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EXECUTIVE SUMMARY

I. Recommendations
A. Recommendation on approvability: Approval

Preclinical pharmacology and toxicology recommends approval of NDA 21-884, based on the
preclinical IGF-1 alone and/or IGF-1/IGFBP-3 studies that were submitted.

B. Recommendation for nonclinical studies:

As previously discussed, the sponsor is advised that carcinogenicity testing with IGF-1/IGFBP-3
is recommended to support approval of future non-orphan indications.

C. Recommendations on labeling:
Carcinogenesis, Mutagenesis, Impairment of Fertility:

Long term animal studies for the evaluation of carcinogenicity have not been performed with
iPlex (rthIGF-1/rhIGFBP-3). The genotoxic potential of iPlex has not been assessed. rhIGF-1
tested negative for genotoxic potential in the Ames test and in chromosomal aberration assays
conducted with human lymphocytes or rat peripheral lymphocytes. Animal fertility studies have
not been performed with iPlex. Effects of rhIGF-1 on fertility and reproductive performance
were assessed in male and female rats administered 0.4, 2 and 10 mg/kg/day, subcutaneously

4 ~ times clinical exposures with the MRHD based on body surface area). rhIGF-1 had
no effects on mating, fertility, or reproductive performance in rats

Pregnancy: Teratogenic Effects: Pregnancy Category C

Animal reproduction studies have not been conducted with iPlex™ [mecasermin rinfabate
(rDNA origin) injection]. Effects of rhIGF-1 on embryofetal development were assessed in rats
and rabbits.

Subcutaneous administration of — 2, or —.ng/kg/day rhIGF-1 to pregnant rats during
organogenesis had no effects on embryofetal development — |, 1.5, and ~ .imes therapeutic
exposures with MRHD based on body surface area). Subcutaneous administration of 0.2, 0.5 or
1.25 mg/kg/day rhIGF-1- _— . '

e - to rabbits during organogenesis resulted in an increased incidence of fetal loss
but no fetal anomalies. Increased early resorptions were observed in rabbits treated with 1.25
mg/kg and increased preimplantation loss was observed . (exposures
equivalent to —  based on body surface arca).

A second rabbit embryofetal development study was conducted to determine the role of
hypoglycemia in rhIGF-1 mediated fetal loss. Rabbits were administered subcutaneous doses of
0, 0.5, and 1.25 mg/kg/day thIGF-1, 1.25 or 2.5 mg/kg rhIGF-1 plus glucose supplementation, or
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2.5 IU/kg/day insulin. A comparable degree of hypoglycemia was observed in rabbits treated
with 1.25 mg/kg rhIGF-1 alone or 2.5 IU/kg insulin. Animals treated with 0.5 mg/kg thIGF-1 or
rhIGF-1 plus glucose maintained normal glucose levels. Similar to the initial rabbit study, an
increase in early fetal resorptions was observed in rabbits treated with 1.25 mg/kg/day rhIGF-1
(2 times MRHD based on body surface area). This finding was not observed in insulin-treated
rabbits despite a comparable degree of drug-induced hypoglycemia. A dose-related increase in
postimplantation loss was observed in all rhIGF-1 treated groups (0.5 times MRHD based on
body surface area). While the incidence of fetal loss was somewhat reduced in glucose
supplemented rabbits, it was not clearly attributable to drug-induced hypoglycemia since
significant fetal loss was still observed in normoglycemic rhIGF-1 treated rabbits.

- .

Nursing Mothers:

It is not known whether iPlex™ [mecasermin rinfabate (rDNA origin) injection] is excreted in

human milk. Because many drugs are excreted in human milk —_—
e B
Appears This Way
On Original
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1. Summary of nonclinical findings
A. Brief overview of nonclinical findings

The rhIGF-1(Recombinant human insulin-like growth factor 1) and rhIGFBP-3(Recombinant
human insulin-like growth factor 1 binding protein) components are produced by recombinant
DNA expression technology in E. coli. The nature of association of rhIGF-I and rhIGFBP-3 is
non-covalent and the dissociation constant is approximately 50pM. The rhIGF-1 component of
the rhIGF-I/rhIGFBP-3 complex is a single chain polypeptide consisting of 70 amino acid
residues with a molecular weight is 7649 Daltons. The primary structure of rhIGF-I is identical
to that of natural IGF-1 isolated from human serum. The rhIGFBP-3 is a single chain polypeptide
consisting of 264 amino acid residues with a molecular weight of 28732 Daltons. It appears that
the primary structure of rhIGFBP-3 is also identical to that of natural IGFBP-3. Natural IGFBP-3
isolated from human plasma is glycosylated. While the rhIGFBP-3 that is produced in E. coli is
nonglycosylated, the glycosylated and nonglycosylated IGFBP-3 bind IGF-I with similar
affinities. '

In the normal human circulation less than 1-2% of the total serum IGF-I exists in free form. Most
circulating IGF-1 is found predominantly in association with the growth hormone-dependent IGF
binding protein-3 (IGFBP-3). It appears that IGFBP-3 occupied with IGF-I further combines
with a third serum protein, the acid-labile subunit (ALS). This final ternary complex represents

- the natural physiologic reservoir of IGF-L. The free IGF-I can readily cross the vascular
endothelium to form a ternary complex which restricts the IGF-I to the circulation. The complex
provides prolonged action of IGF-I (half-life < 15 min. in the free form to > 12 h in the ternary
complex).

The in vitro growth-promoting effects of thiGF-1 have been demonstrated using the chick femur
assay and 3T3 mouse fibroblasts. It is well documented that IGF-I stimulates matrix synthesis in
chondrocytes, and was shown to exert effects on chick pelvic cartilages and femurs in vitro. In
chick femur studies, rhIGF-I induced a dose- dependent increase in the weight of the femora up
to a dose of approximately 100 ng/mL over 3 days, with plasma derived human IGF-I showing
equivalent effects to rhIGF-1. In a similar study of rhIGF-1, IGF-II and insulin, rhIGF-I and IGF-
IT were equipotent in terms of the growth-promoting effects, whereas insulin had a 10-fold lower
potency. In mouse 3T3 fibroblasts, rhIGF-I was shown to increase mitogenic activity in a dose-
dependent manner.

In vivo studies. with rhIGF-I/rthIGFBP-3 demonstrate anabolic activities that are similar to those
observed with rhIGF-]. Systemic administration of either rhIGF-/rhIGFBP-3 or rhIGF-I to
ovariectomized rats for 16 weeks resulted in significant and dose-dependent increases in cortical
bone and lean body mass compared to control rats. In calorie-restricted rats, rhIGF-VrhIGFBP-3
administration significantly stimulated muscle protein biosynthesis, whereas an equimolar dose
of rhIGF-1 failed to increase protein synthesis. In this study, plasma concentrations of IGF-1
were 20% higher in rhIGF-VrhIGFBP-3 treated rats as compared to control animals or animals
treated with rhIGF-I. This observation was attributed to a prolonged half-life and a more
physiologic concentration/kinetic behavior of IGF-1 following rhIGF-1/rhIGFBP-3
administration compared to rhIGF-I administration in its free form.
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In an experimental model of cancer cachexia, tumor-bearing mice treated with rhIGF-1/rhIGFBP-
3 exhibited a significant attenuation in weight loss compared to control mice. An important
observation in this study was that administration of rhIGF-VrhIGFBP-3 did not affect net tumor
growth. Moreover, administration of rhIGF-/rhIGFBP-3 improved nutritional state, not only by
attenuating weight loss, but by increasing food intake and improving glucose metabolism. It is
safe to conclude that the primary and secondary pharmacological actions of rhIGF-I/rhIGFBP-3
and rhIGF-I are qualitatively similar. However, some pharmacokinetic and pharmacodynamic
data demonstrate that administration of rhIGF-1 in the form of thiGF-UrhIGFBP-3 significantly
attenuates the acute hypoglycemic activity of rhIGF-I. In addition, in 13-week toxicology study
in rats the mild hyperplasia in both male and female rats was observed in some tissues such as
cardiac, renal, lung and gland tissues, which appear to be in IGF-1/IGFBP dose related.

The sponsor and its associates performed single and repeated toxicology studies of IGF-1 in
mice, rats, chicks, rabbits, dogs and monkeys. In addition, 13-Week toxicology studies of IGF-
I/IGFBP were carried out in rats, and monkeys at the top doses of 10 to 30 mg/kg/day (dose
resulting in an exposure 1 to 4 times the average human dose, based on body surface area
comparison). A 26-Week toxicology study was also performed in the rat with IGF-1 at a dose of
10 mg/kg/day. The 26-Week toxicology study in monkey utilized only IGF-1 alone at a dose of 1
mg/kg/day (0.2 times the average human dose based on body surface area comparison).
Pharmacokinetic studies were also performed primarily in rats as reviewed in this NDA. The
sponsor has not performed a long-term animal study for carcinogenicity with rhIGE-1/rhIGFBP-
3. The genotoxicity and reproductive toxicity studies were conducted with IGF-1 alone.

B. Pharmacologic activity
The pharmacological activity of IGF-1 has been well documented both in animals and humans.
The sponsor summarized the main pharmacological properties of IGF-1 in the NDA, based
primarily on reports in the scientific literature. There were some preclinical data on IGF-
I/IGFBP, which were performed by various contract laboratories as presented in this review.

B. Nonclinical safety issues relevant to clinical use

None.
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2.6 PHARMACOLOGY/TOXICOLOGY .REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

NDA number: 21-884

Review number: 1

Sequence number/date/type of submission: 000/Jan. 5, 2005/Commercial
Information to sponsor: Yes (x) No ()

Sponsor and/or agent: Insmed Incorp., Glen Allen, VA 23060 (804)-565-3000
Manufacturer for drug substance: Avecia Biotechnology, Billingham Cleveland, UK
Reviewer name: Hee M (Herman) Rhee, Ph.D.

Division name: Division of Metabolic Endocrine Drug Products

HED #: 510

Review completion date: August 25, 2005

Drug:

Trade name: Iplex®

Generic name: rhlGF-1(Recombinant human insulin-like growth factor 1)/ rhIGFBP—
3(Recombinant human insulin-like growth factor 1 binding protein) (mecasermin rinfabate)

Code name: NA

Chemical name: Protein consisting of 70 amino acid residues

CAS registry number: 67763-96-6

Molecular formula: IGF-1 is a protein of a polypeptide chain consisting of 70 amino acid
residues while IGFBP-3 is a single polypeptide chain consisting of 264 amino acids

Molecular weight: 1GF-1(7649 daltons), IGFBP-3(28,732 daltons)

Chemical structure of IGF-1 is shown below in reference to human insulin. Two
dimensional structure of IGF-1 binding protein 3 is not available except its amino acid sequence
as shown below.

Fecomsiinant swman iGF- 1

r}im_f_. Sey
cocH L X 2?1\*)

A
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IGFBP-3: . GASSAGGLGP VVRCEPCDAR ALAQCAPPPA VCARELVREPG CGCC LTCAL SEGQPCGIYT ERCGSGLRCQ
PSPDEARPLQ ALLDGRGLCV NASAVSRLRA YLLPAPPAPG NASESEEDRS AGSVESPSVS STHRVSDPKF
HPLHSKIIII KKGHAKDSQR YKVDYESQST DTQNFSSESK RETEYGPCRR EMEDTLNHLK FLNVLSPRGV
HIPNCDKKGF YKKKQCRPSK GRKRGFCWCV DKYGQPLPGY TKGKEDVHCY SMQS

IGFBP-3 Amino Acid Sequences

Relevant INDs/NDAs/DMFs: IND#50,140 (rhIGF and thIGFBP-3, Celtrix/Insmed)

Drug class: Insulin-like Growth Factor
Intended clinical population: — weatment of children ¢ - . with growth
failure due to severe growth hormone insensitivity syndrome(GHIS). -

Clinical formulation: Clear, sterile, aqueous solution containing the rhIGF-1 énd rhIGF-1BP (60
mg/ml), 50 mM sodium acetate, 105 mM sodium chloride, pH 5.5. A clinical dose of equimolar
combination product of IGF-1 and IGF-1BP is 1- 2 mg/kg/day for GHIS subjects.

Route of administration: Subcutaneous

Disclaimer: Tabular and graphical information are constructed by the reviewer unless cited
otherwise. '

Studies reviewed within this submission: The following studies have been reviewed below
briefly, depending upon the nature and purpose of individual studies.

1. Insulin-Like Growth Factor 1 Bioassay using 3T3 BALB C Fibroblasts

2. IGF-1 and IGF-1I Stimulate Net Growth of Chick Embryonic Bone in vitro, by inducing cell
proliferation and proteoglycan synthesis, primarily in chondral epiphysis

3. Chick embryonic femur Bioassay for the Quantification of IGF-1. '

4. Toxicokinetics study of rhIGF-1/IGFBP-3 in cynomolgus monkeys

5. Recombinant Human IGF-1 PK/PD study in Cynomolgus monkeys: Hypoglycemia

6. Study on glucose and IGF-1 blood levels after subcutaneous administration of rhIGF-1 to pigs
7. Recombinant Human IGF-1 PK/PD study in Cynomolgus monkeys: Metabolic effects

8. Effects on cardiovascular parameters recorded with telemetry in the conscious dog

9. Pharmacokinetics of rhiGF-1/IGFBP-3 following subcutaneous injection in male rats

10. Pharmacokinetics of rhIGF-1/IGFBP-3 following intravenous injection in male rats

11. Pharmacokinetics of rhIGF-1/IGFBP-3 following a single subcutaneous injection to SD rats
12. rhIGF-1/IGFBP-3: Single dose subcutaneous injection PK study in cynomolgus monkeys
13. Toxicokinetics study of rhIGF/IGFBP-3 in cynomolgus monkeys

14. PK profiles of IGF-1 and IGF-1/IGFBP-3 following their administration in pigs.

15. Pharmacokinetics of rhIGF-1 in the rats

16. Pharmacokinetics of thIGF-1 in the dog following intravenous injection of 0.5 mg/kg and
subcutaneous administration of 0.5 and 2.5 mg/kg
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17. Recombinant Human IGF-1 PK/PD study in Cynomolgus monkeys: Phase I

18. Toxicity study of recombinant Human IGF-1 in Cynomolgus monkeys. PK evaluation of
serum concentration

19. Autoradiographic distribution of IGF-1 in male mouse

20. 13-Week repeat dose subcutaneous toxicity study of thIGF-1/IGFBP-3 in rats

21. 90-Day repeat dose subcutaneous toxicity study of rhIGF-1/IGFBP-3 in monkeys

22. 13-Week repeat dose subcutaneous toxicity study of rhIGF-1 in mice

23. Determination of antibodies against rh-IGF-1 in rat serum after repeated iv administration
24. 26-Week repeat dose subcutaneous toxicity study of rhIGF-1 in rats with 8-week recovery
period

25. Analysis of thIGF-1 and anti-IGF-1 antibodies in serum(26 Week subcutaneous toxicity
study in rats with 8-week recovery period)

26. Determination of antibodies against rhIGF-1 in cynomolgus monkey serum during repeated
iv injection

27. rhIGF-1 26 Week (subcutaneous bolus) toxicity study in cynomolgus monkeys

28. Study to evaluate the chromosome damaging potential of recombinant Human IGF-1 by its
effects on cultured human lymphocytes using an in vitro cytogenetic assay

29. Study to evaluate the chromosome damaging potential of recombinant Human IGF-1 by its
effects on rat peripheral blood lymphocytes using an in vitro cytogenetic assay

30. Study to evaluate the chromosome damaging potential of recombinant Human IGF-1 by its
effects on rat peripheral blood lymphocytes treated in vivo and cultured in vitro

31. Gene Mutation test in bacteria: th-IGF-1

32. Study of the effect of thGH and IGF-1 on the growth of primary tumor and lung metastases
from Lewis Lung carcinoma

33. Study of the effect of thGH and IGF-1 on the growth of HT-29 human colon carcinoma
implanted in nude mice _

34. rhIGF-1: Study on fertility and pre- and post-natal development in the rat

35. rhIGF-1: An investigation of the effects on neonatal development in the rat

36. rhIGF-1: Teratology study in the rat

37. rhIGF-1: Teratology study in the rabbit

38. A study of the effects of rfhIGF-1 with and without glucose administration on pregnancy in
the rabbit ‘

39. 14-day subcutaneous irritation study of rhIGF-1 in SD rats

40. A study on the local subcutaneous toxicity of rhIGF-1 in pigs.

Studies not reviewed within this submission: Some of the safety studies on IGF-1 alone which
were published in many medical journals are not documented in this review.
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2.6.2 PHARMACOLOGY
2.6.2.1 Brief summary

rhIGF-1/rhIGFBP-3 is produced by two separate E. coli strains: one containing the human gene
for insulin-like growth factor I (IGF-I), the other containing the human gene for insulin-like
growth factor-binding protein-3 (IGFBP-3). The two proteins are combined in a 1: 1 molar ratio
of the rhIGF-I/rhIGFBP-3 complexes. IGFBP-3 from human plasma is glycosylated, whereas
rhIGFBP-3 produced in E. coli is nonglycosylated. Glycosylated and non-glycosylated IGFBP-3
bind IGF-I with similar affinities.

The promotion of linear growth is the primary pharmacological effect of both rhIGF-1/thiIGFBP-
3 and rhIGF-1. There are data that have been derived from experiments conducted in a variety of
assay systems and species, including in vitro cellular proliferation and bone growth assays. The
similar effects were documented in osteoporotic rat models, hypophysectomized rats, calorie-
restricted rats and normal healthy monkeys. Of particular relevance to the treatment of growth
hormone insensitivity syndrome is the observation that rhIGF-I promotes growth in models of
growth hormone deficiency (i.e. the hypophysectomized rat).

The anabolic effects following repeated dosing with thIGF-l/rhIGFBP-3 or rhIGF-1 were
qualitatively similar and considered to result from the known pharmacological effects of the test
materials. However, severe hypoglycemia was noted on numerous occasions following dosing
with rthIGF-I which resulted in many deaths, particularly in mice and rats in the 10 mg/kg/day
dose groups. These effects were not apparent in rats treated with rhIGE-/rhIGFBP-3 at doses up
to 30 mg/kg/day (this dose is approximately equivalent to only 6 mg/kg/day rhIGF-I). With one
exception, hypoglycemic shock was noted in all monkeys treated with 1 mg/kg/day rhIGF-
when food was withheld for serial blood sampling. Again, these effects were not observed in
monkeys treated with 10 mg/kg/day rhIGF-IrhIGFBP-3 (a dose approximately equivalent to 2
mg/kg/day rhIGF-1).

