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Abstract: Biosimilar biological products are a safe and effective alternative to branded 

biological agents. One of the most common uses of the therapeutic protein filgrastim, a 

biological drug (recombinant human granulocyte-colony stimulating factor), is to reduce 

the occurrence and duration of severe neutropenia and its associated serious complications. 

TPI G-CSF, a filgrastim product under development by Therapeutic Proteins International, 

LLC, is a proposed biosimilar to Amgen’s marketed filgrastim, Neupogen®. To evaluate 

bioequivalence, we conducted a double-blind, randomized, two-period crossover study that 

took place at a single center and had a washout period of at least 2 weeks. The pharma-

cokinetic endpoints (area under the concentration-time curve from time 0 to time of the last 

observed/measured non-zero concentration [AUC
0-t

], AUC from time 0 extrapolated to infinity 

[AUC
0-inf

], and maximum observed concentration [C
max

]) and the pharmacodynamic endpoints 

(baseline-corrected area under the effect curve from time zero to the last non-zero cell count 

data [AUEC
0-t

] and maximum observed effect [E
max

]) for the absolute neutrophil count were 

 compared after administration of a subcutaneous 5 µg/kg dose of TPI G-CSF or Neupogen® in 

58 healthy adults. These 58 healthy subjects (72% male, 34.8±10.5 years, 77.1±14.1 kg) were 

randomly assigned to a treatment sequence group (TPI G-CSF- Neupogen® or Neupogen®-TPI 

G-CSF); subjects received a single subcutaneous injection of 5 µg/kg in each period. The 95% 

pharmacodynamic and 90% pharmacokinetic geometric confidence intervals of the ratio (TPI 

G-CSF/Neupogen®) of least-squares means from the analysis of variance of the natural log-

transformed data for each parameter fell within the approved bioequivalence range of 80% to 

125%. There were no serious adverse events in this study. Treatment-emergent adverse events 

were reported by 69% of the study subjects, with a similar incidence between treatments. The 

notable incidents were treatment-emergent injection site reactions. Injections of TPI G-CSF 

and Neupogen® appeared to be safe and equally well tolerated.
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Introduction
Filgrastim is a recombinant, non-glycosylated form of human granulocyte-colony 

stimulating factor, with an additional N-terminal methionine added to allow expression 

in Escherichia coli.1 The molecule is composed of 175 amino acid residues, with one 

free Cys residue at position 18 and two intermolecular disulfide linkages – between 

Cys-37 and Cys-43 and between Cys-65 and Cys-75 – which are  necessary for 
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 granulocyte-colony stimulating factor (G-CSF) bioactivity.1 

The structure of recombinant human G-CSF is an anti-

parallel 4-α-helical bundle with a left-handed twist and an 

up–up–down–down connectivity.1

The biological activity of G-CSF is initiated by the bind-

ing of G-CSF to the G-CSF receptor on myeloid progenitor 

cells and mature neutrophils.1,2 This binding initiates trans-

duction signals that lead to the proliferation and differentia-

tion of neutrophil committed progenitor cells, increase of 

mature neutrophils in the blood, and enhanced neutrophil 

function.2 G-CSF also mobilizes hematopoietic stem cells; 

