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AbstrAct
Objective This study explored the prophylactic 

effects of long- acting granulocyte colony- 

stimulating factor (G- CSF) for febrile 

neutropenia (FN) in newly diagnosed patients 

with epithelial ovarian cancer (EOC).

Methods Patients were randomised into 

a study group (long- acting G- CSF for 

all chemotherapy cycles) and a control 

group (short- acting G- CSF for first cycle 

and treatment per physician discretion for 

subsequent cycles) at a ratio of 1:2. The 

incidences of FN and myelosuppression and 

the number of clinical visits, medication 

doses, complete blood count (CBC) tests and 

adverse events were compared between the 

two groups. A regression model was used to 

determine the risk factors for FN.

results From 30 November 2018 to 1 April 

2019, 84 cases were included in the final 

analysis; there were 24 (28.6%) and 60 

(71.4%) patients in the study and control 

groups, respectively, and 605 chemotherapy 

cycles. The study group or chemotherapy cycles 

utilising long- acting G- CSF had significantly 

fewer utilisations and doses of short- acting 

G- CSF; clinical visits; CBC tests; and incidences 

of FN and myelosuppression; and less G- CSF- 

associated pain. The utilisation of G- CSF was 

the only independent factor for FN in a binary 

regression model.

conclusion Long- acting G- CSF could 

effectively reduce the incidences of FN and 

myelosuppression and had mild adverse effects 

in newly diagnosed patients with EOC receiving 

chemotherapy.

trial registration number NCT03740464.

IntrOductIOn
To eliminate the burden of daily granu-
locyte colony- stimulating factor (G- CSF) 
injections, a long- acting pegylated recom-
binant human G- CSF (PEG- rhG- CSF; 
pegfilgrastim) has been developed to 
sustain relative stable concentration during 
neutropenia and decreases with neutro-
phil recovery.1 Pegfilgrastim has received 
marketing authorisation approval from 
many regions to reduce the incidence 
of chemotherapy- induced neutropenia 
because its efficacy and safety are similar to 
those of filgrastim with more convenience 
for use.2–6 A meta- analysis of randomised 
controlled trials (RCTs)7–9 and experience 
in real- world settings10 confirm the excel-
lent success rates (>50%) of filgrastim 
and pegfilgrastim for the primary prophy-
laxis of febrile neutropenia (FN). The effi-
ciency and safety of these agents has been 
validated in older patients with cancer 
receiving chemotherapy in a community 
setting11 and in young adults and children 
with sarcoma.12 Hence, several guidelines 
recommend long- acting G- CSF as a first- 
line treatment for severe myelosuppres-
sion and/or FN.13–16 The choice of agent 
depends on convenience, cost and the 
clinical situation.

However, the effects of FN preven-
tion have been infrequently evaluated in 
patients with gynaecological cancer. In a 
single- institution retrospective review of 
46 patients with ovarian or primary peri-
toneal cancer who received prophylactic 
pegfilgrastim on the same day, no patient 
had FN episodes, hospitalisations or 
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antibiotic use secondary to neutropenia nor did they 
have dose reductions or chemotherapy delays due to 
neutropenia.17 Several studies of solid tumours have 
also included patients with ovarian cancer.18–20 Despite 
a statement from multiple experts on gynaecological 
cancers regarding the application of prophylactic 
long- acting G- CSF,21 there is still very little evidence 
in terms of its efficiency and safety in gynaecolog-
ical cancer. Additionally, in a study of Asian patients 
with lymphoma, pegfilgrastim prophylaxis did not 
show a therapeutic advantage in terms of preventing 
neutropenic outcomes compared with filgrastim 
prophylaxis.22

In this phase III RCT, we evaluated the prophylactic 
effects of PEG- rhG- CSF for FN in newly diagnosed 
patients with epithelial ovarian cancer (EOC) from a 
Chinese population.

MethOds
study design and ethical issues
This is an RCT performed in a single teaching 
hospital. All eligible patients were randomised into a 
study group (long- acting G- CSF for all chemotherapy 
cycles) or a control group (long- acting G- CSF for the 
first cycle and medication per physician discretion for 
subsequent cycles) at a ratio of 1:2 according to the 
computer- generalised random numbers. The primary 
endpoint was the incidence of FN in each group. The 
secondary endpoints included the following: (1) clin-
ical visits to the emergency room (ER), outpatient 
clinics and both locations; (2) the incidence of myelo-
suppression of all grades, grade 3/4 and grade 4 and 
(3) adverse events associated with G- CSF.

