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Abstract

Background: Our objective was to assess the relative bio-
avallability of the first somatropin produced in transgenic
cloned cows that carry the human growth hormone (GH)
gene (Biohormon®) and somatropin produced in Escherichia
coli culture (HHT®), the procedure most frequently used for
the commercial production of the hormone, Methods: Upon
approval by an independent ethics committee and the Na-
tional Regulatory Agency of Argentina, we compared the
time-concentration profiles of somatrapin in 24 healthy vol-
unteers, in a randomized, 2-period, 2-sequence crossover
design afterinhibition of endogenous GH secretion with lan-
rectide, a long-acting somastostatin analogue. After the
subcutaneous administration of 1.33 mg of each formula-
tion, setum somatropin was analyzed by chemiluminescent
immunoassay and IGF-1 by immunoradiometric assay. Safety
was assessed by clinical and laboratory parameters, Pharma-
cokinetic parameters were calculated with Win Nonlin® 5.2
using a non-compartmental mode! and bicequivalence was
assessed. Results: The test/reference ratios of AUC, AUC,,,

and Cpay were 106 4 [9(5:."3 Cl=1002-112.93, 1653 (90% Ci =
99.1-111.8) and 105.49 (5% Cl = 92.6-120.1), respectively. No
serious adverse events were reported and no GH antibodies
were detected. Conclusion: This study demanstrates that a
single dose of Bichormon, the first product with sematropin
obtained from milk of transgenic mammals, is bioequiva-
lent to the reference product HHT accerding to standard ¢ri-

teria. Copyright & 7010 % Karge AG, Basel

Introduction

Growth hormone (GH) therapy with exogenous human
growth hormone (hGH} has been used for many decades
to treat children with GH deficiency (GHD) {1, 2. In the
early times, the supply could not meet the demand to Lreal
all patients with GHD. Since 1985, hGH produced using -
recombinant DNA technology has been approved and has
been assigned the international non-proprietary name
somatropin, with the Anatomical Therapeutic Chemical
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code HO1ACOL. Thereafter, GH has been produced by sev-
eral manufacturers and used worldwide. This has resulted
in improved treatment designs allowing to optimize the
dose and frequency of subcutancous injections for chil-
dren with GHD and also to treat growth failare other than
classic GHD, such as Turner syndrome, chronic renal fail-
ure and children born small for gestational age [3-8],

More recently, the new indication of GH treatment for
children with idiopathic short stature in the USA [8] may
increase the demand for drug supply, Although the intro-
duction of DNA technology appeared to offer an unlim-
ited commercial source of somatropin, the price is still
high, which is why many underprivileged children main-
ly from developing countries still cannot access this treat-
ment.

The expression of proteins with potential therapeutic

applications in the milk of livestock species seems to be
one of the most attractive commercial applications of
transgenic animals [10]. Recently, the availability of so-
matropin in the milk of a cloned transgenic cow has sug-
gested that transgenic cattle could be used as a cost-effec-
tive alternative for a large-scale production of this hor-
mone [11].

The main objective of this rescarch was to assess the
relative bioavailability of the first somatropin produced
in transgenic cloned cows that carry the hGH gene and
recombinant somatropin produced in Escherichia coli
culture, the procedure most frequently used for the com-
mercial production of the hormone.

Materials and Methods

Twenty-fourout of 38 healthy male and female volunteers were
screened for eligibility and recruited inte the study. To be includ-
ed, the subjects were required to fulfil the following inclusion ¢ri-
teria: age 25-55 years, body mass index in the range ol 18-30 and
vital signs within the normal range. All volunteers agreed to use
barrier contraceplion during the study and for 1 month following
its completion. In addition, women within reproductive age had
a negative pregnancy test at the first visit w the clinic and were
neither breast feeding nor using any hormonal contraception
method. All the subjects were healthy and they did not report (o
suffer cardiac, gastrointestinal, hepatic, pulmona ry, renal, neuro-
logical, haematological or endocrine diseases, All the participants
had normal haemoglobin, leukocyte, platelet, and erythrocyie
sedimentation rates, liver function, creatinine, glucose, blood
urea nitrogen, total proteing and coagulation tests,

Subjects were not included in the study if they had a personal
history of allergies to milk or drugs and evidence of any surgical,
medical or psychiatric condition that might have interfered with
the pharmacokinetics of the investigational medicinal products,
In addition, patients were excluded when elevated IgE or positive
RAST to cow milk proteins were detected.

