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Abstract 

Background  F-627 (efbemalenograstim alfa) is a novel long acting granulocyte colony-stimulating factor (G-CSF) 
that contains two human G-CSF fused to a human immunoglobulin G2 (hIgG2) -Fc fragment with a peptide linker. 
This studyevaluated the efficacy and safety of F-627, also known as efbemalenograstim alfa (Ryzneuta®) in reducing 
neutropenia compared with filgrastim (GRAN®).

Methods  This was a multicenter, randomized, open-label, active-controlled non-inferiority study. Two hundred thirty 
nine (239) patients were enrolled in thirteen centers and received the chemotherapy with epirubicin (100 mg/m2) 
and cyclophosphamide (600 mg/m2) on day 1 of each cycle for a maximum of four cycles. Patients were randomized 
to receive either a single 20 mg subcutaneous (s.c.) injection of F-627 on day 3 of each cycle or daily s.c. injection of fil-
grastim 5 µg/kg/d starting from day 3 of each cycle. The primary endpoint was the duration of grade 3 or 4 neutrope-
nia in cycle 1. The safety profile was also evaluated.

Results  The mean (SD) duration of grade 3 or 4 neutropenia in cycle 1 was 0.68 (1.10) and 0.71 (0.95) days 
for the F-627 and the filgrastim groups, respectively. The Hodges-Lehmann estimate of the between-group median 
difference (F-627 vs filgrastim) in the duration of grade 3 or 4 neutropenia in cycle 1 was 0 day and the upper limit 
of the one-sided 97.5% CI was 0 day, which was within the prespecified non-inferiority margin of 1-day. Results 
for all efficacy endpoints in cycles 2 − 4 were consistent with the results in cycle 1, however a trend towards a lower 
incidence and a shorter duration of grade 3 or 4 neutropenia and grade 4 neutropenia was observed in the F-627 
group compared with the filgrastim group. The ANC nadir in the F-627 group was significantly higher than that in 
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Background
Although there are great advancements in targeted 
therapy and immune therapy, chemotherapy still plays a 
critical role in cancer treatment strategies. Neutropenia 
is one of the most common toxicities in cancer patients 
receiving myelosuppressive chemotherapy regimens 
[1–3]. Patients who develop neutropenia are at increased 
risk for infection with fever and febrile neutropenia (FN) 
[4]. FN often requires hospitalization and treatment with 
intravenous antibiotics and may necessitate chemother-
apy dose reductions and/or delays. Moreover, FN can be 
life-threatening and is associated with a high risk of mor-
tality [5].

Granulocyte-colony stimulating factor (G-CSF) is often 
used to manage chemotherapy-associated FN and allow 
anticancer drugs to be administered more effectively by 
stimulating neutrophil survival, proliferation, differentia-
tion, and activation [6]. The use of recombinant human 
G-CSF (rhG-CSF) based on the risk of FN had been long 
established as the standard of care in treatment guide-
lines of most major cancer-focused medical associations 
[7, 8]. According to these guidelines, prophylactic G-CSF 
use is recommended for patients with a clinically signifi-
cant risk of FN, based on the chemotherapy regimen and 
patient-specific risk factors.

Several rhG-CSFs therapies, such as filgrastim and peg-
filgrastim, have been developed and approved to treat 
neutropenia, particularly in the management of chem-
otherapy-induced neutropenia. Filgrastim is a non-gly-
cosylated form of rhG-CSF that has a short elimination 
half-life [2] and typically requires repeated daily s.c. injec-
tion during chemotherapy. Pegfilgrastim (Neulasta®), a 
pegylated form of filgrastim, is long-acting and requires 
less frequent administration in comparison to filgrastim, 
typically once per cycle of chemotherapy [9]. Although 
the benefits of pegfilgrastim have been well established 
by randomized and placebo-controlled trials and real-
world experience [10–12], US- and EU-approved peg-
filgrastim (Neulasta®) have not yet been approved in 
China, and thus filgrastim remains the primary treatment 
option for oncologists and patients in China.

