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1 | INTRODUCTION

Chemotherapy impacts rapidly dividing cells by directly causing cell
death and slowing or stopping proliferation. Due to these effects,
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Abstract

A pharmacokinetics (PK)/pharmacodynamics (PD) study (EudraCT number
2015-002966-21) was conducted to investigate the biosimilarity of Pelmeg® (peg-
filgrastim), a biosimilar to EU-authorized Neulasta®, which is used in the clinic for
prevention of chemotherapy-induced neutropenia. The single-dose, randomized,
double-blind, two-way crossover study comprised 171 healthy male subjects, re-
ceiving Pelmeg and Neulasta (6 mg as subcutaneous injection) in a sequential man-
ner. Primary PK endpoints were the area under the concentration curve from time
zero to last measurable concentration (AUC,_,.,) and the maximum concentration
(C
for absolute neutrophil count (ANC). Safety and immunogenicity were also assessed.

max)- The primary PD endpoint was the area under the effect curve (AUEC, ..,
Comparability was demonstrated for both PK endpoints, with geometric mean ra-
tios (test/reference) for AUC, . and C__ of 95.2% and 92.8%, respectively. The
corresponding confidence intervals (Cls; 94.3%) were [86.6%;104.7%] for AUC
and [84.4%;102.2%] for C
125.0%. Likewise, PD comparability was demonstrated, with the geometric mean
ratio (test/reference) of AUEC, ., of 100.2%, with a corresponding Cl (95%) of
98.7%-101.8%. No clinically meaningful differences were observed for safety and

0-last

max DOth being within the equivalence margin of 80.0% to

immunogenicity between Pelmeg and Neulasta. Pelmeg was found to be highly simi-

lar to the reference product.

KEYWORDS
biosimilar, filgrastim, myelosuppressive chemotherapy, Neulasta, neutropenia, oncology,
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many chemotherapy regimens are associated with myelosuppres-
sion, resulting in reduced production of neutrophils (and also other
blood cells like erythrocytes and thrombocytes). Often such hema-
tological toxicities can limit the delivery of the planned dose and
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intensity of chemotherapy, which is crucial for tumor control and
patient survival. In clinical practice, neutropenia is the main limiting
factor for the applicability of chemotherapy.1

Thereby, both the duration of Grade 4 neutropenia (defined as
absolute neutrophil count [ANC] of < 0.5 x 10°/L) and the depth of
the nadir after chemotherapy are correlated with the development
of infectious complications.? Thus, an important goal in oncologi-
cal practice is the prevention of neutropenia when administering
chemotherapy.

Filgrastim is a recombinant human granulocyte colony-stimu-
lating factor (G-CSF), which stimulates the production of neutro-
phil precursors, enhances the function of mature neutrophils, and
ameliorates neutropenia and its complications.® Pegfilgrastim is
a pegylated form of filgrastim, developed to increase the half-life.
Pegfilgrastim retains the same biological activity as filgrastim and
binds the same G-CSF receptor. A once-per-chemotherapy-cycle
administration of pegfilgrastim was shown to be sufficient to reduce
the duration of severe neutropenia as effectively as daily treatment
with filgrastim.*

The efficacy and safety of pegfilgrastim for the prevention of
chemotherapy-induced neutropenia were demonstrated in two piv-
otal Phase 3 studies with Neulasta,?” leading to regulatory approval
of Neulasta in the US and the EU.

Pelmeg (development code B12019) is a biosimilar pegfil-
grastim. A comprehensive analytical, functional, and preclinical
comparability program demonstrated a high degree of similarity
of Pelmeg between and the reference product Neulasta. In the
clinical development program, two comparative studies were
conducted.

Study B12019-101 was the first-in-human trial for Pelmeg, a
pharmacokinetics (PK)/ pharmacodynamics (PD) study. Objectives
of the study were to demonstrate PK comparability of Pelmeg to
Neulasta based on area under the concentration curve from time

zero to last measurable concentration (AUC ) and maximum

0O-last;

concentration (C to demonstrate PD comparability based on

),
max
area under the effect curve (AUEC, ) for ANC-time curve, and
to investigate immunogenicity and safety. The results from this
study, as presented here, confirm the biosimilarity of Pelmeg to

EU-authorized Neulasta.