the mechanism of action related to this effect is not fully 

understood.3 However, reports in the literature suggest the 

G-CSF receptor playing a critical role in this process.4

The pharmacokinetic characteristics of filgrastim are 

widely reported.5–7 The absorption is bi-segmental, and total 

body clearance of filgrastim follows a first-order pharmacoki-

netic model.7 A positive linear correlation is demonstrated 

between the parenteral dose administered and the serum 

concentration, as well as the areas under the concentration-

time curves (AUCs).8 Subcutaneous (SC) administration 

of filgrastim results in a time to reach maximum serum 

concentration (T
max

) of 2 to 8 hours.9 The elimination half-

life (T
½el

) is approximately 3.5 hours in normal subjects and 

cancer patients.9

Filgrastim increases the peripheral blood neutrophil 

count and causes a minor increase in monocytes.9 Filgrastim 

also mobilizes CD34+ stem cells; CD34+ stem cells in the 

peripheral blood serve as an indirect indicator of the marrow-

repopulating ability of peripheral blood progenitor cells.10 

According to the literature, the peak absolute neutrophil 

count (ANC) in healthy subjects is reached at approximately 

12 hours after a single-dose administration of filgrastim.11 The 

ANC is expected to return to normal levels approximately 

24 to 48 hours after the cessation of filgrastim administra-

tion.11,12 The amount of CD34+ cells in the peripheral blood 

increases up to 72 hours after administration of a single dose 

of filgrastim. The levels of peripheral blood progenitor cells 

return to baseline numbers approximately 336 hours after 

filgrastim cessation.8

Management of neutropenia is one of the main clinical 

applications of filgrastim. Neutropenia refers to an abnor-

mally low count of neutrophils and in adults is generally 

defined as a neutrophil count of 1,500 or fewer per microliter 

of blood. Neutropenia may be caused by a variety of factors, 

such as diseases that damage bone marrow, congenital dis-

orders, autoimmune disorders, and drugs that damage bone 

marrow (eg, chemotherapy), and can lead to severe bacterial 

and fungal infections. It has been shown that filgrastim 

can enable a higher-dose-intensity schedule, resulting in 

better antitumor effects and survival in patients receiving 

chemotherapy.13 Use of filgrastim also can help to prevent 

toxicity-related dose delays or reductions that contribute to 

reduced relative dose intensity, which may be associated with 

poor outcomes.14–16

In 1991, Amgen Inc.’s Neupogen® (Thousand Oaks, CA, 

USA) was the first licensed filgrastim product in the US9,17 

and Europe.18 To date, several filgrastim biosimilars have 

been approved in Europe19–21 and one in the US.22 Neupogen® 

has clinical uses that include the following: to decrease the 

incidence of infection and reduce both the time to neutrophil 

recovery and the duration of fever following chemotherapy 

treatment; to reduce the incidence and duration of sequelae 

of neutropenia (eg‚ fever‚ infections‚ oropharyngeal ulcers) 

in symptomatic patients with congenital neutropenia; to 

mobilize hematopoietic progenitor cells into the peripheral 

blood; and to increase survival in patients exposed to myelo-

suppressive doses of radiation (hematopoietic syndrome of 

acute radiation syndrome).9 The first biosimilar filgrastim 

licensed by the US Food and Drug Administration was 

approved for the same indications as Neupogen® at the time 

of the biosimilar’s approval.22 Biosimilar agents, in general, 

have comparable safety and efficacy to approved reference 

products and may provide more affordable treatment options 

that offer increased access for the population at large.6,23

The development and approval process for biosimilars is 

a highly structured, tier-based system wherein the developer 

is required to demonstrate a high level of analytical and func-

tional similarity, non-clinical safety, formulation stability, 

dosage form safety, and other patient safety elements prior 

to conducting studies in human subjects to compare pharma-

cokinetics, pharmacodynamics, and immunogenicity.24

A clinical pharmacokinetic–pharmacodynamic study 

was undertaken in healthy adult subjects. We report the 

results of this study, which was conducted to evaluate the 

biosimilarity of Therapeutic Proteins International’s TPI 

G-CSF (filgrastim) compared to the reference product 

Neupogen® (Amgen).

Materials and methods
Study design and objectives
The study reported in this communication was a single cen-

ter, comparative pharmacokinetic and pharmacodynamic, 

double-blind, randomized, single-dose, two-period crossover 

study. The chosen design followed guidelines of the US Food 

and Drug Administration and European Medicines Agency, 
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published at the time of the study, including guidelines on 

the investigation of bioavailability and bioequivalence.25,26 

This study was conducted from December 2014 until January 

2015 under IND 115333 on file with the US Food and Drug 

Administration. The study protocol and amendments were 

also approved by the IRB at Chesapeake Research Review, 

Inc., and Celerion conducted the study on behalf of Thera-

peutic Proteins International. The study was conducted in 

compliance with the Declaration of Helsinki27 and according 

to Good Clinical Practices.28

The primary objective of the study was to compare the 

pharmacokinetic and pharmacodynamic parameters of TPI 

G-CSF and Neupogen® after abdominal SC injection of a 

single 5 µg/kg dose in healthy subjects. The secondary objec-

tive of this study was to compare the safety, tolerability, and 

immunogenicity of TPI G-CSF and Neupogen® following 

injection.