As an alternative method to pegylation for extending 
elimination half-life, a novel Fc-infusion technology was 
used to develop F-627, a 413 amino acid recombinant 

fusion protein that contains two human G-CSF and a 
human IgG2-Fc fragment, with a 16 amino acid pep-
tide linker. Consistent with its molecular design, F-627 
has the same mechanism of action as other rhG-CSFs; it 
binds to the G-CSF receptor (G-CSFR) and activates sig-
nal transducer and activator of transcription 3 (STAT3), 
resulting in the proliferation, differentiation, and activa-
tion of neutrophils. As such, F-627 is intended to be used 
to decrease the duration of neutropenia and the inci-
dence of infection, as manifested by FN, in patients with 
non-myeloid malignancies receiving myelosuppressive 
anticancer drugs associated with a clinically significant 
incidence of FN. Similar to pegfilgrastim and unlike daily 
filgrastim, F-627 has demonstrated a prolonged in  vivo 
half-life [13] and is intended to be administered once per 
cycle of chemotherapy. F-627, therefore, has the potential 
to be a non-pegylated, long-lasting (administered once 
per cycle) substitute for pegfilgrastim.

Current study was designed to evaluate the efficacy 
and safety of a single subcutaneous injection of F-627 
20  mg versus daily subcutaneous injection of filgrastim 
(GRAN®) 5  µg/kg/day in prophylactic treatment of 
chemotherapy-induced neutropenia in Chinese patients 
with breast cancer receiving up to four cycles of chemo-
therapy with epirubicin and cyclophosphamide.

Methods
The study was conducted in accordance with Declara-
tion of Helsinki. The institutional review boards and 
ethics committees at each participating center reviewed 
and approved the study protocol. Informed consent was 
obtained from all patients before any study-related pro-
cedure was performed. The study was registered on www.​
china​drugt​rials.​org.​cn (CTR20170705, 02/01/2018) and 
clinicaltrials.gov  (NCT04174599, 22/11/2019).

Patients who met the following inclusion criteria were 
eligible for study entry: female patients aged 18–75 years 
old who required adjuvant chemotherapy after radical 
mastectomy for breast cancer and were scheduled to 
receive 4 cycles of EC chemotherapy (epirubicin [Phar-
morubicin] 100  mg/m2 + cyclophosphamide 600  mg/
m2); Eastern Cooperative Oncology Group (ECOG) 
performance status ≤ 2; absolute neutrophil count 
(ANC) ≥ 2.0 × 109/L; hemoglobin (Hb) ≥ 11.0  g/dl, and 

the filgrastim group in each cycle. A single fixed dose of F-627 was well tolerated and as safe as standard daily 
filgrastim.

Conclusions  A single fixed dose of 20 mg of F-627 in each cycle was as safe and effective as a daily dose of filgrastim 
5 µg/kg/d in reducing neutropenia and its complications in patients who received four cycles of EC.

Trial registration  ClinicalTrials.gov: NCT04174599, on 22/11/2019.
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platelet (PLT) ≥ 100 × 109/L; total bilirubin ≤ 1.5 × upper 
limit of normal (ULN); alanine transaminase (ALT) and 
aspartate transaminase (AST) ≤ 2.5 × ULN, serum cre-
atinine ≤ 1.5 × ULN; and left ventricular ejection fraction 
greater than 50%.

Patients were excluded if they had undergone radia-
tion therapy within 4  weeks prior to enrollment; had 
received neoadjuvant chemotherapy before surgery; 
had prior bone marrow or stem cell transplant; comor-
bid with malignancies other than breast cancer; had 
received a treatment with rhG-CSF within 6 weeks prior 
to randomization; intolerant to hormone pretreatment; 
diagnosed with acute cardiac failure congestive, car-
diomyopathy, or myocardial infarction; with any disease 
that may cause splenomegaly; with acute infection; with 
chronic active Hepatitis B within 1 year (unless patients 
tested negative for HBsAg prior to enrollment), or Hepa-
titis C; were pregnant or breastfeeding; were known to 
be human immunodeficiency virus (HIV) positive or had 
been diagnosed with AIDS; with active tuberculosis (TB); 
with history of TB exposure, unless negative for tuber-
culin test; with sickle-cell anemia; with known allergy to 
G-CSF or excipients; had received any other study drug 
within 1 month or 5 half-lives of the study drugs prior to 
enrollment (whichever was longer).

Study design
This was a multicenter, randomized, open-label, active-
controlled non-inferiority phase III study to evaluate the 
efficacy and safety of a single injection of F-627 compared 
with daily injection of filgrastim per chemotherapy cycle 
in Chinese patients with breast cancer. Patients were ran-
domized via central randomization method and were 
assigned in a 1:1 ratio to F-627 20 mg or filgrastim 5 µg/
kg/day treatment groups.