2 | MATERIALS AND METHODS

This randomized, double-blind, single-dose, two-way crosso-
ver study in healthy subjects was conducted at two study sites in
Germany, between October 2015 and April 2016.

The study was registered with EudraCT (number
2015-002966-21) and was conducted in accordance with the
International Conference on Harmonisation Guideline for Good
Clinical Practice E6, the European Clinical Trial Directives 2001/20/
EC and 2005/28/EC, and applicable national and local regulatory
requirements. The aspects of the study concerned with the inves-
tigational medicinal product met the requirements of EU Good

Manufacturing Practice. The protocol and informed consent form
were reviewed and approved by relevant ethics committees prior
to implementation. Written informed consent was obtained from all

subjects prior to screening.

2.1 | Study population

Healthy male subjects (as determined by medical history, physical
examination including vital signs, electrocardiogram [ECG], and clini-
cal laboratory testing), aged 18-55 years, with a body mass index
(BMI) between 20.0 and 30.0 kg/m? (inclusive), and a weight be-
tween 60 and 100 kg (inclusive) were eligible to be included in the
study. All subjects were to comply with the contraception require-
ments as specified in the protocol. Subjects were excluded if they
had been previously treated with pegfilgrastim, or if they had known
anti-drug antibodies (ADAs) to filgrastim, pegfilgrastim, or polyeth-
ylene glycol (PEG).

2.2 | Study design

The sample size was determined by the anticipated variability of
the PK endpoints AUC, . and C
coefficient of variation (CV) was expected to be high, but not ex-

maxs 1OF Which the intra-individual
ceeding 50% (based on 9. A targeted power of 90%, an expected
true test/reference ratio of 0.95-1/0.95, and biosimilarity limits of
80.0%-125.0% were assumed for the primary PK parameters. To
account for the expected high variability of the PK parameters the
study methodology was based on a two-stage design,z8 planning for
a sample size recalculation after completion of Stage 1 and potential
sample size adjustment for Stage 2. In Stage 1 of the study, 172 sub-
jects were to be enrolled, whereas Stage 2 would allow the recruit-
ment of additional subjects. With a total of 156 evaluable subjects
in Stage 1 (assuming a drop-out rate of up to 10%), it could be as-
sumed that the targeted power was already achieved based on Stage
1 only. However, under the given assumptions of a CV of 50% there
was a probability of approximately 5.5% that the study needed to
go into Stage 2. In case the variability of the primary PK parameters
was higher than expected, the probability to enter into Stage 2 in-
creased. According to the predefined decision rules, no Stage 2 was
performed. The given sample size was also considered to be appro-
priate and sufficient in order to support the assessment of biosimi-
larity for the PD endpoint AUEC,, ., for ANC. Assuming an expected
true test/reference ratio of 0.95-1/0.95 and biosimilarity limits of
80.0%-125.0% for the 95% confidence intervals (Cls), 156 evaluable
subjects provided at least 90% power to lie within the acceptance
ranges, as long as the intraindividual CV does not exceed 49%.

The study design is shown in Figure 1.

Subjects were screened 2 to 28 days prior to administration of
study drug. Eligible subjects were admitted to the study site and re-
mained hospitalized until Day 5, while ambulatory visits were per-
formed after Day 5 until Day 43. Each subject participated in two
study periods, with sequential administration of Pelmeg followed by
Neulasta or Neulasta followed by Pelmeg. Dosing was separated by
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FIGURE 1 Study design B12019-101
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a wash-out period of at least 6 weeks (maximum 8 weeks), corre-
sponding to approximately 15 half-lives of pegfilgrastim. Subjects
were randomized in a 1:1 ratio to sequentially receive Pelmeg and
Neulasta or vice versa. Study drugs were administered as subcuta-
neous (s.c.) injections to the abdomen, at a dose of 6 mg (Pelmeg:
6 mg/0.6 mL, batch number 9201515003, Cinfa Biotech SL, Spain,
and Neulasta: 6 mg/0.6 mL, batch number 1056658B, Amgen
Europe BV, The Netherlands).

