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Abstract
Purpose Biosimilars are supported by limited clinical data at
the time of approval. Recently, Nivestim™, a biosimilar of
reference of filgrastim, was approved for prevention of
chemotherapy-related febrile neutropenia (FN). To add clini-
cal experience to this new biosimilar, we performed a study to
compare the effectiveness of Nivestim™ with reference
filgrastim and pegfilgrastim in FN prevention in patients re-
ceiving high-risk FN chemotherapy.
Methods This is a comparative cohort study, with retrospec-
tive data collection. Three cohorts were identified according to
the type of primary prophylaxis employed over different time
periods: reference filgrastim (2004–2006), pegfilgrastim
(2007–2008) and biosimilar filgrastim (2011–2012). The
study included female patients with early breast cancer that
received FN primary prophylaxis during (neo)adjuvant doce-
taxel/doxorubicin/cyclophosphamide (TAC).
Results Reference filgrastim cohort included 147 patients and
pegfilgrastim and biosimilar filgrastim cohorts 139 and 134
patients, respectively. FN rates per patient/cycle were 16 %
(95 % confidence interval (CI) 10.2–22.5 %)/3 % (95 % CI
2.1–4.7 %) in the reference filgrastim group, 9 % (95 % CI
4.5–14.6 %)/2 % (95 % CI 1.3–3.6 %) in the pegfilgrastim

group and 16 % (95 % CI 10.0–22.9 %)/4 % (95 % CI 2.5–
5.3 %) in the biosimilar filgrastim cohort. The median abso-
lute neutrophil count (ANC) at FN presentation was lower in
the biosimilar group in comparison with reference filgrastim.
FN episodes with ANC<100 cells/μL were more frequent in
the biosimilar group (50 %) when compared with reference
filgrastim (4 %) and pegfilgrastim (6 %). No differences
concerning FN complications were seen, with the exception
of more chemotherapy delays in the biosimilar group when
compared with pegfilgrastim.
Conclusion No differences in biosimilar effectiveness were
detected. The clinical relevance of the profound neutropenia
found in the biosimilar cohort needs further attention.

Keywords Filgrastim . G-CSF biosimilar . Febrile
neutropenia . Breast cancer

Introduction

Febrile neutropenia (FN) is a frequent complication of chemo-
therapy, which carries substantial risk of morbidity and mor-
tality and holds a negative impact on health care use and costs
[1–3]. FN-related events are of particular concern in early
breast cancer since delays in chemotherapy administration,
dose reductions, and premature suspension of treatment im-
pair optimal chemotherapy dose delivery which may compro-
mise the curative intent [4, 5].

TAC (docetaxel/doxorubicin/cyclophosphamide) chemo-
therapy has been considered one of the standards of care in
early breast cancer patients. In the original TAC trial published
in 2005, one of the major toxicities reported was FN, affecting
24 % of patients despite prophylactic ciprofloxacin [6]. In
subsequent TAC studies, FN rate was reduced by the addition
of primary granulocyte colony-stimulating factor (G-CSF)
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prophylaxis [7, 8]. This strategy is supported by current guide-
lines which recommend the routine use of G-CSF prophylaxis
in regimens with FN risk superior to 20 % [9–11].

Filgrastim (Neupogen™, Amgen) and its pegylated form
pegfilgrastim (Neulasta™, Amgen) are two G-CSF formula-
tions widely used in clinical practice associated with substan-
tial costs [12]. In a time of considerable economic constraints,
G-CSF biosimilars are an emerging class of biopharmaceuti-
cal agents that may become an interesting cost-saving alterna-
tive to cope with the increasing burden of cancer. Unlike ge-
neric molecules, biosimilars are not identical copies but rather
a similar version of the biologic originator product and are
considered a change in clinical practice.