Subjects and treatment
Eligible subjects were healthy, adult, non-tobacco-using 

male and female subjects aged 19 to 55 years with body 

weight between 40 and 125 kg and a body mass index 

from .18 kg/m2 to ,32 kg/m2. All subjects provided written 

informed consent and were free to discontinue at any time.

Subjects were randomly assigned to one of the two 

sequences (TPI G-CSF-Neupogen® or Neupogen®-TPI 

G-CSF) of the treatment regimen for administration. All 

subjects received a single SC dose of 5 µg/kg of either TPI 

G-CSF or Neupogen® per period.

study procedures
Following an initial screening period of up to 28 days, sub-

jects entered two 10 (±3)-day treatment/assessment periods, 

which were separated by a washout period of at least 14 days. 

On Day 1 of each period, subjects received a single SC dose 

in the abdomen of 5 µg/kg TPI G-CSF or Neupogen®. Blood 

samples were collected prior to drug administration (predose) 

and at 0.5, 0.75, 1, 1.5, 2, 3, 4, 5, 6, 8, 10, 12, 16, 24, and 

36 hours postdose to determine filgrastim concentrations 

for pharmacokinetic profiling. Samples were also collected 

prior to drug administration (predose) and at 0.5, 1, 2, 4, 6, 

8, 10, 12, 16, 20, 24, 32, 48, and 72 hours postdose for ANC 

and white blood cell (WBC) analysis for pharmacodynamic 

evaluation. The level of any anti-filgrastim antibodies was 

monitored by blood draw, one prior to the first drug admin-

istration, one prior to the second drug administration, and a 

third at the follow-up visit on Day 10 (±3 days) after the last 

injection (Figure 1). Subjects were continuously observed 

over each period from at least 10 hours before drug admin-

istration (Day 1) until after the 36-hour postdose blood draw 

(Day 2). Safety was monitored throughout the study and was 

evaluated by clinical laboratory tests, physical examination, 

vital signs, injection site assessments, 12-lead electrocardio-

grams, and adverse events (AEs).

endpoints
The primary pharmacokinetic endpoints included AUC from 

time zero to the time of the last observed/measured non-zero 

concentration (AUC
0–t

), AUC from time zero extrapolated to 

infinity (AUC
0–inf

), and maximum observed concentration 

(C
max

) for filgrastim in the serum. Secondary pharmacoki-

netic endpoints included the residual area (ie, percent of 

AUC
0–inf

 which is extrapolated), T
max

, apparent first-order 

terminal T
½el

, and apparent first-order terminal elimination 

rate constant (represents fraction of drug eliminated per unit 

of time [K
el
]) for serum filgrastim. The primary pharmaco-

dynamic endpoints included baseline-corrected area under 

the effect curve from time zero to the last non-zero cell count 

data (AUEC
0–t

) and maximum observed effect (defined as 

maximum cell count data [E
max

]) for the ANC. Secondary 

pharmacodynamic endpoints included baseline-corrected 

time to reach E
max

 (T
max,E

) and uncorrected AUEC
0–t

, E
max

, 

and T
max,E

 for ANC.

statistical analysis
All serum filgrastim pharmacokinetic concentrations and 

pharmacokinetic parameter descriptive statistics, as well 

as actual blood ANC and WBC count and pharmacody-

namic parameter descriptive statistics, were generated 

using Phoenix® WinNonlin®. Summary statistics, including 

sample size (N), arithmetic mean (mean), standard deviation 

(SD), coefficient of variation (CV%), median, minimum, 

maximum, geometric mean, and geometric CV%, were 

calculated for all nominal concentration-time points and 

for all nominal cell count time points. Mean and individual 

filgrastim concentration-time profiles were presented on 

Period 1
(10±3 days) Washout

(≥14 days)TPI G-CSF

Neupogen®

Dose
administered

PK sampling

PD sampling

Dose
administered

PK sampling

PD sampling
Immunogenicity
sampling

Immunogenicity
sampling

Neupogen®

Day 1 2 3 4 5 6 7 8 9 10 (±3)Day 1 2 3 4 5 6 7 8 9 10 (±3)

