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Abstract

A pharmacokinetic comparison between two formulations (LeukoCIM, CIMAB SA versus Neupogenw, Hoffman-La Roche, licensed by

Amgen) of recombinant human granulocyte colony-stimulating factor (rhG-CSF) using non-compartmental analysis was performed in male

F1 rabbits after a single subcutaneous 11.5 mg/kg dose to help decide whether to conduct further comparability tests. Unlike the absorption

phase, a statistical difference was not detected between Neupogenw and LeukoCIM for clearance (18.69G11.83 versus 28.42G

12.11 mL/h/kg, PZ0.22). In addition, using a multivariate statistical analysis by independent samples test, a significant difference was not

found between the two formulations (PZ0.88). Finally, the results obtained in this study confirmed the pharmacokinetic comparability

between both formulations, supporting the claim for further assessments following the current protocol on biogeneric equivalence.

q 2005 Published by Elsevier B.V.
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1. Introduction

G-CSF was identified because it induced differentiation in a

murine myelomonocytic leukemic cell line and stimulated

granulocyte colony formation by normal progenitor cells [1].

The hematopoietic actions of this regulator are exclusive to

cells of the neutrophilic granulocyte lineage [2,3]. Murine and

human G-CSF have been purified from various sources [1–3]

and the genes encoding human and murine G-CSF have been

isolated [4–6]. Characterization of the gene encoding G-CSF

has led to the production of the protein by recombinant DNA

techniques. rhG-CSF is also capable of supporting the

formation of granulocytic colonies from committed precursor
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cells. The broad species cross-reactivity of human G-CSF has

allowed its in vivo action to be studied in mice [7], hamsters

[8], rats [9], monkeys [10], and humans [11]. The predominant

response in all species was a rapid dose-dependent neutrophi-

lia. The availability of large quantities of molecularly

homogeneous, biologically active human G-CSF by recombi-

nant DNA technology has made it possible to explore the use

of rhG-CSF as a therapeutic agent. Based on preclinical

findings, rhG-CSF has been applied clinically to patients since

the 1980s of last century in order to accelerate hematological

recovery after high-dose chemotherapy with or without

autologous bone marrow rescue, and it has been found to

markedly shorten the duration of neutropenia [11–13]. Hence,

rhG-CSF may be very useful in the treatment of cancer patients

with drug- or irradiation-induced myelosuppression. Several

reviews on G-CSF and its clinical applications have been

published [14–16].

The potential marketplace for biological from different

bioprocess modifications looms large. However, there is the

widespread view that, for biopharmaceuticals, the process
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makes the product. The current guidelines include the

physic-chemical and biological tests required to demon-

strate structural equivalence of both products, the assess-

ment of the potential impact of process changes on the

biological quality of the products (using in vivo studies such

as pharmacokinetic comparison), and the comparability in

terms of safety and efficacy. Surprisingly, these guidelines

were developed to facilitate changes in the processes

applied by originators, but they have been extended to

compare multisource biopharmaceuticals developed by

different manufactures [17]. Although, we must recognize

that, as written, the proposed draft leaves substantial room

for interpretation. No universally applicable rules are being

proposed, so each product must be reviewed on a case by

case basis. As Enrico T Polastro and Arthur D Little argued,

the regulatory authorities all over the world have become

increasingly aware of the almost ‘Kafkaesque’ situation

associated with this regulatory vacuum surrounding the

comparability of complex molecules [18].

This paper describes the pharmacokinetic comparison in

male F1 rabbits of two formulations of rhG-CSF [Fil-

grastim], developed and marketed by CIMAB SA, Cuba

(LeukoCIM) and F Hoffman-La Roche, Switzerland,

licensed by Amgen, USA (Neupogenw).
2. Materials and methods

2.1. Drug

LeukoCIM is a highly purified methionyl form of E. coli-

expressed recombinant human G-CSF containing 175

amino acid residues that was developed by the Center of

Molecular Immunology, Havana, Cuba, and is currently

marketed by CIMAB SA. It has been produced following

the standard of quality for injectable formulations, TRS 823

and 822 GMP regulations for pharmaceutical and biological

drug products, respectively; and also following the Cuban

norm 16/2000 from CECMED, Havana, Cuba (i.e. the

cuban regulatory agency identified as The State Center for

Drug Quality Control). Each vial contains 300 (G30)

mg/mL (specific activity: 108 UI/mg proteins) of sterile

recombinant human G-CSF.