Recently, Nivestim™ (Hospira), a biosimilar of Amgen
reference filgrastim, received marketing approval for FN pre-
vention by the European Medicines Agency (EMA) and
Australian Therapeutic Goods Administration (TGA). The ap-
proval was supported by a phase III trial [13] that demonstrat-
ed bioequivalence of biosimilar filgrastim in mean duration of
severe neutropenia, mean time to recovery of absolute neutro-
phil count (ANC) and incidence of FN, the EMA recommend-
ed endpoints. Even though the bioequivalence requirements
were met, this was only one single equivalence study which
included a small heterogeneous breast cancer population, both
from curative and metastatic settings, receiving a high-risk FN
anthracycline-taxane regimen.

To add out of trial clinical experience to this new
biosimilar, we performed a study to compare the effectiveness
of Nivestim™ with Amgen reference filgrastim and
pegfilgrastim in FN prevention in early breast cancer patients
receiving TAC regimen.

Methods

Study design and patients

This is a non-interventional comparative cohort study, with
retrospective data collection, conducted in a tertiary cancer
centre. The study received Institutional ReviewBoard approv-
al. Three cohorts of female patients with early breast cancer
who underwent TAC regimen were selected according to the
type of G-CSF primary prophylaxis employed over different
time periods in our centre: reference filgrastim (2004–2006),
pegfilgrastim (2007–2008) and biosimilar filgrastim
(Nivestim™) (2011–2012). In order to ensure patients’ con-
secutive inclusion, cohorts were identified from our pharmacy
department database, which maintained a record of TAC cy-
cles administered and G-CSF provided to patients. The current
study was a development of a previous work published in
2011 [14] that reported our FN rate in a sample of 147 patients
and which now established our 2004–2006 cohort. To obtain
approximately the same sample size in subsequent groups, we

performed a convenience sampling with no formal statistical
hypothesis stated previously. The two latest study periods
were thus dictated by changes in G-CSF primary prophylaxis
institutional protocols plus the time needed to obtain approx-
imately the same number of patients in each cohort.

The standard TAC protocol consisted of docetaxel 75 mg/
m2, doxorubicin 50 mg/m2 and cyclophosphamide 500 mg/
m2, all administered intravenous on day 1 every 3 weeks [6,
7]. To be included, patients had to have completed at least one
cycle of TAC. All patients had finished treatment at the time of
analysis. To estimate TAC dose intensity in each group, we
evaluated the relative dose intensity (RDI) [15] in each patient
for docetaxel, doxorubicin and cyclophosphamide separately.
RDI was calculated as the ratio (%) of the average dose inten-
sity actually delivered per week and the reference dose inten-
sity per week. The average dose intensity was defined as the
cumulative dose delivered (mg/m2) divided by the actual du-
ration of chemotherapy exposure (weeks). In our centre, only
patients with ECOG 0 to 1 were eligible for TAC regimen.
Ciprofloxacin, consisting of 500 mg twice daily on days 5
through 11 of each cycle, was used as a concomitant FN pro-
phylactic measure at clinician’s discretion before 2011 and
from 2011 onwards in the first cycle as part of an institutional
protocol. Reference and biosimilar filgrastim was available in
300 or 480-μg syringes. The recommended dose is 5 μg/kg
daily; nevertheless, doses between 4 and 8 μg/kg/day appear
to be also effective [16]. For convenience in our clinical prac-
tice, we administer 300 or 480 μg in patients≤75 and >75 kg,
respectively. Pegfilgrastim was administered as a 6-mg single
injection.

The FN management protocol was the same during the
three time periods. If low-risk FN episode, a combination of
intravenous amoxicillin/clavulanate and quinolone (or
clarithromycin if patient was already on quinolone or in case
of quinolone allergy) was started. These patients remained
under surveillance in our 24-h emergency department and
later were discharged with oral antibiotic if clinically stable.
If no clinical improvement occurred, escalation to a broader
spectrum antibacterial protocol (mainly piperacillin/
tazobactam and aminoglycoside) was performed. Patients
with high-risk features (e.g. hypotension or organ dysfunc-
tion) at FN diagnosis started broad-spectrum antibiotics up-
front. Admission to the ward (‘hospitalization’) was carried
out whenever prolonged amoxicillin/clavulanate and quino-
lone intravenous therapy was necessary or broad-spectrum
antibiotics were needed.

