting toxicity (DLT) was defined 
as grade 3/4 non-hematologic adverse events and grade 
4 hematologic adverse events.

Statistical analysis
IBM SPSS 17.0 statistical software was used to analyze 
the data. Continuous data were expressed as mean ± stan-
dard deviation (SD). Categorical data were expressed as 
percentages. Intergroup comparisons were performed 
using Chi-square test (or Fisher’s exact test) or variance 
analysis or rank sum test. All the tests were performed 
using a two-sided test of difference, where the inspection 
level α of 0.05 and a difference with p<0.05 were consid-
ered statistically significant. 

results
Patient characteristics
As shown in Table 1, a total of 100 patients were enrolled 
in the present study including 50 in the treatment group 
and 50 in the control group. All patients received at least 
two cycles of chemotherapy prior to the enrollment. In 
the treatment group, the age range was between 25 and 
77 years with a mean age of 57 years. There were 30 male 
and 20 female patients. In the control group, the age range 
was between 27-75 years, with a mean age of 57 years. 
There were 29 male and 21 female patients.

TABLE 1 General clinical characteristics of patients.

Treatment group Control group

Median age (range, years) 57 (25-77) 58 (27-75)

Gender

  Male 30 29

  Female 20 21

Treatment

  No prior chemotherapy 37 33

  With prior chemotherapy 13 17

Primary tumor site

  Liver cancer 20 19

  Lung cancer 16 12

  Other 14 19

Adverse events
In the treatment group, there was no patient diagnosed 
with FN, in other words, an FN incidence of 0%. In the 
control group, there were three patients diagnosed with 
FN, yielding an FN incidence of 6%. In addition, in the 
treatment group, there were 17 patients diagnosed with 
leukopenia grade I/II and one patient diagnosed with leu-
kopenia grade III/IV with the leukopenia incidence of 36%. 
In addition, there were 17 patients diagnosed with leuko-
penia grade I/II and one patient diagnosed with leukopenia 
grade III/IV with the leukopenia incidence of 36%. In the 
control group, there were 27 patients diagnosed with leu-
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kopenia grade I/II and nine patients diagnosed with leuko-
penia grade III/IV with a leukopenia incidence of 72%. The 
incidences of FN and leukopenia were significantly lower in 
the treatment group compared with that of the control 
group (both p-values < 0.05). The differences in incidence 
of liver dysfunction, renal function abnormality, shock, acute 
interstitial pneumonia and myalgia were not statistically 
significant between the two groups (all p-values > 0.05). 
Adverse events were shown in Table 2.

TABLE 2 Adverse events of Chinese colon cancer patients 
with prior chemotherapy with or without G-CSF administration.

Adverse events Treatment group Control group

Febrile neutropenia 0 3

Leukopenia

  Grade I/II 17 27

  Grade III/IV 1 9

Myalgia 3 2

Liver dysfunction 7 8

Renal function abnormality 0 0

Shock 0 0

Acute interstitial  pneumonia 0 0

Toxicity
No DLTs were observed. Local reactions at injection sites 
including erythema, induration, and pruritus were ob-
served in all patients, and tenderness in five of 100 patients. 
Minimal systemic toxicities were observed in the treatment 
group (Table 3). The most common adverse effects were 
transient, low-grade fever/chill (14%), fatigue (8%), nausea 
(6%) and headache (12%). Fever and chills were likely due 
to G-CSF treatment, while nausea was probably the result 
of cyclophosphamide administration. Headache may have 
been the result of ondansetron, which was provided as 
an optional and prophylactic antiemetic before the ad-
ministration of cyclophosphamide. Therefore, the dose 
level we used in the present study was considered to have 
an acceptable degree of safety and warrants subsequent 
trials to further assess G-CSF associated clinical outcomes.

TABLE 3 G-CSF-related systemic adverse reactions.

Adverse 
reactions

CTC 
grade

No. of 
events

Incidences of adverse 
reactions (%)

Fever/chill 1 7 14

Headache 1 6 12

Fatigue 1 4 8

Nausea 1 3 6

CTC: common terminology criteria for adverse reactions.

discussion
The present study has demonstrated the clinical efficacy 
and safety of G-CSF for Chinese patients with metastat-
ic colorectal cancer. To our knowledge, this was the first 
study of a G-CSF for colorectal cancer patients.

As one of the main side-effects of chemotherapy, bone 
marrow suppression has serious impacts on clinical ef-
ficacy and safety for patients with malignancies undergo-
ing chemotherapy. As a specific hematopoietic regulating 
growth factor of granulocyte lineage, G-CSF can be pro-
duced by gene recombination technique and therefore 
become recombinant human granulocyte colony stimu-
lating factor.10-12 It promotes the multipotent hemopoi-
etic stem cells to differentiate into mature granulocytes 
and macrophages in peripheral blood.13 

Based on the American Society of Clinical Oncology 
(ASCO) recommendations for the use of white blood cell 
growth factors in 200614 and the National Comprehensive 
Cancer Network (NCCN)15 guidelines for the use of my-
eloid growth factors in 2013, G-CSF’s primary prophy-
lactic use, secondary prophylactic use and therapeutic 
use were stated as follows. Primary prophylactic use was 
recommended for patients based on the risks of develop-
ing FN. Secondary prophylactic use was recommended 
for patients who had developed neutropenic complications 
from a prior cycle of chemotherapy. Therapeutic use 
should be considered for patients with fever and neutro-
penia who were at high risk of infection-associated com-
plications or who had prognostic factors which predicted 
poor clinical outcomes. In addition, patient’s age, chemo-
radiotherapy regimen, pneumonia, hypotension, and 
nutritional status were not factors to determine whether 
or not influence use G-CSF. 

The present study has demonstrated that the inci-
dences of FN and leukopenia were significantly lower in 
the treatment group compared with that of the control 
group (both p-values < 0.05), with the incidences of FN 
being 0% in the treatment group and 6% in the control 
group, and the incidences of leukopenia being 36% in the 
treatment group and 72% in the control group. The dif-
ferences of incidences of liver dysfunction, renal function 
abnormality, shock, acute interstitial pneumonia and 
myalgia were not statistically significant between the two 
groups (all p-values > 0.05). 

Although G-CSF alone as an adjuvant therapy showed 
some promise in colon cancer patients,16-18 its role as an 
adjuvant therapy when combined with chemotherapy 
remains to be determined. The present study described a 
novel adjuvant therapy for colorectal cancer chemother-
apy. The present study found it to be safe and well toler-
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ated for Chinese patients with colon cancer undergoing 
chemotherapy to receive subcutaneously administration 
of G-CSF 24 hours after chemotherapy 150 µg per day 
for consecutive three days. 

However, there were some limitations in the present 
study. Firstly, the present study was conducted using rela-
tively small sample size of patients in a single institution. 
Therefore, multiple-centered studies with larger sample 
size of penitents will be needed to verify our results and 
conclusions. Secondly, in the present study, G-CSF admin-
istration started 24 hours after chemotherapy and lasted 
for three consecutive days based on our clinical experience. 
However, the best regimen for G-CSF administration has 
been unknown. Therefore, we recommended further stud-
ies to verify our results and conclusion and determine the 
best regimen for G-CSF administration. 

conclusion
In conclusion, our study suggests that prophylactic admin-
istration of G-CSF 24 hours after chemotherapy 150 µg 
per day for three consecutive days is a safe and effective 
treatment for preventing FN and leukopenia in Chinese 
patients with colon cancer undergoing chemotherapy.
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