
The Breast 72 (2023) 103585

Available online 2 October 2023
0960-9776/© 2023 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).

An observational, prospective, open label, multicenter study to evaluate the 
safety and effectiveness of pegfilgrastim as secondary prophylaxis to 
decrease the incidence of febrile neutropenia in Korean female patients 
with breast cancer 

Anbok Lee a, Taewoo Kang b, Su Hwan Kang c, Woo-Chan Park d, Woosung Lim e, 
Myung-Chul Chang f, Hyun Yul Kim g, Jeong-yoon Song h, Jihyoun Lee i, Kyung Do Byun j, 
Hyun-Ah Kim k, Gil Soo Son l, Ju-Yeon Kim m, Se Jeong Oh n, Min Sung Chung o, 
Young Jin Choi p, Hyuk-Jai Shin q, Jong Min Baek r, Youngbum Yoo s, Eunhae Um t, 
Jin Hyuk Choi u, Beom Seok Kwak v, Min Ho Park w, Suok Hyun Lee x, Cheol Seung Kim y, 
Ilkyun Lee z, Je-Ryong Kim aa, Han Shin Lee ab, Cheol Wan Lim ac,* 

a Department of Surgery, Chung-Ang University Gwangmyeong Hospital, Chung-Ang University College of Medicine, Gyeonggi-do, Republic of Korea 
b Busan Cancer Center and Biomedical Research Institute, Pusan National University Hospital, and Department of Surgery, Pusan National University, School of 
Medicine, Busan, Republic of Korea 
c Department of Surgery, Yeungnam University Hospital, Daegu, Republic of Korea 
d Department of Surgery, College of Medicine, The Catholic University of Korea, Seoul, Republic of Korea 
e Department of Surgery, Ewha Womans University School of Medicine, Seoul, Republic of Korea 
f Department of Surgery, Dankook University College of Medicine, Cheonan, Republic of Korea 
g Department of Surgery, Pusan National University Yangsan Hospital, Pusan National University School of Medicine, Yangsan, Republic of Korea 
h Department of Surgery, Kyung Hee University Hospital at Gangdong, Kyung Hee University College of Medicine, Seoul, Republic of Korea 
i Department of Surgery, Soonchunhyang University Hospital, Seoul, Republic of Korea 
j Department of Surgery, Busan Paik Hospital, Inje University College of Medicine, Busan, Republic of Korea 
k Department of Surgery, Korea Cancer Center Hospital, Korea Institute of Radiological & Medical Sciences, Seoul, Republic of Korea 
l Department of Surgery, Korea University College of Medicine, Seoul, Republic of Korea 
m Department of Surgery, Gyeongsang National University Hospital, Gyeongsang National University School of Medicine, Jinju, Republic of Korea 
n Department of Surgery, Incheon St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, Republic of Korea 
o Department of Surgery, College of Medicine, Hanyang University, Seoul, Republic of Korea 
p Department of Surgery, Chungbuk National University Hospital, Chungbuk National University College of Medicine, Cheongju, Republic of Korea 
q Department of Surgery, Myongji Hospital, Hanyang University, Goyang, Republic of Korea 
r Department of Surgery, Yeouido St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul, Republic of Korea 
s Department of Surgery, Konkuk University Medical Center, Seoul, Republic of Korea 
t Department of Surgery, Ilsan Paik Hospital, Inje University College of Medicine, Goyang, Republic of Korea 
u Department of Breast Surgery, Kosin University Gospel Hospital, Busan, Republic of Korea 
v Department of Surgery, Dongguk University Ilsan Hospital, Dongguk University College of Medicine, Goyang, Republic of Korea 
w Department of Surgery, Chonnam National University Medical School and Chonnam National University Hwasun Hospital, Hwasun 58128, Republic of Korea 
x Department of Surgery, Cheil Hospital, Seoul, Republic of Korea 
y Department of Surgery, Presbyterian Medical Center, Jeonju, Republic of Korea 
z Department of Surgery, Catholic Kwandong University International St. Mary’s Hospital, Incheon, Republic of Korea 
aa Department of Surgery, Chungnam National University College of Medicine, Daejeon, Republic of Korea 
ab Department of Surgery, Gyeongsang National University Changwon Hospital, Gyeongsang National University School of Medicine, Jinju, Republic of Korea 
ac Department of Surgery, Soonchunhyang University Bucheon Hospital, 170 Jomaru-ro, Wonmi-gu, Bucheon, 14584, Republic of Korea  

* Corresponding author. 
E-mail address: cwlim@schmc.ac.kr (C.W. Lim).  