Data collection

Data on patient demographic and clinical characteristics and
FN episodes were collected from clinical charts and laboratory
records. In the few cases where a record of an FN episode
managed in other health care facilities existed, we requested
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information on the event. Information on the TAC cycles, G-
CSF dose, schedule and number of administrations was ex-
tracted from clinical records and pharmacy department data-
base. In the first 67 patients of the reference filgrastim cohort,
a patient telephone interview was done to confirm the G-CSF
pattern of use, but given the agreement between clinical
charts, pharmacy database and patient information, no further
interviews were considered necessary.

Effectiveness endpoints

Our primary endpoint was the proportion of patients and TAC
cycles with FN (defined as body temperature≥38 °C concur-
rent with ANC≤500 cells/μL). Other endpoints analysed were
ANC at FN diagnosis, FN complications (hospitalization rate
and duration, septic shock defined as FN with fluid refractory
hypotension requiring vasopressors, and death), FN-related
chemotherapy delays (delay defined as ≥4 days from the
planned date), reductions (defined as a ≥15 % reduction in
the planned dose), and early termination due to FN.

Statistical analysis

Exact binomial two-sided 95 % confidence intervals were
calculated for the proportion of patients and cycles with FN
in eachG-CSF treatment group. In an exploratory analysis, we
performed comparisons between the three G-CSF groups re-
garding the effectiveness endpoints using a Pearson’s chi-
squared test for categorical outcomes (where an asymptotic
test was not appropriate, a Pearson’s chi-squared test with
simulated p value based on 2000 replicates was used instead)
and a Kruskal-Wallis test for the quantitative outcomes.
Where applicable, post hoc pairwise comparisons were per-
formed using a Wilcoxon rank sum test with continuity cor-
rection and Bonferroni p value adjustment. All tests were two-
sided and the considered significance value was 5 %.
Statistical analysis was done in R software (http://www.R-
project.org).

Results

Demographic and clinical characteristics

Table 1 shows the demographic and clinical baseline charac-
teristics of the three cohorts. The reference filgrastim cohort
included 147 patients and pegfilgrastim and biosimilar cohorts
139 and 134 patients, respectively. Characteristics were well
balanced across the three cohorts with the exception of age
and treatment setting. In the biosimilar cohort, patients were
younger (median age of 48 vs. 52 years in the other cohorts)
with only 10 % of patients with ≥60 years old. There was also

an increase of TAC use in the neoadjuvant setting in
pegfilgrastim and biosimilar cohorts.

TAC dose intensity, G-CSF pattern of use
and antibacterial prophylaxis

Median RDI was 100% for each TAC drug in every cohort. In
both reference and biosimilar filgrastim groups, the majority
of patients started G-CSF prophylaxis 1 to 3 days after che-
motherapy (91 and 83 %, respectively) and completed greater
than or equal to seven injections of daily G-CSF per cycle (88
and 87 %, respectively) (Table 2). Almost all patients (98 %)
in the pegfilgrastim cohort performed the G-CSF injection on
the day after chemotherapy.

Ciprofloxacin was used as an additional FN preventive
measure to G-CSF in 110/761 (14 %) of TAC cycles in the
pegfilgrastim group and in 186/761 (24 %) in the biosimilar
group but in none of the cycles in the reference filgrastim
cohort. There was an increased use of ciprofloxacin in the first
cycle of the biosimilar group (69 vs. 17 % pegfilgrastim).

FN rate and complications

The FN rates per patient/cycle were 16/3 % in the reference
filgrastim group, 16/4 % in the biosimilar group and 9/2 % in
the pegfilgrastim group (Table 3). In our exploratory analysis,
no significant differences were found between the three
groups. In all groups, there was clear prevalence for FN epi-
sodes to occur in the first cycle (data not shown).

There were differences in ANC at FN diagnosis between
the three groups (Table 3). Post hoc analyses revealed that
median ANC at FN diagnosis was lower in the biosimilar
group in comparison with reference filgrastim (p=0.015) but
not with pegfilgrastim (p=0.440) or between reference
filgrastim and pegfilgrastim (p=0.223). FN episodes with
ANC<100 cells/μL at diagnosis were more frequent in the
biosimilar group when compared with pegfilgrastim and ref-
erence filgrastim (p=0.001 and p=0.020, respectively). No
difference was seen between reference filgrastim and
pegfilgrastim.

