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Background: Following the functional and physicochemical characterization of a proposed biosimilar, comparative clinical
studies help to confirm biosimilarity by demonstrating similar safety and efficacy to the reference product in a sensitive patient
population.

Patients and methods: LA-EP2006 is a proposed biosimilar that has been developed for pegfilgrastim, a long-acting form of
granulocyte colony-stimulating factor for the prevention of neutropenia. The current analysis reports data pooled from two
independent, multinational, prospective, randomized, controlled, double-blind phase III studies of similar design comparing the
safety and efficacy of reference pegfilgrastim with LA-EP2006 in patients with breast cancer receiving myelotoxic (neo)adjuvant
TAC (docetaxel, doxorubicin, and cyclophosphamide) chemotherapy and requiring granulocyte colony-stimulating factor.

Results: A total of 624 patients were randomized in the PROTECT-1 and PROTECT-2 studies (NCT01735175; NCT01516736)
(LA-EP2006: n¼ 314; reference: n¼ 310). Baseline characteristics of patients were well balanced across treatment groups. The
primary end point, mean duration of severe neutropenia in the first chemotherapy cycle was similar in both the LA-EP2006 and
reference groups (1.05 6 1.055 days versus 1.01 6 0.958 days), with a treatment difference of� 0.04 days [95% confidence
interval (CI):�0.19 to 0.11] that met the equivalence criteria (the 95% CI were within the defined margin of 61 day). Secondary
end points, such as the nadir of absolute neutrophil count and the incidence of febrile neutropenia, were also similar between
LA-EP2006 and reference pegfilgrastim. The safety and tolerability profile of LA-EP2006 was similar to that observed with
reference pegfilgrastim, and there were no reports of neutralizing antibodies.

Conclusions: This pooled analysis confirms, as a part of totality of evidence approach, that the proposed biosimilar
pegfilgrastim LA-EP2006 has a comparable efficacy and safety profile to reference pegfilgrastim in patients with breast cancer
receiving TAC chemotherapy.

Clinical trial numbers: NCT01735175 and NCT01516736.
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Introduction

Biosimilars are biologics where the active substance is essentially

the same biologic entity as the reference product and has no clin-

ically meaningful differences in safety or efficacy. The develop-

ment of biosimilar medicines involves a target-directed iterative

stepwise process to ensure a product that is highly similar to the

reference [1, 2]. Proof of biosimilarity is based on the totality of

evidence including analytical, non-clinical and clinical data.

Comparative efficacy and safety studies may comprise the final

step to confirm biosimilarity and address any residual uncer-

tainty, and should be carried out in the most sensitive population

[3]. Once the totality of evidence has been established and con-

firmed in the most sensitive indication, biosimilars may be
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approved for, or extrapolated to, other indications of the refer-

ence product provided there is scientific justification [4, 5].

Recombinant human granulocyte colony-stimulating factor

(G-CSF), filgrastim, and its long-acting pegylated form, pegfil-

grastim, are widely used for the prevention of chemotherapy-

induced neutropenia. Pegfilgrastim has the same active

substance, mode of action and comparable efficacy and safety to

filgrastim, but its longer serum half-life allows once-per-

chemotherapy cycle administration, instead of the daily injection

needed with filgrastim. This may offer improved convenience

and compliance for patients receiving chemotherapy [6]. In clin-

ical practice, the use of pegfilgrastim has been associated with

reduced risk of febrile neutropenia (FN) and FN-related compli-

cations, including fewer hospitalizations, and enhanced chemo-

therapy dose intensity compared with short-acting G-CSFs [7, 8].

Although biosimilars of filgrastim have been licensed in

Europe and approved for use in the United States, no pegfilgras-

tim biosimilar has yet been approved. Two phase III clinical trials

(PROTECT-1 and PROTECT-2) of the proposed biosimilar peg-

filgrastim LA-EP2006 have been conducted in patients with

breast cancer in order to confirm equivalent efficacy and demon-

strate no clinically meaningful differences in safety profile

compared with reference pegfilgrastim (Neulasta
VR

, Amgen Inc.)

[9, 10]. We report a pooled analysis from these two studies in

order to further assess the efficacy and safety of LA-EP2006 and

reference pegfilgrastim. Separate trials are underway to compare

pharmacokinetics and pharmacodynamics between LA-EP2006

and reference pegfilgrastim.