Contents lists available at ScienceDirect 

The Breast 

journal homepage: www.journals.elsevier.com/the-breast 

https://doi.org/10.1016/j.breast.2023.103585 
Received 2 August 2023; Received in revised form 25 September 2023; Accepted 25 September 2023   

mailto:cwlim@schmc.ac.kr
www.sciencedirect.com/science/journal/09609776
https://www.journals.elsevier.com/the-breast
https://doi.org/10.1016/j.breast.2023.103585
https://doi.org/10.1016/j.breast.2023.103585
https://doi.org/10.1016/j.breast.2023.103585
http://crossmark.crossref.org/dialog/?doi=10.1016/j.breast.2023.103585&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


The Breast 72 (2023) 103585

2

A B S T R A C T   

Purpose: Pegfilgrastim is a widely used long-acting granulocyte colony-stimulating factor (G-CSF) that prevents febrile neutropenia (FN) in patients with breast cancer 
receiving chemotherapy. This study aimed to evaluate the incidence of chemotherapy-related FN events and other adverse events (AEs) during chemotherapy in 
Korean patients with breast cancer treated with pegfilgrastim as secondary prophylactic support. 
Materials and methods: This was a multicenter, open-label, prospective, observational study. A total of 1255 patients were enrolled from 43 institutions. The incidence 
of FN was evaluated as the primary endpoint. The secondary endpoints included (1) incidence of bone pain, (2) proportion of patients with a relative dose intensity 
(RDI) of ≥85%, and (3) proportion of patients with AE. 
Results: Pegfilgrastim administration reduced FN by 11.8–1.6%. The highest incidence of bone pain was observed at the time point of the 1st day after the 
administration and mild bone pain was the most common of all bone pain severity. The mean RDI was 98.5 ± 7.3%, and the proportion of the patients with and 
RDI≥85% was 96.9% (1169/1233). AEs were reported in 52.6% of the patients, and serious drug reactions occurred in only 0.7%. 
Conclusion: The use of pegfilgrastim as secondary prophylaxis was effective and safe for preventing FN in patients with breast cancer who were treated with 
chemotherapy.   

1. Introduction 

Febrile neutropenia (FN) is a serious adverse event (SAE) encoun
tered in patients undergoing chemotherapy for cancer treatment [1]. 
Chemotherapy-induced FN is associated with life-threatening infections, 
prolonged hospitalization, and increased healthcare costs. Furthermore, 
dose modification or delays in chemotherapy due to 
chemotherapy-induced treatment results in worsening clinical survival 
outcomes [1]. It is important to assess the risk of FN and prevent it by 
administering recombinant granulocyte colony-stimulating factor 
(G-CSF) during chemotherapy [2]. 

Current clinical guidelines recommended the primary prophylactic 
us of G-CSF when the risk of FN is more than 20% during chemotherapy 
[3]. Primary prophylaxis involves the use of G-CSF in the first and 
subsequent sessions of chemotherapy, whereas secondary prophylaxis is 
defined as the administration of G-CSF to patients who experienced 
neutropenic complications in the prior session of chemotherapy [4]. A 
previous episode of FN could increase the possibility of FN recurrence; 
accordingly, it is important to assess the risk of FN and related compli
cations at each cycle and start secondary prophylaxis with G-CSF [3]. 

G-CSF is divided into short-(Filgrastim and Lenograstim) and long- 
acting (pegfilgrastim) types. Both are beneficial for the prevention of 
FN in patients with cancer. However, short-acting G-CSF needs rela
tively more frequent administration and absolute neutrophil count 
(ANC) evaluation and could be accompanied by more discomfort and 
higher medical costs compared to pegfilgrastim [1,5]. Therefore, peg
filgrastim treatment may improve patient compliance. In addition, 
because there is no need for hospitalization or frequent injections, it is 
expected to improve the quality of life of the patients and save medical 
costs [1,6,7]. In spite of its usefulness, pegfilgrastim is associated with 
several side effects. According to previous study, these include bone 
pain, splenomegaly, thrombocytopenia, osteopenia and osteoporosis, 
bone pain, vasculitis, skin rash, eosinophilia, monocytosis, and the 
development of hematologic malignancy [8]. 

There has been a lack of reports on the actual usage status, safety, 
and effectiveness of long-acting pegfilgrastim (G-CSF) as a secondary 
prophylaxis in patients with breast cancer. We evaluated the incidence 
of chemotherapy related FN events and other AEs including bone pain 
during chemotherapy in Korean patients with breast cancer, who were 
treated with long-acting G-CSF (pegfilgrastim, Neulasta®) as a second
ary prophylactic support in this study. 

2. Materials and methods 

2.1. Study design 

The purpose of this study was to investigate the use of pegfilgrastim 
as secondary prophylaxis to reduce the occurrence of FN in Korean fe
male patients with breast cancer who have received chemotherapy 
covered by the Korean National Health Insurance. This multicenter, 

open-label, prospective observational study aimed to evaluate the safety 
and effectiveness of pegfilgrastim administration in clinical practice. 

The applied chemotherapy regimens were classified into five groups 
as follows: four cycles of neoadjuvant/adjuvant Doxorubicin (A) 60 mg/ 
m2 + Cyclophosphamide (C) 600 mg/m2 (AC regimen group), four cy
cles of neoadjuvant/adjuvant Doxorubicin (A) 60 mg/m2 + Cyclo
phosphamide (C) 600 mg/m2 which is followed by four cycles of 
Docetaxel (T) 75 mg/m2 (AC-T regimen group), four cycles of neo
adjuvant/adjuvant Doxorubicin (A) 60 mg/m2 + Cyclophosphamide (C) 
600 mg/m2 which is followed by four cycles of Docetaxel (T) 75 mg/m2 

+ Trastuzumab (H) 8 mg/kg (loading dose), 6 mg/kg (maintenance 
dose) (AC-TH regimen group), four cycles of adjuvant Docetaxel (T) 75 
mg/m2 + Cyclophosphamide (C) 600 mg/m2 (TC regimen group), four 
cycles of adjuvant Doxorubicin (A) 60 mg/m2 + Cyclophosphamide (C) 
600 mg/m2 which is followed by four cycles of Docetaxel (T) 75 mg/m2 

+ Trastuzumab (H) 8 mg/kg (loading does), 6 mg/kg (maintenance 
dose) + Pertuzumab (P) 840 mg (loading does), and 420 mg (mainte
nance dose) (AC-THP regimen group). 