2.6.2.2 Primary pharmacodynamics

rthIGF-1 is the bioactive component of the thIGF-I/thIGFBP-3 complex. The pnmary
pharmacologic effect of IGF-1 in children is the promotion of linear growth. Secondary
pharmacologic actions of IGF-I include the induction of insulin sensitization and insulin-like
effects. In normal human circulation, less than 2% of total IGF-I exist in the free form. Most
circulating IGF-1 is found in association with the growth hormone (GH)-dependent IGFBP-3 and
this binary complex further associates with a third serum protein. GH-dependent acid-labile
subunit forms a ternary complex of 150 kD, which represents the natural physiologic reservoir of
IGF-1. The ternary complex, consisting of one mole each of IGF-I, IGFBP-3 and acid labile
subunit is non-covalent in nature. Specific mechanisms exist for the release of IGF-1 from the
ternary complex in order for it to act on target cells inside and outside the vascular compartment.
A small amount of free, bioavailable IGF-I is present in serum in equilibrium with the bound
forms. In addition, proteolytic cleavage of IGFBP-3 and interaction of the ternary complex with
proteoglycans have been shown to release IGF-I from the ternary complex.

10
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Mean height standard deviation score(SDS) improved significantly during treatment with
SomatoKine from — 6.4 + 2.1 at baseline to — 6.1 + 2.1 at Month 6 and - 6.0 + 2.2 at Month 12 (
p< 0.002 for both time points versus baseline). In another group, mean height SDS improved
from — 7.9 + 1.1 at baseline to — 7.5 + 1.1 at Month 6 ( p< 0.001 versus baseline) as shown
below(Table 2).

Table 2. Mean (+SD) Efficacy Results for Patients with GHIS Treated with

[BRANDNAME].
Low Dose High Dose
{Up to 1.0 mg/kg daily) {Up to 2.0 mgikg daily)
Pre-Tx/ Pre-Tx/

Endpoint Baseline Month 6 Month 12 Baseline Month 6

) {n=16) {n=16) {n=16) {n=9) (n=9)
Annualizad Height ara n - .

Velocity {omiyr) 34+16 | 7420 6416 22+15 88+20
He.ight SDS 64£2141 61221+ 60x22* 7811 TS5 11

*** p < .0001 vs Pra-Tx / Baseline
“*p <0.001 vs Pre-Tx / Baseline
“p < 0.002 vs Pra-Tx / Baseline

Title: Insulin-Like Growth Factor 1 Bioassay using 3T3 BALB C Fibroblasts (Section
4.2.1.1.b.1)

1. PURPOSE:

To access the potency of rhIGF-1 in stimulating nucleic acid incorporation to DNA because IGF-
1 is known to be a potent mitogen. This study was performed at Kabi Pharmacia, Stockholm,
Sweden.

2. METHODS:

A commercial cell line, 3T3 Balb C fibroblasts was seeded in 6 well multi-dishes and grown to
confluency. rthIGF-1 was added at concentrations of 0.01-100 ng/ml, and a further incubation of
40 hours was performed. During this time, *H-thymidine was present in the incubation medium.
After the incubation, the cells were washed and extraction performed by the addition of TCA.
The TCA precipitate was dissolved and the radioactivity in the precipitate was counted.

3. RESULTS: ~
rhIGF-I stimulated the uptake of 3H—thymidine into DNA in a dose dependent way in confluent
cells as shown below. A smaller response was observed in non-confluent cells, probably due to a
lower number of cells. A difference in sensitivity of the cells depending on the manufacturer of
plastic dishes were observed, showing that when FALCON dishes were used, the dose response
curve was moved to the left, and maximumresponse was obtained already at a concentration of
0.1 ng/ml. Similar results were obtained with several production batches of rhIGF-I. -

11
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4. CONCLUSIONS: RhIGF-I was shown to stimulate DNA-synthesis, measured as *H-
thymidine uptake, in a dose-dependent way in 3T3 Balb C fibroblasts. This is in agreement with
results reported for the plasma derived hIGF-L
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Title: IGF-1 and IGF-II Stimulate Net Growth of Chick Embryonic Bone in vitro, by
Inducing Cell Proliferation and Proteoglycan Synthesis, Primarily in Chondral
Epiphysis(S. 4.2.1.1.b.2)

1. PURPOSE: IGFs have been reported to have potent effects on the proliferation of
chondrocytes from various species including chicken and they are known to stimulate
proteoglycan synthesis in several types of cartilage. Thus, the sponsor investigated the effects of
IGF-1 and/or IGF-II on thymidine uptake in bone shafts and epiphyses. This study was
performed at Kabi Pharmacia, Stockholm, Sweden.

12
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2. METHODS: Chicken femora were pulsed for one hour with 1 pic/femur of 3 H-thymidine.
The medium was removed and the femora washed with Phosphate Buffer Solution(PBS) and left
in acetone for 5 minutes. The dried femora were weighed and hydrolyzed in 0.5 ml 6M HCI at
100 °c over night. The incorporated radioactivity was measured on a liquid scintillation counter.

The direct counts obtained were finally normalized on a dpm/bone dry weight basis after a
separation of bone shafts from epiphyses.

3. RESULTS:

Thymidine uptake in epiphyses of femora was examined after an incubation of 1 to 3 days with
100 ng/ml IGF-II pulse in eight-day old chicken femora. On day one radioactivity was increased
significantly in IGF-II treated group, compared to the control. The effects were reduced
significantly after the treatment for 3 days. Thymidine uptake in bone shafts was also increased
after IGF-II treatment as in Fig. 3. The effect of IGF-II was visible even after its treatment for
three days. In addition, the increases in thymidine uptake and bone net growth were compared.
As presented in Fig 9, the bone weight of femora was significantly increased after IGF treated

group compared to the control, which indicate the two events are well correlated, although the
IGFs-mediated causal relationship is not clear at this time.

T T 8ection @21 rbZ T T T
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Section 4.2.1.1.b.2
Correlation beiween accumulated bone weight 2
and accumulated thymlidine Incorporated Figure 9
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Title: Chick Embryonic Femur Bioassay for the Quantification of IGF-1(Section
4.2.1.1.b.3).

1. Purpose: The sponsor wished to define and to quantify IGF-1 by bioassay. One of early
methods was to determine the ability of IGF-1 in stimulating sulfate incorporation into
proteoglycans of cartilage, from which the term of "Sulfation factors" originated. Cartilage is
therefore a classical target tissue for IGF actions. This study was performed at Kabi Pharmacia,
Stockholm, Sweden. '

2. Methods: The two femora were carefully dissected out from chick embryos which were
incubated in an egg Hatcher for 8 days. The isolated femora were then individually transferred to
wells containing 0.5 ml of culture medium in a 24 well tissue culture plate. The plates were
incubated over night at 37 °C in an incubator under humidified atmosphere of 5 % CO; in air.
Following the over night incubation, the femora were transferred to 6 well tissue culture plates
containing sterile-filtered fresh culture medium +/- additions of the IGF-I (0.1 mg/ml) to be
tested.

One femur of the embryo was incubated in the medium supplemented with the peptide. The other
served as a pair-matched control and was incubated in the medium alone. Control and test bones
were incubated for 3 days at 37°C under a humidified atmosphere of 5% CO ; in air. At the end
of the incubation period the medium was removed and replaced with 1 ml acetone for 5 minutes.
The femora were then left to dry in air. The dry weight of each femur was measured on a
precision balance and the growth promoting effect of the peptide estimated as the ratio of the
treated (T) femur to that of its pair-matched (C) control (=T/C ratio).

The T/C ratio response was recorded for dilutions of the in house IGF-I standard (DSQ10) to
produce test doses in the range 1-1000 ng/ml. The initial observations from single and repeated
assays were that the response to doses below 10 ng/ml was weak, highly variable, and frequently
of low statistical significance. The response tended to reach saturating values on increasing the
dose. Concentrations above 100 ng/ml did not produce a significant further T/C increase. On
increasing doses up to 1000 ng/ml a decrease in T/C response was occasionally observed. On
accepting data for control bones with weights between 0.2-0.4 mg for 6 assays performed during
the time period. A final standard curve was constructed after numerous tests (See fig 6a and 6b).
Log transformed T/C Ratios vs. log dose now produced an acceptable linear fit (Rh2 = 0.95)
although a slight curvature still was present. Indeed, a perfect linear fit was obtained if the dose-
range was limited to 25-100 ng/ml. This linear regression curve extrapolated to an apparent
minimal effective dose of 13 ng/ml.

3. Results: It appears that the chick embryo femora model provides a suitable bioassay for the
determination of IGF-I biopotency. Standard curve linearity was observed for the dose range —

~ ng/ml, which defines the practical limit of quantification if a 2-dose parallel line assay
approach were to be adopted. The limit of detection was approximately ~ ag/ml (n= — The
inter- and intra-assay variation was —_— , respectively, which is acceptable for this
type of assay. On the negative side, the assay is laborious, time-consuming and of moderate
"ruggedness”. A major finding in this study was a correlation between the growth stimulatory
response to added rhIGF-I and initial bone weights, which has led us to apply weight exclusion
criteria in the performance of the assay.

15



16 Reviewer: Rhee, Hee M.

NDA No.21-884

- Mean log T/C

Mean log T/C

0.3 A
y= -0,15504 4 0,19158x R"2 = 0,951
0,2+
0,1 -
' % O Meanlog TIC+S.EM.
0'0 LAY SRS N SN AR NS SN SN NL LS NN R NN
0,8 1,0 1,2 1,4 1,6 1,8 2,0 2,2 2,

Log Dose (ng/ml)

FIG.6a. DSQ10- STANDARD CURVE.

03 4
y= -0,31024 +0,27843x R*2= 1,000
02+
0,14,
8 Meaniog T/C+S.EM.
0'0 T r T - T T - T T v .

0,8 t,0 1,2 1,4 16 1,8 2,0 2.2

Log Dose (ng/ml)

FIG.6b. STANDARD CURVE LINEARITY OVER
DOSE RANGE 25-100 ng/ml.

16



17 Reviewer: Rhee, Hee M. NDA No.21-884

2.6.2.3 Secondary pharmacodynamics

Some of studies listed below may be classified under this section as the secondary
pharmacodynamic actions or safety pharmacology. Please see the individual studies for details.
The major secondary pharmacological action of rhIGF-I/thIGFBP-3 is the induction of glucose
lowering effects due to the structural and functional homology of IGF-I with insulin. Under
conditions of elevated circulating levels, IGF-I induces insulin-like effects by activating the
insulin receptor in addition to its own receptor. A major consequence of this activation is the
occurrence of hypoglycemia, the severity of which is primarily dependent on dose, species, and
nutritional status. The administration of rhIGF-I/rhIGFBP-3 significantly attenuates the acute
hypoglycemic effects of rhIGF-I. In the rat and the monkey, clinical signs of severe
hypoglycemia were not apparent until doses of rhIGF-1/thIGFBP-3, representing a 40- and 80-
fold increase in rhIGF-I were administered, respectively.

2.6.2.4 Safety pharmacology

The sponsor has not submitted any data under the heading of "Safety Pharmacology", but some
of their studies may be relevant to safety issues of the drug products. Although no safety
pharmacology studies have been conducted with rhIGF-I/rhIGFBP-3 complex, the
cardiovascular and respiratory effects of rhIGF-I have been studied in the anesthetized cat and
conscious dog. The overall conclusion from the studies is that the effects of rhIGF-1 were not
remarkably different from those of the complex and are similar to those observed with insulin.

Title: Effects on cardiovascular parameters recorded with telemetry in the conscious dog

1. Purpose: To evaluate the cardiovascular effects of IGF-1 and insulin in telemetered conscious
dog after single intravenous injection and repeated subcutaneous injections. The study was
performed at Pharmacia and Upjohn Company.

2. Methods: The telemetric transmitter was implanted in a subcutaneous pocket on the flank. The
pressure catheter was guided under the skin and inserted, via the saphanous artery, into the
femoral artery and electrodes were positioned subcutaneously for registration of ECG. After
administration of a bolus injection of 1.1 IU Insulin or 0.5 mg/kg rhIGF-1, ECG, blood pressure,
heart rate and body temperature were registered every second minute for three to four hours.

3. Results: Treatment with these doses of rhIGF-I and insulin induced a similar decrease of blood
glucose. The heart rate increased continuously during the first hour after treatment remained high
for about one hour and returped to normal at 3 to 4 hours after treatment both with rhIGF-I as
shown in Fig. 2. Concomitant with heart rate changes both systolic and diastolic pressure
decreased continuously reaching a minimum about 90 minutes after treatment and returned to
normal 3 to 4 hours after treatment. The rate of rise of dp/dt (first derivatives of intraventricular
pressure) was not significantly altered after the IGF-1. Similar cardiovascular effects were
obtained after a bolus injection of 1.1 IU insulin. One dog experienced hypoglycemic
convulsions and was treated with glucose intravenously which normalized the cardiovascular
changes. The sponsor concluded that cardiovascular changes induced with rhIGF-I were similar
to changes induced with insulin, which is true in qualitative sense.
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Fig. 2. The effect of an intravenous bolus injection of rh IGF-1 0.5 mg/kg on systolic and diastolic blood pressure and
heart rate at different fimes after administration.

Values are mean 1 SD of 6 animals.

2.6.2.5 Pharmacodynamic drug interactions.

Non-clinical studies to evaluate the interaction of rhIGF-1/rhIGFBP-3 with other compounds
have not been conducted. However, an enhanced glucose lowering effect is likely upon
concomitant administration of insulin or other compounds that induce a glucose lowering effect.

2.6.4. Pharmacokinetics/Toxicokinetics

The pharmacokinetic parameters of IGF-I following administration of free rhIGF-I have been
investigated in rats, dogs and monkeys by both the intravenous and subcutaneous routes. In the
rat and the monkey, administration of rhIGF-I resulted in a multi-phasic decline in serum IGF-1
~ levels. Following 30 or 90 consecutive days of dosing with rhIGF-I or rhIGF-V/rhIGFBP-3 to
monkeys, respectively, the pre-dose IGF-1 serum concentrations were higher on the final day of
dosing compared to day 1, indicating some degree of IGF-I accumulation. Intravenous
administration of '*I-labeled rhIGF-I resulted in a wide distribution of radioactivity throughout
the body, particularly in tissues with rich vascularization.

No metabolism studies have been conducted with rhIGF-I/rhIGFBP-3 or rhIGF-I. One excretion
study has been conducted with rhIGF-I/rhIGFBP-3 in monkeys. Results obtained in this study
showed that monkeys dosed with 25 or 100 mg/kg rhIGF-I/rhIGFBP-3 generally showed
increased immunoreactive IGF-I or fragments of IGF-1

in the urine through 72 hours after administration. It appears that an increased systemic exposure
to rhIGF-1 following administration of rhIGF-I/rhIGFBP-3 was observed, compared to
administration of free rhIGF-I. A wide distribution of thIGF-1 throughout the body was noted,
although this pattern of distribution may not be indicative of rhIGF-I/rhIGFBP-3 due to its ability

18



19 Reviewer: Rhee, Hee M.

NDA No.21-884

to bind ALS to form the large 150kD ternary complex. The excretion study with rhIGF-

- I/rhIGFBP-3 suggests that at relatively high doses, some immunoreactive IGF-I appears in the
urine up to 72 hours after administration. However, it should be noted that this immunoreactive
IGF-I may represent either full length IGF-1 or immunoreactive IGF-I fragments or both.

In pediatric patients with severe GHIS, 1.0 mg/kg was administered by subcutaneous injection to
4 subjects in a pharmacokinetic sub-study of the phase 3 pivotal clinical trial. A summary of the
pharmacokinetic parameters for IGF- I and IGFBP-3, uncorrected for baseline values, is
presented in Table 1 and Figure 1. The assay employed does not distinguish between exogenous

and endogenous IGF-I or IGFBP-3, respectively.

Table 1. Pharmacokinetic Parameters in Patients with Severe GHIS Treated with
IBRANDNAME] 1.6 mg/kg (n=4); Mean (SD)

Cmax Tmax AUC e Half-life Clir VzlF¥
(ng'ml.) {hr) {ng hriml.} {hr) (mLihv/kg) | (mL/kg)
IGF-I 1330019y L3062y | 36340237 13427y | 3276294 | 1018 (188)

1GFBP-3

1374 {4013

[4.3{9.0%

62323833

NEREREN

747 397

492 (32

Figure 1. Mean (SD) Uncorrected IGE-I (Panel A) and IGFBP-3 (Panel B) (ng/mlL.)
Concentrations in Patients with Severe GHIS Treated with
IBRANDNAME] 1.0 mgke (n=4) '

 APPEARS Tms'm
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Title: Toxicokinetics Study of rhIGF-1/IGFBP-3 in Cynomolgus Monkeys (Section
4.2.1.2.a.1)

|. Purpose:

To describe the plasma pharmacokinetics and urinary excretion of rhIGE-I/IGFBP-3
administered via intravenous (iv) injection to cynomolgus monkeys. The study was performed at

—

2. Methods:

Eighteen young aduit male cynomolgus monkeys (2.3 to 3.3 kg) were randomly allocated into
six groups of three monkeys each. Monkeys received a single intravenous administration of
either thIGF-I/IGFBP-3 (at 1, 10, 25, and 100 mg/kg); rhIGF-I (at 2.0 mg/kg); or rhiGFBP-3 (at
7.6 mg/kg -hereafter rounded to 8 mg/kg for clarity). Serial blood specimens were collected prior
to dosing, at 5, 10, 15, 30, 45, 60 minutes after dosing, and at 2, 4, 8, 16, 24, 48,72, and 96 hours
post-dosing. The total volume of urine excreted was collected for urine drug concentration
analyses at 0-24, 24-48, 48-72, and 72-96 hours after dosing. Serum concentration versus time
curves were generated, the area under the curve (AUC) was determined by the trapezoid method,
and serum clearance relative to body weight (CL/W) was determined by the ratio of dose to
AUC.