2.3 | Endpoints and statistical analysis

The primary PK endpoints were AUC, .., and C__ . The primary
PK analysis was performed on the model-based PK set (defined as
all subjects with reliable PK data for both study periods ie with-
out any important protocol deviation which would render the data
between treatments incomparable). For AUC, ., and C . the
(1-2a)% ClI for the ratio of the test and reference products was to
be contained within the equivalence margin of 80.0%-125.0%. The
primary PK parameters were evaluated using an al-level of 0.0284
(corresponding to a 94.32% ClI for the test/reference ratio). For
Stage 1, the 94.32% confidence limits were calculated based on
the antilogs of the least square means and mean square error from
a general linear model (GLM) analysis of variance with sequence,
subjects within sequence, period and treatment as fixed effects on
log-transformed data. In order to achieve a better approximation
to a normal distribution, PK parameters related to concentrations
(such as AUC and C

O-last max) Were logarithmically transformed be-
fore analysis. Secondary PK endpoints included time to C,

max (tmax)’
terminal elimination rate constant (4,), half-life (t,); these were
evaluated descriptively. The primary PD endpoint was AUEC, .,
for ANC. The primary PD analysis was performed on the model-
based PD set (defined as all subjects with reliable PD data for
both study periods ie without any important protocol deviation
which would render the data between treatments incomparable).
Pelmeg and Neulasta were assumed to be comparable if the 95%
Cl of the test/reference ratio is within the equivalence margin of
80.0%-125.0%. The 95% confidence limits were calculated based
on the antilogs of the least square means and mean square error
from a GLM analysis of variance with sequence, subjects within
sequence, period and treatment as fixed effects on log-trans-
formed AUEC, .., of ANC data. To achieve a better approximation

First dosing Second dosing Last visit
Day 0 Day 43 Day 86
Safety monitoring —
e ——— PK monitoring —_—
_— PD monitoring —_—

Immunogenicity monitoring =————>

to a normal distribution, PD parameters related to concentrations
(such as AUEC, . .,) were logarithmically transformed before anal-
Jand t
of ANC, and CD34 + counts were evaluated descriptively. Safety

ysis. The secondary PD endpoints maximum effect (E

max max,E

variables included adverse events (AEs), local tolerability, physi-
cal examinations, vital signs, 12-lead ECG, and laboratory safety
assessments. Immunogenicity was investigated by assessment of

ADAs. Safety results were summarized descriptively.

2.4 | Bioanalysis

2.4.1 | Analysis of pegfilgrastim concentrations

Blood samples for PK analysis were collected during the in-patient
phase, predose and up to 96 hours postdose, and during the ambula-
tory visits in each period.

Pegfilgrastim concentrations in serum were determined using
a standard quantitative enzyme-linked immunosorbent assay
(ELISA) technique. The assay employed components from the R&D
Systems’ (Biotechne AG, Switzerland) Human G-CSF DuoSet ELISA
kit. Microplates are coated with mouse anti-human G-CSF capture
antibody which binds the G-CSF in the sample. After the analyte
is bound it is detected using a biotinylated goat anti-human G-CSF
detection antibody. The capture antibody is then bound by strepta-
vidin-horseradish-peroxidase (HRP), which in turn enzymatically ca-
talyses tetramethylbenzidine (TMB) conversion.

The determination was carried out over an expected calibra-
tion range of 0.20-8.00 ng/mL (samples above the calibration range
could be diluted up to 400-fold). The lower limit of quantification of
the assay was 0.2 ng/mL For low, medium, and high quality control,
the intraday variability was between 3.9% and 6.5% while interday
variability was between 3.1% and 4.3%. The method was validated
in accordance with the European Medicines Agency (EMA) Guideline
on Bioanalytical Method Validation? and the FDA Draft Guidance for
Industry on Bioanalytical Method Validation *°.

2.4.2 | Analysis of ANC and CD34

Blood samples for determination of ANC were collected during the in-
patient phase, predose, and up to 96 hours postdose, and during the

ambulatory visits in each period. Determination of ANC from whole
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blood was performed by fluorescent flow cytometry, using the auto-
mated hematology analyzer XT-2000i (SYSMEX) and reagents. Before
samples from the clinical study were analyzed, quality control (QC) sam-
ples (including three concentration levels) were measured on each day of
the analytical performance. Only after acceptance of QC samples, study
samples were analyzed. The method was validated by the provider.
Blood samples for determination of CD34 + were collected on Day
1 (predose), and between Day 3 and Day 12 postdose. The frequency
of CD34 + cells from whole blood was determined with a flow cy-
tometry-based assay, using the BD Bioscience Stem Cell Enumeration
Kit in combination with the FACS Canto Clinical Software. The kit
is an FDA cleared in vitro diagnostic test which meets the ISHAGE
Guidelines.!* The sensitivity of the assay was determined as 2.7
CD34+ cells/uL. The assay was found to be precise, with < 30% CV.

