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Abstract

Background To compare the clinical value of recombinant human granulocyte colony-stimulating factor (rhG-CSF)
and pegylated rhG-CSF(PEG-rhG-CSF) in early-stage breast cancer (EBC) patients receiving adjuvant chemotherapy,
compare the efficacy of PEG-rhG-CSF with different dose and explore the timing of rhG-CSF rescue treatment.

Methods Patients in two PEG-rhG-CSF subgroups were given 3 mg or 6 mg PEG-rhG-CSF within 24 ~48 h

after chemotherapy for preventing myelosuppression, while patients in the rhG-CSF group were given rhG-CSF.
Observation indicators include the incidence of febrile neutropenia (FN) and grade 3/4 chemotherapy-induced-
neutropenia (CIN), the overall levels and nadir values of white blood cells (WBC) and absolute neutrophil count (ANC),
comparison of WBC and ANC curves over time, the incidence of CIN-related complications, the incidence of adverse
events in each group and the timing of rescue treatment for rhG-CSF.

Results There was no significant difference in the incidence of FN in the first cycle among the groups (P=0.203).

But the incidence of > 3 grade CIN in two PEG-rhG-CSF subgroups was significantly lower than that in the rhG-CSF
group (P<0.001). The overall WBC and ANC levels in the PEG-rhG-CSF group were significantly higher than those

in the rhG-CSF group (P<0.001). In terms of CIN-related complications, less chemotherapy delay rate (1.1 vs. 7.5%,
P=0.092), less dose reduction rate (6.9 vs. 7.5%, P=1.000), less antibiotic use rate (3.4 vs. 17.5%, P=0.011) and less pro-
portion of rhG-CSF rescue therapy (24.1 vs. 85.0%, P<0.001) in the PEG-rhG-CSF group, and there were no significant
differences between PEG-rhG-CSF subgroups. In the incidence of adverse events among the groups, there were

no statistical differences. All patients undergoing rhG-CSF rescue treatment were mainly 4 grade (63.6%) and 3 grade
(25.5%) CIN, and 10.9% of patients with 1~2 grade CIN who had high infection risk or had been infected.

Conclusion PEG-rhG-CSF has better efficacy and equal tolerance compared with rhG-CSF in preventing CIN in EBC
patients receiving EC regimen. Moreover, a half-dose 3 mg PEG-rhG-CSF also had good efficacy. Last, patients with >3
grade CIN and others who have been assessed to be at high risk of infection or have co-infection should consider
rhG-CSF or even antibiotic rescue treatment.
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Background

Breast cancer is the most common malignant tumor in
women, posing a serious threat to women’s health, and
has surpassed lung cancer as the world’s most prevalent
cancer [1, 2]. Despite recent advances in the treatment of
breast cancer with surgery, targeted therapy, and immu-
notherapy, chemotherapy still plays an unshakable role as
the cornerstone of systemic therapy [3]. According to the
International Breast Cancer Study Group, chemotherapy
can reduce the risk of death by 30% and the risk of recur-
rence by 28% in patients with EBC [4]. However, chemo-
therapy is a systemic treatment with poor drug selectivity,
and it kills many normal cells while attacking tumor cells,
which damages human immune function. In particu-
lar, the two-drug or three-drug chemotherapy regimens
consisting of anthracyclines, paclitaxel, platinum, cyclo-
phosphamide, and other chemotherapeutic agents com-
monly used in breast cancer chemotherapy are classified
by guidelines as medium-high risk regimens for EN (risk
of FN>10%) [5]. Severe CIN, especially FN, is extremely
dangerous, as it can not only cause immune deficiency
and thus induce infection but also cause reduction of the
established chemotherapy dose, delay of chemotherapy
or even chemotherapy shedding, which may reduce the
patient’s treatment effect and affect the prognosis [6, 7].
In addition, the re-hospitalization rate of patients due to
EN and other infections increases, and the costs asso-
ciated with antibiotics and antipyretics also increase,
making the clinical and financial burden an important
factor affecting the quality of life of oncology patients.
Therefore, the above-mentioned problems have attracted
more and more attention from clinicians in breast can-
cer chemotherapy. G-CSF, a cytokine that can stimulate
the proliferation and differentiation of neutrophil precur-
sors and enhance the function of mature neutrophils, has
been widely used in clinical practice because it can pre-
vent and treat CIN and FN and reduce the hematological
toxicity of chemotherapy [3, 8]. G-CSF is mainly divided
into two types: PEG-rhG-CSF and rhG-CSE.

RhG-CSF is a short-acting form of G-CSF, which was
first approved for marketing in the United States in 1991
[9]. The emergence of rhG-CSF has greatly reduced the
incidence and severity of CIN and FN. However, rhG-
CSF is mainly metabolized by the kidneys and has a
short half-life, which requires repeated daily injections
and close monitoring of blood count, which not only
increases the risk of infection at the injection site, but
also reduces patients’ quality of life and compliance with
the drug [10]. PEG-rhG-CSF, which was approved by the
FDA in 2002, is a protein covalently bound to polyethyl-
ene glycol (PEG) at the N-terminal end of the rhG-CSF
and it is a long-acting form of G-CSF [11]. PEG-rhG-CSF
not only has a large molecular weight, but also changes
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the method of drug clearance [12]. Compared with rhG-
CSE, its half-life is prolonged, concentration stability is
enhanced, immunogenicity and antigenicity are reduced,
and only one dose per cycle is required to obtain at least
non-inferior efficacy and safety compared with frequent
injections of rhG-CSEF, reducing the number of hospital
visits and the risk of cross-infection. It is a breakthrough
in the history of adjuvant chemotherapy drug adminis-
tration, which greatly improves the convenience of drug
administration and patient compliance [13-15].