Neupogenw brand name is a commercially available

injectable formulation of human recombinant G-CSF

[Filgrastim] developed and marketed by F Hoffman-La

Roche, Switzerland, licensed by Amgen Inc. (Thousand

Oaks, CA, USA). Each vial contains 300 (G30) mg/mL

(specific activity: 108 UI/mg proteins) of filgrastim (Batch

No. B1005).

2.2. Animal husbandry

Twelve male F1 rabbits (mean weight 2.1 kg; CEN-

PALAB, Havana, Cuba) were housed individually in

separate cages and also were bred and maintained under
controlled conditions during the experiment (e.g. room

temperature of 25G2 8C and relative humidity of 65%).

Access to food and water was provided ad libitum to all

animals. All animal procedures were carried out under the

approval of the Institutional Animal Care and Use

Committee and were conducted in accordance with the

standard operation procedures for good laboratory practices

in animal use, at the Center for Biological Evaluations and

Research, Havana, Cuba. All the invasive procedures were

conducted under slight sodium pentobarbital anesthesia

(40 mg/kg body weight). At the beginning of the experiment

the animals were all randomly separated into two groups

(NZ6) for the pharmacokinetic characterization of either

LeukoCIM or Neupogenw formulation, respectively.
2.3. Pharmacokinetic assays

Rabbits were administered subcutaneously at the dorsal

region by a single dose of either LeukoCIM or Neupogenw

product (11.5 mg/kg) following a parallel scheme. Blood

samples (about 1.5 ml) were taken under slight anesthesia

from the ear’s marginal vein, at the following times:

predose, 0.16, 0.25, 0.33, 0.42, 0.5, 0.75, 1, 2, 3, 4, 6, 8, 12,

24, and 48 h postdose. All blood samples were collected in

heparinized containers, and centrifuged at 4 8C for 10 min at

1000!g within 30 min of collection. Then, they were

separated into fractions and stored frozen at less than

K70 8C until assay.
2.4. Human G-CSF assay

The plasma samples for human recombinant G-CSF

quantification were measured using the commercially

available Quantikinew G-CSF immunoassay DCS50

(R&D Systems, Inc., Minneapolis, MN, USA and dis-

tributed by R&D systems Europe, Abingdon, Oxon, UK)

and a full description of this assay can be found elsewhere

[19]. Briefly, this immunoassay is a 3.5–4.5 h solid phase

sandwich-type Enzyme Linked ImmunoSorbent Assay

(ELISA) technique designed to measure G-CSF in cell

culture supernates, serum and plasma. It contains E. coli-

expressed recombinant human G-CSF and horseradish

peroxidase-conjugated polyclonal antibodies raised against

the protein. It has been shown to accurately quantify

recombinant human G-CSF in rabbit serum/plasma samples,

with an intra-assay precision ranging from 1.1 to 2.8% CV

and inter-assay precision ranging from 3.2 to 4.1% CV. The

minimum detectable level (i.e. sensitivity) of G-CSF is

typically !20 pg/mL. Results obtained showed linear

curves that were parallel to the standard curves obtained

using the Quantikine kit standards, indicating that the

Quantikine Immunoassay kit can be used to determine

relative mass values for human G-CSF. The assay has no

measurable cross-reactivity or interference with other

cytokines.
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2.5. Pharmacokinetic analysis

The data analysis was performed by non-compartmental

analysis (NCA) using a combined linear/log linear

trapezoidal rule approach (WinNonlin professional soft-

ware, Version 2.1, Pharsight Inc., 1997, NC, USA). A time

zero value was considered for extrapolation purposes. The

linear trapezoidal rule was used up to peak level, after which

the logarithmic trapezoidal rule was applied. Lambda z is a

first-order rate constant associated with the terminal (log

linear) segment of the curve. It was estimated by linear

regression of the terminal data points. The largest adjusted

regression was selected in order to estimate lambda z, with

one caveat: if the adjustment did not improve, but was rather

within .0001 of the largest value, the regression with larger

number of points was used.