Study drug
F-627 comprises of a dimeric recombinant human G-CSF 
and a human Immunoglobulin G (IgG) 2-Fc fragment, 
with a 16 amino acid peptide linker, which is produced by 
recombinant DNA technology and expressed in Chinese 
Hamster Ovary (CHO) cells.

Patients randomized to the F-627 group received a sin-
gle subcutaneous injection of F-627 20  mg per chemo-
therapy cycle on day 3 of each cycle, approximately 
48 ± 4 h after receiving one standard dose of chemother-
apy. Selection of the 20 mg fixed dose used in this Phase 
III study was based on the comprehensive clinical effi-
cacy/safety data and PK/PD evaluations from the Phase 
I and II studies.

Patients randomized to the filgrastim group received 
daily subcutaneous injection of filgrastim 5  µg/kg/day, 
based on actual body weight, beginning on day 3 of each 

cycle, approximately 48 ± 4 h after starting chemotherapy, 
and continuing until ANC ≥ 5 × 109/L after the expected 
nadir or for up to 14 days, whichever occurred first.

Chemotherapy treatment
On day 1 of each chemotherapy cycle, patients received 
an intravenous bolus infusion of epirubicin (100  mg/
m2) and cyclophosphamide (600  mg/m2). Chemother-
apy was repeated every 21 days for up to four cycles. To 
begin chemotherapy on day 1 of the next cycle (day 22 
of the previous cycle), patients should meet the follow-
ing criteria: ANC ≥ 2.0 × 109/L, PLT ≥ 80 × 109/L, total 
bilirubin ≤ 1.5 × upper limit of normal (ULN), ALT and 
AST ≤ 2.5 × ULN, serum creatinine ≤ 1.5 × ULN. A 14-day 
recovery period was permitted if patients did not meet 
these criteria, however, if the criteria described above 
were still not met after 14  days, the subject was elimi-
nated from the study.

If a non-hematologic toxicity in previous cycle of EC 
therapy occurred in a patient, and as such, dose reduc-
tion was deemed necessary by the investigator, the dos-
age of each chemotherapy drug was reduced in the next 
cycle, i.e., the actual dosage was determined by the inves-
tigator based on a patient’s condition.

RhG-CSF (including recombinant human granulocyte–
macrophage colony-stimulating factor, rhGM-CSF), tra-
ditional Chinese medicines known to promote neutrophil 
production, lithium, and prophylactic antibiotics were 
prohibited from use in patients enrolled in the study.

Efficacy measurements
The primary efficacy end point was the duration of grade 
3 or grade 4 neutropenia (defined as ANC < 1.0 × 109/L) 
in cycle 1. Other efficacy endpoints included the dura-
tion of grade 3 or grade 4 neutropenia in cycles 2–4, the 
incidence of grade 3 or grade 4 neutropenia in cycle 1 
to 4, the duration and incidence of grade 4 neutropenia 
(defined as ANC < 0.5 × 109/L) in cycle 1 to 4, the dura-
tion and incidence of grade 2 or greater neutropenia 
(defined as ANC < 1.5 × 109/L) in cycle 1 to 4, the depth 
of ANC nadir between day 3 and 13 in each of the cycles 
(1–4), incidence of FN, and the time of ANC recovery to 
2.0 × 109/L post the nadir in cycle 1 to cycle 4. Blood sam-
ples were collected to determine ANC on days 1 (before 
the chemo), 3, 5, 7, 8, 9, 10, 11, 13, 15, and 21 in cycle 1, 
as well as on days 3, 5, 7, 9, 11, 13, 15, and 21 in cycles 
2–4. To avoid measurement bias, the ANC in cycle 1 
were determined by central laboratory, the ANC in cycles 
2–4 can be determined by local site laboratory.

Safety measurements
The safety end points of this study were incidence of 
adverse events, changes in clinical laboratory values, 
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vital signs, physical examination, 12-lead ECG, abdomi-
nal ultrasound and the presence of anti-F627 antibodies. 
Serum was only collected for detection of antibodies in 
the F-627 group before the start of the study drug injec-
tion and at various time points during the study.