Bioavailability of Samatropin from
Transgenic Cows

Other exclusion criteria were; previous soratropin adminis-
tration, requirement of chronic Lreat ments with any drug, alcohol
or drug abuse within e past 2 years, administration af any ath-
er investigational drug, participation in a clinical research 1¢ial
within the past 6 months, donation of blood or plasime tu a blood
bank within the past 30 days as well as any candition whiclh o the
investigalor’s opinion might render [he subject unable 1o com-
plete the study or whicl might pose significant risk to the par-
ticipant. Subjects whe were (themselves or their relatives) em-
ployed by Riu Sidus 5.A., CDM, or FP Clinical Pharma were also
excluded.

Treatmentis

Two drug products (HHT® and Bioharmon®) containing sg-
malropin were used, both manufaclured by the same company (Hio
Sidus 8.A., Bucnos Aires, Argentina), under the same conditions
and complying with current good manufacturing practices.

HILT 41U was dispensed in a vial containing 133 uig of su-
matropin (purified from transfected B, coli culture), as Tyaphi-
lized powder for reconstitulion in | ml of waler for injection.
HHT was licensed by the Administracién Nacional de Medica-
mentos, Alimentos y Tecnologia Médica, Argentina’s national
drug regulatory apency, in 1997 and is currently markeled in 6
additional countries of Sauth America, in Central America and
in Pakistan. Up to 2008, 'more than 6 million units had been sold
warldwide.

Biohormon is an investigational product that contains sona-
tropin synthesized in cloncd cows that have been modified by 1he
transfection of the gene of kG and express hGH in the milk (11}
After preclinical testing [12 aceording Lo the guideline of the Eu-
ropean Medicines Agency [13], the product was scheduled for hu-
man testing. Biohormon 41U is o sterile white lvophilized powder
tor reconstitution. For bath sreducts, aftor reconsiitution :he so-.
lution has # concentration of 1,33 mg/ml. Bath producis comply
with the European pharmacopoeia specifications for ‘sematropin
bulk solution’ |14} and their specific activity is similar to the so-
matropin WHO standard (1 mg of somalropin = 3 [U),

The protocol was approved by the listitutional Review Board,
by a local independent ethivs committee as well as by the Admin-
istracién Nacional de Medicamentos, Alimentos ¥ Tecnologia
Meédica and conducted in accordance with the Declaration of FHel-
sinki and good clinical practice, All the subjects pave wrillen in-

-formed consent to participate in the study. The design was a ran-

domized, open-label, 2-period, -sequence crossover study, in
which Biohormon {batch No. LO4TD)) was analyred as the test
product and HHT (batch No. C847159)) s the reference product.

The subjects were allocated o randomization number in se-
quentialorder in accordance with the randomization list. To min-
imize endogenous GH secretion sufficiently (o enable accurate
assessment of serum GH concentration-time profiles, all the vol-
unteers received a somatostalin analugue (90 mg of lanreotide;
Somatuline Aulogel®, Ipsen, France), by intramuscular route 14
days prior to the lirst dose of somatropin.

"The subjects were randomly assigned to 1 of 2 treatrent se-
quences: Biobormon-HHT or HHT-Bioharmon. kuch study pe-
riod lusted 1 day, with 2 wash out period of al Jeast 7 days bet ween
each somalropin adminstration.

The subjects reccived both lyaphilived somatropin (1.33 mg)
products reconstituted in | ml of an aqueons vehicle, and subcn
taneously injected with sisndard needle and svrings in the con-
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tralateral buttock to the lanreotide injection. Blood sumples (or
hGH determinations were drawn through an indwelling catheter
immediately prior Lo somalropin injection (lime 0) and subse-
quently 0.5, 1, 1.5, 2. 3, 3.5, 4, 4.5,5, 7,9, 12, 14, 18 and 24 h ad-
ministratien, IGF-1 was measured at @, 4, 12 and 24 h in both
treatment periods. On the study day, alter somatropin adminis-
tration, all subjects recived a diet with similar proportions of
carbohydrates (50%), fal (20%) and proteins (30%).