Patient enrolment and sample size
All patients, who were newly diagnosed with EOC 
in the Gynecologic Oncology Unit of Peking Union 
Medical College Hospital from 30 November 2018 
to 1 April 2019, were included. The inclusion criteria 
were as follows: each patient (1) had definitive patho-
logical results of EOC; (2) had an Eastern Cooperative 
Oncology Group (ECOG) performance status score of 
0–2; (3) was aged 18 years or older; (4) received 3–4 
weeks per cycle of platinum- based chemotherapy with 
or without debulking surgery; cases with weekly or 
biweekly chemotherapy regimens were not included; 
(5) was regularly followed up in the study centre and 
(6) provided consent for participation. The exclusion 
criteria were as follows: (1) failure to meet all the 
inclusion criteria; (2) non- compliance with the study 
protocols; (3) a history of chemotherapy or pelvic 
radiotherapy for malignancies; (4) the presence of 
immunosuppressive diseases such as organ transplan-
tation or acquired immune deficiency syndrome; (5) 
treatment with weekly chemotherapy regimens and (6) 
the presence of haematological disorders.

The sample size was calculated according to the 
report by Balducci et al.18 Among patients receiving 
carboplatin and paclitaxel for ovarian or breast cancer, 
FN occurred in 2% and 6% of chemotherapy cycles, 
respectively, receiving pegfilgrastim. Thus, for the 
all- cycles arm and physician- discretion arm,18 at least 
262 and 524 chemotherapy cycles were included in 
the study group and control group at a ratio of 1:2, 
which met the criteria for a class I probability (bilateral 
α) of 0.05 and power (1-β) of 0.80 by means of the 
Z- pooled approximate normal distribution method.

Interventions
All patients accepted platinum- based chemotherapy 
with or without primary or intermittent debulking 
surgeries. A regimen of paclitaxel (175 mg/m2) and 
carboplatin (AUC=5) of 3 weeks per cycle was used 
as the primary chemotherapy protocol for most 
patients. If the response was poor, the patient had a 
hypersensitive reaction, or there was another treat-
ment purpose, an alternative regimen of 3–4 weeks 
per cycle was attempted. Surgeries included compre-
hensive staging for early stage disease and primary or 
intermittent debulking surgeries for late stage disease. 
Bevacizumab, an antiangiogenic inhibitor, was consid-
ered during treatment. For all patients, a complete 
blood count (CBC) was requested for evaluation at a 
frequency of twice per week. At least one visit to an 
outpatient clinic was mandatory for all participants.

For the study group, 6 mg of PEG- rhG- CSF (Qilu 
Pharmaceutical) was given to the patients 48 hours 
after chemotherapy. For the treatment of myelosup-
pression, short- acting G- CSF could be utilised.

For the control group, the treatment of myelosup-
pression was performed per physician discretion. 
However, during the first cycle, the physicians did not 
consider long- acting G- CSF. For subsequent cycles of 
chemotherapy, long- acting G- CSF was used if indi-
cated by the physician.

Measures
A structured case report form was used to collect the 
epidemiological and clinical information of the patients 
via an electronic case system and the self- reports of 
the patients. The data for all the CBC tests, visits to 
the ER and/or outpatient clinics, and adverse events 
associated with the G- CSF treatment were extracted 
via the electronic case system and the means of reports 
collected from the patient if she was not registered in 
the system. Adverse events were graded according to 
the Common Terminology Criteria for Adverse Events 
V.4.03.23 FN was defined as an oral temperature of 
>38.3°C or two consecutive readings of >38.0°C for 
2 hours and an absolute neutrophil count (ANC) of 
<0.5 × 109/L or as an ANC that was expected to fall 
below 0.5×109/L. A visual analogue scale (VAS) score 
of 0–10 was used to evaluate bone pain associated with 
G- CSF treatment.
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Figure 1 Flow diagram of the study. G- CSF, granulocyte 
colony- stimulating factor.