Statistical methods
The sample size was calculated using a non-inferiority 
design. The non-inferiority margin was set to be 1  day, 
the standard deviation (SD) of the duration of grade 3 
or 4 neutropenia in each treatment group was assumed 
to be 1.75 days based on a previous phase II trial, and a 
20% dropout rate was assumed. Using these estimates, a 
planned sample size of 120 subjects for each treatment 
group was chosen to provide 80% power to establish non-
inferiority of F-627 compared with filgrastim.

Treatment differences in the duration of grade 3 or 4 
neutropenia were assessed by confidence intervals (CIs) 
estimated via the Hodges–Lehmann method. An upper 
97.5% one-sided CI (95% two-sided) was evaluated with 
respect to a non-inferiority margin of 1  day. Treatment 
differences in other efficacy endpoints between the F-627 
and filgrastim groups were assessed with a 95% CI. No 
adjustments for multiplicity were made.

Efficacy analyses were performed in both PPS (Per-
Protocol set, including PPS A and B. PPS A: subjects in 
FAS (Full analysis set, defined as all randomized subjects 
who received the study drug and undergone at least one 
postbaseline efficacy evaluation) and without major pro-
tocol deviations, serious medication noncompliance, 
loss to follow-up, or withdrawal during cycle 1. PPS B: 
subjects in FAS and without major protocol deviations, 
serious medication noncompliance, loss to follow-up, or 
withdrawal in any cycle) and FAS. The primary efficacy 
analyses were performed on FAS following the ICH-
E9 guideline, the missing ANC values in cycle 1 were 
imputed using covariate adjustments, and the PPS and 
the FAS without imputation were also used for a sensitiv-
ity analysis. In addition, a sensitivity analysis of the treat-
ment differences in duration of grade 3 or 4 neutropenia 
in cycle 1 was performed based on both PPS and FAS by 
bootstrap resampling methods. Because the results from 
these analyses led to the same conclusions, for simplic-
ity, only the results from the FAS with imputation were 
reported in this paper.

Adverse events were tabulated by organ class system, 
severity, relationship to study drug, and treatment group. 
Changes in laboratory variables were depicted by use of 
shift tables and through the tabulation of summary statis-
tics for each variable.

All analyses were performed using SAS software (ver-
sion 9.4).

Results
Patients disposition
The study was conducted in 13 centers in China 
between April 2018 and June 2019. A total of 242 Chi-
nese women with breast cancer were enrolled and ran-
domized: 122 patients to F-627 and 120 patients to 
filgrastim. Finally, a total of 239 randomized patients 
were included in the FAS.

A total of 25 patients withdrew from the study after 
receiving the study drug, including 7 patients in the 
F-627 group and 18 patients in the filgrastim group. 
Overall, 214 (88.4%) patients completed the study 
(Fig. 1).

There were 229 patients in PPS A after excluding 3 
patients with major deviations and 7 patients without 
valid ANC in cycle 1 due to early withdrawal from FAS. 
There were 209 patients in PPS B after excluding the 
patients with major protocol deviations or lacking valid 
ANC assessments due to withdrawal early in cycles 2–4 
(Fig. 1). Because the efficacy analysis from FAS and PPS 
led to the same conclusions, only the results from the 
FAS with imputations are reported in this paper.

Patient baseline characteristics in the FAS popula-
tion are summarized in Table  1. Patient characteristics 
were similar between the F-627 and filgrastim groups. 
All patients were Chinese females with breast cancer 
diagnosed with standard histopathological methods. No 
patient received chemotherapy or radiotherapy within 
1 year before screening.

Study drug administration
The mean (SD) number of injections administered to 
patients treated with filgrastim was 7.3 (1.25) in cycle 1, 
7.6 (1.03) in cycle 2, 7.8 (0.86) in cycle 3 and 7.8 (0.82) 
in cycle 4. Patients treated with F-627 received a single 
20 mg injection of study drug per chemotherapy cycle.