However, the affinity between rhG-CSF and the recep-
tor may be reduced after polyethylene glycosylation
modification. Since PEG-rhG-CSF was launched, many
clinical studies comparing the efficacy and safety of the
two agents of G-CSF have been conducted. A systematic
review containing 41 clinical studies involving multiple
tumor types including breast cancer, non-small cell lung
cancer, and non-Hodgkin’s lymphoma noted that PEG-
rhG-CSF was superior to rhG-CSF in reducing CIN, FN,
readmission rate, and antibiotic use, with statistically
significant differences [16]. However, a clinical study
including 5 Meta-analyses and involving 9562 patients
of multiple tumor types showed that the incidence of FN
in the PEG-rhG-CSF group was lower than that in the
rhG-CSF group, but the difference was Statistical find-
ings were unstable [17]. Some clinical studies concluded
that there was no significant difference in the efficacy
and safety of the two groups in the prevention of CIN
and FN [18, 19]. In conclusion, the efficacy and safety of
PEG-rhG-CSF versus rhG-CSF need to be further inves-
tigated, especially in breast cancer patients, and several
Meta-analyses have shown that there is no consensus on
whether PEG-rhG-CSF is superior to rhG-CSF [13, 20].
In addition, due to the short period of time since the
PEG-rhG-CSF has been on the market in China, there
are few real-world studies, especially those using a uni-
fied treatment regimen to compare PEG-rhG-CSF and
rhG-CSE. Therefore, we still need more evidence-based
medical evidence.

Chinese Society of Clinical Oncology (CSCO), National
Comprehensive Cancer Network (NCCN), American
Society of Clinical Oncology (ASCO) guidelines recom-
mend that PEG-rhG-CSF should be administered indi-
vidually at 100 ug/kg based on body weight or a fixed
dose of 6 mg [5, 21]. The fixed dose is widely used in clin-
ical practice because it is convenient to administer. It has
been shown that the pharmacokinetics of PEG-rhG-CSF
is non-linearly correlated with the dose, and its clearance
is lower at higher doses. In addition, body weight is an
important factor in drug clearance, with higher clearance
in those with higher body weight [15]. Therefore, it is
worth considering whether fixed dose administration will
reduce the efficacy in large weight groups and whether
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it will aggravate the adverse drug reactions due to slow
clearance in small weight groups. Cao W et al. used
4.5 mg PEG-rhG-CSF prophylactically and also obtained
significant benefits in patients treated with ddEC regi-
men for breast cancer, with lower incidence of FN and
severe CIN, delayed chemotherapy, bone pain and other
adverse effects [22]. In addition, Zhou JH et al. compared
the efficacy and safety of two fixed doses of PEG-rhG-
CSF, 3 mg and 6 mg, in the prevention of myelosuppres-
sion in elderly patients with gastrointestinal tract tumors
receiving chemotherapy, and showed that 3 mg half dose
was effective, with no significant difference in the inci-
dence of FN (7.9 vs. 11.1%, P>0.05) and the duration of
CIN between the two groups [23]. Although the sample
size of this study was small (47 cases) and the results may
be biased, it still gives us some indication.

In clinical practice, we also found that even if PEG-
rhG-CSF is used, its dosage is not uniform. Moreover, the
comparative efficacy of half-dose and full-dose Peg-rhG-
CSF administration in breast cancer is rarely reported in
the literature. Therefore a study based on real world data
is urgently needed to elaborate these problems in practi-
cal work, and our study is based on this purpose.

Prophylactic application of PEG-rhG-CSF and rhG-
CSF can’t completely avoid the hematologic toxicity of
chemotherapy. The results of several real-world studies
have shown that a certain percentage of severe CIN and
EN requiring rhG-CSF rescue therapy after prophylactic
application of both drugs still occur, which may cause
serious infections, increase rehospitalization rates and
even endanger lives if not properly managed [24]. There-
fore, it is very important to strictly grasp the timing of
rhG-CSF rescue therapy. In clinical practice, the appli-
cation of rhG-CSF still has many irrational phenomena,
especially in rescue treatment. The above problems were
also fully illustrated in the study of Wang YH et al. [25].
In this study, 243 breast cancer patients were included, of
which 74 were treated with rhG-CSF, 31.08% (23/74) of
which were irrationally treated, including improper tim-
ing (5/23), insufficient duration (9/23) and inappropriate
indications (9/23). In addition, the CSCO guidelines sug-
gest that patients with prophylactic PEG-rhG-CSF should
strictly refer to the dosing indications for rhG-CSF rescue
therapy [5]. In China, there are few reports of real-world
studies to explore the timing of subsequent rhG-CSF res-
cue therapy for breast cancer patients with prophylactic
PEG-rhG-CSFE.