TPI G-CSF

Period 2
(10±3 days)

Figure 1 Study design.
Abbreviations: PD, pharmacodynamics; PK, pharmacokinetics.
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Table 1 Demographic characteristics of the pharmacokinetic and 
pharmacodynamic study population

TPI G-CSF-
Neupogen®  
(n=29)

Neupogen®- 
TPI G-CSF  
(n=29)

Total 
(n=58)

sex, n (%)
 Male 22 (76) 20 (69) 42 (72)
 Female 7 (24) 9 (31) 16 (28)
race, n (%)
 asian 1 (3) 0 1 (2)
  Black or african 

american
5 (17) 7 (24) 12 (21)

 White 22 (76) 22 (76) 44 (76)
  White, black, or 

african american
1 (3) 0 1 (2)

Age (years)
 Mean (sD) 33.5 (9.52) 36.2 (11.31) 34.8 (10.45)
 Range 20–49 20–55 20–55
Height (cm)
 Mean (sD) 172.9 (7.86) 171.3 (9.89) 172.1 (8.89)
 Range 157–184 152–191 152–191
Weight (kg)
 Mean (sD) 78.02 (12.2) 76.25 (16.01) 77.14 (14.12)
 Range 56.2–100.7 47.9–112.5 47.9–112.5
BMI (kg/m2)
 Mean (sD) 25.99 (2.81) 25.83 (4.04) 25.91 (3.45)
 Range 19.25–29.82 18.76–31.59 18.76–31.59

Abbreviations: BMi, body mass index; sD, standard deviation.

linear and semi-log scales; mean and individual baseline-

corrected and uncorrected ANC and WBC count-time 

profiles were presented on a linear scale. Linear mean plots 

were presented with and without SD, and semi-log mean 

plots without SD.

Statistical analyses of pharmacokinetic and pharmacody-

namic parameters were performed using SAS® Version 9.3.

A comparison of the natural log-transformed pharmacoki-

netic parameters (AUC
0–t

, AUC
0–inf

, and C
max

) and pharmaco-

dynamic parameters (AUEC
0–t

 and E
max

) was made to compare 

the biosimilarity of filgrastim following the test or reference 

treatment by performing an analysis of variance. The initial 

analysis of variance model included treatment (TPI G-CSF or 

Neupogen®), group (due to logistical considerations within the 

clinic, subjects were dosed in several conduct groups), period 

nested within group [period (group)], sequence (TPI G-CSF-

Neupogen® or Neupogen®-TPI G-CSF), and the interaction 

between treatment and group (treatment*group) as fixed 

effects, and subject nested within sequence and group [subject 

(sequence*group)] as a random effect. If the treatment*group 

interaction was not significant (P.0.05), then it was removed 

from the model and the analysis was rerun. If, in this analy-

sis, the group was not significant (P.0.05), then a standard 

crossover model was run with treatment, period, and sequence 

as fixed effects and the subject nested within sequence [sub-

ject (sequence)] as a random effect. If treatment*group was 

significant (P#0.05), then the analysis was run separately 

for each group with a model including treatment, period, and 

sequence as fixed effects, and subject nested within sequence 

[subject (sequence)] as a random effect.

The 90% confidence intervals (CIs) for pharmacokinetic 

parameters and 95% CIs for pharmacodynamic parameters 

were constructed for the difference in least-squares means 

between the two treatments on the natural log scale. Geometric 

least-squares means were calculated by exponentiating the 

treatment least-squares means from the analysis of variance. 