3.Results:

Pharmacokinetic analysis demonstrated that the administration of thIGF-I in a complex with
rh1GFBP-3 results in slower clearance than the administration of equimolar doses of free rh1GF-
1 as shown in Table 2 below. The CL/W following administration of 10, 25, or 100 mg/kg
rh1GF-I/IGFBP-3 was very similar for both rhIGF-I and rh1 GFBP-3. The CL/W for 1 mg/kg
rh1GF-I/IGFBP-3 was only slightly lower than that calculated for higher doses. One explanation
for this profile is that ALS was saturated at approximately 1 mg/kg rh1GF-I/IGFBP-3. rhIGF-I
and th1GFBP-3 were also shown to be cleared from the circulation together following -
intravenous administration of rh1 GF-I/IGFBP-3 even at a dose of 100 mg/kg. The fact that
rthIGF-I and rhIGFBP-3 remain in approximately equimolar concentrations in the circulation
suggests that rhIGF-1 and rh1GFBP-3 remain associated in the circulation even at concentrations
that probably exceed the binding capacity of ALS.
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Table 2: Pharmacokinetic Parameters of rhIGF-I and rhIGFBP-3 .
(Mean % SD) Following IV Injection of rhIGF-VIGFBP-3 in Monkeys.

Dose N| AUCg.t mghrml) | CL/W (mVhr/kg) Cmax (ng/ml)
IGF1_| YGFBPS | 1GF-1 | IGFBP3| IGFd IGFBP-S
-1 mg/kg 3| mn 17615 “ 4 Q1 13733
rhIGF-1/IGFBP-3 +543 43695 +6 49 1239 41626
10 mg/kg 3| 2061 | 105053 ® o] 42922 140433
. [irhIGF-1/IGFBP-3 +1676 +21042 +4 +14 +6536 +43343
25 mgfkg 3| 623 293341 & 0 89538 464233
rhIGF-1/1GFBP-3 19773 | +557749 +28 +14 +21477 483506
100 mg/kg 31 32067 | 1703237 ich 54 398572 | 1716133
rhIGF-I/IGFBP-3 273630 | 792609 | 112 £26 4106105 4364160
2 mg/kg 2 337 - 63935 - 4428 )
rhIGF:1 +181 +3795 +1447
& ‘mglkg 3 - 17815 509 25967
~ rhIGFBP-3 +6653 _ £240 +17406

AUCo.1 = Area under the serum concentration versus time curve to last measurable time point.
CL/W = Serum clearance, dose (per kg) divided by AUC
Cmax = Maximum observed serum concentration

Title: Recombinant Human Insulin-like Growth Factor-1 (rhIGF-1)
Pharmacokinetic/Pharmacodynamic Study in Cynomolgus Monkeys (Section 4.2.1.2.b.2)

1. Purpose: The objective of this study was to measure metabolic parameters following
intravenous injection, intravenous infusion and subcutaneous injection of Recombinant Human
Insulin- like Growth Factor-1 (rhIGF-1) in Cynomolgus monkeys. This study was conducted at

et

2. Methods: ‘

Eight Cynomolgus monkeys (Macaca fascicularis: 4 males and 4 females) were obtained from
~ o IF'wo male and 2 female fasted Cynomolgus

monkeys were dosed-with intravenous bolus injections of 0 (Vehicle), 0.1, and 0.5 mg rhIGF-

Vkg. Blood samples were taken at predose and periodically up to 24 h after dosing to measure the

levels of glucose, insulin, free fatty acids, glucagon, cortisol and blood urea nitrogen. The blood

sampling regimen and the metabolic parameters measured on each occasion of the treatment.
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3. Results: There were no adverse reactions in the animals during the treatments. There was a
dose related transient reduction in non esterified free fatty acids up to 60 minutes after the
treatment and a reduction in insulin level up to 180 min post dose (last sampling point). A
reduction in glucose level was also noted up to 1 hour post dose following treatment at 0.5 mg
rhIGF-Vkg as shown below. The levels of glucagon were not affected significantly, though the
mean values of cortisol were also increased initially, which was leveled off 60 minutes after the
treatment at 0.5 mg rhIGF/kg dose. It appears that no other metabolic parameters were affected.

JABLE 1 (continued)

Metabolic Parameters: Individusl and Mean Values
. Day 38: 0.5 mg rhiGF-1.kg"

Metabolic . | Animals Time Relative to Dosing
Perancters Sex 0 +30 min | +60 min §+180 mind <2t b
3¢ 466 197 | 237 £.25 -
4o $.60°F 16k | 136 2.7 -
Gtucose 7™ 3.88 2.10 2.18 3.21 -
89 L3 -3 B S 1.05 2.1 -
Mean d oess] res ] | 308
3o 35.1 9.3 10.2 8.3 -
P 2.8 -} 1.8 8.0 5.7 -
Insulin 70 6.8 10.1 5.9 5.0 -
89 2.4 | 133 9.4 5.0 -
Hean 47.7 1L.é i 8.4 6.0
3o 3 ws | 2 |- -
. < 28 | 33 269 185 .
Glucagon 70 1% 550 388 - 116 .
B? 203 2 225 187 -
Mesn - 249 6?0‘ 414 192
3 1140 753 6% 355 -
4 85% - 1366 ) 1103 1081 -
tortisot 7w | s 1360 e 546 -
[ 789 B | se? 3 -
Hesn 895 121 | 826 | 678
3o .0.23 0.16 0.3¢ 0.60 -
. o’ 0.40 0.12 | o©.28 0.55 -
"T.i:;’:g:d’ 79 0.19 0.09 0.22 0.34 -
80 o7 { ooo | oz | or | -
Mesn 0.37 0.12 0.27 0.55
30 1.8 7.7 7.6 7.4 7.2
Lo 6.7 7.0 7.1 7.3 7.0
'.‘.?‘i‘r’o‘,’:' 70 8.5 8.t 8.4 7.5 6.9
8¢ 7.4t 77 7.8 7.2 6.2
Hean 7.6 7.7 7.7 7.6 6.8
- = Not appticatl:
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Title: Pharmacokinetics of rhIGF-1/IGFBP-3 following subcutaneous injection in male rats

1. Purpose: To evaluate the extent of systemic exposure in adult male rats following
subcutaneous (SC) administration of recombinant human insulin-like growth factor-land insulin-
like growth factor binding protein-3 (thIGF-I/IGFBP-3). In addition to measurements of serum
IGF-I concentrations, serum glucose concentrations were determined. This study was performed
by Celtrix Pharmaceuticals, Inc.

2. Methods: Adult male rats (250 to 300 grams) were administered 10, 30, 100, or 200 mg/kg
recombinant human insulin-like growth/ insulin-like growth factor binding protein-3 (thIGF-
I/IGFBP-3) by bolus subcutaneous injection (SC). Blood samples were collected for
determination of IGF-I and glucose concentrations. Single bolus injections of 10 and 30 mg/kg
were well tolerated, but doses of 100 and 200 mg/kg produced severe hypoglycemia. The areas
under the serum IGF-I concentration versus time curves (AUC) were calculated using the
trapezoid method.

3. Results:

No remarkable abnormal clinical observations were noted in the 10 and 30 mg/kg dose groups.
Animals in the higher dose groups had a decreased activity, tremors and, in some cases,
convulsions. Animals displaying these signs were treated with dextrose. Three of eight animals
in the 100 mg/kg dose group and all eight of the animals in the 200 mg/kg dose group displayed
extreme lethargy, tremors, and/or convulsions. Despite the administration of dextrose, the effects
were not completely resolved in the high dose group and all animals in Group 4 were euthanized
at 8 or 16 hours following dosing.

Mean serum glucose is plotted versus time through the first six hours in Figure 1. It is clear that
doses of 100 mg/kg and greater induce marked hypoglycemia. The sharp increase in serum
glucose concentrations in the higher dose groups at four hours after injection corresponds to
dextrose administration. All animals were given food after six hours and there is a corresponding
increase in glucose concentrations. Pharmacokinetic data are summarized in a table below.

FGURE 1
%0 Mean Serum Glucosa in Rats Following Subcutaneous rhiGFIGFBP-3 Administration
i ‘
N
5 ™ l —a—200ngg
% —o— 1009y
E 4 —8 | -0
® m'i
@ ; 100k
§ : /4,; =
o 5.
' *At4trs, dextrose givenio |
0. 100mg/kg and 200mg/kg groups
Y ' 2 4 ;

24



25 Reviewer: Rhee, Hee M. NDA No.21-884

Dose AUC Minimum Serum Abnormal Chnical
" mglkg ng-hr/ml. Glucose Observations
. . mg/dL
10 22,958 o 106 None
30 N 32,574 61 None
100 42,856 - 28 tremors, convulsions 3/8
200 . 50,251 17 tremors, convulsions 8/8

Serum clearance was calculated and found to increase with dose. ThlS phenomenon has
been observed previously (PT-95-1121R).

Title: Pharmacokinetics of rhIGF-1/IGFBP-3 following intravenous injection in male rats

1. Purpose: To characterize the pharmacokinetic profiles of thIGF-I and IGFBP-3 following a
single intravenous administration of rhiGF-1, rhIGFBP-3, or rthIGF-I/IGFBP-3. In addition, the
sponsor wished to compare the pharmacokinetic data of IGF-1/IGFBPs after subcutaneous and iv -
administration in rats.

2. Methods:

Adult male Sprague-Dawley rats (N=3/group) weighing approximately 400 grams were
anesthetized and cannulas were placed into their jugular veins. Following a recovery period of
two days, rats received an intravenous bolus injection of vehicle, rh1GF-I (at 0.02, 0.2, 2.0, or
5.0 mg/kg), rhIGF-I/IGFBP-3 (at 1, 10, 100, or 200 mg/kg), or rhIGFBP-3 (at 0.8, 8, 80, and 160
mg/kg). Blood specimens were collected just prior to dosing and at 5, 20, and 40 minutes and 1,
2,3,4,6,8, 24,32, 48, 56 and 72 hours after administration. Serum clearance relative to body
weight (CL/W) was determined by the following equation: CL/W = Dose/AUC.

3. Results:

Effects of IGF-1 (0.02, 0.2, 2 and 5 mg/kg) and IGF-1/IGF-BP-3 on serum glucose Kinetics after
iv administration are summarized in Fig. 1. IGF-1 reduced blood glucose rapidly after 2 and 5
mg/kg. In the presence of IGFBP-3, however, the rate of reduction was somewhat blunted. It
appears that IGFBP-3 itself had no effect on serum glucose level (Fig. 2). Pharmacokinetic data
in this study are summarized in Table 2 below.

APPEARS THIS WAY
ON ORIGINAL
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Figure 1: Serum glucose kinetics following I.V. administration
0f 0.02, 0.2, 2.0, and 5.0 mg/kg rhIGF-I (above) and 1, 10, 100, and
200 mg/kg rhIGF-VIGFBP-3 (below) to rats. Each timepoint
represents the mean of three animals.
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Figure 2: Serum glucose kinetics following 1.V. administration of 0.8, 8,
80, and 160 mg/kg rhIGFBP-8 and 1, 10, 100, and 200 ,
rhIGF-VIGFBP-3 to rats. Each timepoint represents the mean of
three animals.
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Table 2 Pharimacokinetic Parameters (Mean + SD) of rhIGF-I

Following IV Injection of rhIGF-I or rhIGF-VIGFBP-3
in Rats.
_—
Test Article E s i BT
0.02 mg/kg . 588+12 8411 338+ 29
thIGF-I
0.2 mg/kg 971+ 554 €9+ 116 1031 4 1062
rhIGF-1
2.0 mg/ke . 27341588 752+ 144 7571 + 2520
rhlGF.1
5.0 mg/kg 5710+ 836 889 4134 1991!1664;1
rthIGF-1
1 mg/kg 27513 71+24 - 637225
rhIGF-I/IGFBP-8 .
t. 10 mg/kg 12769 1 4326 167 :48 4844 + 1186
rh1GF-V/IGFBP-38
100 mg/kg 38065 + 6710 5364+ 89 46434 3 1977
rhIGF-VIGFBP-3
760 malkg 95361 10018 DI 136553 1 9155
. Thl1GF-I/IGFBP-3 o

Title: Pharmacokinetics of rhIGF-1/IGFBP-3 followmg a single subcutaneous anectlon to
SD rats

1. Purpose: The objectives of this study were to characterize rhIGF-1/rhIGFBP-3 and to assess
the relative exposure between the products from different sites after a single subcutaneous
injection in SD rats, The study was performed under OECD GLP guidelines in February, 2004 at

—_— i’he lot numbers of original and new materials were
DP0204 and B2114/Complex/002, respectlvely

2. Methods:

Spraguc Dawley CD/Hsd rats whose body weight ranged 211 to 261 g in males and 157 to 193 g
in females were used in this study. The estimated age at the time of dosing was 6-11 weeks. The
animals were divided into 6 groups and each group had 12 rats/sex/group. They received a single
subcutaneous injection of either original or new rhIGF-1/IGFBP-3 at doses of 1, 10, and 30
mg/kg as shown below. Serial blood samples (0.5 ml) were taken from four sub-groups of 3
males and 3 females per group at the following time points:

Sub-group 1: Predose, 0.5, 4, and 24 hours
Sub-group 2: 5 and 40 minutes, 6 and 32 hours;
Sub-group 3: 15 minutes, 1 and 8 hours;
Sub-group 4: 30 minutes, 2 and 12 hours
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Group Test Dose Number of Animal numbers
compound (mg/kg) Animals Male  Female
1 Original 1 12M + 12F 1-12 7384
2 Original 10 12M + 12F 13-24 85-96
3 Original 30 12M + 12F 25-36 97-108
4 New 1 12M + 12F 37-48 109-120
5 New 10 12M + 12F 49 - 60 121 -132
6 New 30 12M + 12F 61-72°  133-144

Results: Pharmacokinetic data of IGF-1 such as achieved dose level, Cmax, AUC 0-32hr mn ghe
original and new materials are sammarized below. The rate of systemic exposure, which is
characterized by Cmax, AUC increased as doses increased, thou_gh the increases were not dose-
proportional. Pharmacokinetic parameters of IGF-1 are summarized below.

Original material

Nominal dose  Achieved dose Cau ratio AUC;, ratio
level (mg/kg) level ratio

Males Females Males Females Males Females
1 1 9 1 1 1 1

10 9.5 9.6 11.9 13.9 12.3 13.2
30 27.8 27.8 133 17.0 16.6 21.1
New material
Nominal dose  Achieved dose Cox ratio AUC,;; ratio

level (mg/kg) level ratio ,
Males Females Males Females Males Females
3 1 1 1 1 1 1
10 9.8 9.8 9.0 8.0 10.5 82
30 30.5 30.5 102 10.2 15.2 13.7

Pharmacokinetic parameters of luman IGF-I are presented in Table 7 and summarised below:

Group Nominal [of Taan AUCy,

B t%
dose level {ng/mL) (bours) (ng.b/mL) (bours)
(mg/kg) Mhales Females Males Females Males Females Males Females
1 | 527 408 6 4 5430 4420 5.4 6.3
Original material
2 10 6270 5690 4 4 67000 58200 4.0 4.2
Original material
3 30 7020 6930 4 i 90400 93100 43 43
Original material : - -
4 1 675 n7T - 4 4 5920 5880 32 85"
New material
5 10 6080 5730 4 4 61900 48400 33 3.7
New material .
6 30 6870 7280 4 4 89800 80500 3.7 4.7
New material

a Value should be regarded as an estimate since terminal rate constant could not be adequately
determined (regression coefficient was <0.95 and fraction.of variance accounted for <0.90)

The maximum mean measured serum concentrations, (Cmax) of human IGFBP-3 generally
occurred at 2 or 4 hours post-dose, although for the original material, Cmax occurred at 1 hour in
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males at the 30 mg/kg dose level. The serum concentrations declined fairly rapidly, and were
below the limit of quantification (< —

ng/ml) by 24 hours at the low dose (1 mg/kg) and by 32 hours at the 10 mg/kg dose level. At 32
hours post-dose, after administration of 30 mg/kg, serum concentrations were below the limit of
quantification following administration of the original material, but were still quantifiable
following administration of the new material. The relationships between maximum mean serum
concentrations (Cmax) of human IGFBP-3, areas under the mean serum human IGFBP-3
concentration-time curves (AUC) and dose level are presented below.

Original material

Nominal dose = Achieved dose Corax ratio - AUC;; ratio
level (mg/kg) level ratio
Males Females Males Females Males Females
1 1 . 1 1 1 -1

10 9.5 9.6 6.8 6.7 6.1 7.1
30 27.8 27.8 7.0 9.1 74 10.7
New material
Nominal dose  Achieved dose Cpax ratio AUCG,;; ratio

level (mg/kg) level ratio
Males Females Males Females Males Females
1 1 1 1 1 1 1

10 9.8 9.8 4.2 4.2 5.0 4.7
30 30.5 305 5.0 5.4 6.4 63
Group Nominal Caax Toax AUCG;, ty,
dose level (ng/mL) (hours) (ng.h/mL) (hours)
(mg/kg) Males Females Males Females Males Females Males Females
1 1 2410 2050 4 4 24900 17000 5.2 3.8
Original material
2 10 16300 13700 4 4 151000 120000 4.8 43®
Original material
3 30 16800 18600 1 2 185000 182000 4.0 44
Original material
4 1 3350 3270 4 4 30000 25100 5.6° 5.4
New material
5 10 14200 13800 2 4 150000 117000 4.6 48
New material
6 30 16900 17500 2 2 193000 159000 4.2 5.7
New material

L Value should be regarded as an estimate since terminal rate constant could not be adequately
determined (period over which ty, was calculated was less than twice the half-life itself)

) Value should be regarded as an estimate since terminal rate constant could not be adequately
determined (regression coefficient was <0.95 and fraction of variance accounted for <0.90)
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4. Conclusion:

Following single subcutaneous bolus administration, the rate and extent of systemic exposure of
rats to rhIGF-I/rhIGFBP-3 appeared to be characterized by dose-dependent (non-linear) kinetics.
Increasing the dose above 1 mg/kg resulted in serum concentrations lower than those expected
from a linear relationship, which is consistent with the possibility of a capacity limited process
for the systemic availability of rhIGF-I/rhIGFBP-3, although an increase in systemic clearance at
the higher doses would have a similar effect.

Following administration of thIGF-I/rhIGFBP-3 at dose levels of 10 and 30 mg/kg, the rate
(Cmax) and extent (AUC) of systemic exposure of rats to human IGF-I and human IGFBP-3 in
the new material was similar to those indices of exposure of the original material, batch number
DPO204. Based on the data obtained from the studies, the sponsor concluded that the change in
the manufacturing process/site used for the test material is not considered to have any clinical or
toxicological significance with respect to the overall safety profile of the material, which the
reviewer agrees.