Based on the above research background, this study
was conducted to retrospectively analyze EBC patients
who were treated with EC regimen chemotherapy in the
real world, to compare the efficacy and safety of PEG-
rhG-CSF and rhG-CSF in preventing CIN, EN, and to
compare the efficacy between 3 and 6 mg subgroups of
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PEG-rhG-CSF, and to investigate the timing of rhG-CSF
rescue therapy. To provide more evidence-based medical
evidence for the clinical value of both long- and short-
acting doses of G-CSEF, to guide clinical application, and
also to provide new ideas for the dose selection of PEG-
rhG-CSF in practical application, enhance the objective
understanding of clinicians about the two drugs, and pro-
mote the rational application and standardized treatment
of the drugs.

Materials and methods

Patients

From June 2014 to June 2021, 127 female EBC patients
were selected from the Department of Breast Can-
cer Medicine, Peking University Cancer Hospital. (1)
Inclusion criteria: (D female patients with breast can-
cer diagnosed by pathological histology; @ TNM stage
I-III (AJCC 8th edition); Q) age 18-70 years (including
both ends); @ at least 2 cycles postoperative adjuvant
chemotherapy with EC regimen; B Eastern Cooperative
Oncology Group (ECOG) score<1; ® no serious car-
diac function and liver and kidney dysfunction, all indi-
cators are below 2.5 times the normal value; @ normal
bone marrow hematopoietic function, all indicators at
baseline before chemotherapy are normal; (8) no bleeding
tendency. (2) Exclusion criteria: (D advanced or inflam-
matory breast cancer; ® combination of other malignant
tumors under treatment; Q) combination of bone mar-
row hematopoietic dysfunction or other serious comor-
bidities; @ previous bone marrow transplantation or
hematopoietic stem cell transplantation; &) presence of
uncontrollable infection; ® recent use of drugs affecting
white blood cells; @) allergy to biological products such
as G-CSF; ® presence of other personal reasons for not
being able to cooperate.

Treatment

All patients were treated with postoperative adjuvant
chemotherapy using the EC regimen at the follow-
ing doses and methods: epirubicin 90 mg/m? d1-2 and
cyclophosphamide 600 mg/m? d1 for 21 d. Patients in
two PEG-rhG-CSF subgroups were prophylactically
applied PEG-rhG-CSF 6 mg or 3 mg subcutaneously once
24-48 h after the end of chemotherapy, and patients in
the rhG-CSF group were prophylactically applied rhG-
CSF 5ug/kg/d subcutaneously once 24—48 h after the end
of chemotherapy for 3-5 d. And the patients who need
rhG-CSF rescue therapy received daily subcutaneous
injections of rhG-CSF at a dose of 5 pug/kg/d until ANC
returned to normal or nearly normal (when ANC rose
above 2x10°/L).
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Observation items

The first and last routine blood monitoring was per-
formed within 3 days before and around day 21 after
chemotherapy, respectively, and at least one more rou-
tine blood test was required during the treatment cycle.
All routine blood results were collected and time-
stamped, with emphasis on WBC, ANC, Hemoglobin
(HGB) and Platelet (PLT) changes. In addition, the
highest body temperature per day during the treatment
cycle was recorded for each patient, and if the tempera-
ture was > 38 °C, the temperature was monitored con-
tinuously every 1 h.

Efficacy and safety measurements

(1) Primary study endpoints: Cycle 1 EN incidence (spe-
cifically, a severe decrease in ANC i.e. ANC<0.5x10°/L
or<1.0x10°/L but expected to decrease to less than
0.5% 10%/L after the following 48 h, in combination with
fever i.e. oral temperature >38.3 °C or>38.0 °C for more
than 1 consecutive hour). (2) Secondary research end-
points: (D the incidence of>3 grade CIN (defined as
ANC<1.0x10%/L); @ WBC and ANC level distribution
and ANC nadir in each group; @ comparison of WBC
and ANC change curves over time; @ incidence of CIN-
related complications: chemotherapy delay rate (defined
as chemotherapy delayed >3 days from the scheduled
chemotherapy due to CIN), dose reduction rate (defined
as chemotherapy dose reduction>15% in the next cycle
due to CIN), antibiotic use rate and rhG-CSF rescue
treatment rate; ® comparison of adverse effects between
different types and doses of G-CSF(Safety was assessed
by the incidence of adverse events using preferred terms
designated by the NCI Common Terminology Criteria
for Adverse Events (CTCAE version 5.0); ® timing of
rhG-CSF rescue treatment.

Statistical analysis

Data were summarized and analyzed by SPSS 26.0 soft-
ware, and graphs were produced by GraphPad Prism 9.0
and Excel software. All data were tested for normality,
and quantitative data conforming to normal distribu-
tion were compared between two groups using t-test and
among three groups using ANOVA, and the above results
were expressed as mean + standard deviation; qualitative
data were analyzed by chi-square test or Fisher’s exact
test, and data were expressed as frequencies (percent-
ages). The nonparametric rank sum test was used for data
that did not conform to a normal distribution. The signif-
icance level of all statistical tests was set at 0.05, and the
two-test confidence intervals (CIs) were set at 95%, with
P<0.05 representing statistical significance.
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Results