GH and IGF-f Assay

Serum GH was determined by an immunochemiluminescent
assay (Immulite®; EURO/DPC Lid., Gwynedd, UK), with a detec:
tion limit of (.05 ng/ml.

Serum [GF-1 was measured with an immunoradiometric assay
(DSL-5600% Active insulin-Like Growth Factor [ immunoradio-
metric assay, Diagnostic Systems Laborstoriss, Webster, Tex.,
USA), with previous extraction, the intra-assay coefficient of
varialion was 1.5-3.4%, whereas the inter-assay coellicient was
3.7-8.2%.

Safety Data

Safety clinical and laboratory evaluations were performed
during hospitalization {0 day) and on the 14th and 28th (final
visit) days. All dlinicol chemistry data outside the normal range
were identified. Demographic and baseline characteristics of the
subjects, as well as their vital signs and clinical chemistry and
blood parameters were recorded and tabulated; these data are pre-
sented with descriptive statistics.

Close monitoring of adverse events was conducted and record-
ed throughoul the study. The oceurrence and severity of local re-
actions (redness, swelling, indurations or bruising) were assessed
by inspection at the injeciion site al pre-scheduled time points of
each period. Palient complaints, physical examinations, bluod
pressure, cardliac and respiratory rate, body temperature, 12-lead
ECG and laboratory tests (haemoglobin, haematocril, leukocytes,
erythrocytes, erytheocyte sedimentation rate, blood ghucose, lac-
tate, creatinine, total bilirubin, eleclmlylcs, aspartate amino-
transferase, alanine aminotransferase and urine analysis} were
utilized to evaluale the occurrence of adverse events.

Inaddition, antibodies against hGH and bovine B-lactoglobu-
lin were determined. For hGH antibodies a radioimmunoprecip-
ilation assay was used, as previously described [15], Bricfly the
study was performed on the basis of immunoprecipitation of GH
labelled with '**[ (using chloramine T as oxidizer and cutting the
reaction with sodium metabisulfite). Pure recombinant hGH,
batch HCRB p-179, provided by Bio Sidus, was used for iodination.
Ina final volume of 500 pl, the serum was incubated with labelled
GH in the presence of sodium borate buffer {pH 8.5), 1% of bavine
albumin for 36-48 h, al 4°C. Al the end of the incubation periad
the immune complex was precipitated with 25% polyethylenegly-
col (Carbowax 6000; Dow Chemical Co, Midland, Misc., USA,
p/¥, in salinc) and separated by centrifugation (15 min at 3,000
rpm), after discarding supernatanl, complexes were counted with
Cobra [l Aulo gamma (Packard, Meriden, Conn., USA). The cul-
olT was established at 3% binding of labelled GH. Appropriate
pasitive and negalive controls were also used.

Antibodies against bovine B-lactoglobulin were detected with
a commercial ELISA kit (ENEASYSTEM T1[9; Bio Genetix, Fiu-
micino, Rome, Italy) for the in vitro measuremenl of specific IgG
antibodies.
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Pharmacoksnetic and Statistical Analysis

Serum GH concentrations and kinctics parameters were esti-
maled for ench subject by a standard non-compartmental analysis
using Win Nonlin professional 5.2 (NCA model; Prarsight Corp.,
Mountain View, Calif,, USA)

The lollowing pharmacokinetic parameters were computed:
area under the serum concentration time curve from the time of
dosing {time 0) to the last measurable concenlralion (AUCy ek
calculated using the linear trapezoidal ule [16] area under
the serum concentration-time curve extrapolated ta infinity
(AUCq ) calculated by extrapelation to infiniy using the
terminal hall-life (L) estimated with Jog-linear regression
(AUC= AUC g + AUC 1 0k peak serum concentration (Cpy )
time af peak scrum concentration (1,,.): eliminalion half-life
(Li2) and mean residence time (MRT) estimated as the area under
the first moment curve (AUMC) divided by AUC. Apparenl plas-
ma clearance (C1/F) was defined as the vatio of the dose infecled
to AUC, and the apparent volume of distribulion (Ve/F) was exl
culated as (CLIF)/,.