Exponentiation of the natural log scale  differences and 

90%/95% CIs provided the geometric mean ratios (GMRs) 

and 90%/95% CIs of the GMR. The intra-subject CV% was 

also estimated for each pharmacokinetic parameter included 

in the analysis. Biosimilarity was concluded if the 90% CIs 

for the pharmacokinetic parameter GMRs of test-versus-

reference (or 95% CIs for pharmacodynamic parameters) lay 

entirely within the 80% to 125% reference interval.

Assuming intra-subject CV% would not exceed 18% 

for AUC and C
max

 and an expected ratio within 0.90 and 

1.11 for AUC, C
max

, AUEC
0–t

, and E
max

, the study was to 

have a power of at least 90% to show pharmacokinetic and 

pharmacodynamic similarity, using the 90% geometric CIs of 

the ratio of test treatment to reference treatment within 80% 

to 125%, for a two-way crossover design with 52 subjects. 

To account for possible dropouts, a total of 58 subjects were 

enrolled.

A non-parametric analysis was conducted to test the 

differences in the pharmacokinetic parameters T
max

, K
el
, 

and T
½el

 in the original scale, using Walsh averages and the 

appropriate quantile of the Wilcoxon Signed Rank Test. 

Differences were considered significant if P,0.05. A non-

parametric analysis was conducted to test the differences for 

the pharmacodynamic parameter T
max,E

.

As a measure of immunogenicity, results from the quali-

tative screening and confirmatory anti-recombinant human 

G-CSF assays were listed as Positive or Negative. Sample size 

was calculated for all nominal time points with a “Positive” 

or “Negative” mention.

AEs were routinely monitored and listed as percentage 

of subjects reporting the event.

Results
A total of 58 subjects were enrolled and 54 subjects com-

pleted the study. Four of the subjects were excluded from 

pharmacokinetic and pharmacodynamic summary statistics 
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and statistical analyses because they did not complete 

Period 2 of the study. Another subject completed both 

study periods, but was excluded from the pharmacokinetic 

and pharmacodynamic summary statistics and statistical 

analyses because of incomplete dosing in Period 1. All 

58 subjects were included in the safety analyses. The total 

duration of participation, including the screening period 

for each subject, was approximately 52 days until the last 

follow-up visit. As shown in Table 1, 44 (76%) of the healthy 

subjects were white, and the majority of subjects were male 

(42 subjects [72%]). The subjects were equally dispersed 

among treatment groups and their height, weight, and body 

mass index were similar.

Pharmacokinetics
Filgrastim was detectable in serum by the first scheduled 

time point (0.5 hour) postdose in all subjects and remained 

detectable in the majority of subjects throughout the sam-

pling interval (up to 36 hours postdose). Serum filgrastim 

concentration-time mean profiles were comparable across the 

entire sampling schedule, with a slightly lower peak mean 

serum filgrastim concentration following SC injection of 

TPI G-CSF compared to Neupogen® (Figure 2A). Following 

both treatments, serum filgrastim concentrations declined in 

a biexponential manner.

Mean serum filgrastim concentrations were highly vari-

able following an SC injection of either treatment, with CV% 

values for scheduled time points ranging from 36.5% to 79.2% 

following TPI G-CSF and from 30.1% to 78.3% following 

Neupogen®. Individual serum filgrastim  concentration-time 

profiles for 20 subjects (34% of the subjects) showed a dual or 

a triple peak of absorption. Among them, three subjects had a 

dual peak following each treatment, nine subjects had a dual 

peak only following SC injection of TPI G-CSF, two subjects 

had a triple peak only following SC injection of TPI G-CSF, 

and six subjects had a dual peak only following SC injection of 

Neupogen®. When multiple peaks of absorption were observed, 

the first peak always occurred between the 3- and 5-hour time 

points, the second peak between the 5- and 8-hour time points, 

and the third peak between the 9- and 10-hour time points.