Methods

Study design

PROTECT-1 and PROTECT-2 were independent, multinational, pro-
spective, randomized, double-blind phase III studies (clinicaltrials.gov:
NCT01735175; NCT01516736) of similar design and included patients
with breast cancer receiving myelotoxic (neo)adjuvant chemotherapy
requiring G-CSF administration [9, 10]. These studies were conducted in
12 countries across North and Latin America, Europe and Asia and in ac-
cordance with the International Conference on Harmonization
Guidelines for Good Clinical Practice, with applicable local regulations,
and with the ethical principles of the Declaration of Helsinki. Both trials
adhered to the rules of the CONSORT statement. Study protocols and all
amendments were reviewed by Independent Ethics Committees for each
participating site. All patients provided written informed consent.

Both studies included a screening period of up to 21 days, after which
eligible patients were randomized 1 : 1 to either proposed biosimilar peg-
filgrastim (LA-EP2006) or reference pegfilgrastim (Neulasta

VR

, Amgen
Inc.). Patients received TAC (docetaxel 75 mg/m2, doxorubicin 50 mg/
m2, cyclophosphamide 500 mg/m2) chemotherapy administered intra-
venously on day 1 of each chemotherapy cycle every 3 weeks for up to 6
cycles. Pegfilgrastim (biosimilar or reference) 6 mg was administered by
subcutaneous injection on day 2 of each chemotherapy cycle (at least 24 h
after end of chemotherapy).

Patient population

The patient population has been reported previously [9, 10]. In brief,
both studies enrolled adult women (aged�18 years) with histologically
proved breast cancer who were chemotherapy-naı̈ve and scheduled to re-
ceive up to six cycles of neoadjuvant or adjuvant treatment with TAC

chemotherapy. Key inclusion criteria included Eastern Cooperative
Oncology Group (ECOG) performance status�2 and adequate bone
marrow function at day 1 of cycle 1 before chemotherapy [absolute neu-
trophil count (ANC)�1.5� 109/l, platelet count�100� 109/l, hemoglo-
bin�10 g/dl).

End points

The primary efficacy end point in each study was the mean duration of
severe (grade 4) neutropenia (DSN) during cycle 1 of chemotherapy,
defined as the number of consecutive days with an ANC<0.5� 109/l.
Secondary efficacy assessments were depth of ANC nadir (lowest ANC)
during cycle 1, time to ANC recovery (days from ANC nadir until ANC
increased to�2� 109/l) during cycle 1, incidence of FN [oral tempera-
ture of�38.3 �C with ANC<0.5� 109/l or neutropenic sepsis (FN/NS)]
by cycle and across all cycles, number of days of fever (oral
temperature�38.3 �C) for each cycle, frequency of infections by cycle
and across all cycles, and mortality due to infection.

Safety was assessed through the incidence, occurrence and severity of
adverse events (AEs) during treatment, at follow-up 4 weeks after the last
administration of pegfilgrastim (PROTECT-2 study) and at 6 months
(PROTECT-1 study). Immunogenicity was assessed by a validated
enzyme-linked immunosorbent assay for detection and characterization
of binding anti-pegfilgrastim antibodies, and a validated cell-based neu-
tralization antibody assay for the determination of potential neutralizing
antibodies. Immunogenicity was assessed before the first administration
of pegfilgrastim (LA-EP2006 or reference), on day 15 of cycle 6, and
4 weeks (PROTECT-2) and 6 months (PROTECT-1) after last
administration.

Statistical analysis

Equivalence between biosimilar and reference pegfilgrastim were assessed
in each study. Equivalence was assessed using two-sided 95% confidence
intervals (CIs) for the difference in the mean DSN, with LA-EP2006 con-
sidered equivalent to reference pegfilgrastim if 95% CIs were within the
pre-defined margin of 61 day. A non-inferiority margin of 1 day for the
mean DSN had been used previously in studies supporting the approval
of pegfilgrastim in patients with breast cancer treated with myelosuppres-
sive chemotherapy [11, 12] and an equivalence margin of 61 day was
agreed with regulatory authorities (US Food and Drug Administration
[FDA] and European Medicines Agency [EMA]). Mean DSN was ana-
lyzed with an ANCOVA model using fixed and random terms: treatment,
chemotherapy (adjuvant or neoadjuvant), region [America (both North
and South), Europe and Asia], and baseline ANC count were fitted as
fixed effects, and study (PROTECT-1 or PROTECT-2) as a random
effect.