Patients

As shown in Fig. 1, a total of 127 patients with stage I-III
breast cancer were enrolled in this study. All patients
had completed at least 2 cycles of EC chemotherapy.
87 patients were divided into trial groups, including
45 patients in the 6 mg PEG-rhG-CSF subgroup and
42 patients in the 3 mg PEG-rhG-CSF subgroup, and
40 patients were divided into rhG-CSF group. The age
distribution differed between the two long-acting sub-
groups, with the mean age of patients in the 6 mg PEG-
rhG-CSF subgroup being older than that in the 3 mg
subgroup (p=0.025). If the age grouping was based on
a cut-off value of 50 years old, 31 patients in the 6 mg
PEG-rhG-CSF subgroup were 50 years and older com-
pared to 16 patients in the 3 mg subgroup, a significant
difference (p=0.007). There was no statistical difference
in the weight distribution of patients between the two
long-acting subgroups, with all patients in the 6 mg sub-
group weighing over 45 kg and one patient in the 3 mg
subgroup weighing <45 kg. Other clinical characteristics
and baseline WBC and ANC levels were not statistically
different among the three groups and were comparable,
as detailed in Table 1.

Efficacy

The classification of the degree of leukocyte and neutro-
phil decline in this study was based on CTCAE 5.0, as
listed in Table 2.

The primary efficacy endpoint- the incidence of FN in cycle
1

There was no statistical difference in the incidence of
EN in cycle 1 among the three groups (p=0.203), with
6.7% (3/45) of patients in the 6 mg PEG-rhG-CSF sub-
group and 10% (4/40) in the rhG-CSF group showing a
slightly higher incidence, while none of patients in 3 mg
subgroup experienced FN, but none of the comparisons
between the two long-acting subgroups were also statisti-
cally significant. See Fig. 2a for details.

The secondary efficacy endpoint

The lowest value in each patient’s routine blood data
was selected for inclusion in the analysis, and it was
found that the proportion and degree of myelosuppres-
sion occurred differently among groups. Patients in the
two subgroups of PEG-rhG-CSF had a milder degree of
CIN, mainly at degree 2 and below, with the incidence
of grade<2 CIN in the 6 mg PEG-rhG-CSF subgroup
accounting for 77.8% (35/45), 3 mg PEG-rhG-CSF sub-
group accounting for 73.8% (31/42), while the rhG-CSF
group occurred with a more severe degree of CIN, pre-
dominantly grade > 3. See Fig. 2b for details.
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Fig. 1 Trial flow chart

The incidence of grade> 3 CIN

As shown in Fig. 2c¢, the incidence of grade>3 CIN was
significantly lower in both PEG-rhG-CSF subgroups than
in the rhG-CSF group, with 22.2% (10/45) having the low-
est incidence in 6 mg PEG-rhG-CSF subgroup, followed
by 26.2% (11/42) in 3 mg subgroup and 85% (34/40) in
the rhG-CSF group, with a statistically significant com-
parison among the three groups (P<0.001).

There was no significant difference between the two
subgroups of PEG-rhG-CSF for this study endpoint, but
considering the different age distribution and avoiding
confounding the results by age, the results were stratified
using an age cut-off of 50 years as shown in Table 3. In
patients aged 50 years and younger, the 3 mg subgroup
also had a good clinical benefit, with no statistical differ-
ence. However, the incidence of grade>3 CIN in older
patients was lower in the 6 mg PEG-rhG-CSF subgroup
than (22.6 vs. 56.25%, p=0.021).

Distribution of WBC and ANC

A total of 274 routine blood tests were collected after
cycle 1. After excluding one extreme value, 93, 88, and
90 routine blood data were retained in the 6 mg, 3 mg
PEG-rhG-CSF subgroup, and rhG-CSF group respec-
tively. The overall distribution of WBC and ANC lev-
els in the long-acting group was significantly higher
than those in short-acting group, with statistical dif-
ferences (Fig. 3a). Advantages were obtained for each
dose long-acting subgroup compared with the rhG-
CSF group, but there was no significant difference
between the two long-acting subgroups, where the
median ANC in the 6 mg subgroup was 4.88 (95% CI:
4.88 ~ 6.54) x 10°/L and 3 mg subgroup was 4.89 (95%
CI: 4.26 ~5.93) x 10°/L, while the rhG-CSF group had a
median of 2.56 (95% CI: 2.67 ~4.12) x 10°/L, which was
significantly lower than the two long-acting subgroups
mentioned above (Fig. 3b).
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Table 1 Baseline characteristics of breast cancer patients (Total=127, n (%))

PEG-rhG-CSF PEG-rhG-CSF rhG-CSF F/x? P
6 mg (N=45) 3mg (N=42) (N=40)

Age (years) 2.89 0.059
Mean (+SD) 52.02 (+893) 47.24 (£11.02) 48.23 (£943)

Weight (kg) 298 0.054
Mean (+SD) 62.28 (+9.25) 58.81 (£8.30) 63.81 (+11.00)

Family history 0.66 0.719
Yes 8(17.8) 9(214) 10 (25.0)
No 37(82.2) 33(78.6) 30 (75.0)

Menstrual status 244 0.295
Menopause 23(51.1) 17 (40.5) 23(57.5)
Non Menopause 22 (48.9) 25 (59.5) 17 (42.5)

TNM stage 345 0489
I 11(244) 7(16.7) 6(15.0)
Il 21 (46.7) 26 (61.9) 26 (65.0)
I 13 (28.9) 9(214) 8(20.0)