40,000
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0 8 16
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Equivalence assessment with respect
to US FDA equivalence margins
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AUC0–inf

AUC0–inf
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TPI G-CSF/Neupogen®

95% CI

91.53 89.57
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32 40

Treatment R: a single SC
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Figure 2 (A) Mean (SD) observed recombinant G-CSF concentration-time profile of TPI G-CSF (Treatment T) and Neupogen® (Treatment r). (B) Statistical range display. 
(C) Statistical ranges.
Abbreviations: SD, standard deviation; SC, subcutaneous; US FDA, US Food and Drug Administration; AUC0–inf, area under the concentration-time curve from time zero 
to infinity (extrapolated); Cmax, maximum observed concentration; CI, confidence interval; h, hours.
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Table 2 Pharmacokinetic and pharmacodynamic parameters 
following a single subcutaneous injection of 5 µg/kg TPI G-CSF 
or Neupogen®,*

Parameter TPI G-CSF 
(n=53)

Neupogen® 
(n=53)

Pharmacokinetics 
Primary endpoints
 AUC0–t (pg ⋅ h/mL) 1.84×105 (34.9) 2.01×105 (27.0)
 AUC0–inf (pg ⋅ h/mL) 1.86×105 (34.4) 2.02×105 (26.7)
 cmax (pg/mL) 2.18×104 (42.0) 2.43×104 (27.9)
secondary endpoints
 AUC%extrap (%) 0.735 (79.5) 0.633 (59.1)
 Tmax (h) 4.68 (26.1) 4.85 (22.8)
 T½el (h) 5.84 (44.1) 5.51 (35.9)
 Kel (L/h) 0.119 (44.1) 0.126 (35.9)
Pharmacodynamics 
Primary endpoints
  AUEC0–t, baseline-corrected  

anc (Thou ⋅ h/µl)
668 (20.6) 617 (33.0)

  emax, baseline-corrected anc  
(Thou/µl)

19.8 (23.5) 18.6 (25.1)

secondary endpoints
  Tmax,e, baseline-corrected  

anc (h)
12.6 (18.8) 13.0 (21.9)

  AUEC0–t, uncorrected anc  
(Thou ⋅ h/µl)

902 (18.8) 886 (22.7)

  emax, uncorrected anc  
(Thou/µl)

23.1 (22.3) 22.2 (22.6)

 Tmax,e, uncorrected anc (h) 12.6 (18.8) 13.0 (21.9)

Note: *Presented as geometric mean (geometric CV%).
Abbreviations: ANC, absolute neutrophil count; AUC0–t, area under the 
concentration-time curve from time zero to the last non-zero concentration; AUC0–inf,  
area under the concentration-time curve from time zero to infinity (extrapolated); 

AUC%extrap, percent residual area calculated as 100 ⋅ (1–AUC0–t/AUC0–inf); AUEC0–t, 
area under the effect curve from time zero to the last non-zero cell count data; cmax, 
maximum observed concentration; CV%, coefficient of variation; Emax, maximum 
observed effect; Kel, elimination rate constant; T½el, elimination half-life; Tmax, time of 
observed cmax; Tmax,e, time of observed emax.

The GMRs indicated that following a single SC injection, 

peak and overall exposure to filgrastim in serum (as measured 

by C
max

 and AUCs, respectively) following TPI G-CSF was 

approximately 10% lower when compared to Neupogen®. 

However, the 90% CIs around the GMR of filgrastim C
max

, 

AUC
0–t

, and AUC
0–inf

 for TPI G-CSF relative to Neupogen® 

were within the limits of 80% to 125% in favor of biosimilarity 

(Figure 2B and C). There was a less than 1% mean extrapola-

tion of AUC
0–t

 to AUC
0–inf

 following both treatments.

The serum filgrastim mean half-life was 10% longer fol-

lowing SC injection for TPI G-CSF (6.3 hours) as compared 

to mean half-life following SC injection for Neupogen® 

(5.8 hours). The median T
max

 was the same for both treatments 

(5 hours). The statistical comparisons of serum filgrastim 

T
max

 (P=0.746), T
½el

 (P=0.351), and K
el
 (P=0.609) follow-

ing SC injection of TPI G-CSF and Neupogen® SC injection 

indicated that the differences in these three parameters were 

not significant (P.0.05) (Table 2).