statistics
Comparisons of the incidences of FN and myelosup-
pression between the study and control groups were 
conducted for each chemotherapy cycle according to 
the randomisation protocol (study and control groups) 
and according to the actual utilisation of long- acting 
G- CSF (chemotherapy cycles utilising long- acting 
and short- acting G- CSF). Comparisons of continuous 
variables were conducted with parametric methods if 
assumptions of normal distribution were confirmed. 
A binary regression model was used to estimate the 
HRs and 95% CIs for the effects of long- acting G- CSF 
on FN and myelosuppression adjusted for age, body 
mass index, ECOG performance status, International 
Federation of Gynaecology and Obstetrics stage, 
history of radiotherapy, complications, chemotherapy 
regimen, use of bevacizumab and debulking surgery. 
Non- normally distributed variables and categorical 
data were compared by means of non- parametric tests. 
Unless otherwise stated, all analyses were performed 
with a two- sided significance level of 0.05 and 
conducted with SPSS V.23.0 software (SPSS, Chicago, 
IL, USA).

results
Patients’ characteristics
The diagram of the study in presented in figure 1. 
From 30 November 2018 to 1 April 2019, 98 patients 
were admitted for newly diagnosed EOC, and 84 
cases were included for final analysis, with 24 (28.6%) 
and 60 (71.4%) patients in the study and control 
groups, respectively. Six patients were excluded: one 
patient had ECOG performance status score of 3, 
two patients received weekly paclitaxel treatment, 
two patients asked for treatment in other hospitals 
after the diagnosis and one patient refused further 
chemotherapy. The patients’ characteristics are listed 
in table 1. More detailed data are provided in online 
supplementary file 1. Among all patients, 79 (94.0%) 
underwent debulking surgeries, including 30 cases of 
primary surgeries and 49 of intermittent surgeries. 

The total number of chemotherapy cycles was 605, 
and the median was 7 (range 4–11). Paclitaxel plus 
carboplatin was used in 557 cycles (92.1%), and beva-
cizumab was used in 83 cycles (13.7%). Other chemo-
therapy regimens included seven cycles of pegylated 
liposomal doxorubicin (PLD)/oxaliplatin, 35 cycles of 
PLD/carboplatin and 8 cycles of docetaxel/carboplatin. 
Three patients had a history of radiotherapy for breast 
cancer at least 1 year prior.

The study and control groups were well balanced in 
terms of most epidemiological and clinical character-
istics (table 1). However, the study groups had fewer 
patients with diabetes and cerebrovascular disease and 
fewer cycles of bevacizumab use.

Fn and myelosuppression incidences
In total, 33 patients experienced 38 incidences of FN, 
with four patients in the study group (16.7%) and 29 
patients in the control group (48.3%). After the inci-
dence of FN, all these 33 patients received prophy-
lactic long- acting (25 cases) or short- acting (eight 
cases) G- CSF. However, even after extensive prophy-
lactic short- acting G- CSF treatment, five patients in 
the control group experienced two incidences of FN.

The FN and myelosuppression incidences per 
chemotherapy cycle are listed in table 2. All patients 
in the chemotherapy cycles of the study groups and 
in those utilising long- acting G- CSF had significantly 
fewer incidences of FN and myelosuppression of all 
grades, grade 3/4 and grade 4 than the patients in the 
chemotherapy cycles of the control group and in those 
of the group utilising only short- acting G- CSF utilisa-
tion. However, the duration of FN, admission times 
for FN and utilisation of antibiotics for FN showed no 
significant differences.

risk factors for Fn
In the chemotherapy cycles of the study and control 
groups, the FN incidences were 5/182 (2.7%) and 
33/483 (7.8%), respectively. In a binary regression 
model, after adjusting for the abovementioned risk 
factors, the randomisation of long- acting G- CSF was 
the only independent risk factor for FN (ORs 0.3, 
95% CI 0.1–0.8, p=0.019).

In the chemotherapy cycles utilising long- acting and 
short- acting G- CSF, the FN incidences were 7/258 
(2.7%) and 31/347 (8.9%), respectively. The binary 
regression mode suggested that the utilisation of long- 
acting G- CSF was the only independent risk factor for 
FN (ORs 0.2, 95% CI 0.1–0.6, p=0.001).

clinical visits
In the study groups, 79/182 cycles (43.3%) utilised 
short- acting G- CSF as a remedial treatment for myelo-
suppression, and the median doses of short- acting 
G- CSF were 2 (range 1–11). In the control groups, 
230/423 cycles (54.4%) utilised short- acting G- CSF 

https://dx.doi.org/10.1136/bmjspcare-2019-001862
https://dx.doi.org/10.1136/bmjspcare-2019-001862
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Table 1 Epidemiologic characteristics of the patients