Secondary prophylaxis was administered to all five chemotherapy 
groups. Secondary prophylaxis involves starting and continuing pegfil
grastim administration 24 h after the end of chemotherapy in all sub
sequent cycles if there is any neutropenia in the previous cycle in which 
pegfilgrastim was not administered for prophylactic treatment [9]. 

This study was conducted from January 2018 to July 2021, and 1255 
patients were sequentially enrolled from 43 institutions. Written 
informed consents were obtained from the patients according to the 
ethical standards of the institutional review board (IRB) at each insti
tution and the 1964 Helsinki Declaration and its later amendments or 
comparable ethical standards. The study protocol was approved by the 
IRB of each institution. This trial was registered at ClinicalTrials.gov, 
number NCT03433560. 

2.2. Study population and procedures 

2.2.1. Eligibility criteria 
The inclusion criteria were as follows: women aged 19–64 years, 

patients with breast cancer who had received chemotherapy under the 
coverage of the medical care benefit of the Korean National Health In
surance; patients with a history of FN or dose-limiting neutropenia 
(ANC<500) in the previous cycle without prophylactic G-CSF adminis
tration. Patients with chronic myelogenous leukemia; myelodysplastic 
syndrome; or hypersensitivity to E. coli-deprived protein, pegfilgrastim, 
filgrastim were excluded from the study. 

2.2.2. Procedures 
Since the chemotherapy cycle and treatment duration varied 

depending on the regimen the patients received, the safety and effec
tiveness of pegfilgrastim were evaluated by visiting the institution based 
on the schedule of chemotherapy that patients received. In this obser
vational study, no additional visits were made other than the usual visits 
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for treatment purposes. The severity of bone pain was evaluated using a 
visual analog scale (VAS) questionnaire and was defined as mild, mod
erate, or severe [10]. 

2.3. Study endpoints 

The primary endpoint was incidence of FN in each patient. FN was 

defined as fever and neutropenia as follows: Fever: If the temperature 
rises above 38.0 ◦C when measured with a tympanic thermometer or 
above 37.5 ◦C when measured with an axillary thermometer, or above 
38.3 ◦C when measured with an oral thermometer, or above 38.0 ◦C for 
1–2 h or more if it persists. Neutropenia: in case that absolute neutrophil 
count <500/μL or <1000/μL and expected to decrease to <500/μL 
within 2–3 days [11–13]. 

Fig. 1. Flow Diagram of the selection of eligible population.  

Table 1 
Baseline characteristics of the study population.  

Enrollment 
1255 (100%) 

Overall Patients analyzed through chemotherapy regimen 

Demography AC AC-T AC-TH TC AC-THP 

N (%) 1233 (98.25) 605 (49.07) 511 (41.44) 84 (6.81) 27 (2.19) 6 (0.49) 
Age, year 50.36 ± 8.02 50.96 ± 7.87 49.61 ± 8.20 50.23 ± 7.88 51.44 ± 7.98 52.00 ± 4.60 
Gender, n (%) Male 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 

Female 1233 (100.00) 605 (100.00) 511 (100.00) 84 (100.00) 27 (100.00) 6 (100.00) 
Height, cm 158.31 ± 5.59 157.74 ± 5.79 159.10 ± 5.35 157.97 ± 5.39 156.96 ± 4.62 159.50 ± 3.59 
Body weight, kg 59.93 ± 10.01 59.16 ± 9.46 60.95 ± 10.69 58.41 ± 9.34 61.79 ± 9.65 64.10 ± 5.99 
BSA, m2 1.62 ± 0.15 1.61 ± 0.14 1.64 ± 0.15 1.60 ± 0.14 1.64 ± 0.14 1.70 ± 0.06 
pregnancy No 1233 (100.00) 605 (100.00) 511 (100.00) 84 (100.00) 27 (100.00) 6 (100.00) 

Yes 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 
Comorbidity Hypertension 153 (12.41) 75 (12.40) 60 (11.74) 11 (13.10) 5 (18.52) 2 (33.33) 

Diabetes 49 (3.97) 23 (3.80) 21 (4.11) 4 (4.76) 1 (3.70) 0 (0.00) 
Cardiac disorder 9 (0.73) 5 (0.83) 2 (0.39) 2 (2.38) 0 (0.00) 0 (0.00) 
Hepato-biliary 
disorder 

11 (0.89) 6 (0.99) 4 (0.78) 0 (0.00) 1 (3.70) 0 (0.00) 