Pharmacodynamics
The mean blood ANC-versus-time profiles were determined 

following a single SC injection of either TPI G-CSF or 

Neupogen® given to healthy subjects. Mean uncorrected 

blood ANC declined following TPI G-CSF or Neupogen® 

administration, with an approximately 86% decrease from 

baseline observed at the first time point (0.50 hour post-

dose) following each SC injection of either TPI G-CSF or 

 Neupogen®. Mean uncorrected blood ANC returned near 

baseline levels by 1 hour postdose and continued to increase 

until the 12-hour time point. Mean blood ANC then slowly 

decreased, returning near baseline levels at the end of the 

sampling interval at 72 hours postdose.

Uncorrected and baseline-corrected blood ANC mean 

profiles were comparable throughout the entire sampling 

schedule with a slightly higher peak mean blood ANC 

following SC injection of TPI G-CSF when compared to 

SC injection of Neupogen® (Figure 3A). Mean baseline-

corrected blood ANC AUEC
0–t

 and E
max

 were comparable 

between treatments with marginally higher values following 

TPI G-CSF injection (8% and 6% higher for AUEC
0–t

 and 

E
max

, respectively) when compared to Neupogen® injection. 

Median T
max,E

 was reached at 12 hours following both treat-

ments. Uncorrected mean blood ANC AUEC
0–t

 and E
max

 were 

also comparable between treatments.

The peak and overall baseline-corrected blood ANC (as 

measured by geometric mean E
max

 and AUEC
0–t

) were similar 

following SC injection of either TPI G-CSF or Neupogen® 

with less than 10% difference in E
max

 and AUEC
0–t

 between 

treatments. The 95% CIs around the GMR of blood ANC 

E
max

 and AUEC
0–t

 for TPI G-CSF relative to Neupogen® were 

within the limits of 80% to 125% (Figure 3B and C).

The statistical comparison of baseline-corrected blood 

ANC T
max,E

 following TPI G-CSF versus Neupogen® injection 

indicated there was no significant difference between treatments 

(P=0.480). Uncorrected and baseline-corrected WBC count 

mean profiles were similar throughout the entire sampling 

schedule following injections of TPI G-CSF and Neupogen®.

Immunogenicity
Three subjects had positive screening results at predose in 

Periods 1 and 2 and at follow-up, but all of these subjects 

were confirmed as seronegative after a recheck. Overall, 

none of the subjects were determined to have a positive 

anti-rhG-CSF detection.

safety
In all, 58 subjects entered the study and received at least 

one dose of the study drug, while 53 subjects received a full 
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dose of both study drugs. There were no deaths or serious 

AEs in this study. Two subjects were discontinued by the 

Principal Investigator due to AEs: one subject due to the AE 

of abdominal discomfort and one subject due to AEs of chills, 

myalgia, hyperhidrosis, cough, and pyrexia.

Overall, treatment-emergent AEs were reported by 69% 

of the subjects in this study with a similar incidence between 

treatments. The majority of AEs were mild in severity and 

considered probably or possibly related to the study drug.

Injection site AEs made up the most frequently reported 

category of events in this study experienced by 52% of 

 subjects. Mild injection site erythema was the most frequently 

reported AE, experienced a total of 31 times by 17 (29%) 

subjects overall, with 13 subjects following TPI G-CSF and 

ten subjects following Neupogen® (some subjects experi-

enced AE for each product but were only counted once in 

overall) (Table 3). The majority of these events occurred 

within 30 minutes of dosing and were resolved within 

Table 3 Treatment-emergent adverse events occurring in $10% 
of subjects overall (safety population)

Adverse event,  
n (%)

Total 
(n=58)

TPI G-CSF 
(n=55)

Neupogen® 
(n=57)

P-value*

Injection site erythema 17 (29) 13 (24) 10 (18) 0.49
Injection site pain 15 (26) 7 (13) 12 (21) 0.32
headache 10 (17) 7 (13) 4 (7) 0.36
Myalgia 6 (10) 4 (7) 2 (4) 0.43

Note: *Two-sided P-values from Fisher’s exact test.