Title: Toxicokinetics Study of rhIGF/IGFBP-3 in Cynomolgus Monkeys

1. Purpose: To define the serum pharmacokinetics and urinary excretion of rhIGF-I/IGFBP-3
following a single intravenous administration to cynomolgus monkeys, including hypoglycemic
response following test article administration. This study was performed by~ — . for
Celtrix Pharmaceuticals, Inc., Santa Clara, CA.

2. Methods:

The test articles for this study were rhIGF-1, rhIGFBP-3, and a complex of these two peptides.
Eighteen young adult male cynomolgus monkeys were randomly allocated into six groups of
three monkeys each as shown below. The monkeys in each of the six treatment groups received a
single intravenous administration of one of the following test articles and dosages: the peptide
complex at 1, 10, 25, and 100 mg/kg, rhIGF-I at 2.0 mg/kg, or thIGFBP-3 at 7.6 mg/kg. Serial
blood specimens were collected prior to dosing (3 samples) and 5, 10, 15, 30, 45, 60 min, 2, 4, 8,
16, 24, 48, 72, and 96 hours post-dosing. Each monkey was observed at least twice daily for
overt signs of toxicity and changes in general behavior and appearance during the study.
Furthermore, the animals were closely evaluated for signs of hypoglycemic shock during and
after dosing. Body weights were measured at time of assignment to dose groups, just prior to
dosing, and at the completion of the in-life phase.

Appears This Way
On Origing;
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Group Animal Numbers | Dose Level Treatment
Number | (Males) (mg/kg) Test Article Regimen
3 1 101, 102, 103 1 complex?: low | Single
1 dose intravenous
2 201, 202, 203 10 complex: mid | Single
i dose intravenous
I 3 301, 302, 303 25 complex: high | Single
v . ‘ dose intravenous
| 4 401, 402, 403 - 100 complex: very | Single
: high dose intravenous
? 5 501, 502, 503 2.0 thIGF-1 Single
; intravenous
1 | 6 601, 602, 603 7.6 rhIGFBP-3 Single
! intravenous

i a. Complex = rhIGF-I/IGFBP-3.

3.Results:

There were no remarkable abnormal clinical observations recorded for any animal in Groups 1,
2, 3 (complex; 1, 10, and 25 mg/kg, respectively) and 6 (7.6 mg/kg thIGFBP-3). The clinical
observations for Groups 4 (100 mg/kg complex) and 5 (2.0 mg/kg rhIGF-I) were consistent with
acute hypoglycemia (i.., lethargy/inactivity followed by unresponsiveness/recumbency) and
corresponded with marked reduction of serum glucose levels. These clinical indications were
occasionally accompanied by pupil dilation and tremors that were also attributed to acute
hypoglycemia. Following the oral administration of 50 percent dextrose, all animals appeared
normal within 20 minutes or less and remained normal for the remainder of the study. Please see
Fig. 1 and 2 for the effects of the complex (Fig. 1) and rthIGF-1 and rhIGFBP (Fig. 2) below. An
inspection of the two figures demonstrated that the rate of decreases in serum glucose after 100

- mg/kg of the complex was much slow that that after 2 mg/kg doses of rhIGF-1 alone. rhIGFBP-3
had no effect on serum glucose as seen in many previous pharmacokinetics of rhIGF-1 alone or
.in combination with rhIGFBP-3. Data on rhIGF-1 or rhIGFBP concentrations were not provided.

APPEARS THis WAy
ON ORIGINAL
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Serum Glucose Levels
Complex (rh IGF-1/IGFBP-3)
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Figure 1. Serum Glucose Levels (Groups 1-4)

APPEARS THIS WAY
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Serum Glucose Levels
rhiGF-1 and rhiIGFBP-3
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Figure 2. Serum Glucose Levels (Groups 5-6)
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Title: PK profiles of IGF-1 and IGF-1/IGFBP-3 following their administration in pigs
4.2.2.2.a.6

1. Purpose: To define the serum pharmacokinetics of rhIGF-I/IGFBP-3 following a single
intravenous and subcutaneous administration to pigs. This study was performed by —
—for Celtrix Pharmaceuticals, Inc., Santa Clara, CA. .

2. Methods: Human recombinant IGF-1 and IGFBP-3 were obtained from —_

— ). IGF-1 and IGFBP-3 complex was prepared one day prior to administration.
Two pigs were implanted with indwelling catheters. One pig was dosed IGF-1 and IGFBP-3 at a
dose of 0.2 mg/kg intravenously and another one was dosed with IGF-1 and IGFBP-3 at a dose
of 1 mg/kg subcutaneously. Following 3-day washout period, the pigs were crossed-over for the
route of administration. Blood samples were taken at 0.25h before treatment and at 0.25, 0.5, 1,
2,3,4,6,8, 12, 24, and 48 hours after administration of IGF-1 alone or IGF-1 and IGFBP- 3
complex. IGF-1 and IGFBP-3 analyses were carried out by radioimmunoassay —
and pharmacokinetic parameters were calculated using log-linear trapezoidal rule.

3. Results: The mean serum concentrations of IGF-1 of two pigs were approximately 150 ng/ml
before any treatment while the baseline IGFBP-3 values were little less than 20 ng/ml in pigs.
Intravenous administration of IGF-1 and IGFBP-3 (0.2 mg/kg) produced Cmax level of 7 pg/ml
in 15 minutes while subcutaneous administration of IGF-1 and IGFBP-3 (1 mg/kg) produced 2
pg/mlin 30 minutes in the first pig (#58). The values in another pig (#61) were quite different in
terms of Cmax and Tmax as shown (Table 1). The animal individual variability was clear in
AUC, clearance rate, and steady state distribution volume after an intravenous administration.

Pharmacokinetic parameters of IGFBP-3 after an intravenous and subcutaneous administration
are summarized in Table 2. Cmax was the highest- -—— /ml) in 15 minutes after subcutaneous
administration while animal#61 had Cmax value after 6 hours as a Tmax in the study. tV2 was
about twice longer after subcutaneous administration in IGF-1 while the t¥% values in IGFBP-3
was reduced after subcutaneous administration, compared to the value after an intravenous
administration. The mean residence time of IGF-1 alone and with IGFBP-3 complex
significantly increased after the subcutaneous administration, compared to the intravenous
administration, which might justify the use of subcutaneous administration route.

APPEARS THIS WAY
ON ORIGINAL
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Table 1: Pharmacokmetlc parameters of IGF-1 after bolus injection of IGF-1+1GFBP-3
complex.

ROUTE

PARAMETER ' W s |
PIG#S8 | _PiG#el | PIG#5E | PlG#eT |

Tﬁnax {hours)
C max (ug/mi)

Jt 142 (hours)
AUC {pighi} hour
MRT (hours
Cl {Ihour) .

V dss (liter)

Table 2: Pharmacokinetic measurements of BP3 after bolus injection of IGF-
1+IGFBP-3 complex.

1Y SC

PARAMETER : ‘PIG#58 | PIG #61 PIG #58 | PIG #61
T max (hours)
C max (pg/mi)
t 172 (hours)

AUC (ug/ml) - hours
MRT (hours)
Cl (Iter/hours)

V dss {liter)

Title: Pharmacokinetics of rhIGF-1 in the rats (4.2.2.2.b.1)

1.Purpose: To document pharmacokinetics of IGF-1 after their several doses of intravenous and
-subcutaneous administrations in rats.

2. Methods: The source of rh-IGF-1 was — Batch#:36295, of which purity
was only ~ , where the study was performed. Male rats (40-50 days old and weighed 222-273
g) received IGF-1 at doses of 0.25, 3 and 16 mg/kg intravenously or 2 and 16 mg/kg
subcutaneously. Each treatment included 12 rats randomly divided into 3 groups of 4 rats. Blood
samples (0.3 ml) were collected from a tail vein at 0, 5, 10, 15, 30, 45, 60, 90, 120, 240, 480 and
600 minutes randomly so that no rats were subjected to bleed more than 4 times.

3. Results: The sponsor provided the following table as results of the study after 2 mg/kg iv and
16 mg/kg subcutaneously. The results do not offer any interpretation of the pharmacokinetic
parameters of IGF-1 in rats since there were several PK data in this species. The title of the
study appears to be dealt with both the rhIGF-1 and thIGFBP-3. However, there were no data as
to the complex, but only the data with IGF-1 alone.
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Pharmacok inetic parameters-for IGF-1 in the rat after 2 intravenous and
2 subcutaneous doses. )

Parameter Dose 2 mg/kg Dose 16 mg/kg

Given dose {median) {.v. 2.43 mg/kg ‘ 18.90 mg/kg
Given dose {median) s.c. 2.72 mg/kg 18.38 mg/kg

Cleara;lce {Dose _i .v./Area

under curve (AUC) i.v.) 4.9 ml/kg/min 4.9 ml/kg/min
AUC i.v. dose 496 ‘uglml x min 3885 pg/ml x min
AUC s.c. dose 502 wg/m) x min 3140 pg/ml x min
AUC residual i.v. dose 3.2% <1%

AUC residual s.c. dose 15.9% <1%
Bioavailability

AUC s.c./dose s.c.

AUC i.v./dose i.v. 107% 83%

Cpax SeC. dose 2.5 pg/ml 16.9 pg/ml

T s.c. dose 20 min 30 min

max

t declining phase
s.c. dose 215 min 100 min

Title: Pharmacokinetics of rhIGF-1 in the dog following intravenous injection of 0.5 mg/kg
and subcutaneous administration of 0.5 and 2.5 mg/kg

1. Purpose: To study the pharmacokinetics of rhIGF-1 in the ddgs at a dose of 0.5 mg/kg
intravenously and subcutaneously. In addition, the sponsor also studied the pharmacokinetics of
rhIGF-1 in the dogs at a dose of 2.5 mg/kg subcutaneously only. The study was conducted by

——

2. Methods:

Four female beagle dogs (age: 2- 3 years old, 12.4 kg) were used. Five ml blood samples were
collected at -15, 0, 15, 30, 60, 90, 120, 150 180, 210 240, 270, 300, 360, 480 and 600 minutes
after the treatment. The sponsor only determined the serum concentrations as a function of time
after drug administration. ‘

3. Results:

In two dogs (#249), the serum concentrations from -15 and 0 minutes increased gradually as the
time of samplings were increased up to 5 hours after an intravenous administration. From that
point the serum concentrations decreased up to approximately 1440 minutes. Serum
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concentrations were significantly reduced after a subcutaneous injection of 0.5 mg/kg IGF-1 as
expected.

Title: Recombinant Human IGF-1 PK/PD study in Cynomolgus monkeys: Phase I-
Pharmacokinetic Study.

1. Purpose and Methods: The objective of this study was to compare the kinetic profiles of IGF-
1 in monkey following a single dose administration of the material by intravenous bolus
injection, intravenous infusion and subcutaneous bolus injection, respectively. Four monkeys/sex
were rotated to recetve either 0.1 or 0.5 mg/kg IGF-1 in intravenous bolus or subcutaneous bolus
injection. After the washout period they also received 0.5 mg/kg IGF-1 either subcutaneous
bolus injection or intravenous infusion over a 2-hour period. Serial blood sampling (0, 2, 5, 10,
15, 30, 45, 90, 120, 240, 480, and 600 minutes ) was obtained on each day of treatment prior to
dosing and periodically up to 10 h after dosing to measure "total IGF-1" concentrations in serum.

2. Results: Following an intravenous injection of 0.1 mg/kg IGF-1, the Cmax was observed ina
matter of 2 minutes, which was also true after 0.5 mg/kg dose as shown two tables below. Cmax
was revealed approximately after 90 to 120 minutes after the subcutaneous administration.
Intravenous infusion over 2 hours in restrainer also produced Cmax in 90 to 120 minutes after
the treatment. Table 7 summarized all pharmacokinetic parameters in cynomolgus monkeys after
IGF-1 treatment. Tmax, t2, Cmax, and AUC were all expected from the previous experiments
in different species.

"Dose: 0.1 mg/kg, intravenous bolus

B Serum concentration of “total" 1GF-1, pg/ml
< Ani ) Minutes ]
ggmﬂ 0 2 5 10 i5 30 45 S0 120 240 480 600 -

/

- XL
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‘Dose: 0.5 mg/kg, intravenous bolus

Serum concentration of “total” IGF-1, pg/ml

240 480 600

" Animal ) Minutes
No -0 2 5 10 15 30 45 90 120
3
[
7
a /

‘Dose: 0.1 mg/kg, subcutaneous bolus

) Serum concentration of "total® IGF-I, pg/ml
© Animal ) ) Winutes
No 0 10 25 40 60 90 120 240 480 600

; :

U

. Dose: 0.5 mg/kg, subcutaneous bolus -

-

Sérum concentration of "total" 1GF-I, wg/ml
Animal : Minutes

No 0 10 25 40 60 90 120 240 480 600

W~ bW

Dose: 0.5 mg/kg, intraverous infusion (120 minutes)

~

Serun concentration of “total® I6F-1, 99/61
Animal Minutes

No 0 90 120 125 130 135 150 165 210 240 360 600

[ WG RN

39



40 Reviewer: Rhee, Hee M. NDA No.21-884

Summary. Table 7 - Pharmacokinetic pacameters in cynomolgus monkeys following adminisiration bl rhIGF-1

Troatmenl _[Monkey noj t1/2,alfa (min)[1172,beta (min)] 1172 (min) ICmax (no/miiTmax fminlALE Tin to-rd F e 1
‘0.1 mghg, IV
. |balus

»

05 mgkg, IV
{bolus

0.1 mp/kg,SC
{bolus

0.5 mghg, SC
bolus

ONMAOOON<ONASIDON -

o ——
C.5 mgikg, tV
inf. (2 hrs)

DU m-

: / / J
[MEAN, G.1 mgrkg, IV__ 6 623 126} " 9t '
MIEAN, 0.5 mg/kg, IV 10 417_(n=3) 8.23 386
MUEAN, 0.1 markg, SC 1326 | 041 240 195
|mEAN, 05 mamka, SC 708 0.74 205 374

|MEAN, 0.5 mgrkg, IV INF 22 734 1.15 321
{MEAN F, 0.1 snd 0.5 mgikg 160 |

‘) F. bloavallability, Is calculaled as {AUCsc{0-6 hours) / AUCIV(0-6 hours) X 100) for each monkey at each dose fevel.
*’) Cmax « Serum concentration at 2 minutes.
nd«<not determined

2.6.6 TOXICOLOGY

2.6.6.1 Overall toxicology summary

The single dose toxicity of intravenously administered rhIGF-I/rhIGFBP-3 has been studied in
rats and monkeys at doses up to 200 mg/kg. Except for the expected decreases in blood glucose,
there were no treatment-related indications of toxicity. Similar studies conducted with free
rhIGF-I in mice and rats at doses up to 80 mg/kg produced no signs of toxicity. In monkeys,
subcutaneous administration of 1 mg/kg was well tolerated with no remarkable signs of toxicity.

Repeat dose toxicity studies with thIGF-I/IGFBP have been conducted for up to 13 weeks in rats
and monkeys with doses of 10 to 30 mg/kg/day, which give exposures 1 to 4 times the average
human dose, based on body surface area comparison. A 13-Week mouse study and 26-Week
toxicology studies in rats and monkeys were conducted with IGF-1 alone. The 26-Week
toxicology study in rat was carried out at a high dose of 10 mg/kg/day, which provides an
exposure 1 times the average human dose, based on body surface area comparison. The 26-Week
toxicology study in monkeys was performed with IGF-1 alone at a high dose of 1 mg, which -
gives an exposure 0.2 times the average human dose, based on body surface area comparison.
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In general, results of the studies with IGF-1 alone were similar to those observed in the repeat
dose studies conducted with rhIGF-1/rhIGFBP-3. For example, in mice, administration of rhIGF-
I at doses up to 10 mg/kg/day for 13 weeks resulted in increased body weights and an increased
weight of the thymus. In rats, rhIGF-1 administration at doses up to 10 mg/kg/day for 26 weeks
resulted in increased body weights and an increased incidence of reactive hyperplasia of the
submandibular lymph nodes. Similarly, an increase in body weights was observed in monkeys
following. 26 weeks of treatment with rhIGF-I at doses up to 1 mg/kg/day.

The repeat dose toxicity of thIGF-VIGFBP has been studied in rats and monkeys for up to 90
days. In rats, daily subcutaneous administration of rhIGF-VrhIGFBP-3 at doses up.to 30
mg/kg/day resulted in dose-dependent increases in body weights and an increase in the weight of
the lymphoid tissues, particularly the spleen, thymus and lymph nodes. Similar results were
obtained following 90 consecutive days of rhIGF-1/rhIGFBP-3 administration to monkeys at
doses up to 10 mg/kg/day. In both species, the increased weight of the lymphoid tissues
correlated with mild lymphoid hyperplasia with an expansion of the T-cell components. The dual
energy X-ray absorptiometry studies in monkeys showed an increase in lean body mass in all
treated females and an increase in whole body bone mineral density in high dose males at the end
of the treatment period. All animals treated with rhIGF-YrhIGFBP-3 for 90 days developed
antibodies directed against the rhIGFBP-3 portion of the complex. However, results of an in vitro
neuiralizing assay indicated that the antibodies did not neutralize the mitogenic effects of rthIGF-
VrhIGFBP-3.

Results of three cytogenetic studies indicate that rhIGF-I did not increase the frequency of
chromosomal aberrations at concentrations up to 5000 pg/mL. In addition, rhIGF-I did not
increase the number of revertant colonies in a gene mutation test in bacteria at any concentration
tested. No genotoxicity studies have been conducted with the rhIGF-I/rhIGFBP-3 complex.

Results of one 2 year carcinogenicity study (publication in abstract form) indicate that treatment
with rhIGF-1 at doses of 4 mg/kg/day in female rats and 10 mg/kg/day in male rats causes an
increased incidence of mammary neoplasms. However, administration of rhIGF-I at doses up to
10 mg/kg/day for 14 days to mice bearing either Lewis lung or HT-29 colorectal carcinomas had
no effect on primary tumor growth or metastases. No studies to assess the carcino gemc potential
of rhIGF- I/rhIGFBP-3 have been conducted.

No studies to assess the reproductive or developmental toxicity of rhIGF-1/rhIGFBP-3 have been
conducted. However, the reproductive and developmental toxicity of free rhIGF-I have been
studied in both rats and rabbits by the subcutaneous route of administration. In neonatal rats,
administration of thIGF-I at doses up to 5 mg/kg/day for 14 days produced no signs of toxicity.
In addition, administration of rhIGF-I at doses up to 10 mg/kg/day to adult male and female rats
produced no treatment-related effects on fertility or on growth and development of the fetuses.
Ten mg/kg/day in rats are equivalent to an exposure 1.2 times the average human dose, based on
body surface area comparison.