2.4.3 | Analysis of ADAs

Blood samples for ADA analysis were obtained on Day 1 predose,
Days 8, 15, 22, 29 of each period, and Day 43 of the last period.
Anti-pegfilgrastim antibodies in serum were detected with an im-
munoassay using electroluminescence. The testing concept involved
a multi-tiered approach. Initially, samples were subjected to a run-
specific screening assay. If a sample result exceeded the cut point of
the screening assay, then the sample was considered as ADA-reactive
and was advanced to the next tier. Otherwise, the sample was con-
sidered negative, and no further tests were required on the sample.
All samples that were ADA positive in the screening assay were sub-
sequently tested in a confirmatory assay. In the confirmatory assay,
samples were tested in parallel with four different competitive inhib-
itors (Pelmeg, Neulasta, Filgrastim, PEG6000). Samples that gave a
percentage inhibition value equal to or greater than the confirmatory
cut point were classified as positive for the respective competitive
inhibitor. Relative sensitivity was demonstrated and controlled using
an anti-Pelmeg whole molecule affinity-purified antibody reagent,
in combination with an anti-PEG positive control antibody reagent.
A conservative test strategy was applied to classify samples as
ADA positive if any reactivity with Pelmeg, Neulasta, filgrastim, or
PEG6000 was detected in a confirmatory assay. All confirmed pos-
itive samples were further characterized for ADA titer in a ligand-
binding assay format and for neutralizing capacity in a cell-based
assay (NSF-60 assay). The methods were developed in accordance
with the EMA Guideline on immunogenicity assessment of therapeu-
tic proteins (EMEA/CHMP/BMWP/14327/2006 Rev 1, May 2017).12

2.5 | Compliance with design and statistical analysis
requirements

The study was designed to enroll equal subject numbers for each
treatment sequence, and subjects were randomized in a 1:1 ratio.
Inclusion and exclusion criteria were predefined in the protocol. As
there was a visible difference between the syringes for the test and
reference products, drug administrations were performed by an un-

blinded team of medics and medically trained staff members, who

were not involved in any further study activities, and in a way that
the subjects remained blinded. Subjects, investigator staff, persons
performing the assessments or being responsible for determining
dosing regimen and staff of the sponsor or data analysts, remained
blinded from the time of randomization until database lock.

3 | RESULTS

3.1 | Demographics and baseline characteristics

A total of 172 subjects were randomized and enrolled in the study (86

subjects for each treatment sequence). One subject was randomized but

TABLE 1 Analysis sets

Treatment sequence

Pelmeg-Neulasta Neulasta-Pelmeg Total

Safety set 85 86 171
PK set 84 85 169
PD set 84 83 167
Model- 79 82 161

based PK

set
Model- 79 82 161

based PD

set

Abbreviation: PD, pharmacodynamics; PK, pharmacokinetic.

TABLE 2 Demographics and baseline characteristics

N =161

Age (years)

Median 42

Min; max 19,55
Weight (kg)

Median 81.5

Min, max 61.3,99.3
Height (cm)

Median 179

Min; max 165, 197
BMI (kg/m?)

Median 25.6

Min; max 20.0, 30.0
Smoking status n (%)

Yes 29 (18.0)

No 132(82.0)

All subjects in this study were male and white. Thus, subject distribu-
tion by sex and race is not shown. Numbers are based on the primary
analysis set (ie the model-based PK set; numbers are identical for the
model-based PD set).

Abbreviations: BMI = body mass index, Max = maximum, Min = mini-
mum, N = number of subjects.
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not treated, due to tachycardia in the predose ECG. Of the 171 subjects
who received study medication, 8 subjects discontinued the study pre-
maturely (5 for “personal reasons,” 2 were lost to follow-up, 1 due to a
protocol violation). A total of 163 subjects completed both study periods.