LN metastasis 6.44 0.376
0 16 (35.6)° 13(31.0) 18 (45.0)
1~3 17 (37.8) 19 (45.2) 14 (35.0)
4~9 7(15.6) 7(16.7) 8(20.0)
>10 501.1) 3(7.1) 0(0.0)

Pathological type b 0.592
Invasive ductal carcinoma 43(95.6) 40(95.2) 36 (90.0)
Other? 2(4.4) 2(4.8) 4(10.0)

Histological grade b 0.326
| 2(4.4)°¢ 1(24) 5(12.5)
Il 20 (44.4) 24 (57.1) 19 (47.5)
Il 23(51.1) 17 (40.5) 16 (40.0)

ER status 0.311 0.856
negative 18 (40.0) 19 (44.4) 18 (45.0)
positive 27 (60.0) 23 (54.8) 22 (55.0)

PR status 3.349 0.187
negative 17 (37.8) 19 (45.2) 23(57.5)
positive 28 (62.2) 23(54.8) 17 (42.5)

HER-2 status 0.163 0.922
negative 30 (66.7) 27 (64.3) 25 (62.5)
positive 15 (33.3) 15 (35.7) 15 (37.5)

Ki67 expression (%) 0.794 0.672
<20 13 (28.9) 11(26.2) 14 (35.0)
>20 32(71.0) 31(73.8) 26 (65.0)

WBC (x 10%/L) 172 0.183
Mean (+SD) 582 (x£1.53) 6.39 (£1.41) 5.83 (+£1.90)

ANC (x 10%/L) 215 0.121
Mean (+SD) 358 (£1.31) 4.12 (+1.24) 3.59 (+1.50)

Abbreviations: SD standard deviation, TNM Tumor node metastasis, LN Lymph node, HER-2 Human epidermal growth factor receptor-2, WBC White blood cell, ANC
Absolute neutrophil count

2 Including medullary carcinoma, Neuroendocrine carcinoma, Apocrine carcinoma, and So on, PAdopt Fisher exact test, “The total may not be 100% due to rounding
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Table 2 Myelosuppression grade The nadir values of ANC
As shown in Table 4, the nadir values of ANC differed
among the three groups significantly, with the highest in

Grade WBC(x10°L) ANC(x10°/L) HGB(g/L) PLT(x10%L)

0 240 220 =110 =100 the 6 mg PEG-rhG-CSF subgroup and the lowest in the
I 3.0-39 15-19 100-109  75-99 rhG-CSF group (p<0.001). There was no significant dif-
I 20-29 10-14 80-99 50-74 ference between the two long-acting subgroups.

I 1.0-19 0.5-09 60-79 25-49

\% <10 <05 <60 <25 Comparison of WBC and ANC curves over time

Abbreviations: WBC White blood cell, ANC Absolute neutrophil count, HGB The routine blood data collected in Cyde 1 were labeled
Hemoglobin, PLT Platelet according to the time of collection, and the fitted curves

a C P2<0.001
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Fig. 2 aIncidence of FNin cycle 1, b Incidence of different grade CIN in the three groups, ¢ Incidence of grade >3 CIN
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Table 3 Incidence of grade>3 CIN under age stratification (n
(%))

Age (years) 6 mg PEG-rhG-CSF 3 mg PEG-rhG-CSF P
<50 0337
Yes 3(214) 2(83)
No 11(78.6) 22(91.7)
>50 0.021
Yes 7(22.6) 9 (56.25)
No 24.(77.4) 7 (43.75)

of WBC and ANC over time between the two major
groups of long- and short-acting G-CSF were plotted
separately. As shown in Fig. 4a and b, the WBC and ANC
in the long-acting group started to drop around day 6
after treatment, and dropped to the lowest point on day
9-10 and rebounded rapidly, with a short myelosuppres-
sion period; the short-acting group started to drop at the
same time and dropped to the lowest point, but the curve
of this group showed that the myelosuppression period
lasted from day 10 to around day 14, and rebounded to
the same level as the long-acting group around day 20.

The incidence of CIN-related complications
As shown in Fig. 5a, one patient (1.1%) in the PEG-rhG-
CSF group had a 3-day delay in chemotherapy due to
CIN, while 3 patients (7.5%) in the rhG-CSF group had a
3 ~6 days delay in chemotherapy. There was no statistical
difference at P=0.092. Dose reduction rates were similar
in both groups (6.9 vs. 7.5%), but the long-acting group
had a lower rate of antibiotic use (3.4 vs. 17.5%, P=0.011)
and rhG-CSF rescue therapy (24.1 vs. 85.0%, P<0.001).
As shown in Fig. 5b, the two long-acting subgroups
were essentially similar in terms of chemotherapy delay,
dose reduction, and antibiotic use. Although there was
no statistical difference between the two groups in any
of CIN-related complications including the rhG-CSF res-
cue treatment rate (P>0.05), the higher rhG-CSF rescue
treatment rate in the 3 mg subgroup, approximately twice
that of the 6 mg subgroup (33.3 vs. 15.6%), was still clini-
cally significant.

