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[Abstract] Background: In patients receiving anti-
cancer chemotherapy, polyethylene glycolated 
recombinant human granulocyte-colony stimulating 
factor (PEG-rhG-CSF) was used for prophylaxis of 
chemotherapy-induced neutropenia. However, the 
side effect of PEG-rhG-CSF use on fasting blood 
glucose (FBG) level remains unclear. Materials and 
Methods: Cancer patients receiving chemotherapy 
and PEG-rhG-CSF were enrolled in our study. 
Baseline glucose (Glucose 1) was measured before 
PEG-rhG-CSF use, a second FBG test (Glucose 
2) was performed after PEG-rhG-CSF use. Mean 
glucose levels were compared using t test. Results: 
The time interval between PEG-rhG-CSF use and 
the second glucose test was 2.4±1.5 days. The mean 
Glucose 1 was 5.18±0.53 mmol/L, and Glucose 2 
was 3.80±1.13 mmol/L. Statistical analysis showed 
a significant difference between Glucose 1 and 2 
existed (P<0.001). Conclusion: Our study identifies a 
hypoglycemic side effect of PEG-rhG-CSF occurs in 
cancer patients undergoing anti-cancer chemotherapy. 
Our results highlight the caution required when using 
PEG-rhG-CSF for prophylaxis of chemotherapy-
induced neutropenia.
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1  Introduction

Chemotherapy is still a main therapeutic strategy 
of cancer treatment. The toxicity of chemotherapy 
is mainly haematological, resulting in a severe 
neutropenia. Thus, neutropenia is frequent during 
chemotherapy. Neutropenia is a major risk factor 
for potentially life-threatening infections and febrile 
neutropenia, which requires a dosage reduction or 
discontinuation of chemotherapy. However, if we 
can reduce the incidence of febrile neutropenia 
(FN), the safety of chemotherapy will be improved 
significantly.

Granulocyte-colony stimulating factor (G-CSF) 
can be produced by many types of cell, such as T 
cells, macrophages, endothelial cells and fibroblasts, 
upon receipt of the necessary stimulus [1]. It then acts 
as a pro-inflammatory agent that recruits neutrophils, 
monocytes and lymphocytes to sites where they 
are needed. G-CSF is useful to prevent neutropenia 
caused by cytotoxic chemotherapy [2]. Currently, the 
recombinant human G-CSF (rhG-CSF) has been 
approved for clinical practice and proved the role 
of increasing white blood cell counts and reducing 
the duration of neutropenia, hospitalization, and the 
occurrence of opportunistic infections [3]. 

PEG-rhG-CSF is a long-acting form of rhG-CSF. 
When combined with polyethylene glycol (PEG), 
rhG-CSF stability becomes more ensured and is not 
easy to be degraded. Therefore, serum concentration 
of rhG-CSF becomes more stable, and the elimination 
half-life gets prolonged [4]. Previous clinical studies 



41Distributed under creative commons license 4.0 Volume 4; Issue 6

showed that PEG-rhG-CSF had good efficacy and 
safety, and exhibited a more convenient treatment 
regimen than rhG-CSF [5-7]. In recent studies, further 
comparison was performed and showed that PEG-rhG-
CSF is as effective and safe as rhG-CSF for prophylaxis 
of chemotherapy-induced neutropenia [8, 9].

The complications of PEG-rhG-CSF, including 
bone pain, headache, myalgias, fatigue, nausea, 
insomnia, and redness at the injection site, are similar 
to those of rhG-CSF[10]. GM-CSF could increase 
glucose utilization significantly[11, 12]. PEG-rhG-
CSF use may have the capability to influence serum 
level of glucose. Therefore, a retrospective study 
was performed to explore the role of PEG-rhG-CSF 
use on serum glucose in cancer patients receiving 
chemotherapy.

2  Patients and methods

This study was approved by the Ethics Committee of 
Binzhou People’s Hospital. Written informed consent 
was waived because of the retrospective design of the 
study and anonymous nature of the data collection.

Between April and July 2019, consecutive cancer 
patients receiving chemotherapy and PEG-rhG-CSF 
(Xinruibai; Qilu Pharmaceutical, Shandong, China) 
were enrolled in our study. At first, patients was given 
chemotherapy. After chemotheray, on the second or 
third day, baseline glucose (Glucose 1) was measured 
before PEG-rhG-CSF use. Then, in the next few days, 
a second fasting blood glucose (FBG) test (Glucose 2) 
was performed. Diabetes mellitus (DM) patients and 
patients who had FBG level ≥ 7 mmol/L and HbA1c 
level ≥ 7.0% were excluded. Demographic data and 
the period between PEG-rhG-CSF use and glucose 
2 were collected. Serum glucose was measured on 
a chemistry auto-analyzer (Advia 2400; Siemens 
Healthcare Diagnostics, Tokyo, Japan) using a 

Siemens kit.
Patient characteristics were summarized using 

means and standard deviations for continuous 
variables and counts/percentages for categorical 
variables. Mean glucose levels were compared using 
t test. A two-sided P value < 0.05 was considered 
significant for all analyses. Data analysis was carried 
out using SPSS 16.0 (IBM Corp., Armonk, United 
States). 