The apparent elimination rate constant (&) estimated by lin-
ear regression of Lhe terminal lincar phase of the semi-logarith-
mic plasma conceatration time curve and the apparent climina-
tion half-life were caleulated using the equation tys = (In2)f,,

Following logarithmic iransformation, an analysis of variance
was performed on somalropin parameters (Coae AUCy 00
AU 1 and Tr,) of the whole population under analysis,
There were no imputations for missing data. The analysis of vari-
ance muded consisted of the logarithmically transformed C,,.,, as
the response variable with (aclors for sequence, subject nested in
sequence, period and somatropin product (treatment). Using un
average bivequivalence approach, (Schuirmann and Hauck-An
derson test) a 90% conlidence interval (90% C1) for the true ratio
test of the Biohormon to ceference (HHT) means was calcwlated
and expressed us u percentage. Bioequivalence was assessad ac-
cording to US 117 and EU [18] criteria, with equivalence accep-
tance limits for the rats between 80 and 125%. To obtain a 9%
power (o demonstrate cquivalence within the acceplance limits of
80-125%, assuming that the expeoted ratio of means was 1000,
the crossover design yielded a sample size of 12 volunteers in each
sequence group.

The [GF-I sexum concentration in both groups (reference
and test} was compared, at baseling and in the 4+, 12- and 24-
hour samples with the & stalistic of Wilks, calculated with the
soflware R [19]. A separate analysis of the basal and 24-hour
IGF-[ values in both groups was performed with the same meth-
od. The Mc-Nemar test {with the same software) was utilized to
compare adverse events assaciated with the reference and lest
products.

Results

Thirty-eight volunteers were screened and 24 com-
plied with the study procedures. Ten subjects did not ful-
fil the inclusion and exclusion criteria and 4 subjects did
not return to visit 2. There were no major protacol devia-
tions among the 24 subjects that completed the study; no
subject dropped out. The baseline demographic charac-
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Samatropin (ng/mi)

Fig. 1. Scrum somatropin conceniralion

........ e,

X time curves o HHT (reference product,
A} and Biohormon (test product, O) after
subculaneous administration of 4 [U to 24
normal subjects. |

teristics are shown in table 1. All volunteers received the
investigation products between 8 and 8:48 a.m. in both
treatment periods,

Figure 1 shows concentration X time profiles ob-
tained after subcutancous administration of Biohormon
and HH'T, The concentrations of somatropin for both
products illustrate the typical serum pattern of exiravas-
cular administration. The pharmacokinetic parameters
of somatropin for each product, presented in table 2, were
similar (p = non-significant).

The linear model of mixed effects for analysis of vari-
ance, designed for defined bioequivalence parameters in
crossover studies, using log-lransformed AUC;, AUC,,,
and Cpyp showed a p value >0.05 for sequence, period
and treatment.

Additionally, the linear model for mixed effects in the
analysis of pharmacokinetic parameters of crossed stud-

ies, using HL A,, Tpax, Vz, CL/F, AUMC,..iny and MRT,¢

(log transformed), also showed a p value >0.05 for sc-
quence, period and treatment, consistent with the simi-
larity of both treatments.

The intra-subject coefficient of variation was 12% for
AUC and 26% for C,,,, indicating that somatropin shows
& low to moderate intra-subject variability,

Table 3 presents the equivalence analysis. Al param-
eters were within the specified acceptance range (¥0-
125%) for average bioequivalence. The 2 unilateral T tests
for both end regions showed a p < 0.0, thus rejecting the

Bioavailability of Somatropin from
Transgenic Cows

Table 1. Bascline demournphic characteristics

Varinble Walue

Cases 24

Gender 12 female/ 12 male
Age, years 3283259
Height, cm F66.77 £ 8.03
Weight, kg 69.83 % 13.60
BMI 25.62%132]

Figures are means *® SD.

aull hypothesis (lack of bioequivatence belween formula-
lions) for the 3 parameters analyved,

Pharmacodynamics

Both products increased the serum [GE-1 levels, as
shown in figure 2. The baseline concentration was sig
nificantly increased at 24 b upon injection of both so-
matropin products (A = 0.245, p <0.001). A linear incre-
ment was observed up to levels ol 250 ng/ml at 12 h after
the administration Lafsunm(m;‘;iﬂ. and then the concen-
trations remained stable for the subseguent 12 h, The
mean concentrations of 1GE-T at 0. 4, 12 and 24 b were
similar after the administration of both products (A =
0.953, p = 0.72).