Renal disorder 6 (0.49) 3 (0.50) 1 (0.20) 2 (2.38) 0 (0.00) 0 (0.00) 
Chemotherapy cycle before 

pegfilgrastim 
Cycle        

(N) Mean ± SD (1233) 2.65 ±
1.42 

(605) 2.08 ±
0.33 

(511) 3.20 ±
1.80 

(84) 3.58 ±
1.94 

(27) 2.00 ±
0.00 

(6) 3.17 ± 2.04  

Median [Min - Max] 2.00 [1.00–8.00] 2.00 
[2.00–4.00] 

2.00 
[1.00–8.00] 

2.00 
[2.00–8.00] 

2.00 
[2.00–2.00] 

2.00 
[2.00–7.00] 

AC, Doxorubicin + Cyclophosphamide; AC-T, Doxorubicin + Cyclophosphamide → Docetaxel; AC-TH, Doxorubicin + Cyclophosphamide → Docetaxel + Trastu
zumab; TC, Docetaxel + Cyclophosphamide; AC-THP, Doxorubicin + Cyclophosphamide → Docetaxel + Trastuzumab + Pertuzumab; BSA, body surface area. 
1Data were presented as mean ± SD or number (percentage). 
2Age (years) = year of consent (YYYY) – year of birth (YYYY). 
3Details of chemotherapy regimens: AC, T, TH, and TC were administered as secondary prophylaxis. 
4Chemotherapy cycle before pegfligrastim 1st. 
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The secondary endpoints were (1) the incidence of bone pain, (2) the 
proportion of the patients with relative dose intensity (RDI)≥85%, and 
(3) the proportion of the patients with AE. Bone pain was the most 
frequently reported AEs associated with the study drug. In this study, the 
incidence rate and pattern of bone pain after pegfilgrastim administra
tion were investigated. RDI was defined as the amount of chemotherapy 
administered over a specific time compared to what was planned and 
was calculated using the following equation [14]: For the RDI calcula
tion, the information on the planned dose and the planned injection 
duration and the administered dose and injection duration for each 
pegfilgrastim cycle were collected. 

RDI =
(

Actual total dose
Actual total injection days

/
Planned total dose

Planned total injection days

)

× 100%.

The occurrence of AE in clinical practice was recorded for this study. 
All AEs, regardless of whether they were related to the administration of 
pegfilgrastim, were recorded within 2 weeks after pegfilgrastim 
administration. 

2.4. Statistical analysis 

All data analyses were performed using the SAS software version 9.4. 
Categorical variables are reported as the number of patients (n), pro
portions (%), and 95% confidence interval (CI), and continuous vari
ables are presented as the mean and the standard deviation (SD). 

The effectiveness and safety analyses included all patients whose 
data were collected according to the study protocol, without any sig
nificant violations of the study protocol. Demographic data and baseline 

characteristics were investigated in the chemotherapy group. Contin
uous variables were presented as descriptive statistics (mean, standard 
deviation [SD], median, minimum, and maximum), and categorical 
variables were presented as frequencies and percentages. Differences in 
the categorical variables among the chemotherapy groups were 
compared using the Pearson’s chi-square test (Fisher’s exact test when 
cells with an expected frequency below 5 were greater than 20%). Pa
tients who did not revisit within the timeline or were not investigated 
were regarded as missing data. Missed data were not imputed, and a 
two-sided p-value≤0.05 was considered significant. 

3. Results 

3.1. Baseline characteristics of the study population 

Of the 1295 patients with breast cancer who were screened, 1255 
were enrolled in this study from January 2018 to July 2021. After 
excluding 22 patients, the effectiveness and safety of pegfilgrastim were 
analyzed in 1233 patients (Fig. 1). The mean age of all patients was 50.4 
± 8.0 years (range 23–64). 

Among the 397 patients (32.2%) with comorbidities, hypertension 
was the most common. ‘AC regimen’ was the most commonly used 
regimen (605 patients) and ‘AC-T regimen’ was the next commonly used 
regimen (511 patients). The baseline characteristics of the patients and 
the median chemotherapy cycle before pegfilgrastim are presented in 
Table 1. 

Table 2 
Febrile neutropenia incidence according to chemotherapy regimen.  

FN incidence (%) AC TC AC-T AC-TH AC-THP Overall 

N = 605 N = 27 N = 511 N = 84 N = 6 N = 1,233a 

Before pegfilgrastim 64 (10.58) 5 (18.52) 64 (12.52) 12 (14.29) 0 (0.00) 145 (11.76) 
post 1st pegfilgrastim N = 602 N = 27 N = 510 N = 83 N = 6 N = 1,228b 