Chemotherapy administration
Overall, the exposures of chemotherapeutic drugs in 
both groups were comparable in each cycle. A median 
of four cycles of EC chemotherapy was administered in 
both groups. In cycle 1, except for one patient in the fil-
grastim group who received a chemotherapeutic drug 
with a relative dose intensity of 85.3%, patients in both 
groups received all EC doses as planned. In cycles 2–4, 
the dosage of each anticancer drug was reduced for some 
patients due to toxicity. However, the relative dose inten-
sities of each chemotherapeutic drug were all > 80% in 
both groups (except for one patient in filgrastim with a 
relative dose intensity of 67.5% which was recorded as a 
major protocol deviation).
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Efficacy
The duration and incidence of grade 3 or 4 neutropenia, 
grade 4 neutropenia in cycle 1
The mean (SD) duration of grade 3 or 4 neutropenia in 
cycle 1, the primary endpoint, is listed in Table  2. The 
Hodges-Lehmann estimate of the between group median 
difference (F-627 − Filgrastim) in the duration of grade 3 
or 4 neutropenia in cycle 1 was 0 day, and the upper limit 
of the one-sided 97.5% CI was 0  day, which was within 
the prespecified non-inferiority margin of 1 day, thereby 
establishing non-inferiority of F-627 to filgrastim. The 
sensitivity analysis results from both the PP population 
and the FAS population without ANC imputation were 
consistent with the primary analysis results. No signifi-
cant differences between F-627 and filgrastim groups 
were observed in the duration of grade 4 neutropenia, the 
incidence of grade 3 or 4 neutropenia and the incidence 
of grade 4 neutropenia in cycle 1 (Table 2).

The duration and incidence of grade 3 or 4 neutropenia, 
grade 4 neutropenia in cycles 2–4
The durations and incidences of grade 3 or 4 neutropenia 
and grade 4 neutropenia in cycles 2–4 were summarized 
in Table 2. No differences between the two groups were 

observed in the durations of grade 3 or 4 neutropenia and 
grade 4 neutropenia in cycles 2–4. As expected, the inci-
dences of grade 3 or 4 neutropenia and grade 4 neutro-
penia were lower during cycles 2–4 compared with cycle 
1. The incidences tended to be lower in the F-627 group 
than in the filgrastim group. The incidences of grade 3 or 
4 neutropenia and grade 4 neutropenia in the F-627 and 
filgrastim groups were similar across cycles except cycle 
3.

Depth of ANC nadir, cycles 1–4
The ANC values reached a nadir at day 9 of each cycle 
in both groups and the ANC nadir in cycle 1 was lower 
than that in subsequent cycles. In cycle 1, the mean (SD) 
of ANC nadir was 2.059 × 109/L (1.502) in the F-627 
group and 1.603 × 109/L (1.206) in the filgrastim group. 
The nadir in the F-627 group was higher than that in fil-
grastim group and the Hodges-Lehmann estimate of the 
between group median difference (F-627 − Filgrastim) 
in the ANC nadir in cycle 1 was 0.3 × 109/L (95% CI: 
0.04 × 109/L, 0.65 × 109/L). In cycles 2–4, the nadir in 
F-627 group was also higher than that in the filgrastim 
group. Table  2 summarizes the depth of ANC nadir for 
all cycles.

Fig. 1  Patient disposition in this study
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The incidence of FN
One (0.8%) patient in the F-627 group and 2 (1.7%) 
patients in the filgrastim group experienced FN in cycle 
1. The incidence of FN was low in both group and no 
significant difference was observed between the two 
groups. During cycles 2–4, no patients developed FN in 
both groups.

The ANC‑time profile
Figure 2 displays the ANC profile of the median ANCs 
of each treatment group in cycle 1. The F-627 and fil-
grastim treatment groups displayed similar ANC values 
through day 11. ANC values of both groups reached the 
peak on day 5 and the nadir on day 9. After day 11, the 
ANC of the F-627 group continued to increase until 
day13, while the ANC of filgrastim group gradually 
decreased.

Safety
All adverse events with an incidence rate of ≥ 10% are 
summarized in Table 3. In general, F-627 was well tol-
erated in patients with breast cancer, and the safety 
profile of F-627 was similar to that of filgrastim.

Most patients in both groups experienced adverse 
events (99.2% in the F-627 group, 100% in the fil-
grastim group), however, as expected, most of adverse 
events were associated with EC chemotherapy regi-
men or primary disease. 57 of 120 subjects in the F-627 
group (47.5%) and 66 of 119 subjects in the filgrastim 
group (55.5%) reported at least one adverse event that 
was considered by the investigator to be related to the 
study drug. No deaths occurred during the study. 5.0% 
subjects in the F-627 group and 6.7% subjects in the 
filgrastim group experienced serious adverse events 
(SAEs). The incidence of SAEs was low in both groups 
and no SAEs were related to study drugs, as judged by 
investigators, and were resolved during the study.