In contrast, administration of rhIGF-I at doses of 1.25 mg/kg/day to rabbits (equivalent to 0.3

times the average human dose, based on body surface area comparison) on days 6-18 of gestation
produced a number of treatment-related effects, including an increased incidence of abortion, an
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increase in post-implantation loss, a reduction in the number of viable fetuses and an increase in
fetal skeletal abnormalities. Since the toxicological profiles of rhIGF-I and rhIGF-VrhIGFBP-3
are similar where data are available for comparison, one would not expect the reproductive and
developmental effects of thIGF-V/rhIGFBP-3 to be significantly different than those observed
with rhIGF-I alone.

In a local tolerance study of thIGF-I/thIGFBP-3 in rats, subcutaneous administration of the test
article at a dose of 100 mg/kg/day for 14 days resulted in a diffuse, mild to marked chronic-
active inflammatory reaction involving the subcutaneous tissues, which was reversible following
discontinuation of dosing. In pigs, subcutaneous administration of 4 mg rhIGF-1 produced no
microscopic changes in the skin or subcutaneous tissues apart from those associated with needle
insertion. A direct comparison of the results from the two drug products is not straightforward
owing to the differences in administered dose and duration of dosing. However, it is safe to say
that the toxicological profiles of thIGF-1/rhIGFBP-3 and rhIGF-I are qualitatively similar despite
the prolonged plasma level after the administration of the binary complex.

2.6.6.3 Repeat-dose toxicity:

Title: Toxicity study of recombinant Human IGF-1 in Cynomolgus monkeys. PK
evaluation of serum concentration 4.2.2.2.b.4

1. Purpose: To determine the pharmacokinetic parameters of IGF-1 in a 4 week toxicity study of
rh-IGF-1 in Cynomolgus monkey. The toxicity study was performed at —_

——

2. Methods: Monkeys were given IGF-1 daily for 30 days as intravenous bolus mnjections during
20 seconds and as continuous infusions during 120 minutes. The bolus doses were 0.25 and 0.50
mg/kg and the infusion doses 0.25, 0.50 and 1.00 mg/kg. Blood samples were collected at time O
Just before the injection or at start of infusion and then at the time points 5, 15, 30, 120 and 240
minutes. In the infusion experiments the time points except time 0 refer to time after stopping the
infusion. The blood samples were collected Days 1 and 30 in the study.

3. Results:

When IGF-1 was administered by continuous infusion no differences in IGF-1 concentration on
Day 0 (Co) were seen between day 1 and day 30 at the three dose levels of 0.25, 0.5 and 1
mg/kg. When IGF-1 was administered as bolus doses, the increase in Cmax was almost
proportional to the increase in dose. It appears that there were two phases in declining of the
serum concentrations of IGF-1: o and 3 phases. For the o phase, the half-life was about 1.5
minutes and the B phase the half-lives were in the range 265-367 minutes.
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Bolus dose 0.25 mg/kg

[ Monkey Doyl | Day30 | T 172 Deyl I T 1/2 Day 30 1
No. Cmox | Cmox | 3 B | o g i
14 .
E / |
31 /

32 ¢ N ; 4 .
%250 | 3.230.9 | 3.721.3 | 1.320.1_ | 265+80 | 1.11+0.5 | 367194 }

Bolus dose 0.50 mg/kg .

Monkey | Daul | Doy 30 | T1/2 Doyt | T 1/2 Dosy 30

No. Cmox |  Cmex | 3 | B ] o ] B

16

17

33

34 N
%1SD 6.0:0.7 | 5.140.7 | 1.4+0.4 | 265180 [ 1.310.0 | 267:42 |

Title: 13-Week repeat dose subcutaneous toxicity study of rhIGF-1/IGFBP-3 in rats
Sponsor’s ID #/study#: — J7-5038-R-TX/H-98-1035/H-98-1072

Sponsor’s original title: 13-Week repeat dose subcutaneous toxicity study of rhIGF-1/IGFBP-3
in rats

Documents: Module 4; volume 6, page 1-321

Study Number. — 97-5038-R-TX/H-98-1035/H-98-1072

Conducting laboratory: —_

Date of study initiation: Jan. 2000

GLP compliance: Yes

QA Report: Yes (x) No ()

Methods:

Dosing information

- Species: SD rats

- #/sex/group or time point: Total 50 rats/sex (10 to15 rats/sex/group). Group 1 was a placebo
control group. Groups 2, 3, and 4 had low, mid and high dose groups. Groups 1 and 4 had 15
rats/sex while 10 rats/sex were assigned for groups 2 and 3, respectively. The 5 rats/sex in the
groups 1 and 4 were used as recovery groups after 4-week treatment.

- Age: 6 weeks

- Weight: Male: 236-304 g; Female 179-234 g

- Satellite groups used for recovery: 5 rats/sex for groups 1 and 4.
Dosage groups in administered units: 0, 1, 10 and 30 mg/kg/day
Route, form, volume, and infusion rate (if i.v.): Subcutaneous

Drug, lot#, radiolabel (if applicable), and % purity: rhIGF-1/IGFBP-3 Lot# DP9704 and DP9606
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Formulation/vehicle: Inactive ingredients are commonly used in pharmaceutical products in the
U.S.A. such as 50 mM sodium acetate, 105 mM sodium chloride, pH 5.5, as listed under
“Clinical formulation (and components)”.

Times at which Observations are made:

- Clinical signs: Once daily

- Body weights: Days —3, 1, and then weekly

- Food consumption: Days —8 to —1 and then daily

- Ophthalmoscopy: Day -5 and 5 to 8 day before termination

- EKG: NA

- Hematology: Day 92 for the main and Day 120 for the recovery animals

- Clinical chemistry: Day 92 for the main and Day 120 for the recovery animals

- Urinalysis: Day 90 prior to termination in metabolic cages.

- Gross pathology: At the time of death or sacrifice

- Organs weighed: At the time of death, sacrifice, or necropsy

- Histopathology: At the time of death or sacrifice

- Toxicokinetics: Analyses were performed on Days 0, 26, and 88 at 1, 2, 4, 6, 8, 12, and
24 hours after the dose. '

RESULTS:

* Clinical signs and mortality: There were no deaths and no significant clinical signs were
observed in all.animals.

* Body weights: High-dose males were significantly heavier than control males on Day 22, Day
43, and Day 57 to Day 85. High-dose females were significantly heavier than control females on
Day 8 and from Day 22 to Day 99. Other statistically significant differences in body weights and
mean body weight are summarized below.

Day | Day | Day | Day
71 | 78 | 8 | 92

Treatment | Day Day | Day |
Group | 8 2 | 28

Omg/kg | 294 361 | 364 499 | 514 | 524 | 519

imglkg | 298 363 | 383 487 | 508 | 517 | -

10mglkg | 306 385 | 410 | 442 | 460 | 479 | 499 | 516 | 627 | 543 | 580 | - |

0mghkg | 311 392° | 417 {450 | 477" | 496 | 622° | 647° | 663° | 687" | 696° | 512

Females

Omghkg | 210 241 | 250 | 7259 | 260 | 279 | 286 292 | 204 | 302 | 308 | 304

Tmglkg | 217 240 | 254 | 266 | 272 | 281 | 203 | 300 | 298 | 304 | 300 | —
10.mghkg 218" 7282 | 263 | 272 | 278 | 305 | 304 | 308 | 313 | 325 | 326 | —

30.mg/kg™] 225 263° | 277* | 288° | 302° | 318" | 328° | 344 | 352 | 361 | 367° | 378~ ]

-~ *Statistically different from vehicie-treated ounéuuent'éodirols. _p'.'_{ 005 using a Dunnett's fest.
*Statistically different from vehicle-treated concurrent controls, p. <0.05, using 8 Wilcoxon test

Food consumption: Group mean food consumption values in the control animals were not
significantly different from the LD and Mid Dose groups. However, high-dose males (Group 4)
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consumed more food than control males during Week 5 and from Week 8 to Week 14. High-
dose females consumed more than control females during Week 3, Week 4, and Week 7 to
Week 12. A summary of statistically significant differences in food consumption is detailed
below.

Sroup Meqn Food Consumption (g/day).

Treatment | Week | Woek | Week | Weok | Woek | Week | Week | Week | Weok | Woek | Weok | Week™
Group | 3 4 5 5 7 8 1 9 | 10 | # | 12 | 13 | 14

Omghkg | 26 | 28 |28 |28 | 28 | 27 | 27 | 26 | 29 | 20 | 2T | &

“Amghkg | 20 | 28 | 25 | 28 | 98 | 28 | o7 | 2 | 28 | 2 | T -

1Omghg | 28 |29 30 | 28 28 20 |28 | 28 30| 30 29 T -
30 mglkg | 30 30 1 3 ] 30 | 30 30° 4 3 | 3t | 32 |3 | 33 | 32
Omgikg T 21 22 21 21 T 21 [ 21 2t 1720 1 22 22 2 | 22
im 22 23 23 21 1722 | 23 F 22 21 23 23 |. 22 -
Y0omgikg | 23 23 22 22 22 2 | 27 28 ¥ 24 § 24 | 22 | =

__30 mg/kg 23 24"? 23 | 22 | 24~ f 24 | 26" | 26° | 25° 25* 25 -1 25
*Statistically different from vehicle-treated. concurrent controls, p < 0.05, using a Dynnett's test. '
“Statistically different from vehicle-treated concurrent controls, p.2£0.05, using a Wilcoxon test.

* Ophthalmoscopy: The eyes of all rats in groups 1 and 4 were examined by a certified
ophthalmologist. Rats with ophthalmic abnormalities prior to dosing were excluded from the
study. There were no remarkable abnormalities in ophthalmic findings, though there were a few
findings which were not related to the treatment as shown below.

Table 3. Summary of Ophthaimic Examinathqs‘

| Treatment | Animal . — F lndlng_s ~
| Group 1D/ Sex | Pre-Dose Termination
R . 1 e ' Cormeal epithelial fibrosis -
114M 'NQW ___1 (exposure keratopathy) (O.U.)
| D . | Horizontal band-of choroidal -
Omgikg | 156F : Normal | thinning infarior to.oplic disk
) ' (0.S.)
' ' ' Mild comeal epithelial fibrosis
164F _ Nomal {expostre keratopathy) (Q.U,)
» Comeal epithelial fibrosis
20mptg M2M | Nomal fexposure keratopathy) (Q.U.).
o (exposure keratopathy) (O.U.)

*All animals not reported were normal for both axaminatloné.
*0.S. = left eye, O.U. = both eyes
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* Electrocardiography: NA

* Hematology: Most of hematologiéal parameters in the treated-animals were not remarkably

different from those of the control group as shown in Tables 4 and 5 below. In males,

hemoglobin values were reduced at the HD group during the recovery phase, which was not seen
in females. However, nucleated RBC counts were reduced in both males and females at the HD

groups during the recovery phase.

~= 97-5036-R-TX/H-98-1035/H:08-1072
13-Wsek Repeat Dose Subcutaneous

TYoxicity Study.of thiGF-IGFBP-3 in Rats

Page 38 of 53
Tablo 4. Hematology Results -
. ] . Treatment-phase Necropsy
Males
: ‘Mean
Tr;‘_t;um Rag:l:od Hemioglobin |, %) — :Iun c Piatele R
4 (10ES/mm?) (s/d)) | volume(ny | Hemoglob Concentration | (10EG/mm’} | (10E3mm’)
— - {pa) gy |
o |Meanl 85 156 %5 538 183 335 1204 272
mgikg |_SP 05 09 3 T4 04 08 307 58
™ N 10 10 10 10 10 10 10 10_
s |Mean| 38 184 48 544 182 35 1337 241 |
| moneg |59 04 0.7 2 24 06 04 150 4]
= N 10- 0 10 10 10 10 10 9 __
10 |Mean 8.8 16.0 A7 54.2 18.3 338 _den I 263
mgfkg 150 0.6 10 3 34 0.7 05 236 T
N 1 10 1 10 10 10 10, 10
20 [Hesn LY 159 46 549 190 347 1381 208
mghg 1S9 0.9 Y] 5 14 1.8 34 215 58 _
N 10 10 10 10 10 10 10 Cl
’ Red Blood § Mean .
Trestment ot | Hos;wggbln new | e Hdoan Corpus pri Pistelats. | Reticuiacytes
Group {10E6tmm?) o Volume () pss Concentration | (10ESkwn) | (10EMma)
¢ |Wean] 83 157 47 578 184 38 | 1m0 |20
mafkg |50 04 0.7 2 i3 05 08~ 159 38
st IO N 9 9 ) 9 ] ] 9
y | Mean| 83 158 47 56.8 18,1 36 1157 212
mgikg |32 04 08 2 16 04 038 101 36
I 9 9 9 9 g 9 ] ]
10 |Wean 8.3 6.1 48 57.6 19.4 B8 1260 R
mgikg 132 04 07 1 18 06 08 165 42
_N 10 10 10 10 0 10 10 10 " |
sp | Mean X 160 a7 58.4 198 340 1201 297
mgikg |SD 03 03 T 16 _ 07 08 110 35
; N 10 10 10 10 10 10 T N 10

“Statistically diffarent from vehicie-treated concumrent controls, p <0:05, using @ Dunnett's M
AStatisticaily different from .vehldm‘ded concurrert controls, p < 0.05, ¢sing & Ounn's test
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— .
== 37-5038-R-Tro,-98-1035/H4-98-107Z

13-Week Repeat Dose Subcutaneous Yoxicity Study of thiGF-VIGFBP-3 In Rats
Page 3901 53 B o .
" Table 4 (cont’d). Hematology Results -
4 . e ' Recovéry-phase Necropsy
Males
Treatment Red Blood Hemoglobln }. Mean com‘dur Corpuscular Platel Reticul: 1
T | qaciy | " [ | it | SR | Newny | (SR | RS
o | Mean 86 165 48 %60 | 187 32 1345 208
mgkg | S0 |07 |08 3 20 12 12 "264 50
N 5 _{. 5 5. 5 5 5. 5 5
20 |Mean 8.3 155~ 48 549 187 30 1124 153
mghkg IS0 03 04 1 13 05 0.5 366 4
: N_ |5 | 5 5 -5 | 5 5 5 5
‘Females ,_, _ ‘
Red Blood ' Mean Mesn Comusiar A .
Freatment | Hemoglobin |, . Corpuscular | - 1 P cyt
: i - Csls 4 (%) PISC . Hemoglobin
Group (10Eamm’) Ll Vorma (] | Homeslotin [ colieinnon | (105Smm’) | (10EYmm)
o | Mean 81| 158 a7 57.5 188 341 1072 183
mgikg |50 05 06 2__ 1.7 05 0.6 <] "
8N 5 5 5 5 5 5 5 5
30 |Mean 8.1 1538 47 578 | 198 B3 1135 178
mghkg | S0 | 03 0.7 2 19 03 09 106 27
O N5 s 5 5 5 5 5 5

“Statisticatly ciffermnt from vebicie-tragled concumant controls, p <0.05, using & Dunnett’s test
Statistically different from vshicie-treated concurent controls, p < 0.03, using a Wacoxon test
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—,37-5038-R-TX/H4-98-1035/4-98-1072
13-Week Repeat Dose Subcutaneous Toxicly Study of thiGEIGFBP-3 in Rats

Page 40 of 53
Table 5. Differential Cell Counts . L
Treatment-phése Necropsy
. Males
T - ‘Nucloated . T
Tenatmont | WO Blood | gac Count | Neutrophits | Lymphocytes,| Monocy Eosiophit Basophtt
Group (oEammy | (oRBCHOD %) .3 %) % (%)
o [Mean] ~54 970 68 575 36 07 14
mghkg |50 28 12 21 40 12 08 12
N 0 10 10 10 16 __10 10
4 |Mean] 89 167 17 ___874 2 - | 08 11
mokg |-S0 |26 ] 12 I 20 24 | 13 05 12
N 10 0 | 10 10 16 10 __10
' Mean| 9.1, 166 78 | B86 27 04 0.7
maikg |52 27 A ~ 50 48 | 20 |05 | 16
SN 10 10| 10 10 T 10 10
T a0 [Mean| 413 . 64 | 100 | 849 | 35 10 14
mgkg |—SD 34 12 38 — 44 15 14 MK
i N 10 10 T 10 0 10 10
e ___Females - '
) j Nucleated N ;
Trpatment w'“g;,;sm" RBCCount | Neutrophils | Lymphoeyt Monocytes | Eosinophit Basophil
Group oesimm? | (ARBCH00 %) 1%) (25 I ) (o)
o |Mean 78 56 | 64| @59 a7 __ 12 19|
: 24 05__| 38 44 1.5 20 11 .
™oks N b K "9 g 9 I N
4y (Mean| 68 148 . B2 884 37 06 1.1
mgfkg |-SO_|__ 22 10 34 54 23 0.4 0.8
: N 9 9 9 N 9 9 9
40 [Meanl 57 _ 153 | 66 875 48 | o3 | o8
mglkg |50 18 | A% 27 50 |~ 33 b7 RERN
i N 10 10 10 10 10 10 10
30 [|Mean 6.8 52 | €7 | 883 | 32 05 14
mgikg |90 | 25 10 24 34 | 4% o8 1.1
' N 10 10__ 10 10 10 10 10
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—_
== 37-5038-R-TrvrD6-1036/H-98-1072 -

. 13-Week Repeat Dose Subcutaneous Toxicity Study of riGF-VIGFBP-3 in Rats
Page 41 o1 53 '

Table 5 (cont'd). Differential Cell Counts

”
+

_Recovery-phase Necropsy
N . Males .
T — _ —_— —
Trestment | WA BI00d | pgCCount | Neutrophils | Lymphocytes | Monocytes | Eosinophiis Basophils
Group (10E8imm’) mbBBcgm %) ) %) %) %)
¢ [Mean 83 ~ | T8 | i 827 54 0.7 1.1
g |50 21 |12 23 25 30 0.8 1.1
moks [N | 5 5 5 _ 5 5 "5
30 | Mean 85 | 187+ 14 88.6% 29 0.5 0.8 _
gikg |50 ] 50 . 04 21 20 14, 08 __ . 13
il LTI Y 6 5 5 5 5 ' 5
. e ' Females —
White Blood | _Neclestsd N _ _ .
Treatment Colls RBC Caunt Neutrophlls | Lymphoiytes Monocytes Eosinophils | Basophils
Group (10€tm) | IRECHOD %) ) ) %) %)
0 M:;n :z _ ’105; ‘ ;/:l , 873.2 .43 1 02 | o8
: X ) .8 , 2. 08 - 02 19 .
molkg 5 5 5 ], 5 15 5 5
30 |Meani 42 LY L 82 6.6 40 1 w02 03
mgkg |30 [ 30" 1 i3 TiT22 29 14 | 04 0.6
I N i 5 5 5 5 5 _ 5 .5
*Statisticalty different from vehicle-ieated concurrent controls, p < 0,05, uskng & WHco%on fot ' o '

* Clinical chemistry: There were no treatment related changes in serum glucose levels in males
and females even after the high dose. This lack of effects on glucose was also observed during
the recovery phase (Please see the two Tables below). In HD females, creatinine, total protein,
albumin, and calcium were significantly decreased compared to the control group. Albumin was
also decreased in MD group. It appears that the values were within normal reference ranges so
that they are not considered to be toxicologically significant.