All subjects who received a dose of study medication were included
in the safety set, whereas subjects who received a dose of study med-
ication and who had adequate and reliable PK data from at least one
study period were included in the PK set. Subjects who had evaluable
PD data from at least one study period were included in the PD set. The
model-based PK/ PD sets, used for the primary PK and PD analyses,
respectively, included only subjects with data from both study periods,
and without any protocol deviations which would render the data in-
comparable between treatments. Analysis sets are shown in Table 1.
Demographics and baseline characteristics are shown in Table 2 for the

primary analysis set (model-based PK and model-based PD set).

3.2 | Pharmacokinetics

Results are presented for the primary analysis set, the model-based PK
set. This set includes all subjects with reliable data for both study periods,
and without any important protocol deviation. Of the 171 subjects who
received study medication, 10 were excluded from the model-based PK
set, because they either discontinued prematurely and had reliable data
for one study period only, or could not provide full PK profiles, for exam-
ple, due to missing visits. Mean serum concentrations of pegfilgrastim
after administration of Pelmeg and Neulasta were very similar, with
maximum serum concentrations at around 24 hours postdose (Figure 2).

The results for the statistical analysis of the primary PK pa-
rameters are shown in Table 3. There was no relevant difference
in the exposure of pegfilgrastim after administration of Pelmeg
and Neulasta, as the 94.32% Cls for the ratio of the test and refer-
ence products were fully contained within the equivalence margin
of 80.0%-125.0%. The primary PK endpoint of this study was met

and PK comparability between test and reference was shown.
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In addition to the prespecified analysis of AUC, ... also

AUC, ;  was analyzed, using the same model as described for the
primary analysis. For this analysis, data from 143 subjects were
available after Neulasta treatment and from 143 subjects after
Pelmeg treatment (model-based PK set); there were 127 sub-
jects with AUC; ; data from both periods. The geometric mean
ratio was 92.1%, and the 94.32% Cls for the ratio of the test and
reference products were 82.9 and 102.2, hence fully within the
equivalence margin of 80.0%-125.0%. Secondary PK parameters
were evaluated descriptively and were found to be very similar for
Pelmeg and Neulasta. Time to C_, was 16.0 hours with Pelmeg
and Neulasta, 1, was 0.018 I/h with Pelmeg and 0.017 I/h with
Neulasta, and t,, was 39.1 h with Pelmeg and 40.2 hours with
Neulasta.

TABLE 3 Statistical analysis of primary PK parameters (model-
based PK set, N = 161) and primary PD parameter (model-based PD
set, N = 161)

Pelmeg/Neulasta

Intrasubject

Parameter Ratio (%) 94.32% ClI CV (%)?
PK parameters

AUC, .« 95.2 86.6;104.7 46.7

Crnax 92.8 84.4;102.2 471
PD parameter

AUEC, .. 100.2 98.7;101.8 7.0

Abbreviations: ANC, absolute neutrophil count; AUCO-Iast’ area under

the concentration time curve from time zero to last measurable concen-
tration; AUEC, ..., area under the effect time curve from time zero to
last measurable concentration; Cl, confidence interval; C__ , maximum
concentration; CV, coefficient of variation; N = number of subjects;

PD = pharmacodynamics; PK, pharmacokinetic.

Intraindividual CV (%) estimated from the residual mean squares.
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FIGURE 2 Geometric mean (geometric SD) serum concentrations of pegfilgrastim (model-based PK set, N = 161). Solid and dotted lines
indicate the geometric mean serum concentrations with Pelmeg and Neulasta, respectively, up to 6 d postadministration. Error bars indicate
geometric standard deviation (SD). N, number of subjects; PK, pharmacokinetic; SD, standard deviation
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FIGURE 3 Mean (SD) ANC values until Day 12 (model-based PD set, N = 161). Solid and dotted lines indicate the absolute neutrophil
counts (ANC) with Pelmeg and Neulasta, respectively, up to 12 days postadministration. Error bars indicate standard deviation (SD). ANC,
absolute neutrophil count; N, number of subjects; PD, pharmacodynamics; SD, standard deviation

3.3 | Pharmacodynamics

Results are presented for the primary analysis set, which is the
model-based PD set. This set includes all subjects with reliable data
for both study periods, and without any relevant protocol deviation.
Of the 171 subjects who received study medication, 10 were ex-
cluded from the model-based PD set, because they either discontin-
ued prematurely and had reliable data for one study period only, or
could not provide full PD profiles, for example, due to missing visits.