N (%) 5 (0.83) 0 (0.00) 4 (0.78) 0 (0.00) 0 (0.00) 9 (0.73) 
95% CI [0.27, 1.93] [0.00, 12.77] [0.21, 2.00] [0.00, 4.35] [0.00, 45.93] [0.34, 1.39] 
post 2nd pegfilgrastim N = 584 N = 27 N = 494 N = 82 N = 5 N = 1192 
N (%) 5 (0.86) 0 (0.00) 1 (0.20) 0 (0.00) 0 (0.00) 6 (0.50) 
95% CI [0.28, 1.99] [0.00, 12.77] [0.01, 1.12] [0.00, 4.40] [0.00, 52.18] [0.18, 1.09] 
post 3rd pegfilgrastim N = 531 N = 27 N = 461 N = 79 N = 5 N = 1103 
N (%) 6 (1.13) 0 (0.00) 2 (0.43) 0 (0.00) 0 (0.00) 8 (0.73) 
95% CI [0.42, 2.44] [0.00, 12.77] [0.05, 1.56] [0.00, 4.56] [0.00, 52.18] [0.31, 1.42] 
post 4th pegfilgrastim   N = 374 N = 54 N = 5 N = 433 
N (%) – – 1 (0.27) 0 (0.00) 0 (0.00) 1 (0.23) 
95% CI – – [0.01, 1.48] [0.00, 6.60] [0.00, 52.18] [0.01, 1.28] 
post 5th pegfilgrastim   N = 364 N = 52 N = 4 N = 420 
N (%) – – 1 (0.27) 0 (0.00) 0 (0.00) 1 (0.24) 
95% CI – – [0.01, 1.52] [0.00, 6.85] [0.00, 60.24] [0.01, 1.32] 
post 6th pegfilgrastim   N = 345 N = 49 N = 4 N = 398 
N (%) – – 1 (0.29) 0 (0.00) 0 (0.00) 1 (0.25) 
95% CI – – [0.01, 1.60] [0.00, 7.25] [0.00, 60.24] [0.01, 1.39] 
post 7th pegfilgrastim   N = 285 N = 39 N = 4 N = 328 
N (%) – – 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 
95% CI – – [0.00, 1.29] [0.00, 9.03] [0.00, 60.24] [0.00, 1.12] 
post 8th pegfilgrastim       
N (%) – – – – – – 
95% CI – – – – – – 
Overall N = 602 N = 27 N = 510 N = 83 N = 6 N = 1228 
N (%) 11 (1.83) 0 (0.00) 9 (1.76) 0 (0.00) 0 (0.00) 20 (1.63) 
95% CI [0.92, 3.25] [0.00, 12.77] [0.81, 3.32] [0.00, 4.35] [0.00, 45.93] [1.00, 2.50] 

AC, Doxorubicin + Cyclophosphamide; AC-T, Doxorubicin + Cyclophosphamide → Docetaxel; AC-TH, Doxorubicin + Cyclophosphamide → Docetaxel + Trastu
zumab; TC, Docetaxel + Cyclophosphamide; AC-THP, Doxorubicin + Cyclophosphamide → Docetaxel + Trastuzumab + Pertuzumab. 
1Data were presented as number (percentage). The percentage is calculated based on the data collected at each time point. 
2CI: confidence interval. 
3Analyzed for each time point after administration of Neulasta. 
4Details of chemotherapy regimens: AC, T, TH, and TC were administered as secondary prophylaxis. 

a total of 1233 patients were included in effectiveness and safety evaluation. 
b A total of 1228 patients were included in the analysis of FN incidence. 
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3.2. Incidence of febrile neutropenia (FN) 

The incidence of FN before G-CSF administration was 11.8% (145/ 
1233). The overall incidence of FN during all cycles of the five regimens 
was 1.6% (20/1228). After pegfilgrastim administration, the incidence 
of FN decreased to less than 1.0% for most regimens. The efficacy of 

pegfilgrastim as FN prophylaxis treatment is shown in Table 2. 

3.3. Incidence of bone pain 

Table 3 presents the occurrence of bone pain according to chemo
therapy regimens. Among all cycles, the highest incidence of bone pain 
was observed at the time point of the 1st day after the pegfilgrastim 
administration. Pain intensity was classified as mild (1–3), moderate 
(4–6), or severe (7–10). Mild bone pain was the most common pain in all 
cycles. The proportion of patients who used painkillers (65%–86.4%) 
was higher than that of patients who did not use painkillers 
(15.9–35.1%) in all cycles, and most of them (84.2–94.6%) answered 
’effective’ when they used painkillers (Table 4). The mean duration of 
bone pain was 4.4 days. The duration of bone pain was longest at 5.0 ±
3.4 days after the 7th pegfilgrastim administration and shortest at 4.0 ±
3.2 days after the 1st pegfilgrastim administration. 

3.4. RDI 

The mean RDI was 98.5 ± 7.3%, and the proportion of patients with 
RDI≥85% was 96.9% (1169/1207). The mean RDI by chemotherapy 
regimen was the highest in ‘AC-T regimen’ (98.8 ± 8.9%), and the 
proportion of patients with an RDI≥85% was also the highest in ‘AC-T 
regimen’ (97.8%, 492/503) (Table 5). 

3.5. Adverse events (AE) 

A total of 2035 cases of AEs occurred in 649/1233 (52.6%) patients, 
whereas 1317 cases of adverse drug reactions (ADRs) occurred in 494/ 
1233 (40.1%) patients. Seventy one SAEs were reported in 46 of the 
1233 (3.7%) patients. The incidence of serious ADRs (SADRs) was as low 
as 12 cases in 9/1233 (0.7%) patients and included three cases of py
rexia, two cases of FN, and one case of neutropenia based on the 
Preferred Term of Medical Dictionary for Regulatory Activities (Med
DRA) Version 24.1 (Table 6). 