Chemotherapy cycles in study 
group (n=182)

Chemotherapy cycles in control group 
(n=483) P value

Age (year), mean±SD 54.1±10.5 52.9±7.1 0.091
Body height (m), mean±SD 58.6±6.9 57.9±7.1 0.286
Body weight (kg), mean±SD 160.2±4.7 160.8±4.5 0.094
Body mass index (kg/m2), mean±SD 22.8±2.4 22.4±2.8 0.064
ECOG performance status n (%) 0.151
  0 105 (57.7%) 275 (65.0%)
  1 54 (29.7%) 112 (26.5%)
  2 23 (12.6%) 36 (8.5%)
FIGO stage, n (%) 0.274
  I 27 (14.8%) 48 (11.3%)
  II 7 (3.8%) 16 (3.8%)
  III 122 (67.0%) 273 (64.5%)
  IV 26 (14.3%) 86 (20.3%)
History of radiotherapy, n (%) 8 (4.4%) 16 (3.8%) 0.439
Complications, n (%)
  Hypertension 34 (18.7%) 97 (22.9%) 0.244
  Diabetes 7 (3.8%) 35 (8.3%) 0.049
  Cardiovascular disease 0 (0%) 6 (1.4%) 0.186
  Cerebrovascular disease 0 (0%) 17 (4.0%) 0.006
  DVT 16 (8.8%) 36 (8.5%) 0.910
Chemotherapy cycles, mean±SD 0.417
  ≤6 141 (77.5%) 340 (80.4%)
  >6 41 (22.5%) 83 (19.6%)
Chemotherapy regimen, n (%) 0.074
  PC 173 (95.1%) 384 (90.8%)
  Others 9 (4.9%) 39 (9.2%)
Bevacizumab, n (%) 15 (8.2%) 68 (16.1%) 0.010
Debulking surgery, n (%) 24 (13.2%) 55 (13.0%) 0.951
DVT, Deep Venous Thrombosis; ECOG, Eastern Cooperative Oncology Group; FIGO, International Federation of Gynaecology and Obstetrics; PC, paclitaxel 
plus carboplatin.

for myelosuppression, and the median dose of short- 
acting G- CSF was 2 (range 1–15).

The patients in the study group and in the long- 
acting G- CSF utilisation group had significantly fewer 
visits to the ER, outpatient clinics and both locations 
(table 2). The patients with long- acting G- CSF utilisa-
tion had significantly fewer CBC tests.

Adverse events of G-csF
There appeared to be less pain associated with G- CSF 
in the long- acting G- CSF treatment group (table 2). 
However, the VAS score was not significantly different, 
with a mean VAS score less than 2. The incidences of 
skin rash were similar in both groups, all of which 
were grade 1. No other adverse events in terms of 
G- CSF were reported.

dIscussIOn
This randomised controlled study is the first RCT to 
evaluate the effects of G- CSF on the prevention of FN 
in patients with ovarian cancer. Treatment with G- CSF 
per physician discretion showed inferior outcomes 

for FN and myelosuppression. However, prophy-
lactic treatment with short- acting G- CSF according 
to a stringent protocol would probably not result in 
such inferior outcomes. In a systematic review and 
meta- analysis, the weight of evidence from RCTs indi-
cates little difference in efficacy between the short- 
acting and long- acting G- CSFs if dosed according to 
recommended guidelines. It was suggested long- acting 
G- CSFs in non- RCTs had greater efficacy, which may 
be a result of the underdosing of short- acting G- CSF in 
general practice in real- world usage.10 However, based 
on the findings of a systematic review of real- world 
comparative effectiveness studies, the risks of FN 
and FN- related complications are generally lower for 
prophylaxis with pegfilgrastim versus prophylaxis with 
short- acting G- CSF.8 Regarding patients with gynae-
cological cancer, filgrastim or pegfilgrastim was inte-
grated in an NRG Oncology/Gynecologic Oncology 
Group study for the treatment of persistent or recur-
rent carcinoma of the uterine cervix, in which grade 
3/4 neutropenia occurred in 5 of 27 patients (18.5%).24 



377Li L, et al. BMJ Supportive & Palliative Care 2019;9:373–380. doi:10.1136/bmjspcare-2019-001862