Results

A total of 624 patients were randomized and received�1 dose of

pegfilgrastim (full analysis set: LA-EP2006: n¼ 314; reference:

n¼ 310). Patient disposition has been reported for each of the

PROTECT studies [9, 10].

Baseline characteristics were well balanced across treatment

groups (Table 1). There were no relevant differences between

treatment groups in the doses of chemotherapy during the first

cycle and across all cycles. Mean (SD) relative dose intensity

(RDI) of TAC chemotherapy was 0.99 (0.020) for LA-EP2006

and 0.99 (0.017) for reference pegfilgrastim in cycle 1, and 0.98

(0.050) with LA-EP2006 and 0.97 (0.061) for reference pegfilgras-

tim in cycle 6. Across all cycles, mean RDI was 0.99 (0.038) with

LA-EP2006 and 0.98 (0.049) with reference pegfilgrastim.
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Efficacy

The primary end point, mean DSN was similar in both the LA-

EP2006 and reference groups (1.05 6 1.055 days versus

1.01 6 0.958 days) (Table 2; supplementary Figure S1, available

at Annals of Oncology online). The difference in DSN in cycle 1

was �0.04 days (95% CI: �0.19 to 0.11). LA-EP2006 met the

equivalence criteria compared with the reference pegfilgrastim

because the 95% CI was within the defined margin of 61 day.

Secondary end points were similar between treatment groups

(Table 2). The time course of the mean ANC count for LA-

EP2006 was highly similar to that observed with reference pegfil-

grastim (supplementary Figure S2, available at Annals of

Oncology online). The mean ANC at nadir was 0.800� 109/l with

LA-EP2006 and 0.687� 109/l with reference pegfilgrastim (Table

2), and the time for ANC to recover from the nadir to�2� 109/l

was 1.84 and 1.88 days, respectively. Incidence of FN/NS was low

and similar between the treatment groups. Most patients experi-

enced FN/NS in cycle 1, with a slightly higher incidence in the ref-

erence group (n¼ 26, 8.4%) than in the LA-EP2006 group

(n¼ 18, 5.7%). Across all cycles, 25 patients (8.0%) in the LA-

EP2006 group and 32 patients (10.3%) in the reference group

experienced FN/NS.

Safety

The safety and tolerability profile for LA-EP2006 was similar to

that observed with reference pegfilgrastim. A total of 92% and

89% of patients receiving LA-EP2006 or reference pegfilgrastim

experienced�1 treatment-emergent (TE) AE during the treat-

ment period (i.e. onset of AE was on or after the date of the first

administration of chemotherapy and not later than 30 days after

last pegfilgrastim administration). The type and the frequency of

TEAEs were similar between LA-EP2006 and reference pegfilgras-

tim, with the most frequent TEAEs being chemotherapy-induced

events (supplementary Table S1, available at Annals of Oncology

online). Serious TEAEs occurred in 14.3% of LA-EP2006 patients

and 17.1% of reference pegfilgrastim patients (supplementary

Table S2, available at Annals of Oncology online).

Table 1. Patient demographics and baseline characteristics (FAS)

Parameter LA-EP2006 (N5314) Reference pegfilgrastim (N5310) Total (N5624)

Age, years
n 314 310 624
Mean (SD) 49.3 (10.02) 49.8 (10.49) 49.6 (10.25)
Median (range) 50.0 (25–75) 50.0 (26–76) 50.0 (25–76)

BMI, kg/m2

N 313 309 622
Mean (SD) 27.1 (5.72) 27.0 (5.38) 27.0 (5.55)
Median (range) 26.4 (14–44) 26.2 (15–47) 26.2 (14–47)

Race, n (%)
White 219 (69.7) 220 (71.0) 439 (70.4)
Asian 90 (28.7) 84 (27.1) 174 (27.9)
Black or African American 1 (0.3) 2 (0.6) 3 (0.5)
Othera 4 (1.3) 4 (1.3) 8 (1.3)

Ethnicity, n (%)
Not Hispanic or Latino 293 (93.3) 286 (92.3) 579 (92.8)
Hispanic or Latino 21 (6.7) 24 (7.7) 45 (7.2)

Time since initial diagnosis (months)
N 308 298 606
Median (range) 1.33 (0.1–76.0) 1.35 (0.2–11.2) 1.35 (0.1–76.0)