No differences concerning FN complications were seen
(Table 3), with the exception of more chemotherapy delays
in the biosimilar group when compared with pegfilgrastim
(p=0.040, post hoc analysis) but not with reference filgrastim.

Discussion

We aimed to add information, within the clinical practice set-
ting, on the comparative effectiveness of biosimilar filgrastim
(Nivestim™) in FN prevention in early breast cancer patients
undergoing high-risk FN chemotherapy.

Support Care Cancer (2016) 24:597–603 599

http://www.r-project.org/
http://www.r-project.org/


Our results showed a similar rate of FN in reference and
biosimilar filgrastim groups (16 %). Even though the FN rate
in the pegfilgrastim group was lower (9 %) than the reference
filgrastim and also biosimilar groups, a substantial difference
could not be demonstrated. This is similar to what was previ-
ously reported in head-to-head trials comparing reference
filgrastim with pegfilgrastim [17, 18].

An interesting result of our study was a higher percentage
of profound neutropenia (ANC<100 cells/μL) at FN diagno-
sis in biosimilar filgrastim patients (50 vs. 4–6 % in the other
two groups). The clinical relevance of this finding needs fur-
ther confirmation, particularly in other G-CSF indications
with increased risk of neutropenia like the bone marrow trans-
plant setting where Nivestim™ obtained approval by extrap-
olation [19]. National Comprehensive Cancer Network
(NCCN) guidelines mention profound neutropenia as a risk
factor for developing infection-associated complications [11],
yet other authors only consider profound neutropenia as a risk
factor for FN worse outcome when combined with anticipated

prolonged duration (>7 days) [20]. In our data, we could not
accurately evaluate the duration of profound neutropenia;
however, there were no differences between the three groups
regarding FN hospitalization, septic shock or death. In fact, in
the Nivestim™ pivotal trial [13], patients on the biosimilar
arm also showed a greater proportion of severe neutropenia
(defined as ANC <500 cells/μL) in the first two cycles. The
clinical significance of this finding was an object of discussion
by the EMA Committee for Medicinal Products for Human
Use (CHMP) in the Nivestim™ pre-marketing assessment
[19]. Again, as no detrimental effect in clinical parameters like
FN incidence or number of infections was seen in biosimilar-
treated patients, CHMP finally issued a favourable opinion.

The approval of Nivestim™ was supported by a single
equivalence phase III trial [13]. Study allocation ratio was
2:1 and included 184 patients in the biosimilar filgrastim
arm and 95 in the Amgen reference filgrastim group. Unlike
our study that only included patients from the adjuvant/
neoadjuvant context, this trial also included 16 % stage IV

Table 1 Patient demographic
and clinical characteristics Reference filgrastim

(N=147)
Pegfilgrastim
(N=139)

Biosimilar filgrastim
(N=134)

Age, years

Median (min–max) 52 (27–70) 52 (28–76) 48 (25–67)

≥60 years, n (%) 35 (24) 41 (29) 14 (10)

Menopausal status, n (%)

Pre 71 (48) 59 (42) 93 (70)

Post 73 (50) 80 (58) 38 (28)

NA 3 (2) – 3(2)

Stage AJCC, n (%)

I 1 (1) 0 3 (2)

II 77 (52) 81 (58) 75 (56)

III 69 (47) 58 (42) 56 (42)

Tumor grade, n (%)

1 14 (10) 11 (8) 10 (8)

2 91 (62) 90 (65) 77 (57)

3 37 (25) 34 (24) 42 (31)

NA 5 (3) 4 (3) 5 (4)

HR status, n (%)

Positive 111 (76) 111 (80) 97(72)

Negative 34 (23) 28 (20) 37(28)

NA 2(1) – –

HER 2 status, n (%)

Positive 29 (20) 21 (15) 23 (17)

Negative 108 (73) 117 (84) 110 (82)

NA 10 (7) 1 (1) 1 (1)

Treatment setting, n (%)

Adjuvant 147 (100) 67 (48) 78 (58)

Neoadjuvant 0 72 (52) 56 (42)

NA not available, AJCC American Joint Committee on Cancer, HR hormone receptor

600 Support Care Cancer (2016) 24:597–603



patients, which are considered a distinct population in terms of
susceptibility for FN [21, 22]. Moreover, contrary to the piv-
otal trial where patients were only evaluated during the first
three cycles of chemotherapy, our analysis comprised the en-
tire duration of chemotherapy allowing us to assess the effec-
tiveness of biosimilar filgrastim through a longer period.