4. Discussion 

This is the first real-world study about pegfilgrastim for secondary 
prophylaxis in patients with breast cancer. In this study, the incidence 
rate of total FN before pegfilgrastim administration was 11.8% (145/ 
1233), and the incidence rate of total FN after pegfilgrastim 

Table 3 
Occurrence of bone pain according to chemotherapy regimen.  

Chemo type AC AC-T AC-TH TC AC-THP Overall 

N = 605 N = 511 N = 84 N = 27 N = 6 N = 1233 G-CSF order 

post 1st pegfilgrastim 510 479 79 27 5 1100 
Bone pain 125 (24.51) 154 (32.15) 33 (41.77) 16 (59.26) 1 (20.00) 329 (29.91) 
post 2nd pegfilgrastim 493 462 74 27 4 1060 
Bone pain 111 (22.52) 145 (31.39) 24 (32.43) 17 (62.96) 1 (25.00) 298 (28.11) 
post 3rd pegfilgrastim 446 425 72 27 4 974 
Bone pain 83 (18.61) 144 (33.88) 25 (34.72) 12 (44.44) 2 (50.00) 266 (27.31) 
post 4th pegfilgrastim 0 344 50 0 3 397 
Bone pain – 135 (39.24) 17 (34.00) – 2 (66.67) 154 (38.79) 
post 5th pegfilgrastim 0 332 45 0 3 380 
Bone pain – 110 (33.13) 12 (26.67) – 2 (66.67) 124 (32.63) 
post 6th pegfilgrastim 0 314 41 0 4 359 
Bone pain – 102 (32.48) 12 (29.27) – 1 (25.00) 115 (32.03) 
post 7th pegfilgrastim 0 264 35 0 4 303 
Bone pain – 77 (29.17) 10 (28.57) – 1 (25.00) 88 (29.04) 

AC, Doxorubicin + Cyclophosphamide; AC-T, Doxorubicin + Cyclophosphamide → Docetaxel; AC-TH, Doxorubicin + Cyclophosphamide → Docetaxel + Trastu
zumab; TC, Docetaxel + Cyclophosphamide; AC-THP, Doxorubicin + Cyclophosphamide → Docetaxel + Trastuzumab + Pertuzumab. 
1Data were presented as number (percentage).The percentage is calculated based on the data collected at each time point. 
2Analysis was conducted on participants whose bone pain was recorded as” yes’ at each time point. (However, the overall result was analyzed in patients whose bone 
pain was felt at least once and pain medication was used.) 
3Details of chemotherapy regimens: AC, T, TH, and TC were administered as secondary prophylaxis. 

Table 4 
Comparison of use of pain killers according to pain intensity.  

Use of pain 
killer, N (%) 

Mild 
(1–3) 

Moderate 
(4–6) 

Severe 
(7–10) 

Overall p-value 

post 1st 
pegfilgrastim 

N = 141 N = 117 N = 71 N = 329 <0.0001a 

Bone pain 74 
(52.48) 

83 (70.94) 57 
(80.28) 

214 
(65.05)  

post 2nd 
pegfilgrastim 

N = 134 N = 103 N = 60 N = 297 <0.0001a 

Bone pain 69 
(51.49) 

80 (77.67) 48 
(80.00) 

197 
(66.33)  

post 3rd 
pegfilgrastim 

N = 128 N = 97 N = 41 N = 266 <0.0001a 

Bone pain 68 
(53.13) 

72 (74.23) 40 
(97.56) 

180 
(67.67)  

post 4th 
pegfilgrastim 

N = 58 N = 54 N = 42 N = 154 0.0004a 

Bone pain 42 
(72.41) 

50 (92.59) 41 
(97.62) 

133 
(86.36)  

post 5th 
pegfilgrastim 

N = 59 N = 41 N = 24 N = 124 0.0021a 

Bone pain 42 
(71.19) 

40 (97.56) 21 
(87.50) 

103 
(83.06)  

post 6th 
pegfilgrastim 

N = 58 N = 32 N = 25 N = 115 0.0141a 

Bone pain 39 
(67.24) 

28 (87.50) 23 
(92.00) 

90 
(78.26)  

post 7th 
pegfilgrastim 

N = 48 N = 27 N = 13 N = 88 0.1685b 

Bone pain 37 
(77.08) 

25 (92.59) 12 
(92.31) 

74 
(84.09)  

post 8th 
Pegfilgrastim 

N = 0 N = 0 N = 0 N = 0 – 

Bone pain – – – –  

1Data were presented as number (percentage). 
2Pain killer was administered at least once among patients who have ever 
experienced bone pain during the period of Neulasta administration. 

a Chi-square test. 
b Fisher’s exact test. 
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administration was reduced to 1.6% (20/1228). This was an observa
tional study and the results should be considered in the context of 
several similar studies on the effects of long-acting G-CSFs. Our result is 
similar to those of previous studies [15–17]. A Japanese study suggested 
that the incidence rate of FN was 1.2% in the test group (pegfilgrastim, n 
= 173) and 68.8% in the control group (placebo, n = 173) [15]. Recent 
studies in the US and Argentina have also reported that the incidence 
rate of FN decreased to 1.0% and 1.7%, respectively, after pegfilgrastim 
(G-CSF) administration [16,17]. Some studies have compared the pro
phylactic effects of pegfilgrastim and filgrastim on FN. Most of these 
studies reported that the risk of FN was lower in the pegfilgrastim group, 
except for one study that reported no difference in the incidence rate of 
FN between the two groups. In these studies, the incidence rate of FN in 
the pegfilgrastim group ranged from 1% to 11.9% [18–22]. 