The most frequently reported adverse events consid-
ered to be related to the study drug by the investigator 
were bone pain and back pain. The incidences of bone 

Table 1  Summary of demographic and baseline characteristics 
for FAS

Abbreviations: ICF Informed Consent Form, ECOG Eastern Cooperative Oncology 
Group, BSA Body surface area, TNM Tumor node metastasis, ANC Absolute 
neutrophil count
a Mean (SD), unless noted

F-627 Filgrastim

Characteristic a 20 mg 5 ug/kg/d

Sex, n (%)

  Female 120 (100) 119 (100)

Age, years 49.1 (9.32) 48.5 (9.14)

Height, cm 157.97 (5.06) 157.87 (5.52)

Weight, kg 58.96 (8.95) 59.24 (8.49)

BSA, m2 1.59 (0.12) 1.59 (0.12)

Time from histologic diagnosis 
to signing ICF, days

24.5 (18.08) 20.9 (13.51)

ECOG performance status, n (%)

  0 26 (21.7) 35 (29.4)

  1 94 (78.3) 83 (69.7)

  2 0 (0) 1 (0.8)

TNM stage, n (%)

  Stage I 30 (25.0) 30 (25.2)

  Stage II 58 (48.3) 66 (55.5)

  Stage III 32 (26.7) 22 (18.5)

  Stage IV 0 (0) 1 (0.8)

Baseline ANC (× 109/L) 4.4 (1.58) 4.5 (1.62)

Baseline Platelet Count (× 109/L) 286.9 (72.0) 284.5 (77.6)

Table 2  Summary of efficacy endpoints by cycle and group 
(FAS)

Abbreviations: ANC Absolute neutrophil counts, SD Standard deviation

Cycle F-627
20 mg

Filgrastim
5 µg/kg/day

(F-627 − Filgrastim)
(95% CI)

P

Primary efficacy endpoint
The duration in days of grade 3 or 4 neutropenia in Cycle1, mean ± SD (day)

  1 0.68 ± 1.10 0.71 ± 0.95 0.0 (0.00, 0.00) –

Secondary efficacy endpoints
The duration in days of grade 3 or 4 neutropenia in Cycle2-4, mean ± SD 
(day)

  2 0.1 ± 0.35 0.1 ± 0.25 0.0 (0.00, 0.00) –

  3 0.0 ± 0.18 0.2 ± 0.54 0.0 (0.00, 0.00) –

  4 0.1 ± 0.38 0.1 ± 0.41 0.0 (0.00, 0.00) –

The incidence of grade 3 or 4 neutropenia in each Cycle, n/N (%)

  1 41/120 (34.2) 51/119(42.9) – 0.185

  2 7/117 (6.0) 7/107 (6.5) –  > 0.999

  3 4/115 (3.5) 18/103 (17.5) –  < 0.001

  4 10/114 (8.8) 10/101 (9.9) – 0.817

The duration in days of grade 4 neutropenia in each Cycle, mean ± SD (day)

  1 0.3 ± 0.69 0.2 ± 0.58 0.0 (0.00, 0.00) –

  2 0.0 ± 0.13 0.0 ± 0.10 0.0 (0.00, 0.00) –

  3 0.0 ± 0.00 0.1 ± 0.34 0.0 (0.00, 0.00) –

  4 0.0 ± 0.13 0.0 ± 0.20 0.0 (0.00, 0.00) –

The incidence of grade 4 neutropenia in each Cycle, n/N (%)

  1 17/120 (14.2) 19/119 (16.0) – 0.721

  2 2/117 (1.7) 1/107 (0.9) –  > 0.999

  3 0/115 (0) 4/103 (3.9) – 0.048

  4 2/114 (1.8) 4/101 (4.0) – 0.432

The depth of ANC nadir, mean ± SD (× 109/L)

  1 2.059 ± 1.502 1.603 ± 1.206 0.3 (0.04, 0.65) –

  2 3.704 ± 1.935 2.520 ± 1.137 1.1 (0.67, 1.51) –

  3 3.347 ± 1.663 2.230 ± 1.142 1.0 (0.60, 1.34) –

  4 2.967 ± 1.610 2.182 ± 0.980 0.7 (0.30, 1.01) –
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pain and back pain in the F-627 group were lower than 
those in the filgrastim group but the difference was not 
statistically significant. All these adverse events were 
grade 1 or 2 in severity, and most could be recovered 
without any treatment. There were no safety concerns in 
either group.