Our FN rate in both reference filgrastim and pegfilgrastim
cohorts is coincident with the one previously reported by the
GEPARTRIO study [8] involving TAC regimen. On the other
hand, our FN rate per biosimilar filgrastim was higher than the
reported in the biosimilar pivotal trial [13] (16 % in our series

vs. 2 %, both per patient). No major differences in filgrastim
schedule and number of administrations existed between the
two studies; thus, potential causes could include either a dif-
ferent FN definition or employment of a distinct
anthracycline-taxane regimen. We fear that the FN incidence
originally presented may underestimate the real FN rate in this
population.

Weaknesses related to the retrospective nature of our study
could be though pointed out, namely, the fact that patients in
the biosimilar cohort were younger. Older age, especially
above 60 years, is a risk factor for FN in breast cancer [23].

Table 2 Description of TAC treatment, G-CSF and antibacterial prophylaxis

Reference filgrastim (N=147) Pegfilgrastim (N=139) Biosimilar filgrastim (N=134)

Total number of cycles of TAC 833 761 761

Number of cycles TAC per patient

Median [min–max] 6 [1–7] 6 [1–8] 6 [1–6]

Mean (SD) 5.7 (1.1) 5.5 (1.4) 5.7 (1.1)

TAC RDI (%)

Docetaxel

Median [min–max] 100 [63–100] 100 [74–100] 100 [61–100]

Mean (SD) 98.0 (6.5) 98.6 (4.5) 98.0 (5.9)

Doxorubicin

Median [min–max] 100 [63–100] 100 [74–100] 100 [61–100]

Mean (SD) 98.1 (6.3) 98.8 (3.9) 98.0 (5.9)

Cyclophosphamide

Median [min–max] 100 [63–100] 100 [74–100] 100 [61–100]

Mean (SD) 98.1 (6.3) 98.9 (3.6) 98.0 (5.9)

Number G-CSF administrations per cycle

Median [min–max] 7 [1–10] 1 [1–1] 7 [3–9]

Number cycles with ≥7 GCSF administrations 737 (88 %) – 661 (87 %)

Number cycles with <7 G-CSF administration 90 (11 %) – 90 (12 %)

NA 6 (1 %) 10 (1 %)

Schedule of G-CSF per cycle

24–72 h after chemotherapy 759 (91 %) 749 (98 %) 628 (83 %)

>72 h after chemotherapy 63 (8 %) 3 (0.4 %) 122 (16 %)

NA 11 (1 %) 9 (1 %) 11 (1 %)

Administered G-CSF dosage per cycle

<4 μg/kg/day 147 (18 %) – 156 (20 %)

4–8 μg/kg/day 670 (80 %) – 584 (77 %)

>8 μg/kg/day 5 (1 %) – 4 (1 %)

NA 11 (1 %) 17 (2 %)

Number of cycles with concomitant ciprofloxacin prophylaxis

Cycle 1 0 23 (17 %) 92 (69 %)

Cycle 2 0 19 (15 %) 21 (16 %)

Cycle 3 0 16 (13 %) 18 (14 %)

Cycle 4 0 18 (15 %) 20 (16 %)

Cycle 5 0 18 (15 %) 18 (15 %)

Cycle 6 0 16 (14 %) 17 (14 %)

SD standard deviation, RDI relative dose intensity, NA not available
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There were also differences concerning the use of ciprofloxa-
cin in FN prophylaxis, which was higher in the biosimilar
cohort in the first chemotherapy cycle. This seemed to have
resulted in additional FN protection in the biosimilar group,
since the cohort had lower FN rate in the first cycle (data not
shown). Even though antibacterial prophylaxis in solid tu-
mour conventional chemotherapy is not recommended [24],
some data point towards a beneficial effect [25]. Altogether,
these two imbalances could have acted at best as an advantage
in the biosimilar cohort in what regards the FN rate.