Original research

Table 2 Prevalence, consequence and treatment of myelosuppression and FN in the study and control groups, and in long- acting and 
short- acting G- CSF users

Chemotherapy 
cycles in study 
group (n=182)

Chemotherapy 
cycles in control 
group (n=483) P value

Chemotherapy cycles 
of long- acting G- CSF 
utilisation (n=258)

Chemotherapy cycles of 
only short- acting G- CSF 
utilisation (n=347) P value

Short- acting G- CSF utilisation, n (%) 79 (43.4%) 230 (54.4%) 0.013 95 (36.8%) 214 (61.7%) <0.001

  Doses, mean±SD 1.0±1.7 2.0±2.6 <0.001 0.8±1.6 2.3±2.7 <0.001

Clinical visits, mean±SD         

  Visits to ER 0.3±0.9 1.0±1.8 <0.001 0.5±1.2 1.0±1.8 <0.001

  Visits to outpatient clinics 1.8±1.3 2.5±1.4 <0.001 2.0±1.3 2.5±1.5 <0.001

  All visits 2.1±1.7 3.5±2.5 <0.001 2.5±1.9 3.5±2.6 <0.001

CBC times, mean±SD 5.0±1.9 5.3±2.1 0.192 4.9±2.0 5.4±2.1 0.003

FN, n (%) 5 (2.7%) 33 (7.8%) 0.019 7 (2.7%) 31 (8.9%) 0.002

  Lasting duration (day), mean±SD 1.8±0.8 (n=5) 1.3±0.6 (n=33) 0.289 1.7±0.8 (n=7) 1.3±0.6 (n=31) 0.171

  Admission for FN, n (%) 3/5 (60%) 22/33 (66.7%) 0.567 4/7 (57.1%) 21/31 (67.7%) 0.451

  Antibiotics for FN, n (%) 5/5 (100.0%) 27/33 (81.8%) 0.401 7/7 (100.0%) 25/31 (0.267%) 0.267

Myelosuppression, n (%)         

  All 79 (43.4%) 292 (69.0%) <0.001 113 (43.8%) 258 (74.4%) <0.001

  Grade 3/4 36 (19.8%) 174 (41.1%) <0.001 47 (18.2%) 163 (47.0%) <0.001

  Grade 4 12 (6.6%) 73 (17.3%) <0.001 15 (5.8%) 70 (20.2%) <0.001

G- CSF- associated pain, n (%) 60/182 (33.0%) 200/423 (47.3%) 0.001 96/223 (43.0%) 164/221 (74.2%) <0.001

  VAS, mean±SD 1.8±2.6 1.4±2.0 0.214 1.7±2.4 1.4±2.0 0.150

Skin rash, n (%) 4/182 (2.2%) 6/421 (1.4%) 0.355 5/258 (1.9%) 5/347 (1.4%) 0.434

Delay of chemotherapy, n (%) 17 (9.3%) 50 (11.8%) 0.373 23 (8.9%) 44 (12.7%) 0.144

  Delayed days, mean±SD 0.5±2.2 0.5±1.9 0.930 0.4±2.0 0.5±1.9 0.162

CBC, complete blood count; ER, emergency room; FN, febrile neutropenia; G- CSF, granulocyte colony- stimulating factor; VAS, visual analogue scale.

In a phase I study of patients with advanced ovarian 
cancer who were treated with biweekly dose- dense 
carboplatin/paclitaxel together with 6 mg of pegfil-
grastim on day 2, FN (1/40, 2.5%) was a dose- limiting 
toxicity that resulted in treatment discontinuation.25

Few reports have evaluated the prophylactic 
effects of G- CSF for the myelosuppression caused 
by newly marked targeted drugs. In our study, the 
addition of bevacizumab had no significant impact 
on the efficiency of long- acting G- CSF, which 
had recently been suggested by a study of patients 
with advanced colorectal cancer receiving chemo-
therapy and bevacizumab.26 The administration of 
pegfilgrastim was tolerable and did not negatively 
affect the tumour response or survival rate in this 
patient population.26