Mean ANC values after administration of Pelmeg and Neulasta are
shown in Figure 3. ANC profiles were very similar after administration
of Pelmeg and Neulasta. Starting from similar predose levels (around 3
G/L), comparable increases in mean ANC were observed. Peak levels
were reached at around 3.5 days postdose and decreased thereafter.
The predose level was reached again on Day 18. Results for the sta-
tistical analysis of the primary PD parameter are shown in Table 3.
The geometric mean ratio of AUEC, .., was about 100% and the cor-
responding 95% Cl was very close to 100%, indicating no difference
with regard to ANC after administration of Pelmeg and Neulasta.

The primary PD endpoint of this study was met and PD compa-
rability between test and reference was shown. Similar results after
administration of Pelmeg and Neulasta were also observed for the
secondary PD endpoints, geometric mean AUEC, ., and E__ of
ANC, and CD34 + profiles.

3.4 | Safety

All 171 subjects dosed were included in the safety analysis. The
percentage of subjects with any AE was comparable for Pelmeg and
Neulasta (86.0% vs 81.3%, Table 4). In both groups, the majority of
AEs were assessed as drug related by the investigator. In the major-
ity of subjects, AEs were of mild or moderate severity. There were

no deaths. One subject (treated with Pelmeg) reported the serious

adverse event multiple injuries due to a car accident, assessed as
unrelated to the study drug.

The pattern of AEs was similar for Pelmeg and Neulasta, with
the majority of patients experiencing AEs in the System Organ Class
of musculoskeletal and connective tissue disorders. Most commonly
reported AEs (by preferred term) after both treatments were back
pain, headache, nasopharyngitis, hypoglycemia, and pain in extrem-
ity. The safety results are summarized in Table 4.

Injection site reactions were reported for six subjects after
administration of Pelmeg (injection site erythema, injection site
hematoma, and injection site warmth), and for one subject after ad-
ministration of Neulasta (injection site erythema). Injection site re-
actions were assessed as mild in all subjects. No clinically meaningful
differences between treatments were observed for any safety as-

sessments, including laboratory, ECG, or vital signs (data not shown).

3.5 | Immunogenicity

A special focus of the safety evaluation was immunogenicity, which
was evaluated as a secondary endpoint. A summary of ADA results is
shown in Table 5. Overall, 34 of 171 (19.9%) subjects in the safety set
had confirmed ADA positive reactivity with PEG. Importantly, no anti
filgrastim-reactive positive samples were detected in any subject.
Thus, the detected signals appear to represent antibodies reactive
with PEG, or with the PEG moiety of Pelmeg or Neulasta. No sam-
ples with neutralizing capacity in the NSF-60 cell-based assay were
detected. Overall, all subjects with ADA positive signals were asymp-

tomatic and these signals were considered not clinically relevant.

4 | DISCUSSION

In line with the guidelines for biosimilar development, the focus

of this clinical study was to confirm the biosimilarity of Pelmeg
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TABLE 4 Summary of safety results (safety set, N = 171)
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TABLE 5 Summary of ADA results (safety set, N = 171)

Subjects with AE, Statistic Subjects (%)
% Neulast Pel Total -

(e eulasta i ota No. subjects (%) with = 1 confirmed ADA positive 34 (19.9%)

Any AE 139 (81.3) 147 (86.0) 155 (90.6) sample
Drug-related AE 136 (79.5) 141 (82.5) 151 (88.3) No. subjects (%)  Neulasta + Pelmeg + PEG,,, 6 (3.5%)
Serious AE 0(0) 1(0.6) 1(0.6) positive with  pejmeg + PEG, ., 3(1.8%)

. each compet-
AE. Ieadn.1g to. 0(0) 0(0) 0(0.0) ing antigen in Neulasta + PEG, 1(0.6%)
ClSEon HTUE T confirmatory  PEG 45, only 24 (14.0%)
Deaths 0(0) 0(0) 0(0) ADA assay Pelmeg only 0(0%)

AEs by severity Neulasta only 0 (0%)
Mild 108 (63.2) 108 (63.2) 140 (81.9) Filgrastim only 0(0%)
Moderate 111(64.9) 119 (69.6) 136 (79.5) No. subjects (%) positive in nAb assay 0 (0%)
Severe 2(1.2) 2(1.2) 4(2.3)

Most common AEs by Preferred Term (2% of subjects in any of the

treatment groups)

Abbreviations: ADA = anti-drug antibody, nAb = neutralizing antibody,
N = number of subjects.