Treatment R: a single SC
injection of Neupogen® 5 µg/kg

Treatment T: a single SC
injection of TPI G-CSF 5 µg/kg
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Equivalence assessment with respect
to US FDA equivalence margins
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Figure 3 (A) ANC-time profile of TPI G-CSF (Treatment T) and Neupogen® (Treatment r). (B) Statistical range display. (C) Statistical ranges.
Abbreviations: ANC, absolute neutrophil count; SC, subcutaneous; US FDA, US Food and Drug Administration; AUEC0–t, area under the effect curve from time zero to 
the last non-zero cell count data; emax, maximum observed effect; CI, confidence interval; h, hours.

40 minutes, and all were considered as probably related to 

study drug. Injection site pain was reported a total of 26 

times by 15 (26%) subjects overall, with seven subjects fol-

lowing TPI G-CSF and 12 subjects following Neupogen®. A 

total of 25 events were mild in severity and one (following 

TPI G-CSF) was moderate. The majority of events occurred 

within 30 minutes of dosing and were resolved within 1 hour. 

The Principal Investigator considered all 26 injection site 

pain events to be possibly related to study drug.
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There were no treatment-related trends noted in vital 

sign, physical examination, or electrocardiogram assessments 

in this study. As expected, WBC count and ANC showed 

a significant decline initially after dosing, followed by a 

subsequent increase before the values were normalized by 

Day 4. No differences in laboratory values were noted 

between treatments.

Discussion
Overall, pharmacokinetic and pharmacodynamic parameters 

were similar following a single SC injection of either the test 

product (TPI G-CSF) or the reference product (Neupogen®). 

Following a single SC injection of either TPI G-CSF or 

Neupogen®, the 90% CIs around the GMR of filgrastim C
max

, 

AUC
0–t

, and AUC
0–inf

 for TPI G-CSF relative to Neupogen® 

were within the limits of 80% to 125%. There were no sig-

nificant median differences in serum filgrastim T
max

, T
½el

, or 

K
el
 between treatments (P-values .0.05). Uncorrected and 

baseline-corrected mean blood ANC AUEC
0–t

, E
max

, and T
max,E

 

were similar between treatments. The 95% CIs around the 

GMR of baseline-corrected blood ANC E
max

 and AUEC
0–t

 

for TPI G-CSF relative to Neupogen® were also within the 

established limits of 80% to 125%. There were no significant 

differences in the baseline-corrected blood ANC pharmaco-

dynamic parameter T
max,E

 between treatments. Furthermore, 

uncorrected and baseline-corrected blood WBC mean profiles 

were similar between treatments.

Immunogenicity and safety results also were similar 

for both treatments. Immunogenicity assessments in this 

study demonstrated that none of the subjects had a positive 

 anti-rhG-CSF detection that was confirmed by a recheck. 

Reported treatment-emergent AEs and other safety obser-

vations did not demonstrate any significant differences 

between treatments. Mild and transient injection site reac-

tions were the most common AEs with both TPI G-CSF 

and Neupogen®.

Overall, the findings from this study are consistent with 

those of similarly-designed studies of other newly developed 

biosimilar filgrastim products that have been approved in 

Europe or the US.5,8,29,30 Establishing bioequivalence in terms 

of pharmacokinetics and pharmacodynamics is a key step 

in regulatory approval pathways (in the US and elsewhere), 

which is usually followed by establishing comparable efficacy 

and safety in patients.31 ANC may be considered a surrogate 

marker for efficacy; it is relevant in not only diagnosis of 

neutropenia, but also prognosis and assessment of treatment 

response.29 Thus, the results of this study suggest that TPI 

G-CSF may have an efficacy similar to that of Neupogen®.

In conclusion, pharmacokinetic and pharmacodynamic 

parameters for TPI G-CSF and the reference product, 

Neupogen®, were comparable following a single SC injec-

tion of 5 µg/kg. Single SC injections of TPI G-CSF and 

Neupogen® appeared to be safe and equally well tolerated 

in the healthy adult subjects in this study.
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