Stage at initial diagnosis, n (%)
I 11 (3.5) 16 (5.2) 27 (4.3)
II 144 (45.9) 134 (43.2) 278 (44.6)
III 159 (50.6) 156 (50.3) 315 (50.5)
IV 0 4 (1.3) 4 (0.6)

Any breast cancer surgical procedure, n (%) 303 (96.5) 298 (96.1) 601 (96.3)
Any prior radiotherapy, n (%) 9 (2.9) 10 (3.2) 19 (3.0)
ECOG coding at screening, n (%)

0 245 (78.0) 233 (75.2) 478 (76.6)
1 67 (21.3) 77 (24.8) 144 (23.1)
2 2 (0.6) 0 2 (0.3)

aOther race specified as Mestizo, Parda or Hispanic.
BMI, body mass index; ECOG, Eastern Cooperative Oncology Group; FAS, full analysis set; N, number of patients in a treatment group or analysis set;
n, number of assessable patients; SD, standard deviation.
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A total of 71 (22.6%) patients in the LA-EP2006 group and 66

(21.3%) patients in the reference pegfilgrastim group had TEAEs

with suspected relationship to pegfilgrastim (supplementary

Table S2, available at Annals of Oncology online). The most fre-

quent TEAEs with a suspected relationship to pegfilgrastim were

musculoskeletal and connective tissue disorders (LA-EP2006:

10.2%; reference pegfilgrastim: 9.7%), of which bone pain was

the most commonly reported (LA-EP2006: 4.5%; reference:

6.1%). Serious TEAEs with a suspected relationship to pegfilgras-

tim occurred with a low incidence in both treatment groups.

Overall, FN was reported with similar frequencies in the two

treatment groups (LA-EP2006: 8.0%; reference pegfilgrastim:

10.0%), but was considered to be related to pegfilgrastim more

frequently in the LA-EP2006 group compared with the reference

group [5 (1.6%) versus 0]. Overall, the number of patients with

infections was low in each cycle, and there were no clinically

meaningful differences between the treatment groups (Table 2).

A total of 11 patients died in the 2 studies (including the safety

follow-up period); 4 patients in PROTECT-1 and 3 patients in

PROTECT-2 in the LA-EP2006 group, and 2 patients in

PROTECT-1 and 2 patients in PROTECT-2 in the reference peg-

filgrastim group. None of the deaths were suspected to be pegfil-

grastim related. Despite the numerical differences, analysis of the

deaths did not reveal any pattern related to either product.

Local injection site reactions occurred rarely in either treat-

ment group: three patients in the reference group and one patient

in the LA-EP2006 group reported injection-site reactions re-

corded as non-serious TEAEs suspected to be related to study

drug. No neutralizing or clinically relevant anti-drug antibodies

were detected post-dose.

Discussion

This pooled analysis of two pivotal randomized phase III trials

confirms the clinical equivalence of proposed biosimilar pegfil-

grastim (LA-EP2006) with reference pegfilgrastim for the preven-

tion of severe neutropenia in patients with breast cancer receiving

myelotoxic chemotherapy.

TAC chemotherapy produces a prolonged and severe neutro-

penia [13] and increases the risk of FN in patients with breast

cancer [14]. Primary prophylaxis with G-CSF is known to greatly

reduce this risk of FN in these patients [14]. This population rep-

resents a sensitive and appropriate cohort for detecting potential

differences between a proposed biosimilar and reference G-CSF

product. Patients with breast cancer were used for pivotal regis-

tration trials for reference pegfilgrastim and other G-CSF prod-

ucts [11, 12, 15, 16], although a variety of myelosuppressive

chemotherapy regimens were used in these studies.

Duration of severe neutropenia was used as the primary effi-

cacy end point since it is a well-established end point to compare

products of the G-CSF class. The continuous nature of this end

point with frequent repeat sampling makes it more sensitive to

detect potential differences than other categorical clinical end

points such as FN or infections. It is also the time period at

which patients may be at most risk of FN. There are limitations

when comparing results from different studies, due to the

potential influence of differing patient populations and chemo-

therapy regimens, etc. Nevertheless, the mean DSN with LA-

EP2006 and reference pegfilgrastim in cycle 1 was consistent

with that observed in previous studies of pegfilgrastim [11, 12,

15–19].