APPEARS THIS WAY
. ON ORIGINAL
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* Urinalysis: No toxicologically significant findings were noted among the groups treated with
the drug and in control group in the study.

* Organ weight: The absolute organ weight of heart, kidneys, lung, pituitary gland and spleen
increased significantly at the HD male groups as the body weight also increased from the control
508 to 584 g. The low dose and mid-dose had no effect on the absolute organ weights of any
organs in males (Table 9). The absolute organ weight of kidneys increased in the MD and HD
groups in females. Similar increases were also observed in lungs, thymus, ovaries, and spleen in
the MD groups in female groups. The body weight of females at a dose of 30 mg/kg was not
statistically different from the control females.

The elevated organ weights returned to normal in both males and females at the end of recovery
phase except the kidney weight in the HD female group. In females, the liver weight increased
during the recovery phase, although it was not elevated in the main study. If the absolute organ
weight data are expressed based on body weight ratio (%), only spleen and thymus weight ratios
at the HD were still significant in both males and females. Based on organ to brain weight ratio
(%), the ratios in heart, kidneys, lung, pituitary gland, spleen, and thymus were still higher in the
HD group, compared to the control in males. In females, organ to brain weight ratios in
kidneys, lung, thymus, ovaries and spleen increased significantly at the HD females.

APPEARS THIS WAY
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- Gross pathology: In some injection sites for the administration of IGF-1 with or without IGFBP
there were discolored spots. There were evidence of hyperkeratosis with diffuse, mild
hemorrhage or moderate inflammation and mild fibrosis. At times there were focal sites with 0.5
cm subcutis as summarized below.

Incidence of Histopathologic ¥Yindings for Al) study Animals
Celtrix Pharmaceuticals, Inc.
13-Week Rep Dope Subcut. Toxicity Study of rhlGP-I/IGFBP-3 in Rats N

PROJECT NUMBER: ~ .7-5038-R-TX/H-98-1035/%-98-1072 BPECIES: Rat
Printed on 03-09-20Q0.

Tigeue/ . Group 1 Growp 2 Gyopp 3 Group 4 growp 5
Diagnosis/. [ cevmsrarses  cesessacadn  smvmmemdes  sesassemess
Modifier(s) : M 4 M’ F M 4 M P M 4
Administration Site e €10) (10) (100 200 £10) (100 (20F C20} ( 5) { S
* " Congestion "o o 1 1 0 0 ° 0 o o
Mild [ ] 1 1 2 [ 0 0 o -0
Fibrosis 9 8 6 4 « 4 8 10 5 1
Trace. 2 2 2 2 0 b 1 ] a 1
Mild 7 6 2 2 2 3 1 'y 5 0
Moderate 0 0 2 0 2 0 6 6 o °
Foreign body [} 1 1 0 a 0 1] 0 (1] 9
Hemorrhage 4 < 2 4 2 2 2 0 0 o
Trace 1 0 : 1 1 0 o 0 0 o
Mild 1 4 1 2 ) 1 [ 0 0 0
Moderate 2 0 0 1 1 1 2 0 0 0
Hyperkeratosgig 8 2 9 1 9 4 10 5 s 4
" Trace N 6 o 6 [ 2 2 10 ] 0 3
Mild 2 2 2 1 6 2 ¢ 5 ) 1
Moderate ] o 1 0 1 0 ) o 1 0 -
> Intiltration, eosinophilic Q 1 i3 0 1 ] .o ] 1] Q
Mild e 1 0 0 0 0 0 0 0 0
Moderate . o 0 9 0. 1 o o 0, [) [\]
Inflammation, chronic s [ 5 S 5 7 6 s Q ]
Trace 3 Y 1 2 o 1 I 1 ) 0
Mild 2 3 1 2 3 5 [ 3 [ 0
:  Moderate ¢ 0 3 1 2 1 s 1 0 ]
Inflammation, granulomatous ¢ b3 0 0 (4] 0 '] Q (] 0
Trace : 0 1 0 0 [ ] [y 0 0 0
Inflammatfon, necrotic 0 0 1 0 g - 1 2 [] 0 []
Mild [\ [ 0 0 0 1 1 ] o 0
Moderxate Q [ 1 0 ] 0 1 0 [} ]
Within Normal Limits 12 [ 1 Q 2 0 ] 0 1
Adveannl £ Ay & ans L AN 2 e s av o2 ~ 4 amr s aa . -~ -
* Histopathology:

The major changes in histopathology are limited to bone (femur), liver, nasal tissues, pancreas
and thymus. The mild increases in cortical bone of femur were identified in 8 rats out of 10 in
the HD male group. The effects reversed after 4-week wash-out period in males. The LD or MD
had no effects in males, although one female rat had a mild increase in cortical bone as shown
below. The high dose had no effects in females, thus, it appears that IGF-1/IGFBP had little or
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no effect on femur cortical growth in females. Acute hepatic inflammation and hepatic
centrilobular hypertrophy were observed in several male rats at the HD. The MD had no clear
effects in males, although one female had hepatic cytoplasmic alteration. All the hepatic effects
reversed returned toward normal after the recovery period. There were increased incidences of
cortical bone growth in nasal tissues in males. That is, there were two and 5 male rats in the MD
and HD groups, respectively, had the finding, which was reversed after 4-week recovery period.
Mild lymphoid hyperplasia in nasal tissues was observed in a female rat at the HD group.

Trace to mild degree of chronic inflammation in pancreas was observed in the control as well as
the HD group animals. Traces to moderate degrees of thymic congestion were also observed in
several treated rats. Several females had thymic congestion at doses of 1 and 30 mg/kg/day. A
few male rats also had thymus congestion at 1 and 10 mg/kg/day, although there were positive
findings at the HD in males. Trace to mild hyperplasia in thymus was noted > 10 mg/kg/day in
both males and females, although the effects were reversible after 4-week recovery period. It
appears that the mild hyperplasia in both male and female rats was IGE-1/IGFBP dose related.

APPEARS TiIs WAy
OH ORISINAL
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Major Histopathological Findings in 13-Week Subcutaneous Toxicity Study of rhIGF-1/IGFBP-3 in

Rats@ '

Tissues/Diagnosis/Modifiers

Control

3

=]

10mg/kg

Recovery

F

F

Bone, Femur, cortical bone increased, Trace

Bone, Femur, cortical bone increased, Mild

Bone, trabacular, increased, Trace

Bone, trabacular, increased, Mild

Cecum, hyperplasia, interfollicular zone, Trace

Cecum, hyperplasia, interfollicular zone, Mild

Eye, keratitis, acute, Severe

Heart, fibrosis, Trace

Heart, fibrosis, Mild -

Ileum, congestion, Trace

Ileum, congestion, Mild

Jejunum, hyperplasia, cortex, Mild

" Kidney, pyelitis, acute, Moderate

Liver, cytoplasmic alteration, clear, Mild

Liver, inflammation, acute, Trace

Liver, hypertrophy, centrilobular, Trace

Lung, inflammation, granulomatous, Trace

| Lymph Node, mesenteric, congestion, Mild

Lymph Node, mesenteric, Moderate

Nasal tissues, cortical bone, increased, Trace

Nasal tissues, hyperplasia, lymphoid, Mild

Nasal tissues, inflammation, acute, Moderate

Nasal tissues, inflammation, chronic, Trace

Pancreas, infiltration, lymphocytic, Trace

Pancreas, inflammation, chronic, Trace

Pancreas, inflammation, chronic, Mild

Pancreas, inflammation, fibrotic, Mild

Thymus, congestion, Trace

Thymus, congestion, Mild

Thymus, congestion, Moderate

Thymus, hyperplasia, Trace

Thymus, hyperplasia, Mild

Thyroid, fibrosis, Trace

OOOO'—"—'OOOOOOOOOOOOOOOOOOOOOOOO'—‘OOZ

Ol\)L»JONOOOOOOOONOOOOOOOOOOOOOOOOOO'—'z

SwINvIC|IClo|Io|o|oioo|o|o|o|o|lo|o|lo|o|~=|olojolo|oloiclololv|o|—|—

OOOO'—OOOOOOOOOOOOOOOOOOOOOOO'—‘OOOOg

Coooo o000~ oloilojo~locilo|o|o|c|lo|=|~lolclolololo|lal=]—

@Al groups had 10 rats at the beginning except the recovery groups, which had 5 rats.

Summary and Conclusion:

Subcutaneous administration of rhIGF-1/IGFBP-3 daily at the top dose of 10 mg/kg/day for 91
days was reasonably well tolerated. It was associated with increased body weight gain and
increased food consumption in the high-dose group. There were histologically correlated
increases in organ weights in the kidney, thymus, and spleen. Histologically, there was a mild
increase in the T-cell component in the thymus and spleen and possibly in the lymph nodes. In
many organs in male and female rats, it appears that there was mild hyperplasia that was rhIGF-
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1/IGFBP-3 dose-related. This may be a part of the extension of the intrinsic action of thIGF-
1/IGFBP-3.

There was also a mild increase in the incidence of chronic glomerular nephritis both at the
terminal sacrifice and at the recovery sacrifice. Test article-related changes were not observed in
most of all tissues of recovery sacrifice rats. There may be an increases cortical bone in the
femurs of Group 4 recovery sacrifice female rats. Based on histopathologic findings, a dose of 1
mg/kg may be considered a NOEL (No Observable Effects Level) dose, while 10 mg/kg is
considered NOAEL (No Observable Adverse Effects Level) doses. The NOAEL dose is
equivalent to an exposure 8 times the average human dose, based on body surface area
comparison ' '

Title: 90-Day repeat dose subcutaneous toxicity study of rhIGF-1/IGFBP-3 in Rats: Rat
Anti-rh IGF-1/IGFBP-3 Antibody Report 4.2.3.2.2.4/Study -=J7-5038-R-TX)

1. Purpose: To determine potential immune response was generated to daily subcutaneous doses
of rhIGF-1/IGFBP-3 over ninety days in male and female rats. The study was carried out by
— lhe sponsor was Celtrix Pharmaceuticals Inc.

2. Methods: One hundred Sprague Dawley rats was divided into one of the following dosage
groups: vehicle (30 animals), 1 mg/kg rhIGF-I/IGFBP-3 (20 animals), 10 mg/kg rhIGF-I/IGFBP-
3 (20 animals), or 30 mg/kg rhIGF-I/IGFBP-3 (30 animals). Ten rats from the vehicle group and
ten from the 30 mg/kg rhIGF-I/IGFBP-3 group were maintained for an additional 28 day non-
treated recovery period. For the assay of anti-rhIGF-I/IGFBP-3 antibodies, serum samples were
assayed for antibodies against rhIGF-I/IGFBP-3 using an enzyme linked immunoabsorbent assay
(ELISA). To provide a positive control, five Sprague-Dawley rats were immunized with thIGF-
I/IGFBP-3, and heparinized plasmas from these rats were pooled, aliquoted and frozen at -80°C.
This control was titered from 1:640 to 1:327680 using serial dilutions. A pool of normal Sprague-
Dawley rat plasma was diluted 1:20 and used as a negative control. A sample was considered to
be negative if OD < 0.070, while it was considered to be positive if it had an OD > 0.070.
Western blots and neutralizing bioassay were also carried in this study.

3. Results:

One female rat in the 1 mg/kg/day group died. All ten males and nine out of ten females in the

vehicle group were negative for antibodies to rhIGF-I/IGFBP-3 (Table 1). All rats in the 1, 10

and 30 mg/kg dosage groups developed antibody titers to thIGF-VIGFBP-3. After the recovery
period, all five males and four out of five females in the vehicle group were negative, whereas

4/5 males, and 4/5 females in the 30 mg/kg group still had detectable antibody titers to rhIGF-

VIGFBP-3(Table 2).

The highest titers were found in the lowest dosage group (I mg/kg). There were no significant
differences between males and females in the titers. The OD correlates to the number of cells
present. There does not appear to be any significant neutralization of the complex due to the
antibodies in rat serum. For each plate,
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there is no inhibition of the mitogenic effect of complex on the cells when serum from a rat that
received placebo is compare to serum from a rat that received complex (Table 3).

APPEARS TuIS WAy
ON ORIGINAL

APPEARS THIS WAY
ON ORIGINAL
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Section 4.2.3.2.a.2

Table 1
Rat Antibody Titers to rhiGF-VIGFBP-3 as Measured by ELISA in Treated Rats
Dose | Animal# Sex Titer* Animal‘# Sex Tﬂer _
omg/kg | 0t @ 0M Neg™ T 151 F Neg '
102 M- Neg 152 F Neg
103 M Neg. 153 F Neg
104 M Neg - 154 F Neg
105 M Neg 155 F Neg
106 M o Npg 156 F Neg
107 ‘M Neg 157 F Neg
108 M Neg 158 € Neg
109 M Neg 159 F- Neg
110 M Neg 160 F 1:160
Mean : Mean
Ther = 0 Ther=1:16
1 mgikg | 201 M 1:10240
' 202 M 1:2560 252 F 1:5120
203 M 1:5120 253 F 1:10240
204 M 1:5120 254 F 1:2560
205 M 1:2560 255 F 1:10240
206 M 1:2560 256 F 1:10240
207 M 1:40960 257 £ 1:5120
208 M 1:10240 258 F 1:10240
209 M 1:2560 259 F 1:5120
- * 210 M 1:10240 260 F 1:1280 .
Mean Mean
Titer=1:9216 Tlter=1:6684
10 mglkg 301 M 1:1280 351 F 1:80
: { 302 M 1:2560 352 E 1:320
303 M 1:160 353 F 1:1280
304 M 1:5120 354 F 1:2560
305 M 1:1280 as5 F 1:2560
306 M 1:1280 356 F 1:2560
307 M 1:2560 357 F 1:1280
308 M 1:1280 358 F 1:160
309 M 1:1280 359 F 1:1280
310 . M 1:1280 360 F 1:640
Mean Mean
- Titer=1:1808 Titer=1:1272
30 mgl/kg 401 M 1:320 451 F 1:1280
402 M 1:2560 452 £ 1:1280
403 M 1:1280 453 F -1:2560
404 M 1:1280 454 F 1:1280
405 M 1:640 455 F 1:320
406 M 1:2560 456 E 1:640
407 M 1:1280 457 F 1:32¢0
408 M 1:640 458 F 1:640
409 M 1:2560 459 F 1:640
410 M 1:640 460 F 1:1280
Mean Mean

Ther=1:1376

Titer=1:1024

* Titer is defined a the last dilution in which the OD is 2 0.070
" A sample (diluted 1:20) is consldered negative when the 0D is < 0.070
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LG <

Rat Antibody Titers to rhiGF-/IGFBP-3 as Measured by ELISA In Recovery Group Rats
Dose Animal # Sex Thar* ,Aqlmal #___Sex _ T lggr—
Omghkg | 111 M Neg” 16t F Neg
Recovery | 112 M Neg 162 F Neg
Grovp | 113 M Neg - 183 F Neg
1 na M Neg. 184 £ 1:40
115 M Neg 165 F Neg
'han . Mean
Titer=0. L _ tltpf:j-:s _
30 mglkg | 411 M 1:160 . 461 F 1:160
Recovery 412 M 1:320 462 F 1:1280
Group 413 M 1:320 463 F 1:160
- 414 M Neg - 464 F 1:1280
" 415 M 1:160 | 465 F Neg
Mean Mean
Titer=1:192 Titer=1 .:_-575
Table 3

Neutralizing Antobody Bloassay
The Effects of Rat-Antl rhiGF-IIGFBP-3 Antibodies onHuman Osteosarcoma {(MG63) Cell Proliferation

rhiGF-UVIGFBP-3 at 50 ng/ml mixed with Ral Serulm atthe [hIGF-INGFBP-3 at 100 ng/mL mht_s& with Rat Serum at
Plate  Anlmal Dosegoe [lollowing diutfons:** . the following ditutons:
Number Number mgr/kg 1:4_0 i 1:80 l‘:I\GO 1:320 1:640 1:40 1:80 1:160 1:320 1:640
] Optical Density : Optical Denalty
t 101 ] 0.908 - 0.677 0.578 0.550 0.533\ 0.997 0.761 0.625 $.604 0.604
2 207 1 0.801 0.704 0.614 0.560 . 0.531] 0.912 0.763; 0.660 0..623 0.609
'; 3 102 0 0.619 0.486 0.430 0.394 0.393, 0.680 0,562 6.475 0,452 0.439
4 302 10 0.710 4.507 0.441 0.432 0.422 0.750 0.563 0.479 0.482 0.495
5 103 1] . 0.1682 0.671 0.568 0.534 0.540 1.092 0.801 0.665 0.629 0.644
6 402 30 0.948 0.702 0.604 0.553 0.540] 1.023 0.793 0.688 0.626 0.638
7 159 0 0.759 0.582 08.500 0.464 0.462 0.771 0.662' 0.528 0.471 0.479
8 253 1 0.740 0.53¢ 0.474 0.434 0.423 0.776 0.5565 0.526 0.485 - 0.449
9 356 10 0.810 0.599 0.487 0.456 0.4863] 0.861 0.625 0.523 0.471 0.503
10 451 30 0.832 7 0.593 0.515 - 0.481 0j4_87 0.B44 0.608 0.538 i 0.498 0.528
* Human celis proliteration |s | d in the p ol rhiGF-IIGFBP-3, with the OD comrelating to the number of cells. -

This bloassay was done 10 lest whether rat antibodfes would neulrealize the eftect of complex on these cells, which would result in Jower ODs.