Another possible bias was the difference in the proportion
of patients treated in the neoadjuvant setting (approximately

half of the patients in the pegfilgrastim and biosimilar cohorts
as opposed to none in the reference filgrastim cohort). This
indicates that a higher proportion of patients in pegfilgrastim
and biosimilar group had larger breast cancer tumours at the
time of treatment. Although evidence exists for considering
advanced disease as a risk factor for FN [21, 22], it is un-
known in what degree an advanced but only local and opera-
ble breast cancer could contribute to immunosuppression and
act as an FN risk factor in an otherwise group of women with
good performance status.

It should be noticed that no relevant discrepancies were,
however, seen in important potential confounding factors like

Table 3 Comparison of effectiveness endpoints

Reference filgrastim (N=147) Pegfilgrastim (N=139) Biosimilar filgrastim (N=134)

Number of patients with at least one FN episode) 23 (16 %) 12 (9 %) 21(16 %)

(95 % CI) (10.2–22.5) (4.5–14.6) (10.0–22.9)

Number cycles with FN) 27/833 (3 %) 17/761 (2 %) 28/761(4 %)

(95 % CI) (2.1–4.7) (1.3–3.6) (2.5–5.3)

ANC at FN diagnosis (×103 cells/μL)

Median [min–max] 200 [0–400] 100 [50–420] 95 [10–420]

Number FN episodes with ANC <100 1/27 (4 %) 1/17 (6 %) 14/28 (50 %)

Number documented infections) 4/27 (15 %) 5/17(29 %) 4/28 (14 %)

With clinical focus only 2 4 3

Pneumonia – 2 1

Gastrointestinal tract infection 1 2 –

Urinary tract infection – – 1

Perineal region 1 – 1

Microbiologically documented 2 1 1

Bloodstream 2 1 0

E. coli – 1 –

K. pneumonia 1 – –

P. aeruginosa 1 – –

Urine 0 0 1

E. coli (ESBL) – – 1a

FN complications

Hospitalization 20/27 (74 %) 14/17 (82 %) 19/28 (68 %)

Duration of hospitalization, days

Median [min–max] 5 [1–17] 4 [1–8] 4 [1–10]

Broad-spectrum antibiotics 14/27 (51 %) 10/17 (58 %) 13/28 (46 %)

Septic shock 1/27 (4 %) 1 (6 %) 3 (11 %)

Death 0 0 1 (4 %)b

Number chemotherapy adjustments due to FN)

Dose reduction 1 (1 %) 1 (1 %) 1 (1 %)

Dose delay 11 (1 %) 4 (0.5 %) 16 (2 %)

Early termination 3 (2 %) 6 (4 %) 1 (1 %)

ANC absolute neutrophil count, ESBL extended-spectrum beta-lactamases
a Patient on prophylactic ciprofloxacin
bDeath due to septic shock
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FN management protocols used over time, patterns of FN
infectious pathogens or TAC dose intensity. Finally, our study
did not address safety issues related with G-CSF use. This is
because we felt that a retrospective chart analysis would never
be fully comprehensive in respect of G-CSF toxicity evalua-
tion. Therefore, we only focused on the G-CSF effectiveness
data concerning FN episodes.

Biosimilars have their own complex manufacturing pro-
cess which does not completely overlap the process of the
reference medicine. Differences can be found and minor alter-
ations in the various stages of the production may impact
biosimilar activity and can go initially unnoticed due to limit-
ed clinical experience at approval. Post-approval data report
becomes therefore essential. We did not detect differences in
Nivestim™ effectiveness; however, further studies with larger
number of patients and in other therapeutic settings are need-
ed. Safety and also efficacy issues are currently being ad-
dressed by two ongoing Nivestim™ phase IV studies [26].
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