Back pain 109 (63.7) 114 (66.7) 134 (78.4)
Headache 52(30.4) 54 (31.6) 76 (44.4) as compared to the reference product Neulasta in a head-to-head
Nasopharyngitis 28 (16.4) 27 (15.8) 50(29.2) comparison. Various factors have been taken into consideration
Hypoglycemia 37 (21.6) 33(19.3) 49 (28.7) when designing this first-in-human study of Pelmeg. The study
Pain in extremity 29 (17.0) 18 (10.5) 41 (24.0) was conducted in healthy subjects. Compared to cancer patients
Neck pain 14 (8.2) 8(4.7) 21 (12.3) receiving chemotherapy, healthy subjects lack comorbidities and
Oropharyngeal pain 12 (7.0) 7(4.1) 18 (10.5) comedications, and are not immunosuppressed. Thus, they rep-
Myalgia 9(5.3) 6(3.5) 15(8.8) resent the most sensitive study population for conducting the PK
Musculoskeletal 8(4.7) 5(2.9) 13 (7.6) and PD comparison. The use of a sensitive population is recom-
pain mended by the Guideline on similar biological medicinal products
T —— 8(4.7) 8(4.7) 12 (7.0) containing biotechnology-derived proteins as active substance:
ferase increased nonclinical and clinical issues (EMEA/CHMP/BMWP/42832/2005
Blood pressure sys- 4(2.3) 10 (5.8) 11 (6.4) Rev 1)." Also, with regard to assessing the potential immuno-
tolic increased genicity of pegfilgrastim, healthy subjects are considered more
Fatigue 4(2.3) 7 (4.1) 11 (6.4) sensitive than cancer patients, as the latter have a compromised
Nausea 6(3.5) 6(3.5) 10 (5.8) immune system.
Arthralgia 5(2.9) 6(3.5) 9(5.3) In both healthy and patient populations, the mechanism of action
Feeling hot 4(2.3) 5(2.9) 9(5.3) of pegfilgrastim is the same, whereby pegfilgrastim elicits its effects
Cough 4(2.3) 6(3.5) 9(5.3) on hematopoietic cells by binding to specific cell surface receptors
Musculoskeletal 4(2.3) 6(3.5) 8(4.7) stimulating proliferation and differentiation of committed progen-
chest pain itor cells of the granulocyte-neutrophil lineage into functionally
Diarrhea 3(1.8) 5(2.9) 8(4.7) mature neutrophils. Because the bone marrow in a healthy subject
Palpitations 5(2.9) 2(1.2) 7(4.1) population is functionally unimpaired (in comparison with patients
Bone pain 5(29) 110.6) 6(3.5) undergoing myelosuppressive chemotherapy), the bone marrow of
this subject population is expected to be more responsive to stimu-
Dizziness 4(2.3) 2(1.2) 6(3.5) lation with G-CSF 14
BI(:‘Od c;eit'ine die Sz Bl The primary PD parameter ANC is an accepted surrogate marker
i‘;ccr’:zs;)d nase and can be related to patient outcome to the extent that demonstra-
Gamma gluta- 4(2.3) 5(2.9) 6(3.5) tion of a similar effect on the PD marker will ensure a similar effect on
myltransferase the clinical outcome (Guideline on similar biological medicinal prod-
increased ucts containing biotechnology-derived proteins as active substance:
Toothache 4(2.3) 1(0.6) 5(2.9) nonclinical and clinical issues, EMEA/CHMP/BMWP/42832/2005
Hyperhidrosis 1(0.6) 4(2.3) 5(2.9) Rev 1).