**Fixed con | of

plex were edded to varying difutions of rat serum and incubated, lollowed by addltion of cells.
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Title: 90-Day Repeat Dose Subcutaneous Toxicity Study of rhIGF-1/IGFBP-3 in Monkeys
(Section 4.2.3.2.a.4)

Sponsor’s ID #/study#: NO57646A
Sponsor’s original title: 90-Day repeat dose subcutaneous toxicity study of rhIGF-1/IGFBP-3 in
monkeys

Study Number: NO57646A
Document: Module 4, vol. 8, p1-294
Conducting laboratory: —
Date of study initiation: Oct. 1997
GLP compliance: Yes

QA Report: Yes (x) No ()

Methods: '

Dosing information

- Species: Cynomolgus Monkey

- #/sex/group or time point: 6 monkeys/sex/group were used. Group 1 was a placebo control
group. Groups 2 and 3. were assigned to the monkeys for the low and high doses. Monkeys in
Groups 2 and 3 had rhIGF-1/IGFBP-3 subcutaneously at doses of 1 and 10 mg/kg for 90 days.
Two monkeys/sex from Groups 1 and 3 were used as recovery animal after a 28-day wash-out
period.

- Age: 6 weeks

Weight: Male: 2.3-3.4 kg; Female 2.2-2.8 kg

Satellite groups used for recovery: 2 monkeys/sex for groups 1 and 3.
Dosage groups in administered units: 0, 1, 10 mg/kg/day

Route, form, volume, and infusion rate (if i.v.): Subcutaneous

Drug, lot#, radiolabel (if applicable), and % purity: rhIGF-1/IGFBP-3 lot was DP9604 and

DP9606

Formulation/vehicle: Inactive ingredients are commonly used in pharmaceutical products
marketed in the U.S.A. such as 50 mM sodium acetate, 105 mM sodium chloride, pH 5.5,
as listed under “Clinical formulation (and components)” above.

Times at which Observations are made:

- Clinical signs: Twice daily

- Body weights: At randomization and then weekly thereafter

- Food consumption: Days -8 to —1 and then daily

- Ophthalmoscopy: Prior to initiation of dosing, on Day 84 and on Day 115 (males) and
Day 114 (females)

- EKG: Not evaluated.

- Hematology: Day -9(males), Day -8(females), and on Days 48, 91 (interim necropsy)
and 118 (final necropsy). Blood samples were obtained from the femoral vein.

- Clinical chemistry: Day -9(males), Day -8(females), and on Days 48, 91 (interim
necropsy) and 118 (final necropsy). Blood samples were obtained from the femoral vein.
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- Unnalysis: Day -8(males), Day -7(females), and on Days 48, 91 (interim necropsy) and
118 (final necropsy).

- Gross pathology: At the time of death or sacrifice

- Organs weighed: At the time of death, sacrifice, or necropsy

- Histopathology: At the time of death or sacrifice

- Toxicokinetics: Blood samples were obtained prior to dosing and at 2, 4, 8, and 24 hours
after the dose on Days 1 and 90.

RESULTS:

* Clinical signs and mortality: There were no deaths and no significant clinical signs that were
related to the test article. In some animals, there were incidences of digestive system
observations such as soft feces, emesis, diarrhea, and low food consumption, wh1ch may not be
directly related to the treatment.

* Body weights and food consumption: In males, the mean body weights of groups 2 and 3
animals were not changed significantly after the treatment (Table 2). The mean body weights of
groups 2 and 3 female monkeys increased significantly after the treatment (Table 2), and
returned to the normal afier 4-week recovery period. The significant increases in mean body
weight in Group 2 and 3 female monkeys were pronounced from the fourth week of the
treatment. It appears that group-mean food consumption values in-the control animals were not
significantly different from those values in group 2 and 3.

Table 2. Mean Body Weights (kg)

j ] : N . Day : — e
Treatment Group | 64 | 7 | 78 ] 8¢ T 90 T 98 1 106 | di3 [ 117
Omghkg | Mean | 323 | 326 [ 330 T 322 | 333 304 . 321 1 327 1 7325
‘ SD 0.40 042 | 040 | 040 | 039 - - - -
e N 6 6 6 6 1" ¢ 2 ~F 2 1 213
1 mghg, Mean | 321 | 323 [ 329 | 317 | 332 352-1 362 | 364 3.63
L |_sb 037 1 035 7| 038 0.34 0.39 - | - = =
— 1 N 6 6 | 6 6 ] 6 2 2 2 2
10 mghkg ‘Mean 337 341 1 346 340 1 355 | 349 | 356 | 352 348
- _ | SO 1052 | 055 | 055 | 056 | 055 [ - - - -
& N 6 1 6 | 6 6 6 |2 2 1 3 13
w . ] — e ' . Day ' e
o  |TreatmentGroup] 64 | 7 [ 78 T 84 | 9 | 98 [ 105 | i1z | 117
< e : Females N e ' o '
L - O mp/kg Mean [ 257 260 T 261 1 236 261 | 270 | 267 268 2.59
_ SO | 068 0.08 010 | 0.09 090 | - - 1 = -
- — N | 6 | 6 | 6 6 6 2 2 2 | 2
1 mg/kg Mean | 2.80% | 2.83* | 287* " 277% | 285 | 3.02 | 3.04 306 [ 3.00
{ SD 1 017 | 016 | 0.6 0.15 047 I S -
— N 6 1 6. 6 6 1 6 2 2 2 2
10 mg/kg Mean | 294 | 295% | 298¢ | 294* | 3.03* 3.10 308 | 3.i0 2.86.
, SD 015 [ 012 0.13 013" | 011 - 1 - = ~
N 1 6 6 | & 6 6. f 2 {1 2 2 1.2
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* Ophthalmoscopy: The eyes of all monkeys in groups 1 and 4 were examined by a certified
ophthalmologist. Two monkeys had ophthalmic problems prior to the initiation of the study,
which were followed to the termination of the study as summarized (Table 3). It appears that the
two incidences were not affected by the test article and there were no other remarkable
ophthalmic findings in the study.

Table 3, Snmmary of Remarkable Ophthalmic Findings*

-
.

‘Freatment | , _ _Finding” e
Group Animal YD/Sex _ Predose — : _._Termination ' .
Ilmghkg | 21U/F Multiple patches of depigmented retina located _ Small, focal pigmentation changes in the retina in the
’ : ) nasolgteral to optic disc. Probable retinal scars (0.S.). arca nasolateral to the optic disc (0.S.). ‘
10 mgfkg 304M Old laceration wound to lower eyelid (O.S.). fxliﬂt.oswggllhg along Jower eyelid - possible old scar
. S0 (U.0.). 5

* Electrocardiography: NA v
* Hematology: Most of hematological parameters in the 1 mg/kg group were not remarkably
different from those of the control group (Table 4). In the 10 mg/kg group, the mean values of
red blood cells, hemoglobin and hematocrit were elevated significantly on Day 91 in males,
which were reversed after 4-week recovery period. There were no such changes in female

monkeys (Table 4).

Table 4. Hematology Results

Adon ejqissod 1sod

Day "N
" Red Blood Cells K 6
(10%pL) 6
_6
_ - 2
~ Reticulocytes 05 6
(% of RBC) 0. 3
) L] O e =t <04 6
; e 2 0.2 "2 - | 2
" . Hemoglobin 6. | 140 6. 1.1 6
(pMdL). 2 134 6 0.8 6
' -6 122 6. 0.6 6
. 2 135 2- 0.4 2
Methemoglobin 5 . 0.4 6 0.0 6
(gMdL) 6 o1 6 00 6
6 02 6 0.0 6
118 | , 2 0.1 IE) ( - 2
‘Hematocrit -9 412 22 6 424 i 6 411 | 3.0 6
(%) 48 40.0 20 | 6 . 41.8 120k 6 1 429 |- 28 6 -
91 382" 1 1.8 | 6 38.7 1.2 6 ] 433* | 1.7 6
S 118 39.0 e 2 41.5 - 4 2 43- ] -~ 2 .
Mesn Corpuscular Volume 9 | 645 3.4 6 65.6 24 o) 6 62.9 2.8 6
(L) 48 | 641 | 32 6 652 1 6 644 | 24 6 -
91 641 | .28 -6 | 642 6 63.0 23 3
118 608 1 - 2 64.8 - 2 592 - 2

* Statistically different from concurrent vehicle control atps<0.05,
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Table 4. Hematology Results S,
.~ 0mg/kg _ ] 1m e M0mglkg
Day Mean | ’s_ﬁlk I N_ 1 "Mean | TS%B‘! N | Mean | SD | N
) . " Females o =y ) )
Red Blood Cells -8 6.06 032 6 | 594 | p31 6 590 036 6
(10%uLy 48 | 605 0.57 6 6.19 | 025 6 629 0.24 6
91 | 570 | 06 6 566 | 036 6 599 | 035 6
- i 1ns 6.23 - 2 58 | - 2_ ] 601 | - 2
Reficulocytes | 8 1 04 0.2 6 02 | b1 6 - | 04 03 6
w (% of RBC) 4 _03 02 | ¢ 02 0.1 6 0.5 0.3 6
g 91 06 | 06 6 0.4 02 6 04 | 03 6
e R g 1 901 | - 2 05 | - 2 0.1 - 2
; Hemoglobin 1.8 | 129 | 02 | 6 125 | 06 6 - 12.1 08 | .6
9 (@/dL) 48 | 124 | 99 6. ‘126 0.6 6 122 | 06 |. 6
& 91 114 1.0 ] 113 0.7 6 11.7 0.7 6
18 | 132 - 2 12 |~ 2 118 - 2
Methemoglobin -8 0.1 00- | 6 0.1 04 6 01 | .00 6
(g/dLy | 48 0.1 0.0 6 01 0.0 6 0.1 0.0 6
-9 01 | o0 ‘6 01 | o00- 6 01 | o9 6
118 o - 2 . 0.1 - 2 - 041 -~ 2
‘Hematocrit % 1 391 | i | "6 | 381 | 15 6§ 1 373 | 18 6
%) 48 38.7 2.8 I3 39.8 1.1 6 40.1. 13 6 -
91 | 364 29 6 . 36.4 1.8 6 379 | 20 6
— ug _}-403 1 - 2 36.1 - 2 ] 365 | - 2
Mean Corpuscular Volume -8 | 646 26 6 64.2 34 | 6 634 | 25 | 6
mw 48 64.2 28 6 | 644 | 37 6 63.9 21 | 6
91 | 649 3.1 6 644 | 42 6 633 | 22 6
118 | 648 | = 2 61.4 - 2 60.7 - 2

* Statistically different from concurrent vehicle control at ps0.05.

* Clinical chemistry: There were no treatment related changes in differential White Blood Cell
Counts in males and females in all groups. Prothrombin time was significantly increased in the
10 mg/kg male and female monkeys after 48 and 91 day-treatment (Table 6). There were some
sporadic changes without clear patterns. For examples, Sorbitol dehydrogenase activity was
reduced in males in 1 and 10 mg/kg/day groups and 10 mg/kg/day group only in females, which
was reversed after 4-week recovery period. Gamma Glutamyl Transferase (IU/L) activity was
elevated in HD groups in both males and females. Urea nitrogen levels were reduced both in
males and females. All these changes were reversed after 4-week recovery study as shown
below.
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Table 6. Coagulation Rémﬂts

.ow"""l',

Effects of IGF-1/IGFBP-3 on Serum Chemisiry in 90-Day Toxicity Study with 4-Week Recovery in Monkeys#

Sex Male Female

Dose (mg/kg/day) 0 1 10 0 1 10

Sorbitol Dehydrogenase (IU/L) 9@ 12 10 10 i0 7 11
48 8 7 5 9 9 8
9] 13 7* 4% 12 9 6*
118# 6 - |4 5 7 6 6

Alanine Aminotransferase(IU/L) -9 42 44 62* 50 52 58
4 41 42 60* 48 48 69
91 70 72 68 57 57 77
118 44 47 49 56 50 77

Gamma Glutamyl Transferase(IU/L) -9 211 196 222 136 161 151
48 180 173 224 118 143 160*
91 173 158 228* 106 122 137*

{118 194 158 162 113 127 105

Blood Urea Nitrogen (img/dL) -9 22 21 23 17 15 19
48 21 20 18* 21 20 17%
91 21 21 18 20 17 14*
118 21 23 18 18 16 18

#Each group had 6 animals except on Day 118 (recovery study), which had 2 monkeys. @Indicate the day when the
test was performed in males. In females, each test was performed one day earlier.

» Urinalysis: No toxicologically significant findings were noted among the groups treated with
the drug and in control group in the study.
* Organ weight: As expected, there were dose-dependent increases in group mean absolute

organ weight of spleen and thymus in male monkeys (Table 10a). Similar patterns of increases in -

female group mean absolute organ weight were also observed in liver, kidney, lung, heart,

66

. 10 mg/kg
Day {Mean | SD [ N [ Mean [ SD [ N | Mean | SD [ N
‘ - Males L : B ' .
Prothrombin Time | -9 104 | 02 6 103 | 03 6 104 | 02 6
(sec) 48 105 | 04 6 106 | 03 6 11,1* 0.3 6
: 91 103 | 03 6 10.4 0.4 6 12 | 02 | 6
_ 18 | 102 - 2 104 | - 2| 104 - 2
_ Activated Partial 9 210 | 16 6 | 208 23 6 201 | 09 6
Thromboplastin Time 48 205 | 13 5 199 1 1.0 6 209 | 08 6
z  (aee) 91 | 201 | 16 6 | 197 | 14 6 214 | 16 6
o : § 18 197 | -~ 2 | 199 1 - | 2 20.7 2
N . . S Females . L '
9 Prothrombin Time | -8 | 100 | 03 6 102 | 01 | 6 99 | 03 6
& (sec) { 48 102 | - 05 6 105 |1 03 6 10.8* 0.2 6
{ 9 9.9 0.4 I3 10.2 0.3 6 10.7* | 0.2 6
o 118 100 | 01 2 99 1 0.1 2 10.2 0.0 2
Activated Partial 8 |16 | 17 6 19.5 0,7 6 19.2 22 | 6
Thromboplastin Time 48 194 ] 22 6 197 | 08 6 202 | L5 6
(sec) { 7ot | 189 | 13 6 | 191 L1 6 199 | 19 6
118 201 | - -2 18.8 - -2 189 - 2
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adrenal gland and pituitary gland (Table 10a). There were also dose-related increases in female
body weight, although that was not significant in male monkeys. Thus, group mean values for
spleen-to-body weight, and spleen-to-brain weight values were increased in males. The
statistically significant changes in organ weights in both males and females returned toward
normal values after 4-Week recovery period (Table 10b).

APPEARS THIS WAY
0N ORIGINAL
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. Gross pathology: One monkey in the HD male group and one female monkey in the control
group had discoloration in brain. In some injection sites for the administration of IGF-1/IGFBP
there were discolored spots on Day 91 necropsy, which disappeared after 4-week recovery
period. There were no remarkable findings in other animals.

* Histopathology:
Histopathologic evaluations of preserved tissues collected at necropsy were performed by

A —_— ) for Celtrix Pharmaceuticals, Inc., Santa Clara,
CA. Following 90 days of treatment, possible treatment related changes were noted
microscopically in lymphoid tissue, bone, and at the injection site. Inflammation at the injection
sites was reduced following the recovery period (Please see a table below). It appears that the
changes in the lymphoid tissue and bone were considered to be related to the pharmacological
effects of the test article rather than to toxic effects. The changes in the bone should be
interpreted cautious] y in view of small group size and the uncertain age and nutritional status of
the monkeys. In general, histopathological effects of the test article were expected based on

IGF-1 action without remarkable new findings as documented below.

APPEARS THIS way
0N GRIGINAL
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Major Histopathological Findings in 13-Week Subcutaneous Toxicity Study of thIGF-1/IGFBP-3 in Monkeys@

Tissues/Diagnosis/Modifiers Control | 1 mg/kg 10 mg/kg | Cont-Rec | 10-Rec

F M |F M |F F MI|F

Bone, Femur, cortical bone increased, Trace

Bone, Femur, cortical bone increased, Mild

Bone, trabacular, increased, Trace

Bone, trabacular, increased, Mild

Cecum, hyperplasia, interfollicular zone, Trace

Cecum, inflammation, acute, Trace

Heart, inflammation, granulomatous, Trace

Heart, inflammation, granulomatous, Mild

Heart, pericarditis, Moderate

Ileum, hyperplasia, interfollicular, Trace

Ileum, hyperplasia, interfollicular , Mild

Injection site/subcutis, infiltration-eosinophilic, Trace

Injection site/subcutis, infiltration-eosinophilic, Mild

OIQCIQO|—= QOO (| |=m O ||~ |~
= INV|QIQC I |IQC|IQ(O(N WS [O|N =
SV (CIQIQ|Q Q= | W=D
ORI |Q | [— [ W[ | =[N
OOOOO'—OOONOO'—-—Z
CIC|IC|@O =~ |CIO|QICI0|I0(o(C|C
OICIQIC=|C QOO |C = O mm |
QICICO IO | ~|C|IC|C|IC|ICiIC|Ic|Io|@

OOOOOOOOOOO'—'—'-—Z
QIO QI@IN|QCICIQ|=|=|C(O|(—]|—

Injection site, subcutis, infiltration-eosinophilic,
Moderate

Kidney, fibrosis, Trace

Kidney, granuloma, Trace

Kidney, mineralization, Mild

Liver, cytoplasmic alteration, clear, Mild

Liver, fibrosis, Mild

Liver, hemorrhage, Moderate

Lung, fibrosis, Trace

Lung, inflammation, granulomatous, Trace

Lung, inflammation, granulomatous, Mild

olojlojo|o|olololo|o
oloo|lolo|lo|ole|a|—
olo|lo|lojo|=|cloio|—
olo|l=|loj—=|—~{c[—|lo|e
ololo|o|lo|o=|lo|~|
o= |wlojo|lo|olo|—~|io
olojo|lo|o|lo|lo|lolo|o
olo|—|~|clojo|lo|wlo
—lo|lololoio|olo|o|o
Nvio|lojloloio|lolo|o|e

Lymph Node, mandibular, interfollocular,
hyperplasia, Mild

Spleen, congestion, Moderate

Spleen, fibrosis, Trace

Spleen, tangible body macrophages T, Trace

Thymus, cortical hyperplasia, Trace

Thymus, cortical hyperplasia, Mild

IO C Q|0 |C
QOIS [O|OIC
OlI=|Clo|o|C
Q=@ =IO
QIR (= D=
QOIQ QO |= |2
(=3 [OL ) Kl Reel Far) Fan)
O|=|Oi=|O|@

Thyroid, fibrosis, Mild

O|—|O|I— oSO
QIQIC|IC (O |Oo|O

(=]
(=)
=]

Urinary bladder, infiltration, lymphocytic, Trace 010 0 0

@ All groups had 6 monkeys at the beginning except the recovery groups, which had 2. Cont-Rec and 10-Rec
indicate recovery groups for the control and 10 mg/kg/day, respectively.