According to Massimo et al. (2020), RCTs provide the highest level of 
evidence for defining the efficacy of treatments before their adoption in 
clinical practice. However, in oncology, as in other fields of medicine, 
the analysis of real-world evidence (RWE) has been rapidly highlighted 
in recent years to answer clinical and policy-relevant questions that 
cannot be answered directly or completely using RCT data. It is clear 
that data obtained from the health records, cancer registries, and other 
RWE sources can provide valuable insights into treatments and their 
outcomes in routine daily oncology practice. Although the description of 
AE in real-world practice could be less accurate than that in RCTs due to 

the lack of close monitoring and randomization, the RWE can be useful 
to describe treatment tolerability and collect AE in a larger population 
with more heterogeneity compared with the clinical trials [23]. 
Furthermore, our study is a large-scale prospective observational study 
which examined the safety and effectiveness of pegfilgrastim as a sec
ondary prophylaxis for FN in patients with breast cancer in actual 
clinical practice. 

Bone pain is the most common AE caused by G-CSF and it can be 
induced by various mechanisms, including inflammatory processes, 
expansion of the bone marrow, stimulation of osteoclasts and osteo
blasts, and afferent nerve stimulation [24]. According to a systematic 
review, long-acting G-CSF significantly decreased the rate of bone pain 
(RR 0.75; 95% CI 0.58–0.98) compared to short-acting G-CSF [25]. The 
bone pain events associated with pegfilgrastim were reported 20–45% in 
RCTs, while 59–71% in post-marketing surveys [24]. In this observa
tional study, the bone pain incidence rate related to pegfilgrastim was 
similar to the RCT results of 27.3–38.8%. Meanwhile, when reviewing 
the safety data of pegfilgrastim, the overall incidence rate of ADRs was 
41.3%, of which bone pain was 6.9% from the European Eudra Vigilance 
database [26]. There were differences in race, the range of age, and the 
amount of the data between two databases. In our study, the incidence 
rate of all the AEs and ADRs was 52.6% and 40.1%, respectively, and 
that of SADRs was 0.7%. There were no events of bone pain which are 
evaluated as the SAE or SADR in our study. As the SADR, there were 

Table 5 
Proportion of patients with RDI≥85%(N = 1233).  

RDI (%) AC (N = 605) AC-T (N = 511) AC-TH (N = 84) TC (N = 27) AC-THP (N = 6) Overall (N = 1233) 

post 1st pegfilgrastim (N = 589)      
(N) Mean ± SD (589) 99.18 ± 9.35 (503) 97.85 ± 8.47 (82) 97.12 ± 9.97 (27) 95.65 ± 12.11 (6) 99.83 ± 22.70 (1207) 98.41 ± 9.23 
≥85%, N (%) 543 (92.19) 456 (90.66) 73 (89.02) 25 (92.59) 5 (83.33) 1102 (91.30) 
95% CI [89.72, 94.23] [87.77, 93.05] [80.18, 94.86] [75.71, 99.09] [35.88, 99.58] [89.57, 92.83] 
post 2nd pegfilgrastim       
(N) Mean ± SD (549) 98.84 ± 4.74 (482) 96.76 ± 9.76 (80) 97.56 ± 9.13 (27) 98.49 ± 4.57 (5) 98.05 ± 15.47 (1143) 97.86 ± 7.68 
≥85%, N (%) 521 (94.90) 435 (90.25) 71 (88.75) 26 (96.30) 4 (80.00) 1057 (92.48) 
95% CI [92.71, 96.58] [87.24, 92.75] [79.72, 94.72] [81.03, 99.91] [28.36, 99.49] [90.79, 93.94] 
post 3rd pegfilgrastim       
(N) Mean ± SD – (380) 98.79 ± 6.16 (56) 99.30 ± 3.60 – (5) 107.25 ± 13.59 (441) 98.95 ± 6.06 
≥85%, N (%) – 363 (95.53) 55 (98.21) – 5 (100.00) 423 (95.92) 
95% CI – [92.93, 97.37] [90.45, 99.95] – [47.82, 100.00] [93.63, 97.56] 
post 4th pegfilgrastim       
(N) Mean ± SD – (365) 98.63 ± 5.97 (52) 95.79 ± 8.58 – (4) 82.79 ± 7.39 (421) 98.13 ± 6.59 
≥85%, N (%) – 343 (93.97) 43 (82.69) – 1 (25.00) 387 (92.12) 
95% CI – [91.02, 96.18] [69.67, 91.77] – [0.63, 80.59] [89.90, 94.34] 
post 5th pegfilgrastim       
(N) Mean ± SD – (348) 98.35 ± 6.81 (50) 96.28 ± 7.49 – (4) 65.43 ± 29.79 (402) 97.76 ± 8.04 
≥85%, N (%) – 326 (93.68) 43 (86.00) – 0 (0.00) 369 (91.79) 
95% CI – [90.58, 96.00] [73.26, 94.18] – [0.00, 60.24] [88.66, 94.28] 
post 6th pegfilgrastim       
(N) Mean ± SD – (304) 99.31 ± 4.22 (44) 98.06 ± 7.40 – (4) 63.85 ± 28.95 (352) 98.75 ± 6.59 
≥85%, N (%) – 297 (97.70) 39 (88.64) – 0 (0.00) 336 (95.45) 
95% CI – [95.31, 99.07] [75.44, 96.21] – [0.00, 60.24] [92.72, 97.38] 
post 7th pegfilgrastim       
(N) Mean ± SD – – – – – – 
≥85%, N (%) – – – – – – 
95% CI – – – – – – 
post 8th pegfilgrastim       
(N) Mean ± SD – – – – – – 
≥85%, N (%) – – – – – – 
95% CI – – – – – – 
Overall       
(N) Mean ± SD (589) 98.58 ± 5.72 (503) 98.78 ± 8.94 (82) 97.46 ± 5.04 (27) 97.20 ± 6.53 (6) 94.97 ± 10.30 (1207) 98.54 ± 7.25 
≥85%, N (%) 566 (96.10) 492 (97.81) 80 (97.56) 26 (96.30) 5 (83.33) 1169 (96.85) [1169] 
95% CI [94.20, 97.51] [96.12, 98.90] [91.47, 99.70] [81.03, 99.91] [35.88, 99.58] [95.70, 97.76] 