Immunogenicity
Immunogenicity was only evaluated in 120 patients who 
received F-627. Five patients (9.2%) were anti-drug anti-
body (ADA)-positive before receiving F-627 in cycle 1. 
After the first dose in cycle 1, only 2 patients tested as 
ADA-positive in baseline had ADA-positive results at 
other time points of each cycle, however, the titers at 
each time point of the other cycles did not change from 
baseline. No neutralizing antibodies were detected. 
Overall, no treatment emergent ADA-positive samples 
were identified and all ADA-positive samples were prior 
to start of treatment and none of the patients who were 
ADA-positive tested positive for neutralizing antibodies.

Discussion
This phase III study was designed to further evaluate the 
efficacy and safety of a fixed dose of 20  mg of F-627 as 
compared with filgrastim in a standard EC chemotherapy 
regimen. The current study demonstrated that a single 

fixed dose injection of F-627 per cycle can be as safe and 
effective in treating chemotherapy-induced neutropenia 
in Chinese breast cancer patients receiving EC regimen 
as daily injection of filgrastim. This finding was consist-
ent with the results of other phase II and Phase III studies 
in F-627’s clinical development program [14–18].

Risk of infection is well correlated with the duration 
and severity of neutropenia (DSN) [3], therefore, DSN 
can be used as a sensitive surrogate endpoint for the 
exploratory and confirmatory trials of G-CSF [19]. As 
the primary endpoint of this study, the duration of grade 
3 or 4 neutropenia in the F-627 group was not inferior 
to that in the filgrastim group in cycle 1. The Hodges-
Lehmann estimate of the between group median differ-
ence (F-627 − Filgrastim) was 0  day and the upper limit 
of the one-sided 97.5% CI was 0  day, which was within 
the prespecified non-inferiority margin of 1  day. Thus 
it was concluded that the efficacy of F-627 in reducing 
duration of grade 3 or 4 neutropenia was non-inferior to 
filgrastim. Secondary endpoints (the incidence of grade 
3 or 4 and grade 4 neutropenia, the duration of grade 
4 neutropenia, the incidence of FN) were comparable 
between F-627 and filgrastim groups in cycles 1–4.

In China, AT/ET and AC/EC chemotherapy regimens 
are commonly used in clinical practice and are also rec-
ommended in Chinese treatment guidelines for breast 

Fig. 2  The ANC profile of median ANC in cycle 1-FAS
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cancer patients. Compared with doxorubicin, epirubicin 
has fewer adverse reactions and is generally adopted by 
Chinese clinicians [20]. Previous studies have shown 
that 100 mg/m2 epirubicin may be the optimal dose for 
patients with breast cancer [21]. The results of this study 
provided new evidence that a fixed dose of 20 mg F-627 
can give enough neutrophil support to patients receiving 
standard EC chemotherapy. In addition, it is worth noting 
that the ANC nadir in the F-627 group was significantly 
higher than that in the filgrastim group in each cycle. 
Furthermore, the incidence of grade 3 or 4 and grade 4 
neutropenia tended to be lower in the F-627 group than 

those in the filgrastim group. This phenomenon was 
observed in other studies [17, 18]. Also supported by 
MOA and PK profile [16]. The findings suggest that F-627 
therapy may be more beneficial for patients undergoing 
chemotherapy regimens that have higher myelosuppres-
sive toxicity compared to filgrastim. A superiority trial is 
needed to confirm the potential benefit.

The incidence and severity of adverse events in patients 
treated with F-627 were indistinguishable from those in 
patients treated with filgrastim, and no unexpected AEs 
occurred in patients received F-627. The types of AEs 
observed in breast cancer patients undergoing cytotoxic 

Table 3  Summary of Adverse events by category and preferred term (SS)

Abbreviations: SS Safety Analysis Set, AEs Adverse events, SAEs Serious adverse events

N: Number of patients; n: Number of patients with at least one event

MedDRA system organ class Preferred terms F-627 (N = 120), n (%) Filgrastim 
(N = 119), n 
(%)

AEs 119 (99.2) 119 (100)

Gastrointestinal disorders
  Nausea 104 (86.7) 102 (85.7)

  Vomiting 76 (63.3) 89 (74.8)

  Constipation 17 (14.2) 17 (14.3)