Horm Res Pacdiate 201073:2538 264 261



Table 2. Pharmacokinetic parameters of somatropin in HH T and
Biohormen after subcutaneous administration of 4 [U in 24 nor-
mal volunteers

HHT Biohormon P
Cos N/l §.32+3.42 8.69L3.39 NS
ey 327+ 1.08 3204139 NS
AUC,q ng - himl 61.69£17.59 6434 £ 16,10 NS
HL A, h 422 £1.59 468+ 147 NS
. 01 018005 0.1620.04 NS
AUC g 1+ himl 63601727 6739+ 1688 NS
Vig.oba lih 13910 £ 6940  14045£5256 NS
Cligpol 22.40+6.10 2090+£501 NS
AUMC it ot g+ h?ml 480,60 % (59.90 56254£2186 NS
MRTt.ohe B 770236 833%212 NS

Crpoy = Peak serum concentration; Ty, = occurrence lime af
Ciaaet AUC|,, = aren under the scrum concentration-time curve
from time 0 to the last experimental point; HI A, =apparent elim-
ination half-life; A, = apparent elimination rate conslant,
AUCqy. o = area under the serum concentration-time curve from
time 0 extrapolated 1o infinity; Vg, = apparent volume of
distribution; Clgeps = apparent plasma clearance; AUMCy iy =
area under the first moment curve; MRT = mean residence time
from time 0 to infinity A,.

Safety

No serious or life-threatening adverse events were ob-
served and no subject was withdrawn due to adverse
events.

The Mc-Nemar test did not show significant differenc-
esin the rate of adverse events when Biohormon and HHT
were compared (p = 1). The majority of adverse events
were mild and transient. The most frequently recorded
were diarrhoea (45%, 11/24), headache (33%, 8/24) ab-
dominal distension (12%, 3/24), abdominal pain (4.1%,
1/24), mild elevation of transaminases (4.1%, 1/24), nod-
ule in the lanreotide application zone (12.5%, 3/24), all of
them related to lanreotide rather than to HHT or Biohor-
mon, No local reactions at the injection site of somatropin
were observed, No antibodies against human GH or to p-
lactoglobulin were detected at the final visit (not shown).

Discussion

The results of this study demonstrate that the concen-
tration-time profile of GH following subcutaneous injec-
tion of 1.33 mg of a product containing somatropin ob-
tained from milk of a cloned transgenic cow is similar to
the concentration-time profile of the same dose of so-

7262 Horm Res Paedialr 2010;73:258- 264

matropin obtained by classicexpressionin . cofi. Though
the dose in the present study is lower compared with oth
er pharmacokinetics/pharmacodynamics studies of som-
attopin [20-22], the drug inter-subject variability was
consistent with other somatropin pharmacokinetics/
pharmacodynamics studics [23-25].

Regulatory guidance for equivalence acceptance stip-
ulates that the 90% CJ for the ratio (test to reference) of
the areas under the serum concentration versus time
curves (AUC ratio) and that of the maximum serum drug
concentrations (C,,,, ratio) must fall between 80 and
125% [26] This study shows that both the rate and extent
of exposure of somalropin meet the accepled criteria for
bioavailability equivalence, The high statistical power of
the tests, between 0.90 and 0,99, showed a type If error of
less than 10% (false negalive) with a type [ error of 5%,

A problem when assessing somatropin pharmacok (-
netics is the variable influence of endogenous GH over
the measured GH concentration. The GH-deficient pu-
tient population is o hmited size. Therefore, recruiting a
refatively homogeneous group of GHD subjects is more
difficult compared to healthy subjects, who are the usual
participants in bioequivalence studies. To decrease such
influenice, in previous research a 24-hour somatostatin
infusion was used [27, 28], In our study, we utilized a
long-acting somatostatin analogue Lo avoid an additional
venous catheter, thus reducing the possibility of infec
tions and other complications, and providing betler con-
ditions to the subjects during the stay at the study site.