For all data sets, model-independent metrics typically

reported in pharmacokinetic studies were tabulated. Par-

ameters extrapolated to infinity, using the moments of the

curve, such as the area under the disposition curve, (AUC)

the area under the first moment of the disposition curve,

(AUMC ) and mean residence time, (MRT) were computed

based on the last predicted level, where the predicted value

is based on the linear regression performed to estimate

terminal lambda first-order rate constant. Computing these

parameters based on the last observed level was discouraged

in order to avoid larger estimation errors. Time to peak

values were determined as the time of maximum observed

level (i.e. maximum plasma concentration) considering the

entire curve; and peak level is that corresponding to the

above mentioned time to peak value. For all these purposes
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Fig. 1. Semilogarithmic plot of the observed mean (GSD) plasma rhG-CSF conce

CSF in F1 rabbits from both LeukoCIM formulation (full diamond, NZ6) and N
the WinNonlin professional software (Version 2.1, Phar-

sight Inc., 1997, NC, USA) was used.

Finally, the corresponding first-order absorption rate

constants, denoted as Ka, were calculated following the

classical Wagner–Nelson method, assuming first-order input

and elimination, without lag-time. The algorithm was

algebraically identical to that previously described by these

two authors [20]. Briefly, the percentage remaining to be

absorbed at each time point (PRAT) was obtained through

mass balance calculations, and then the semi-logarithmic

plot of PRAT versus time yielded an estimate of Ka.
2.6. Statistical analysis

All experimental data points were expressed as mean (G
SD) from six animals per group. The corresponding average

pharmacokinetic parameters (GSD) were calculated from

individual estimates in each group. The assumptions of

normality (Shapiro-Wilks test) and homogeneity of var-

iances (Levene’s test) were both verified. Comparison of

average pharmacokinetic parameters from both groups were

performed using either a parametric unpaired Student t-test

for equality of means or a non-parametric U Mann Whitney

test, depending on whether the assumption of normality can

be proved. Finally, a multivariate analysis following the

procedure earlier reported by Läuter and co-workers [21,22]

was performed using the independent samples test, with a

95% confidence interval of the difference between both

groups. Statistical significance was taken as P-value!0.05.

The statistical analyses were performed by SPSS for

Windows, version 10.0 (SPSS Inc. Corp., 1999).
15 20 25
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ntration over time after subcutaneous single dose input of 11.5 mg/kg rhG-

eupogenw formulation (full up-triangle, NZ5).



Table 1

Pharmacokinetic parameters and metrics following non-compartmental analysis of the individual plasma LeukoCIM concentration data points after

subcutaneous single dose input of 11.5 mg/kg rhG-CSF in F1 rabbits (NZ6)

AUC0/N

(ng$h/mL)

Peak level

(ng/mL)

Time to peak (h) CL/F (mL/h/kg) Vss/F (mL) lz half-life (h) MRT (h)

1 311.5 33.21 4 36.92 640 5.3 8. 7

2 479.8 57.73 3 23.97 397 6.3 8.3

3 566.3 49.58 6 20.31 201 6.9 4.9

4 687.0 77.10 4 16.74 432 9.8 12.9

5 484.6 53.54 3 23.73 509 7.8 10.7

6 224.2 25.45 4 48.85 575 8.6 5.9

Mean 458.9 49.43 4 28.42 459 7.4 8.5

GSD 168.2 18.38 1.1 12.11 154.8 1.6 3.3

CV% 36.6 37.18 27.4 42.62 33.7 21.8 38.8

Linear-log linear trapezoidal rule was used.
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3. Results

The pharmacokinetics of rhG-CSF after subcutaneous

administration to male F1 rabbits was studied at a single

dose of 11.5 mg protein/kg body weight. Fig. 1 depicts the

mean (GSD) plasma recombinant human metionyl-GCSF

[filgrastim] concentration time courses from both Leuko-

CIM and Neupogenw formulations. The individual pharma-

cokinetic parameters corresponding to each disposition

profile from each formulation using non-compartmental

analysis are presented in Tables 1 and 2, respectively. As

can be seen, both formulations showed a rather similar

kinetic pattern as judged by the shape of the curves

depicting their systemic disposition, following a typical

trajectory after subcutaneous input. However, it can be

noted a slight up-and-down pattern being probably a

consequence of the remarkable between-animal variability.