The 6 mg dose of pegfilgrastim used in this study (ie the approved

Note: Percentages are based on N. AEs were coded using the Medical
Dictionary for Regulatory Activities (MedDRA) version 18.1.
Abbreviations: AE, adverse event; N, number of subjects.

product dosage) is in the ascending part of the dose-response profile
for AUC and C__,*>° and is therefore considered to be sufficiently

max’
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sensitive for assessment of PK. In order to account for the expected
high variability of the relevant PK parameters,® the study method-
ology was based on a two-stage design, planning for a sample size
recalculation after completion of Stage 1 and potential sample size
adjustment for Stage 2.

For this study, the general principles for demonstration of bio-
equivalence were applied. Thus, the equivalence margins as used
in standard clinical bioequivalence studies, that is, 80.0%-125.0%,
were considered appropriate for the PK and the PD parameters
(Guideline on the investigation of bioequivalence CPMP/EWP/
QWP/1401/98 Rev.1/Corr).X® For the PD parameter, 95% Cls were
used. Finally, the crossover design helped to minimize variability of
the PK and PD parameters.

)and the PD end-
point (AUEC, .., of ANC), biosimilarity of Pelmeg and Neulasta was

For all primary PK endpoints (AUC,_,and C,_.
shown. Of note, PD comparability was also demonstrated when ap-
plying a tighter acceptance interval of 90.0%-111.0% (as suggested
by the Draft EMA Guideline on similar biological medicinal prod-
ucts containing recombinant granulocyte-colony stimulating factor,
EMEA/CHMP/BMWP/31329/2005 Rev 1, July 2018).Y” The variabil-
ity of PK parameters was high, as previously suggested by a study in
the literature.® The safety profile of Pelmeg was characterized by
AEs that are known adverse drug reactions of Neulasta, mainly mus-
culoskeletal disorders and headache. Thereby, the frequencies and
pattern of AEs was similar between Pelmeg and Neulasta, and in line
with the product information for Neulasta. Drug-related hypogly-
cemia was reported in around 20% of subjects after administration
of Pelmeg and Neulasta. Of note, all events of hypoglycemia were
transient, asymptomatic and did not require medical intervention. A
relatively high frequency of hypoglycemia was seen with both treat-
ments due to the stringent reporting approach for laboratory AEs
in this study and is not considered of clinical relevance. No clinically
relevant differences between Pelmeg and Neulasta have been re-
ported with respect to clinical laboratory parameters, vital signs, and
cardiovascular safety.

Anti-drug antibodies directed against the PEG moiety were seen
in 34 subjects (balanced between treatments). These signals were of
relatively low magnitude and were not associated with clinical signs
or symptoms. No filgrastim-reactive ADAs were detected in any sub-
ject receiving Pelmeg or Neulasta. This is in line with postmarketing
experience for both pegfilgrastim and filgrastim, which has demon-
strated an absence of clinically impactful immunogenicity associated
with the use of either product, even in fully immune competent pop-
ulations. The literature reports the results from a prospective 5-year
study of 6768 peripheral blood stem cell donors who were treated
with G-CSF and 2726 bone marrow donors who were not treated
with G-CSF.'8 The results of that study showed that peripheral blood
stem cell donors were not at increased risk for developing an autoim-
mune disease when compared to bone marrow donors. In addition,
the US FDA has stated that they are unaware of reports of neutral-
izing antibodies to G-CSF products, concluding that the literature
indicates that G-CSF products are low risk for causing ADA-related
severe adverse effects (FDA, Transcript of FDA Adcom for Zarxio.'’

The safety data set for Pelmeg was reviewed in detail for AEs
that could potentially be immune mediated, with a particular em-
phasis on hypersensitivity reactions. There were no AEs classified
as hypersensitivity or drug hypersensitivity in subjects treated with
either Pelmeg or Neulasta, and local tolerability was good. The
results from this pivotal PK/PD study supported the initiation of
a second clinical study with Pelmeg (Study B12019-102, EudraCT
No.: 2015-005022-19), which aimed to further investigate the im-
munogenicity and PD comparability after administration of Pelmeg
and Neulasta to healthy subjects. The results from this study are
reported separately.

5 | CONCLUSION

This comparative PK/PD study in healthy subjects has demon-
strated biosimilarity between Pelmeg and Neulasta for PK and PD
at the clinical dose of 6 mg. No clinically meaningful differences in

the safety or immunogenicity profiles were observed.
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