3  Results

A total of 69 eligible patients were retrieved, and 7 
patients were excluded for DM (3 patients) and FBG 
level ≥ 7 mmol/L (4 patients). Finally, 62 patients 
were enrolled for further analysis. The average age 
of the patients was 58.4±11.5 years (range, 38 to 
86 years). Male comprised of 53.2% (33/62) of the 
participants. The five most frequent cancer types 
were lung (n=17), gastric(n=17), colorectal (n=9), 
breast (n=7) and ovarian cancer (n=4). Before 
chemotherapy, 16 patients have received surgical 
treatment.

The time interval between PEG-rhG-CSF use and 
the second glucose test was 2.4±1.5 days (range, 
1-6 days). As shown in Table 1, the mean Glucose 1 
was 5.18±0.53 mmol/L (range, 3.80-6.48 mmol/L), 
and Glucose 2 was 3.80±1.13 mmol/L (range, 0.91-
5.70 mmol/L). The difference between Glucose 1 
and corresponding Glucose 2 was 1.41±0.99 (range, 
-0.75-3.63 mmol/L), and only four patients had an 
increasing in FBG levels. It is noteworthy that 8 
patients had a FBG glucose < 2.5mmol/L after PEG-
rhG-CSF use. 

A comparison between Glucose 1 and 2 was 
performed. Statistical analysis showed a significant 
difference between them existed (P<0.001).

Table 1. Fasting blood glucose levels before and after PEG-rhG-CSF use in cancer patients receiving chemotherapy

 Period* 
(days)

Cases
(n)

Glucose 1† 
(mmol/L)

Glucose 2‡

(mmol/L)
Glucose level PIncreasing (n) Decreasing (n)

1 12 5.15±0.36 4.04±1.16 11 1
2 8 5.39±0.52 3.79±1.02 8
3 23 5.08±0.47 3.36±1.18 23
4 14 5.25±0.70 4.16±1.15 12 2
5 3 5.67±0.51 4.21±0.20 3
6 2 4.54±0.35 4.37±0.04 1 1

Total 62 5.18±0.53 3.80±1.13 58 4 <0.001
*Period represents the time interval between PEG-rhG-CSF use and the second glucose test. † Glucose 1 represents baseline glucose which 
was measured before PEG-rhG-CSF use. ‡ Glucose 2 represents the second fasting blood glucose was tested after PEG-rhG-CSF use.
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4  Discussion

PEG-rhG-CSF has been widely used in prophylaxis 
of neutropenia caused by chemotherapy in cancer 
patients, and many complications has been reported. 
However, its effect on FBG levels has not been 
determined. Therefore, in the study, we evaluated 
the effect of PEG-rhG-CSF influencing FBG levels 
in the special subjects. Our results found that a 
hypoglycemic complication occurs secondary to 
PEG-rhG-CSF use.

Although PEG-rhG-CSF reduces the incidence of 
FN significantly, but its use must be balanced against 
rare but severe adverse effects and the cost. Bone 
pain is the most commonly reported adverse event 
with PEG-rhG-CSF. In a series of clinical trials, 
its incidence ranged from 25% to 38% in patients 
receiving pegfilgrastim, when using pegfilgrastim as 
primary prophylaxis of FN in patients undergoing 
chemotherapy  [13].  Moreover,  others  include 
leukocytosis, back pain, anemia and  secondary 
malignancies risk, but no fatal complication was 
noted [14-16]. In fact, all of these adverse events appear 
to be related, and the toxicities are associated with 
PEG-rhG-CSF efficacy and with an increased 
neutrophil count [17]. In the study, we found a common 
hypoglycemic complication secondary to PEG-rhG-
CSF use. Sienkiewicz D et al. reported that G-CSF 
treatment can decrease the glucose level in patients 
with Duchenne muscular dystrophy [18]. On the basis 
of our review of the literature, this was the first report 
of PEG-rhG-CSF induced hypoglycemia in cancer 
patients undergoing chemotherapy.

According to previous studies, there are three 
potential mechanisms behind the hypoglycemic 
complication. First, G-CSF could increase macro-
phage glycolytic capacity by up-regulating c-myc 
and glucose transporter expressions, and increase 
the extent of glycolysis in macrophages [19]. Second, 
a positive correlation between G-CSF and insulin 
sensitivity was observed [20, 21]. Third, leptin controls 
glucose metabolism regardless of the impact on 
energy balance [22]. Thus, the decreased glucose level 
in the patients may be explained by the leptin-like 
effect of G-CSF treatment.

Although some valuable findings were obtained, a 
number of limitations should be mentioned. First, this 
study has a retrospective design with a single-center 
data, the result might not generalize in a useful way. 

Second, although we adopted self-control design, 
the results need to be confirmed by a larger study. 
Third, a major limitation is that the sample size was 
insufficient for evaluation of risk factors associated 
with hypoglycemia in cancer patients receiving PEG-
rhG-CSF. However, further analysis will be done to 
focus this issue. 

In summary, this study identifies a hypoglycemic 
side effect of PEG-rhG-CSF occurs in cancer patients 
undergoing anti-cancer chemotherapy. Our results 
highlight the caution required when using PEG-
rhG-CSF for prophylaxis of chemotherapy-induced 
neutropenia.
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