Table 2. Efficacy parameters (FAS)

LA-EP2006 (N5314) Reference (N5310)

Primary efficacy parameter
DSN in cycle 1, mean6SD (median) 1.0561.055 1.0160.958

(1.0) (1.0)
Secondary efficacy parameter

Depth of ANC nadir (�109/l) in cycle 1, mean6SD 0.80061.2436 0.68760.9586
Time to ANC recovery in cycle 1, mean6SD (median) 1.8461.01 1.8861.04

(2.0) (2.0)
Patients with �1 episode of FN/NS, n (%)a

Cycle 1 18 (5.7) 26 (8.4)
All cycles 25 (8.0) 32 (10.3)
Patients with �1 episode of fever, n (%)a

Cycle 1 22 (7.0) 31 (10.0)
All cycles 58 (18.5) 61 (19.7)
Patients with �1 infection, n (%)a

Cycle 1 17 (5.4) 18 (5.8)
All cycles 49 (15.6) 56 (18.1)
Mortality due to infection, n (%) 0 2 (0.6)

All patients with FN/NS also experienced�1 fever episode.
aPatients with>1 episode are counted only once.
ANC, absolute neutrophil count; ANC nadir, lowest ANC (109/l) in cycle 1; DSN, duration of severe neutropenia; FAS, full analysis set; FN/NS, febrile neutro-
penia/neutropenic sepsis; N, number of patients in a treatment group or analysis set; n, number of patients with at least one episode; SD, standard devi-
ation; time to ANC recovery, time in days from ANC nadir until ANC had increased to�2� 109/l.
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The safety and tolerability profile of LA-EP2006 was similar to

that observed with reference pegfilgrastim and was generally

consistent with the known safety profile of the G-CSF class. For

example, TEAEs with a suspected relationship to pegfilgrastim

occurred with similar incidences in both treatment groups

(LA-EP2006: 22.6%; reference pegfilgrastim: 21.3%) and at an in-

cidence (25.7%) comparable with that previously reported for

pegfilgrastim 6 mg [15]. Reports of bone pain in the current ana-

lysis were lower than reported with pegfilgrastim in other studies

[11, 12, 15, 17]. The incidence of bone pain greatly between peg-

filgrastim studies, and this could reflect differences in patient

populations, background therapies or in how bone pain was re-

ported or defined. In contrast to several other pegfilgrastim stud-

ies [11, 12, 15, 17] a few deaths occurred in the PROTECT

studies. However, there was no discernible pattern and the deaths

were not considered related to either of the products under

investigation.

In the current analysis, no clinically relevant binding or neu-

tralizing anti-pegfilgrastim antibodies were detected, which is

consistent with observations from other studies with pegfilgras-

tim [11, 12, 17, 19].

Patients receiving G-CSF for the prevention of

chemotherapy-associated neutropenia are often undertreated

[20, 21], with filgrastim being used for shorter durations or at

lower doses than recommended [21–23]. The resulting inad-

equate prevention of FN could result in increased hospitaliza-

tions for FN [21] and delays in initiation of chemotherapy or

reductions in dose intensity [9, 24, 25] that may adversely im-

pact survival. There may be various reasons for the suboptimal

use of filgrastim in clinical practice, including attempts to min-

imize costs or a lack of convenience resulting in poor adherence.

The ability to administer pegfilgrastim once per cycle rather

than once daily may be more convenient for patients and phys-

icians. Moreover, the availability of biosimilar pegfilgrastim

may increase competition and thereby help to decrease costs

required for ensuring adequate prevention of chemotherapy-

associated neutropenia. A cost-efficiency analysis showed that

biosimilar filgrastim was more cost-efficient than the reference

product, costing e1336.46 (14 days) compared with e1794.30

[26]. Analysis of prescription data from 8726 patients in

Germany also showed a cost advantage of biosimilar G-CSF

compared with reference medicines [27]. Evidence suggests that

pegfilgrastim has potential for greater cost minimization com-

pared with filgrastim, although these cost–benefits may be less

pronounced in the EU compared with United States where the

cost of treatment is generally higher [28].

In conclusion, this combined analysis confirms that the pro-

posed biosimilar pegfilgrastim LA-EP2006 has comparable effi-

cacy (duration of severe neutropenia) and safety to reference

pegfilgrastim in breast cancer patients receiving TAC

chemotherapy.
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