Hematologic adverse events

There were no statistical differences in hematological and
non-hematological adverse reactions among the groups,
as detailed in Table 5. The non-hematological adverse
reactions in all groups were mainly bone pain and gas-
trointestinal reactions. Except for two cases of grade 3
nausea and one case of grade 3 liver injury in the 3 mg
PEG-rhG-CSF subgroup and one case of grade 3 anemia
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Fig.3 aThe overall levels of WBC and ANC, b Comparison of median
ANC for the three groups

in the rhG-CSF group, all other adverse reactions were of
grade 1~ 2 and well tolerated by patients.

The timing of rhG-CSF rescue treatment

A total of 21 patients in the PEG-rhG-CSF group were
treated with rhG-CSF rescue therapy, including 1, 4, 3,
and 13 patients with grade 1~4 CIN each. It was found
that the patients with grade 1 CIN had developed febrile
infections, most patients with grade 2 CIN had not passed
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Table 4 The nadir value of ANC in cycle 1 among the three groups
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nadir value of ANC (x 10°/L) Mean (+ SD) P
6 mg PEG-rhG-CSF vs. rhG-CSF 390+2.15vs. 207 +2.66 0.001
3 mg PEG-rhG-CSF vs. rhG-CSF 3.06+2.24 vs. 2.07 £2.66 0.059
6 mg vs. 3 mg PEG-rhG-CSF 390+2.15vs.3.06+2.24 0.101
390+2.15vs.3.06+£2.24 vs. 2.07 £ 2.66 0.002

Three groups

—o— PEG-rhG-CSF
—+— rhG-CSF
A P<0.001

25—

20— °®

ANC (*10°/L)

30 Time (day)

—o— PEG-rhG-CSF
—— rhG-CSF
P<0.001

30 Time (day)

Fig. 4 a Comparison of WBC curves over time, b Comparison of ANC curves over time

the minimum point of myelosuppression at the time of
routine blood tests, and two patients with grade 3 CIN
had myelosuppression for more than 7 days. A total of 34
patients in the rhG-CSF group underwent rhG-CSF res-
cue therapy, including 22 patients with grade 4 CIN, 11
with grade 3 and 1 with grade 2 CIN. The patient with

grade 2 CIN was treated with rhG-CSF and antibiotics as
he developed a fever, cough, and other symptoms of lung
infection after chemotherapy. In summary, the majority of
patients treated for CIN were in grade 4 (63.6%) and grade
3 (25.5%), with some patients in grade 1~2 who were at
high risk of infection or had developed an infection.
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Fig. 5 a Comparison of CIN-related complications between PEG-rhG-CSF and rhG-CSF, b Comparison of CIN-related complications

between the two PEG-rhG-CSF subgroups.

Discussion

Chemotherapy plays an important role in the systemic
treatment of breast cancer, and the reduction of chemo-
therapy toxicity, especially hematological dose-limiting
toxicity, has been a major focus of research by oncolo-
gists. The efficacy and safety of the two types of G-CSF
have been the subject of much research, but there is
still no consensus, particularly in breast cancer patients
[13, 20]. In our study, although our sample size was not
large, all our patients were treated with the EC regimen
(Epirubicin: 90 mg/m? and Cyclophosphamide: 600 mg/
m?), and the treatment interval and medication giving

modalities were uniform. It is more reliable to observe
the incidence of FN and CIN in each group of patients
under the same treatment throughout the study. Such a
uniform treatment regimen is actually rare in the articles
observing the incidence of FN and CIN, so this is our
advantage.

The main purpose of G-CSF in clinical practice is to
reduce the incidence of infections with FN as the main
manifestation. A study by Xie J et al. found that the inci-
dence of FN was only observed in cycle 1 in both the
PEG-rhG-CSF and rhG-CSF groups, with no statisti-
cal difference in efficacy between the two groups [26].
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Table 5 Adverse events in three groups (n (%))
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AEs 6 mg PEG-rhG-CSF 3 mg PEG-rhG-CSF rhG-CSF P
Hematology AEs
Anemia 4(8.9) 4(9.5) 9(22.5) >0.05
Thrombocytopenia 3(7.1) 3(7.5) >0.05
Leukocytosis (37.8) 12 (28.6) 10 (25.0) >0.05
Neutrophilia 14(31.1) 12 (28.6) 10 (25.0) >0.05
Non-hematology AEs
Bone pain 2 (4.4) 2 (4.8) 1(2.5) >0.05
Nausea 501.1) 5(11.9) 7(17.5) >0.05
Anorexia 5(11) 2(4.8) 2(5.0) >0.05
Fatigue 122 1(4) 2(5.0) >0.05
Rash 12.2) 0(0.0) 0(0.0) >0.05
Liver injury 1(2) 1(4) 1(2.5) >0.05

However, some studies have reported that prophylactic
application of PEG-rhG-CSF reduced the incidence of
EN by 73% and rhG-CSF by 57%, with a significant dif-
ference in efficacy [21]. The differences in clinical char-
acteristics of patients, chemotherapy regimens and doses
administered, and the use of prophylactic antibiotics in
different studies may also account for the differences in
the conclusions of the studies.