Strikingly, this up-and-down pattern has been previously

observed by Okabe and co-workers in normal male C3H/He

mice by single intravenous injection of recombinant human

granulocyte colony-stimulating factor [23]. The absorption

rate was rather rapid after subcutaneous input of either

LeukoCIM or Neupogenw formulations, even though time

to peak was shorter when Neupogenw was given (1.8G1.5

versus 4G1.1 h). These two values lag behind those

previously reported by Liu and Tang of 0.59G0.25 h after
Table 2

Pharmacokinetic parameters and metrics following non-compartmental analys

subcutaneous single dose input of 11.5 mg/kg rhG-CSF in F1 rabbits (NZ5)

AUC0/N

(ng$h/mL)

Peak level

(ng/mL)

Time to peak (h) C

1 436.7 29.11 0.5 2

2 1340.6 175.74 1

3 – – –

4 774.9 81.60 4 1

5 1375.1 144.52 3

6 325.3 33.96 0.75 3

Mean 850.5 92.98 1.8 1

GSD 491.9 65.57 1.5 1

CV% 57.8 70.51 84.1 6

Linear-log linear trapezoidal rule was used. Animal No. 3 was excluded because
subcutaneous dose of iodinated rhGCSF in rabbits [24]. The

observed plasma filgrastim concentration peaked to about

93G65 ng/mL for the Neupogenw, while the peak value

was only 49G18 ng/mL for the LeukoCIM product,

representing a difference of almost 2-fold between both

formulations. Following the Wagner–Nelson method, first-

order input kinetic without lag time assumed, the estimated

absorption rate constant of 3.07G1.8 hK1 for the Neupo-

genw was significantly faster (PZ0.03) than that for the

LeukoCIM (0.74G0.5 hK1), as can be seen in Table 3.

Interestingly, both systemic profiles showed a sharper

decline after five hours, without any plateau being observed,

and plasma withdrawn 48 h post-dose showed no detectable

levels. The estimated elimination half-life parameters were

no significant different each other (PZ0.142) as reported in

Tables 1 and 2, and they both were quite near the range

reported by literature for filgrastim after subcutaneous and

also intravenous dosing in rabbits (3–5 h) [24–26]. Like-

wise, clearance values (CL/F) in Tables 1 and 2 showed

a rapid terminal disposition behavior at the elimination

phase of this drug which suggested not significant difference

(PZ0.22) between both the Neupogenw brand name

reference product in the marketplace and the LeukoCIM

test product, developed by the Center of Molecular

Immunology at Havana, Cuba. Notably, this elimination

phase represents nearly 70% of the total area under drug
is of the individual plasma Neupogenw concentration data points after

L/F (mL/h/kg) Vss/F (mL) lz half-life (h) MRT (h)

6.33 305 4.6 5.8

8.58 199 8.5 11.6

– – – –

4.84 383 5.7 12.9

8.36 159 5.6 9.5

5.35 318 2.9 4.5

8.69 272.8 5.4 8.8

1.83 91.7 2.0 3.6

3.28 33.6 37.5 40.7

of diarrhea.



Table 3

Estimates of the first-order absorption rate constant by the classical

Wagner–Nelson method using individual plasma drug concentration data

sets from both LeukoCIM and Neupogen formulations, after subcutaneous

single dose administration of 11.5 mg/kg rhG-CSF in F1 rabbits

LeukoCIM Ka (hK1) Neupogenw Ka (hK1)

1 1.52 4.96

2 0.77 1.56

3 0.25 –

4 0.87 0.91

5 0.35 3.19

6 0.71 4.74

Mean 0.74 3.07

GSD 0.45 1.82

CV% 60.6 59.4

Animal No. 3 belongs to the Neupogenw—treated group was excluded

because of diarrhea.
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concentration time curve, although absorption phase is

accounting for most variability observed.