The safety protile of a newly introduced recombinant
protein is a potential concern for manufacturers as well
as regulatory authorities. This has heen thoroughly in-
vestigated in previous hGll derivatives [rom pituitary-
derived and recombinant GGH products. In this study,
Biohormon and HHT were well tolerated in terms of both
adverse events and local tolerability. No serious adverse
events were reported. The most frequently mentioned ad-
verse events involved the gastrointestinal system (11/24,
45%), and most of thom were related to the somatostatin
analogue administration. Seinatostatin often causes gas-
troinlestinal side effects, and these constitoted the najor
ity of the adverse events observed in the present study.
The rate of adverse events in pur study was similar to the
above-mentioned studies [28].

‘The specific issue of our product relates not only to the
potential immunogenicity of GH but also to cow-milk-
derived proteins, Wedid not detectany antibodiesagainst
hGH nor bovine B-lactoglobulin with a radicimmuno-
precipitation assay and ELISA specifically developed to
detect such proteins. However, in future efficacy studies

Fartas/Feleder/CGonzdles Halabe !
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Fig. 2. Effect of 11117 (reference product,
&) and Biohormon (test product, O) on L f T = ' 1 J prr—n
the mean serum [GE-[ concentration of 24 9 z 4 ¢ : e TJ_::_ ) A A St e S
normal subjects after subcutaneous injec-
lion of 4 IU of cach product. o i
Table 3. Bioequivalence analysis of ) - = ek
somatropin obtuined lrom bacterial Paraireter Ref, Test Rulio 50% CI L 0% cl e
cultures (1HHT) and somatropin obtained HHT Biohormon ey rel, lower limit highr.r Tinuil
from cloned (runsgenic cows o Tt o .
Biokormon) T AUChiamh - ngml 411 418 10643 1002 12,9
AUCy,, h e ngml 408 4.13 185.30 99.1 1118
Cinan ng/ml 203 2.08 92.6 120.1

105.49

with daily injections with this cow-derived somatropin,
the assessment of immunogenicity against GH or cow
milk proteins will need to be further explored.

For the purpouse of establishing bicequivalence, so-
matropin obtained from transgenic cows (Biohormon)
was compared with somatropin from bacterial expres-
sion (HHT), which, together with somatropin produced
in mammal cells, are considered to be the standard refer-
ence of somatropin therapies,

Recombinant DNA-derived proteins expressed in dif-
ferent biological systems can exhibit the same structure
and physicochemical properties as the natural protein,
Usually, somatropin has been obtained by expression in
bacteria or mammal cell cultures, and their safety, as well
as pharmacokinetic-pharmacodynamic profiles, are well
cstablished. Other therapeutic proteins have been pro-
duced in the milk of transgenic animals: factor VIII Is
being developed for haemophilia and Atryn® (antithrom-
bin-a) has already been authorized for use in patients
with congenital antithrombin deficiency (29, 30,

Bioavailability of Somatropin from
Transgenic Cows

Somalropins obtained feom a dilferent biological sys-
tem such as the yeast Saccharomyces cergvisiae, recently
approved for clinical use, needed a comparison wan al-
ready marketed reference product [31), The present study
was performed as parl ol the required comparison o a
registered reference product.

In summary, we have demonstrated rhat somatropin
obtained from transgenic cows docs not present differ-
ences in bioavailability with respect to somatropin pro-
duced in bacteria, resulling in bioeguivalence of products
(HHT and Biohormon) containing somatropin of either
origin.

Acknowledgements

We are indebted Lo Ricardo Bello, PhD), for stalistica! analysis
ol IGF-T and adverse events, to José Malina, Phid, for antibody
detection, to Sadl Malozowsky, MD, for critical reviewand o Ms
Vivianu Sénchez for spelling corrections.