AC, Doxorubicin + Cyclophosphamide; AC-T, Doxorubicin + Cyclophosphamide → Docetaxel; AC-TH, Doxorubicin + Cyclophosphamide → Docetaxel + Trastu
zumab; TC, Docetaxel + Cyclophosphamide; AC-THP, Doxorubicin + Cyclophosphamide → Docetaxel + Trastuzumab + Pertuzumab. 
1Analyzed for each time point after administration of Neurasta. 
2RDI (Relative Dose Intensity) was calculated according to the formula below:Relative Dose Intensity (RDI) = (DDI/SDI) × 100Delivered Dose Intensity (DDI) = (total 
dose administered, mg/m2)/(actual time to complete chemotherapy, including replacement days for missed cycles, days)Standard Dose Intensity) = (Standard Dose, 
mg/m2)/(standard time to complete chemotherapy, days). 
3Data were presented as mean ± SD or number (percentage), 95% CI. 
4Details of chemotherapy regimens: AC, T, TH, and TC were administered as secondary prophylaxis. 
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three events of pyrexia, two events of FN, and one event of asthenia, 
neutropenia, neutrophil count decreased, hypophagia and myalgia, 
respectively. Ten AEs of leukocytosis which was included in warning 
and precautions in label of pegfilgrastim were reported in our study 
[27]. There was no unusual AE in comparison with the European Eudra 
Vigilance database [26]. 

During chemotherapy, the dose and administration time are critical 
to the survival rate of patients. A decrease in RDI is an important factor 
in assessing the impact of secondary prophylaxis with pegfilgrastim on 
breast cancer chemotherapy because it is related to poor clinical survival 
outcomes. In this study, the data were collected by setting the optimal 
RDI cutoff to 85% or higher for the best overall survival result. The 
proportion of patients with RDI≥85% was 96.9%, which was compa
rable with previous results, indicating excellent secondary prophylaxis 
results with pegfilgrastim [28]. In a prospective cohort study on primary 
prophylaxis with pegfilgrastim, the proportion of patients with 
RDI≥85% was maintained at > 93.2% [2]. According to a systematic 
review of the impact of primary prophylaxis, the RDI of all 
G–CSF–treated arms was over 90%, but the mean RDI of the placebo or 
no-treatment arm was less than 90% or 85% [29]. 

This study had a few limitations. First, this was an observational 
single arm study. Because of this reason, the safety and effectiveness of 
pegfilgrastim could not be compared directly with control group, 
although this was a prospective study. Second, there is the lack of di
versity in chemotherapy regimen. Korean National Health Insurance 
program provides coverage for pegfilgrastim only in some regimen. For 
this reason, we could not include doxorubicin + cyclophosphamide 
followed by weekly or three weeks interval paclitaxel group in our 
study. Finally, mean age of patients in this study was relatively young 
compared to some recent studies [16,17]. Considering this, we could not 
completely rule out that this had an impact on our results. 

The use of pegfilgrastim as secondary prophylaxis was effective in 
preventing chemotherapy-induced FN in patients with breast cancer. 
Furthermore, the AEs, including bone pain, were tolerable in patients 
treated with pegfilgrastim. This is the first study to demonstrate the 
effectiveness and safety of pegfilgrastim as secondary prophylaxis for 
the prevention of chemotherapy-induced FN in patients with breast 
cancer. 
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