The results of our study showed that the incidence of
EN in cycle 1 was lower in the PEG-rhG-CSF group, but
the difference was not statistically significant (»=0.203),
while a significant advantage was obtained in both dose
subgroups of PEG-rhG-CSF in reducing the incidence
of grade>3 CIN (22.2 vs. 26.2 vs. 85%, P<0.001). This
is consistent with the findings of Wang WB et al., which
included all breast cancer patients, where PEG-rhG-
CSF also gained a statistical advantage in the incidence
of grade>3 CIN (P=0.006) [27]. Therefore, considering
the results of this study and the Meta-analysis above, the
benefit of primary prophylaxis with PEG-rhG-CSF may
be more pronounced in breast cancer patients. In addi-
tion, the Chinese Expert Consensus on the Clinical Use
of PEG-rhG-CSF (2016 version) states that PEG-rhG-CSF
has a stronger and longer-lasting effect in elevating ANC
[12]. This was confirmed by the fact that the overall WBC
and ANC levels and the lowest ANC value were signifi-
cantly higher in the PEG-rhG-CSF group (P=0.002),
and the duration of myelosuppression was shorter in this
group.

Severe CIN and FN not only add to the clinical bur-
den of the patient but also the financial burden [28, 29].
Therefore, the incidence of CIN-related complications
is also an important indicator to assess the efficacy of
G-CSE. The study of He Jingjing demonstrated that the
application of PEG-rhG-CSF for primary prophylaxis

resulted in lower rates of chemotherapy delay (13.3
vs. 16.6%, P<0.05) and dose reduction (13.3 vs. 20.0%,
P>0.05) compared to rhG-CSF [24]. In our study, PEG-
rhG-CSF group also showed lower rates of CIN-related
complications than the rhG-CSF group, with statisti-
cally significant differences in both antibiotic use rate (4
vs. 17.5%, P=0.011) and rhG-CSF rescue treatment rate
(24.1 vs. 85.0%, P<0.001). The delayed chemotherapy
rate (1.1 vs. 7.5%, P>0.05) and dose reduction rate (6.9
vs. 7.5%, P>0.05) were also lower in the PEG-rhG-CSF
group, but the data for these two indicators were lower
in our study compared to previous reports. Considering
that, on the one hand, this was related to the lack of rigor
in the implementation of the retrospective study pro-
tocol, with three and two patients in the PEG-rhG-CSF
and rhG-CSF groups respectively delayed therapy due to
personal reasons. On the other hand, as this study was a
single-center study with a small sample size, the influence
of selection bias on the results could not be excluded.
PEG-rhG-CSF is mainly administered at a fixed dose
of 6 mg, but studies have demonstrated that this dose
causes leukocytosis in patients and may cause excessive
depletion of bone marrow when administering dose-
intensive chemotherapy [22]. In addition, as studies
have progressed, it has been demonstrated that patients
are at increased risk of secondary malignancies such
as acute myeloid leukemia and myelodysplastic syn-
dromes following G-CSF administration [30]. In light of
these potential toxicities and the era of precision medi-
cine, more and more scholars are reexamining the dose
of PEG-rhG-CSF and have conducted a series of stud-
ies. A Japanese phase II dose creep study in breast can-
cer patients showed that the efficacy of PEG-rhG-CSF
was positively correlated with dose, but reached its peak
efficacy at 3.6 mg [31]. A multicenter, single-arm, phase
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II clinical study by Qi Mei et al. enrolled 151 patients of
all cancer types with intermediate-risk chemotherapy
for FN and >1 combined risk factors for half-dose PEG-
rhG-CSF prophylaxis and found good results in reduc-
ing the incidence of FN (3.3%), delayed chemotherapy
(4.0%), antibiotic use (15.2%), chemotherapy interruption
(9.3%) and adverse events rate of 18.5%, which was well
tolerated by patients [32]. Studies exploring the prophy-
lactic effect of half-dose PEG-rhG-CSF have also demon-
strated clinical benefits in some chemotherapy regimens
[7, 33]. Our study compared the efficacy and tolerability
of PEG-rhG-CSF at doses of 6 mg and 3 mg in breast
cancer patients treated with EC adjuvant chemotherapy
and showed that the incidence of cycle 1 FN (6.7 vs. 0%),
grade >3 CIN (22.2 vs. 26.2%), ANC nadir (3.90+2.15 vs.
3.06+2.24)x 10°/L, CIN-related complications and the
incidence of adverse events were not statistically differ-
ent. However, it was worth noting that the incidence of
grade>3 CIN was significantly lower in the 6 mg sub-
group (22.6 vs. 56.25%, P=0.021) in the 50+age group,
considering that the 6 mg dose PEG-rhG-CSF may be of
more benefit in older patients with poor bone marrow
conditions. In addition, as seen in Fig. 3b, although the
distribution of ANC levels was not statistically different
between the two subgroups, patients in the 6 mg sub-
group had a more concentrated distribution, whereas the
3 mg subgroup had a greater degree of dispersion. So it
cannot be denied that although there was a clinical ben-
efit in the 3 mg subgroup, the 6 mg dose administered
had a smoother and less fluctuating effect, and therefore
the patient’s FN risk needs to be carefully assessed when
selecting the dose in practice. Whether there is a broader
benefit from half-dose PEG-rhG-CSF needs to be stud-
ied in different cancer types, different chemotherapy
regimens, and even different ethnic groups, taking into
account the patient’s chemotherapy regimen, age, bone
marrow function, and economic situation.