The estimated recombinant human metionyl-GCSF

volume of distribution at steady-state were not significantly

different (PZ0.081) between the two formulations. Inter-

estingly, there was no significant difference between the

formulations as to the extent of systemic drug disposition

(PZ0.20), in spite of the fact that numerical differences were

noticed by individual AUC metrics. It is probably due at least

in part to their absorption differences, with remarkable

variability in both cohorts. As was earlier mentioned, in

contrast to this initial shorter absorption phase, no significant

difference was detected between Neupogenw and LeukoCIM

at the longer phase of elimination. The mean residence time

parameters (MRT, PZ0.43) showed in Tables 1 and 2 are

supporting this statement.

Finally, considering the high correlation among pharma-

cokinetic parameters, a multivariate statistical analysis of

the estimated parameters using the standardized sums test

was performed, and once again no significant difference was

found between these two formulations (PZ0.88). As a

result, we were encouraged to stress the idea of ‘sameness’

between both formulations of recombinant human metionyl-

GCSF under study (i.e. LeukoCIM, CIMAB SA, Cuba, and

Neupogenw, Hoffman-La Roche, Switzerland, licensed by

Amgenw, USA).
4. Discussion

The pharmacokinetics of rhG-CSF in animals and

humans has been reported using various assay techniques

for rhG-CSF, or iodinated rhG-CSF, determination in

plasma and serum [8,9,12,24,27]. Although a good

agreement between different assays (e.g. [3H] thymidine

uptake assay and the sandwich enzyme-linked immunosor-

bent assay) have been observed with blood samples after

administration of rhG-CSF, some authors have recognized

the impact of such an issue on reported pharmacokinetic
difference among experiments at different labs [28]. Indeed,

in their comments on paper by Okabe et al. [23], Tanaka and

Kaneko [28] argued that the observed difference between

both studies appear to be rather a consequence of the

selected assay than an actual pharmacokinetic disparity. In

this sense, some observed discrepancies between earlier

reported values in literature by others and the results here

discussed could probably be a matter of methods.

The results provide evidence in order to support the idea

of a rapid systemic clearance of filgrastim from blood

compartment, probably due to the combination of a G-CSF

receptor-mediated endocytosis (RME) saturable clearance

process at bone marrow and plasma protease cleavage with

subsequent glomerular filtration [23,29,30], without any

relevant drug distribution from blood into the innermost

tissues. As a matter of fact, the estimated Vss/F values will

be larger than real Vss parameter if we take into account the

bioavailability metric (F%1) after subcutaneous adminis-

tration of filgrastim from both formulations. In fact,

relatively small values of volume of distribution have

been previously observed in other mammalian species such

as rats [9,27].

It has been suggested that the effects of G-CSF on

hematopoiesis are more positively influenced by the

duration of G-CSF presence in plasma than by the peak

G-CSF concentration. Accordingly, the results here dis-

cussed are in a good agreement with our statement of

pharmacokinetic comparability between both preparations,

considering the relevance of the estimated parameters other

than absorption ones. Actually, significant differences

between the products were only observed during the initial

absorption phase, whereas their rapid elimination rates were

quite similar each other. So, those pharmacokinetic

parameters for elimination rate and drug duration time in

blood (e.g. elimination half-life, MRT, systemic clearance)

should be highlighted for any decision-making.

In general, most authors assume that small proteins (viz.,

G-CSF is about 20 KDa glycoprotein hormone) are

eliminated from circulatory blood only by glomerular

filtration and proteolysis [31,32]. Recently, it has been

postulated that an important factor governing the pharma-

cokinetics of cytokines and growth factors such as G-CSF is

the key role played by the cell-surface receptor in their

overall elimination from the body [30,33]. For these

cytokines, the clearance organ is at the same time the target

organ (viz., bone marrow for the G-CSF). Thus, RME is

now recognized as one of their primary clearance

mechanisms.