A number of studies have explored the adminis-
tration timing and doses of pegfilgrastim. In our 
study, we prescribed long- acting G- CSF according 
to the instruction booklet with 6 mg at 48 hours 
after chemotherapy. Such administration was 
reasonable according to a systematic review27 and 
consensus guidance recommendations.28 Patients 
who received pegfilgrastim on the day after chemo-
therapy had less severe and shorter suppression of 
the ANC than patients who received pegfilgrastim 
on the same day as chemotherapy.29 A prospec-
tive, multicenter GAIN study did not demonstrate 
that pegfilgrastim was more efficacious on day 
4 than on day 2 with respect to grade 4 leuco-
penia, FN or infections.30 Pegfilgrastim injected 

as a single dose of either 100 µg/kg or as a total 
dose of 6 mg (general approach) is considered an 
equally effective in terms of grade 3 neutropenia 
and above in patients with less intense chemo-
therapy.31 However, in this phase I study, there 
were no patients with gynaecological cancer. A 
multicenter study revealed that in patients with 
early breast cancer at high risk for FN, continued 
use of primary pegfilgrastim prophylaxis during 
all chemotherapy cycles is of clinical relevance 
and thus cannot be abandoned.32However, G- CSF 
prophylaxis throughout all chemotherapy cycles is 
more costly than prophylaxis limited to the first 
two cycles.33 These controversies provide moti-
vation for new studies to examine the most cost- 
effective medication methods.

In our study, no severe adverse events in response 
to G- CSF occurred. Bone pain was the most common 
symptom, and several cases of skin rash occurred. No 
severe bone pain- related treatment- emergent adverse 
events or treatment- emergent adverse drug reactions 
were observed in patients with breast cancer receiving 
chemotherapy and G- CSF; the rates of bone pain- 
related events are similar between lipegfilgrastim and 
pegfilgrastim.34 Although rare, the physician should 
be aware of the possibility of interstitial pneumonia 
related to pegfilgrastim.35 A case of neutrophilic 
panniculitis and Sweet’s syndrome lesions related to 
pegfilgrastim has been reported.36Close monitoring 
and observation are needed for all patients receiving 
G- CSF treatment.
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The cost- effectiveness of long- acting G- CSF has 
been evaluated in several reports. An analysis found 
no evidence that the use of pegfilgrastim is associ-
ated with higher cost in patients with lymphoma and 
myeloma after high- dose chemotherapy and periph-
eral blood stem cell transplantation.37A post hoc anal-
ysis in one RCT found that pegfilgrastim reduced the 
costs incurred for both the drugs and hospitalisations 
for adverse events as well as FN, although the total 
medical cost during chemotherapy increased.38 In our 
study, the utilisation of PEG- rhG- CSF not only reduced 
the usage of short- acting G- CSF and its dose but also 
significantly decreased the number of visits to the ER 
or outpatient clinics. The number of CBC tests in the 
long- acting G- CSF group was probably fewer than 
that of the tests in the short- acting G- CSF group. The 
expense of clinical visits, CBC tests and short- acting 
G- CSF doses saved by the utilisation of long- acting 
G- CSF will probably compensate for the high cost of 
the long- acting G- CSF. Other biosimilar pegfilgrastim 
products have been confirmed to have comparable 
efficacy and safety profiles to reference pegfilgrastim 
in a number of studies,9 39–42 and these products would 
provide more of a selection for patients.

There are several limitations in our study. The cost 
of the long- acting G- CSF limited the study to a 1:2 
ratio for randomisation, which probably limited the 
power of the study. However, the enrolled patient 
numbers and the incidence of FN produced a power 
of 0.75. Second, due to complications regarding the 
direct and indirect costs of diagnosis and treatment, 
we failed to construct an analysis model of cost- 
effectiveness, even though long- acting G- CSF would 
greatly reduce the cost of medicine and the number of 
visits to clinics. Last, the effects of prophylactic short- 
acting and long- acting G- CSF were not compared in 
our study, which limited the generalisation of effects 
produced by long- acting G- CSF. Current guidelines 
recommended short- acting and long- acting G- CSF as 
prophylactic treatment for FN with similar effects.13 14 
A randomised controlled study is needed to compare 
the real efficacy, adverse events and cost- effectiveness 
of various regimens of G- CSF.

cOnclusIOn
In this phase III randomised controlled study, a long- 
acting G- CSF, PEG- rhG- CSF, significantly reduced 
the incidences of FN and myelosuppression of all 
grades and grade 3/4. In addition, long- acting G- CSF 
decreased the number of clinical visits, the number of 
CBC tests and drug- associated bone pain despite the 
uniform follow- up protocol provided for all patients. 
The adverse events were mild and included pain and 
skin rash.
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