Horm Res Paediatr 2010:73: 258241 253



References

1 Raben MS: Trestment of a pituitary dwarf 12 Parodi F, Papouchado M, Carfagnini [
with human growth barmone. | Clin Eadg- Gionwdlex E, Vidal A, Farias [, Ceiscuolo ME,
crivol Metab 1958;18:901- 903, Bergadu 1, Lucini A, Diex RA: Toxividad a

2 Kaplan 8L, Underwood LE, August GP, Bell dosis repetida de somatyopina en tres (Lromu-
11, Blethen SL, Blizzard RM, Brown DR, Fo- taciones: Bichormon®, ublenida de leche de
ey T¥, Hintz RL, Hopwood NJ: Clinical bovines transgénicos, HIT® de cultive de
studies  with  recombinant-DNA-derived bacterias y Saizen™, de cultiva de células de
methionyl human growth hormoeoe in ratdn {in Spanish). Absteact preseated in 1he
growth-hormone-deficient children. Lancet V1T Latin American Congress of Pharma-
1980; 1.697-700. cology, Coguimbea, October 12 15, 2008,

3 Grumbach MM, Bin-Abbas 85, Kaplag SL: panel 76. Kev Farmacol Chile 2008:1:158,
The growth hormone cascade: progressand 13 Guidance oa similar medicinal products
long-term results of growth hormone wreat- containing sematropin, Annex guideline on
ment in growth hormone deficiency. Horm sinilar medicinal products containing hio-
Res 1998:49{suppl 2):41-57. technology derived protetng s active sub-

4 Plotnick L, Attie KM, Blethen SL, Sy JB: stance non-clinical and clinical issues. www,
Growth hormone lreatment of girls with EMEA/hmp/94528/2005  faccessed 25
Turner syndrume: the National Cooperative March 2009),

Growth Study experience. Pediatrics 1998; 14 Eurppean Pharmacopocia 5.3. Menograph
102:474- 481, 950. Surnatropin bulk solation, 2000,

5 Seephure LY, Canading Growth Hormone 15 Péroz AR, Pena C, Porkus E, Paladini AL
Advisory Commitiee: Impact af growth ko Domendé HM, Martinez AS, Heinrich j): A
mane supplementation on adult height in tibodies aguinst animal prowlh hocmones
Turner syndrome: resuits of the Canadian appearing in patients lrealed with human
rindomised controlled teial. § Clin Endaocri- growth hormone: their specificities and in-
nol Metah 20115;90:3360-3366. fluence on growth velocity, Acta Endoerinol

& Ranke MB: Growlh hormoune therapy In (Copenh) 1985;110:2:4-31.

Turner syndrome: analysis of long-term re- 16 Gibaldi M, Perrier I: Pharmacokinetivs, ed
sults, Horm Res 1995:44(suppl 3):35--41. 2. New York, Dekker, 1982, vol 15: Dirugs arul

7 De Zegher F, Ong KK, Ibafiez L., Dunger DB: the Pharmaceutical Sclences, p 434.

Growth hormone therapy in short children 17 Food and Drug Admimstration: Bioequiv-
barm small for gestarional age. Horm Rey alence guidance, www.fda.govievm/guid-
2006:65: 145~ 152. ance/bioequivalence_Oct02.pdf  {accessed

3 Halfner 1, Schaefer F, Nissel R, Wihl L, 24 March 2009,

Ténshoff B, Mehls O, German Study Group 18 European Medicines Agency: Guideline on
for Growth Hormone Treat ment in Chronic the investigation of bioequivalence., www.
Renal Failure: Effect of growth bormone emeg.europa.eu/pdfs/huminfqwp/
treatment on the adult beight of childeen 140198enrevipdt (accessed 24 March
with chronic renal fuilure. N Engl | Med 2009,

2UH00;343:923-930 19 R Foundation for Statistical Computing De-

9 www.fda.govieder/fol/nda/2003/0196-10_ velopment Core Tean: R: Alanguageand en-
$033 (NDA 19-640/8-033 accessed 25 vieonment for stalistical compuling. Vien-
March, 2009), na, 2006, version 2.9.0. hitpuffwww.e-project.