Some adverse drug reactions are inevitable with
G-CSF, but most are mild and tolerable. In a recent
Meta analysis of adverse events about G-CSF showed
that the occurrence of adverse events were common,
with musculoskeletal aches and pains and gastroin-
testinal reactions predominating [34]. From initial
registration studies during the development phase of
PEG-rhG-CSE, which demonstrated that both were well
tolerated, to later comparative studies in the real world,
which showed a general agreement in terms of the inci-
dence of adverse reactions [3, 17]. In our study, no rare
adverse reactions were observed in any of the patients,
with leukocytosis (25~ 37.8%) being the predominant
hematological adverse reaction and non-hematolog-
ical adverse reactions such as nausea and anorexia
(22.5~26.7%) and bone pain (2.5~4.4%), mostly of
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grade 1~ 2. There was no statistical difference among
the groups, which was consistent with previous reports.
The incidence of bone pain recorded in our study was
similar to the study conducted by Professor Li HP et al.
(3.7%) [10]. In addition, our study found that the 3 mg
subgroup did not significantly reduce the incidence of
leukocytosis compared to the 6 mg subgroup, which is
consistent with the findings of Cao Wei et al. [22].

Prophylactic application of G-CSF does not achieve
100% prophylaxis, which requires clinicians to be
aware of the timing of rhG-CSF rescue therapy. CSCO
guidelines recommend considering rhG-CSF rescue
therapy in patients with prophylactic PEG-rhG-CSF
if the ANC is<0.5x10°/L and lasts >3 days [5]. How-
ever, some studies have reported that only a few physi-
cians are clear about the timing of rhG-CSF therapeutic
application, and it has been suggested that this phe-
nomenon is partly due to the lack of awareness of the
dangers of severe CIN and FN among physicians [35].
Few studies have been reported on the timing of real-
world rhG-CSF rescue therapy in China. In view of the
above situation, this study analyzed the clinical data of
patients receiving rhG-CSF rescue therapy. The results
showed that the majority of patients receiving rhG-
CSF rescue therapy were with grade 4 CIN (63.6%) and
grade 3 CIN (25.5%) and 10.9% with grade 1~2 CIN.
The majority of patients with grade 1~2 CIN were
found to be at high risk of infection or already co-infec-
tion. In addition, some patients with grade 4 CIN and
3 days of duration were not given rhG-CSF rescue ther-
apy according to the guidelines in the study. Although
no serious cases such as infection were recorded, this
does not exclude the distortion of results due to sample
size limitation.

This was a single-center retrospective study and longi-
tudinal comparisons from cycles 1 ~4 are limited by the
fact that some patients changed prophylactic drugs in
cycle 2, making it impossible to maintain a uniform study
population. Previous studies have shown that the dif-
ference in efficacy between the two G-CSF differs from
cycles 1 ~4 and that the benefit of PEG-rhG-CSF may be
more pronounced in multiple cycles of chemotherapy,
although the exact mechanism is unclear [26]. Further
prospective studies could be conducted to compare the
efficacy and explore the mechanisms involved in multiple
cycles of chemotherapy.

To sum up, there are some limitations to this study.
Firstly, due to the limited sample size, some study results
may be slightly biased. The application of the results
needs to be combined with studies with larger sam-
ple sizes. Secondly, this study was a retrospective study,
which was unable to obtain the blood routine data of all
patients with close and consistent detection time like
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clinical trials, so there may be a low incidence of outcome
indicators due to missed detection.

In addition, we find that, in clinical practice, the course
of use of rhG-CSF is almost shorter than the course rec-
ommended by the guidelines, due to the economic condi-
tions of patients, the inconvenient return to hospital, the
shortage of medical resources, the COVID-19 epidemic
and other factors. Moreover, for patients receiving one-
or two-week intensive chemotherapy, the prophylactic
application of a long course of rhG-CSF may cause exces-
sive bone marrow consumption. Therefore, the phenom-
enon of insufficient treatment course of rhG-CSF is very
common, and most patients will stop the drug before the
prescribed course of treatment. In the same way, in this
study, the duration of prophylactic application of rhG-
CSF was 3-5 days, which was shorter than the recom-
mended course of use in the guidelines. While, in fact,
this study also proves that the purpose may be achieved
without a particularly long course of treatment, and the
application of G-CSF will cause bone pain, considering
the feeling of patients, as long as the efficacy can be guar-
anteed, it may not need to continue to inject for too long
time, which may become a choice in clinical work.

As this study was conducted on a single cancer type
and chemotherapy regimen, the applicability of the find-
ings to other cancer types and chemotherapy regimens
needs to be further clarified in a multi-cancer, large sam-
ple size study. The optimal dose of PEG-rhG-CSF can be
further explored in different cancer types and different
chemotherapy regimens to minimize the incidence of
CIN and EN and the potential harm of G-CSF.

Conclusion

Compared with rhG-CSF, the application of PEG-rhG-
CSF for primary prevention is more advantageous in
reducing myelosuppression of chemotherapy and CIN-
related complications in breast cancer patients, and both
are similarly tolerated, which has high clinical application
value. PEG-rhG-CSF at 3 mg half dose has also shown
good efficacy in preventing CIN, but its usage in clini-
cal practice requires a comprehensive assessment of FN
risk and economic situation in relation to the patient’s
chemotherapy regimen, age, and bone marrow function.
Consider rhG-CSF rescue or even antibiotic therapy if
grade >3 CIN develops after prophylactic G-CSF and in
other patients assessed to be at high risk of infection or
already co-infected.
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