  Abdominal Distension 14 (11.7) 8 (6.7)

Investigations
  White blood cell count decreased 79 (65.8) 99 (83.2)

  Neutrophil count decreased 71 (59.2) 99 (83.2)

  Platelet count decreased 56 (46.7) 40 (33.6)

  Alanine aminotransferase increased 36 (30.0) 19 (16.0)

  Aspartate aminotransferase increased 30 (25.0) 14 (11.8)

Skin and subcutaneous tissue disorders
  Alopecia 93 (77.5) 83 (69.7)

Blood and lymphatic system disorders
  Anemia 81 (67.5) 79 (66.4)

Musculoskeletal and connective tissue disorders
  Bone pain 30 (25.0) 40 (33.6)

  Back pain 19 (15.8) 28 (23.5)

General disorders and administration site conditions
  Asthenia 42 (35.0) 35 (29.4)

Metabolism and nutrition disorders
  Decreased appetite 29 (24.2) 30 (25.2)

Nervous system disorders
  Headache 7 (5.8) 15 (12.6)

  Dizziness 8 (6.7) 14 (11.8)

Ear and labyrinth disorders
  Vertigo 27 (22.5) 21 (17.6)

Infections and infestations
  Upper respiratory tract infection 14 (11.7) 16 (13.4)

Psychiatric disorders
  Insomnia 14 (11.7) 16 (13.4)
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chemotherapy was in line with the symptoms of myelo-
suppression. F-627-related adverse reactions were pri-
marily characterized by bone pain and back pain, which 
is similar to other products of the same kind [7, 10–12]; 
but in this study, it was observed that the incidences of 
bone pain and back pain in the F-627 group were slightly 
lower than those in the filgrastim group, which was con-
sistent with the trends observed in data from a previous 
phase II trial. The reason for this finding is unclear and 
merits further investigation in future clinical trials.

ANC-time profiles in the F-627 and filgrastim groups 
were similar during days 1–11 of the same cycle. The dif-
ference in ANC-time profiles between the two groups in 
days 11–21 may be explained by the different half-lives 
of the study drug. In the filgrastim group, the drug was 
started at 48  h after chemotherapy (day 3 of chemo-
therapy), administered once daily for ≤ 2 weeks, or until 
the patient’s ANC recovered from the nadir to 5 × 109/L, 
and was discontinued as per the package insert labeling. 
The median number of actual dosing was 8 days. Because 
F-627 has a longer half-life compared to filgrastim, F-627 
continued to produce pharmacological effects after day 
11, while filgrastim was quickly cleared and no additional 
effect was achieved. F-627 might have the potential to 
provide continuous efficacy on raising neutrophils com-
pared with filgrastim. The difference in the ANC-time 
profile changes between the two groups was not clinically 
significant, consistent with the observation that the types 
and incidences of AEs were similar in the two groups. No 
significant effect on platelet formation or erythropoie-
sis was observed. The F-627 is approved for marketing 
currently in China, the EU and the United States, and 
adverse reactions will be monitored for as required by 
regulations in all patients using it, including those with 
hematologic diseases.

In clinical practice, a fixed-dose regimen is generally 
preferred for administration, but this can give rise to two 
potential issues: a fixed dose may not provide full clinical 
benefits for over-weighted patients and could result in a 
less favorable safety profile for under-weighted patients. 
To address these concerns, a post-hoc subgroup sensitiv-
ity analysis was performed, and the findings suggested 
that a fixed dose F-627 was equally effective for under-
weight and overweight patients [16]. Moreover, there 
were no differences in incidence or severity of adverse 
events across any weight groups when compared to 
patients who received filgrastim.

Conclusions
This phase III study demonstrated that a single fixed dose 
of 20 mg of F-627 can be as safe and efficacious in treat-
ing chemotherapy induced neutropenia in Chinese breast 
cancer patients as daily dose of filgrastim. F-627 was well 

tolerated, and the overall safety profile of F-627 was not 
different from that of filgrastim. As F-627 is administered 
once per cycle, it is expected to offer significant advan-
tages in terms of patient compliance and convenience, 
leading to improved overall benefits. The study has pro-
vided new evidence supporting the efficacy of F-627, a 
novel long-acting rhG-CSF, which can serve as a poten-
tial alternative for oncologists in China to simplify the 
management of chemotherapy-induced neutropenia.
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