In fact, Kuwabara et al. [34] revealed that rhG-CSF is

eliminated through two pathways in humans, monkeys, rats

and probably other species: a saturable tissue uptake

clearance process, which is mediated by the G-CSF

receptor, located mainly in the bone marrow, and an

unsaturable clearance process. In this regard, the clearance

of rhG-CSF is known to decrease with increasing dose

[27,34,35], which could explain the faster clearance
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observed in this study in relation to previous reports in the

literature using higher doses (50–100 mg protein/ kg body

weight).

Interestingly, this saturable process has been demon-

strated to have a close relationship to the amount consumed

by receptors in the bone marrow per time unit (e.g.

estimated as about half of the dose by Hayashi et al. [29],

as suggested by the positive correlation between the

elimination rate constant and the neutrophil increase).

Consequently, despite the difference observed for absorp-

tion, it seems to be a logical assumption that if the clearance

of G-CSF by receptor-mediated endocytosis (i.e. 80% of

total systemic G-CSF clearance, according to literature) is

no statistically different, then the rate of occupancy of

G-CSF receptors could be expected to be no significant

different between both groups. In doing so, it is important to

keep in mind that binding is a previous requisite to

internalization and degradation of the ligand-receptor

complex (i.e. a rate-limiting step; 770 min versus 30 and

20 min half-times, respectively) and the rate constants for

the RME processes determined in different experiments are

similar [36]. Therefore, we are encouraged to postulate a

potential similarity in efficacy between both preparations as

neutrophil counts increment is a biological outcome of the

G-CSF action upon binding to G-CSF receptor (i.e.

occupancy).

Historically, biologics have been regulated a world apart

from classically synthesized drugs. Limited analytical tools

and product-specific processes galvanized the long-standing

approach that biologics were defined by the manufacturing

process. Thus, the ‘productZprocess’ dogma has permeated

throughout biologics development. It was this process-

specific distinction more than anything else what blurred the

remarkable future of some biotech-derived drug products

obtained by non-conventional technology (i.e. bioprocess

modifications), even if the active ingredient is identical to

that derived by ‘conventional technology’. The premise of

this policy is that biotechnology has the potential to induce

new structural features in the product, lead to microheter-

ogeneity (e.g. glycosylation pattern), or introduce new

contaminants, each of which could impact the safety,

efficacy, or stability of the product.

Indeed, such changes, at least as seen by regulators who

are vested with the task of overseeing the safety of

pharmaceuticals, could potentially result in an altered safety

and efficacy profile. This would require extensive, and also

expensive, clinical trials to gain regulatory approval.

However, this situation is evolving. The dogma that the

‘process makes the product’ has been increasingly

challenged. It appears that-if not strictly identical- at least

comparable biologics can be obtained through different

processes. This is the case for most well-characterized

proteins. An interesting example is the case of the Human

Growth Hormone (HGH), which is being produced in

Europe in a variety of expression systems (i.e. standard E.

coli, special strains of E. coli and transformed mouse cell
lines), with identical results, a 191-amino acid sequence

copying the human pituitary growth hormone. Thus, there

are at least five HGH products currently on the European

market, each obtained by different companies (Pharmacia

Ferring, Lilly Novo, Serono, etc.) based on distinct

processes and even involving different expression systems.

All of these products appear to show the same profiles in

terms of amino acid sequence, potency and safety and

efficacy, undermining the belief that ‘the process makes the

product’ [18].

The point that any change in process, methods, or

specifications would preclude any comparability seems

especially ironic since innovator manufacturers have

successfully supported an opposite rationale for their

continual process improvements since 1982 [37]. In this

context, can there be product differences arising from the

two processes that cannot be detected by current analytical

methods or pharmacokinetic evaluations but still have an

impact on safety and efficacy? The answer is sometimes an

obvious double standard.

Lastly, that is exactly what we want to stress here in order

to support our concluding remark concerning the impact of

the observed pre-clinical pharmacokinetic similarity

between these two rhG-CSF formulations under study on

decision-making in relation to their further clinical

comparability taking into consideration the broad species

cross-reactivity of human G-CSF.
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