18 Niemann H, Kues WA: Transgenic livestock: org {accessed 30 Aprii 2009}
premises and promises. Anim Reprod Sci 20 Jacobsea LV, Rolwn P, Christensen MG,
2000;60-61:277-293 Kaudsen KM, Rasmussen MH. Bioequiva-

11 Salamone 13, Baradao L, Samos C, Buss- lence between ready-to-use recontbinant k-
mann L, Artuso | Werning €, Pryne A, man growlh hormese rhGH) in liguid for-
Carbonetto C, Dabsys §, Munar €, Saluber- mulation and thCH for veconstilution.
ey |, Berra G, Berra |, Perndndez N, Pa- Growih Horm MGF Res 20060:10:93 -98.
pouchado M, Foli M, Judewicz N, Mujica l, 21 Clemmans PG Long-acting forms of gos b
Munoz L, Alvares SE. Genzdlez F. Zimmer- hormone-rebensing howvmone and groscth
maan J, Criscuolo M. Meto C: High-level hermaone: effects ln normal volunteers aind
expression of bivactive recombinant hu- adults with growth hormone deficiency.
man growth hormone in the milk of a Horm Res 2007:68(suppl 53178181,
cloned transgenic cow. | Biotechnol 2006;
124:469-472,

264 iTarm Res Pacdinlr 2000;73:238-264

[}
3

[}
el

12
w

2 Vali N, Jensen 88, Rasmussen M, Susgaurd

§, forgensen [0, Chrisliansen 5, Rusmussen
UE, Hilsted |: Biowvailability of recombinant
human growth hormone o different con-
cealrations and lormualations. Pharmacol
Toxicol |996:79: 144 -149,

Wilton P, Widlund L, Goilbaud G Bioequiv-
alence of Genotropinand Samatonurm, Acta
Puediacr Scand 19873537 sappli1 18- 121
Keller A, Wu 7, Kratzech |, Keller E, Blum
WE Kniess A, Pretss R, Teishor | |, Strasburg
er Cf, Bidlingmaier M: Pharmacokinetics
and pharmacodynamics of GEL dependence
on routeamd dosage of administration. Fur |
Endocrinol 2007;156:647-433,

Braarley C, Priestley A, Lelghton-Scott |,
Cliristen M. Pharmacokinerics of recombi-
nunt human geowth hormone sdministered
by cool click 2, 4 new needle free deviee,
compared with subcutincaus sdminisres
Uon asing a vonventions! syringe and neg
dle, AMC Clin Pharmagol 200
Centee for Drog Pealuglion and Research
(CDERE LS Deporiment af Health und Hu-
vian Services Food and Drug Adminsira-
tian Guidance for Dadustey. Satistical Ap-
pruaches to Establishing Blocquivalence,
January 20010,

Aidi,

7 Calubiresi E, Ishikowa i, Bartolini 1, Ulitala

G, Fanciulli G, Oliva Q. Yeldhuis JD, Serin
M Somatostalin infusion suppresses GH se
cretory burs! [requency and mass in normal
men. Am | Physiol 1996;270:975- 974,
Agerse H, Moller-Pedersen [, Cappi 5.
‘Thomann P, usussek B, Senderoviee 13 Bhar
macokinetics and pharmacodynamics of u
new formulation of reenmbinant husman
growth hornone administered by Zomafil 2
Vision, 2 new needle-free device, compared
o subcutaneows administration using a cun-
ventional syringe. | Clin Pharoacol 200202
L262-1268.

EMEA: Cormmittee for Medicinal Praducts
for Humun Use. Press release, Doe reherenes
040672006, wwwemedcuropa.cw/pdfs!
hanandpress/pe/204¢0606en.pdf {scvessed
30 April 2009).

Yntr H, Makarcvich AV, Unrin B, Raleyanda
RE, Bimder BR: Expression of recombinant
husras factor Vi i milk of several genera-

siorrs i dransgeno rabiits
HIN7 16 353261,
Pelerkava ¥, Arslanogle T, Bolshova-Zub-
kovskova B, Romer T, 2dravkovie D), Kratzsch
1, Ji HL). Savoy C, Swenger P: A randomised,
double-blind study wassess the efficacy and
safety of Vailropin, a biosimilar growth hor
mune, in children with growth hormone de-
ficiency. TTarm Res 2007;68:288-293

Pransperic Hes

Farias{Feleder/Gonzdler/Halal /

Criscuclo/Bergadd/ Diex