Conclusion:

Following 90 days of treatment, the test article-related changes were increases mean body
weights in the female treated animals. The changes were also included in an increase in
lymphoid tissue organ weights in treated males and in female monkeys in the 10 mg/kg/day
group. There were discolorations and possible macroscopic inflammation of the injection sites.
Microscopically following the end of 90-Day of treatment, possible treatment-related changes
were noted in bone, thymus, lymph nodes and spleen. The monkeys in the recovery groups did
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not show any clear test article related changes in the body weights or organ weights due to
presumable recovery during the recovery period. Microscopically, possible treatment-related
changes were noted in the lymphoid tissues, bone and injection site, which were reversed in

some animals after the recovery period.

Toxicokinetics of IGF-1 in a 90-Day Repeat Dose Subcutaneous Toxicity study of rhIGF-
1/IGFBP-3 in Cynomolgus Monkeys (4.2.3.2.a.4): A toxicokinetic study was performed by

.. (Study #057646A) in monkeys that were used for the main toxicology study above. The
table below summarized the highlights of main pharmacokinetic parameters that were obtained

from the study.

" Day 1 j N Day 90

R AUC Cmax CL Tmax| AUC Cmax CL Tmax
! Females . g

1 mglkg 12295 816 94 8 30406 ~ 1567 48 8

t0mghg | 41297 2235 255 . 6 | 135696 6696 109 8

imghkg | 11805 710 88 8 | 42235 2341 33 8

10mghkg | 44689 2761 228 3 | 200447 10652 68 6

Note: Parameters calculated using serum concentrations of IGF-I zbove baseline,
Uhits for parameters are: AUC, ng-hr/mL; Cmax, ng/mL;CL, mL/br/kg; Tmax, hr

Summary and Conclusion: Subcutaneous administration of rhIGF-1/IGFBP-3 daily at the top
dose of 10 mg/kg/day for 91 days was reasonably well tolerated in most monkeys. It was
associated with increased body weight gain in female monkeys, although the effects on mean
absolute body weights were not significant in males. Histologically, there were slight to mild
increases in cortical femoral and trabacular bone in both sexes. There was histopathological
evidence of eosinophilic infiltration at the injection sites, particularly in males, which were
reversed after a 4-Week recovery period. It appears that there was mild cortical hyperplasia in
thymus in the treated animals.

According to the pharmacokinetic data provided by the sponsor, both AUC and Cmax were
significantly greater after 90 days treatment, compared to those on Day one in both males and
females. Naturally the clearance was significantly less in both males and females on Day 90.
Tmax was 6 to 8 hours both in Days 1 and 90 in male and female monkeys. Based on
histopathologic findings, a dose of 1 mg/kg may be considered a NOAEL (No Observable
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Adverse Effects Level) doses, which will be approximately 2 times clinical exposures with the
MRHD based on body surface comparison.

Additional Study:

Title: Anti-rhIGF-1/IGFBP-3 Antibody Report: 90-Day Repeat Dose Subcutaneous
Toxicity Study of rhIGF-1/IGFBP-3 in Cynomolgus Monkeys (In this 90-day monkey study
immunogenicity study was performed)

Sponsor’s original title: Anti-thIGF-1/IGFBP-3 Antibody Report: 90-Day Repeat Dose
Subcutaneous Toxicity Study of rhIGF-1/IGFBP-3 in Cynomolgus Monkeys
Documents: Module 4; volume 8, page 252-294

Study Number: NO57646A

Conducting laboratory: - —

Sponsor: Celtrix Pharmaceuticals, Inc.

Date of study initiation: Sept. 1998

GLP compliance: Yes

QA Report: Yes (x) No ()

Methods:

Frozen monkey (6/sex) sera fro~  —i were used. Antibodies against rhIGF-1/IGFBP-3 were
assayed using an enzyme linked immunosorbent assay (ELISA). Serum samples were analyzed
by Western blots to determine whether the antibodies measured in the ELISA were directed
against the IGF-I or the IGFBP-3 component of the rhIGF-I/IGFBP-3. Controls include the

following:
goat anti-human IGF-I antibody = —— J» With a rabbit anti-goat IG-HRP

— - and rabbit anti-human IGFBP-3 antibody © — , with goat anti-rabbit IG-
H .

For neutralizing bioassay, the IGF-I bioassay provides a method for assaying the activity of IGF-I or
rhIGF-1/IGFBP-3 which increases cell proliferation of human Osteosarcoma celis (MG63). Antibodies to
either IGF-I or thIGF-VIGFBP-3 could potentially neutralize this activity.

Results:

All 12 monkeys in vehicle control male and female groups had no antibodies to rhIGF- 1/IGFBP-
3(See Table below). All monkeys treated with 1 or 10 mg/kg/day developed antibody titers to
rhIGF-1/IGFBP-3. In the recovery animals, antibodies were still present, although the titers of
some monkeys were somewhat lower on Day 119 after recovery compared to Day 49. The
antibody titers were similar among the 1 and 10 mg/kg dosage groups. The response is also
similar between males and females. Results of the Western blots from gels run with rhIGF-
1/IGFBP-3 show that the antibodies produced by the monkeys are against the IGFBP-3 portion
of the rhIGF-1/IGFBP-3, rather than the IGF-I portion.

The results of the neutralization bioassay using rhIGF-1/IGFBP-3 correlate to the number of

cells present(Table 2). For each plate, there is no inhibition of the mutogenic effect of rhIGF-
I/IGFBP-3 on the cells when serum from the Pre-bleed is compared to serum from the Day 91
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or Day 119 in any group. The optical density of the neutralization bioassay using IGF-I are
shown in Table 4. Again, there is no inhibition of the mitogenic effect of the IGF-1 on cells when
Pre-serum is compared to Day 91 or Day 119 serum.

Conclusion:
All monkeys given daily subcutaneous injections of the vehicle did not develop a titer as
measured by ELISA. However, all monkeys given daily subcutaneous injections of rhIGF-

VIGFBP-3 did develop antibodies to thIGF-I/IGFBP-3. The Western blots mdlcate that the
IGFBP-3 portlon of the rhIGF-1/IGFBP-3 was immunogenic.

APPEARS THIS WAY
ON ORIGINAL
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- . -
Table 4. —_— - effect of monkey antibodles on the activity of IGF-1 0. sosarcoma cells
. t
. : 1CONTROLS: * Cells + Cells +
Plate] Antmal Dosage Time IGF-1 (20 ng/mL) + serum at the following dilutions: .0 . Coalis + IGFI + G +
¥ ¥ __mg/kg _ Point 1:40 1:80  1:160 1:320 1:640 Colls- ~ IGF ant-IGF-t _ antHGFBP3
[o3) S R 3] '
1] 103 0 Pe 0558 0618 0577  0.558° 0554 | 0.258  0.512 0.283 0.537
Day 91  0.898 0.819 D582  0.566  0.578
208 1 Pe 0687 0569 0558  0.523., 03538 |-
Day 118 0.794 0.841 0.823 0.578 - 0.635
2 ]| s08 10 Pe  0.741 0.817 ' 0572 0540  0.530 | 0245  0.513 0.265 0.524
Day 119 0733  0.880  0.800  0.562  0.541 |~ '
113 0 Pe 0601 0585 0660 0526  0.587
- Day®r  0.871 0,610 - 0.566 . 0.540 ~ 0.553
3| 214 9 Pre 0743  0.849  0.805 0588  0.556 | 0.238  0.511 - 0.276 0.588
Day91 0772 = 0.660 0.813 0784  0.749 |-
"314 10 Pe 0708  0.681 0800  0.875  0.793

Day 81  0.755 0.851 0.673 - 0.545 0.833

“All antibodies diiuted 1:40 ) . S

" " APPEARS THIS WAY
ON ORIGINAL

77



78 Reviewer: Rhee, Hee M. NDA No.21-884

Title: 13-Week repeat dose subcutaneous toxicity study of rhIGF-1 in Mice (Section
4.2.3.2.b.1)

Sponsor’s ID #/study#: N614-Q1374/Pharmacia 9650014

Sponsor’s original title: 13-Week repeat dose subcutaneous toxicity study of rhiIGF-1/IGFBP-3
in mice '

Study Number: N614-Q1374

Document: Module 4, vol. 9, page1-280

Conducting laboratory: Toxicology and Safety Assessment. — for
Pharmacia S.p.A. under GLP and OECD guideline

Date of study initiation: Jan. 9, 1995

GLP compliance: Yes

QA Report: Yes (x) No ()

Methods:

Dosing information

- Species: —. CD-1 Br mice

- #/sex/group or time point: 30 rats/sex/group. Group 1 was a placebo (10 mM phosphate
solution) control group. Groups 2, 3, and 4 had low, mid and high dose groups.

- Age: 5 weeks

- Weight: Male: 24-32 g; Female 20-26 g

- Satellite groups used for toxicokinetics or recovery: 5 rats/sex for groups 1 and 4.
Dosage groups in administered units: 0, 0.4, 2 and 10 mg/kg/day

Route, form, volume, and infusion rate (if i.v.): Subcutaneous

Drug, lot#, radiolabel (if applicable), and % purity: rhIGF-1, batch #59108-51/IGEBP-3
Formulation/vehicle: Inactive ingredients are commonly used in pharmaceutical oral tablets
marketed in the U.S.A. as listed under “Clinical formulation (and components)”.

Times at which Observations are made:
- Clinical signs: Once daily
- Body weights: Days 1, and then weekly
- Food consumption: Days 1 and then weekly
- Ophthalmoscopy: NA
- EKG: NA
- Hematology: Days 43 and 92
- Clinical chemistry: Day 92
- Urinalysis: NA
- Gross pathology: At the time of death or sacrifice
- Organs weighed: At the time of death, sacrifice, or necropsy
- Histopathology: At the time of death or sacrifice
- Toxicokinetics: Days 0, 26, and 88 at 1, 2, 4, 6, 8, 12, and 24 hours after the dose

RESULTS:

* Clinical signs and mortality:
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Deaths occurred between Days 9 and 44 in one female at 2 mg/kg/day and in six females at 10
mg/kg/day. No gross or histopathological evidence of toxicity was observed in decedents. It
appears that some of the deaths were hypoglycemia as an extension of pharmacological action,
although some deaths were clearly due to technical errors such as an excess of ether anesthesia.
During Weeks 2 to 6 a marked depression due to hypoglycemia occurred in a few animals given
the high dose of rhIGF-I. This treatment-related finding characterized by individual differences
in frequency, appeared about two to three hours after the treatment. The signs usually
disappeared within thirty minutes of administration of oral glucose. A case of marked depressive
inactivity was also seen in one female at 2 mg/kg/day at Week 11.

* Body weights:

A slight increase in body weight gain was observed in all treated groups throughout the treatment
period in comparison to controls. At the end of the study (Day 91) the increase in mean body
weight of treated groups ranged from about 5 % to 10% in males and from about 10% to 15 % in

females with scant dose relationship. Group mean body weights in male and female mice are
summarized below in two tables below.

.
s

ehi6F-T1 13-WEEK SUBCUTANEOUS TOXICITY S1UDY m HICE TABLE: 8.3
Exp. HH14 - Q1374 BOOY MEIGHTS (g)
GROUP 1 1 H 3 4 .
DOSE (mg/Kg/day): Control 0.4 2 10

T T e T L XL T Y crsmeree eeveee mbrvvresessrasarstvsrUEvE AT TITAY - soerey

Doy of Study

Group(s) ek (I T a 29 36 42 50 57 & o
weremmrerererrenetsveeve vy e o eesceienvrnsvessnronasy evrareresosbevsetmpe e woavssoseere arsesveten SR
Halwe Animbls - .
1 (CH 30 30 30 . 30 30 30 30 30 17 a7 17 17

} : 41.3 42.0
-3 28.7 na 360 36.0 3.7 38.9 39.7 £0.7 41.3
'Si;:r\;: %’:93 1.3 2,04 2.6 2.36 2,45 2.62° 2,48 .39 2.63 3.22 3.%

; } 17 14 17

N 30 30. 3 30 30 3 30 30 1} _
2 -u':..)u 3.9 8.8 N6 Wb 36,8 38.7 40,3 41,0 2.8 43_,§ "?5? g;_ig
SDEVE 1,24 1.54 2.1 237 2.6) 2.69 253 2.86 2.92 2.6 . L3

' ' ¥ ar 17 17
- 3 - 30 30 30 30 30 30 30 17 1
3 a7 wa ms 8.0 s W2 s a2 R L21; .9 .7
Sofvs 1.6 L.ee 208 258 331 354 0 3@0 373 ne8 4 ‘. :

; " 177 \7
[ . 30 30 30 30 30 30 30 30 124 _ .
¢ H::r)u 243 28.9 32.2 35.4 38.2° 40.0*  &2.1% 63t K33 44 6* ;L;g‘ .gség.-
SpEVS  1.28 1.40 2.05 2.58 2.9 3.29 1,55 5.6.0' 3.57 .n N .

female 'Anina;s . - - 7
’ ’ ] .30 30 - 30 30 30 30 30 2] X X .
! Kgﬂ)ﬂ 2.2 2.0 .8 26,1 29.0 29.6 30.4 .2 311 1.8 31;; ;1“:
SDEVsS 1,04 1.00 1.33 1.56 .75 1.74 2.39 2.02 2.42 2.26 2.1 -4

‘ 30 : 17

30 39 30 3p 30 30 30 30 V7 a7 7
2 weans 220 23 2.9 26,6 86 300 33 Rge IS 39 e %
SoEvs  0.88 107 339tz 231 202 0 206 250 241 334 259 33

W) 30 30 30 30 30 - 30 29 29 16 16 16 . 16 .
* Hi::\s 2.4 2.0 24.7 0.5 29.6 30.8¢ 32.8%  33.6% 363 3450 34.5 \35.4;
SDEVS 1.07 1.26 135 1.3 1.70 2.05 1.77 1,59 2.62 2.98 2.7 2.6

' g } 13
4 M 30 30 30 28 28 8 et 26 13 ] 13 _
Hier)\s ‘RS w2 B 27.6%  29.0  30.8 ~ 32.0¢ 325  3.0* N3 36.5%  35.1°
sDEVs 0,69 096 - 0,89 130 1.64 2.0 2.6  2.40 3,10 3.20  2.65 3.7

emeeveambep e
B Y LA A EE R RS LR
.................... [ L e T R L P R L R R L R R L L Lt g

* = mean vatuc uf group was significantly different from conteol at p = 0,05 with Duanett’s test of slgntficance
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chIGF-13 13-WEEK SUBCUTANEOUS TOXICITY SJUDY IN MICL IAE
£xp. N614 - Q1374 o0DY WEIGUTS (9)
GROUP 2 1 2 3 4 g
DOSE (mg/Xg/day): Control 0._6 2 10 e e e, R
T T . Day of study "
o) . I e B e
.............. T Hale Anfimsls .
! e 4;75 “7'. L2.6
Heans .
s;EVa 3.41 3.45 3.97
k4 ({5 17 17‘ Utéz
Reans 46,7 45. 4 55
SDEVS 3.38 1.3 K
1%
7 17 {
’ ﬁ:t:s 4.2 4.5 ;4;:
SDEVs 3.96 3.83 .
17
X N 17 17 an
¢ . u:n:’xs 45..6* 46.87 :6;:
SDEVS 3.86 3.98 .
fFaemalse Antaals .
[ 5] - 17 W
! : H:Ins . 3.5 - ‘32.? :Z}l;
SDEVs 2.2% 2.0 E
7 . v 17
2 H(é:'n)u 35.5° 36.2' . isz_ll‘
SOEVs .92 | 3.27 .
16
) 14 16
’ H:,;:ii 36.0¢ 1. 365'5.
SOEVS 2.89 3.26 .
) : 12
‘ ; 13 1 ‘
¢ H::r)\s 5.7 37.8¢ ;55_3‘
SDEVS 2.86 3.48 .

.............................
P R AR R R TR e seeere oo sesvecmvenronw
...... S T LL LR PR PR T R P R TR Y

« « mean value of group was sigoificantly difterent from-control at p = 0.05 with Dunnatt’s test of signlificance

31(280) - Doc. 9650014

Food consumption:

A slight increase in group mean food consumption was seen in treated female groups. This
increase ranged from 10% to 16% in comparison to controls on Day 91. No significant
differences in mean water consumption were observed between treated and control groups. The
increases in water consumption sometimes seen in females given 2 and 10 mg/kg/day were

considered not to be toxicologically meaningful because they were occasional and related to
individual variations.

* Ophthalmoscopy: Not performed.

* Electrocardiography: Not performed.

* Hematology: .

Large untyped cells increased in the 0.4 mg/kg/day male group on Day 43. The cell numbers
were also increased in the 2 and 10 mg/kg/day male groups on Day 92. Percent platelet
distribution width was reduced from 52 to 46% on Day 92 in the 0.4 mg/kg/day male group.
Neutrophils counts were significantly increased in the 2 mg/kg/day male group on Day 92. Mean
corpuscular hemoglobin concentration was increased on Day 43 in the 10 mg/kg/day female
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group. It appears that the changes were random and not dose-dependent. Thus, the reviewer
believes that the changes have no clinically relevant since they are not the test article-related

events.

—i97-5038-R-Too, 98- 1035/H-98-1072

13 Waek Repeat Dose Subcutaneous Toxicity Study of thIGF-VIGFBP-3 In Rats
Page 39 of 53 A

Ed

" Table 4 (cont'd). Hemaiolggy Results

Recovery-phasoNecmpsy
Males i
_ :
Mesn Kean
Treatment Regsie> | wemogiotia |, | Commmmutar | £ tar | Compus Piatelets | Reticulocytes
Group 10EG/ma®) (o) { Vohme () sl Concentration | {10E0mm’) | (10EVmmY |
. ) _{grat)
o [Mesn| b __1688 — 4 56.0, 182 342 1346 308
moig | 5P| 07 108 3 20 12 | i3 64|50
N 51 5 5_ 5 [ 5 |5 {5 [ 5
a0 |Mesn| a3 i85 46 548 8.7 A0 | 1124 183
mgkg |52 03 " 04 1 13 _ 05 1 b5 366 | 41
N |5 5 5 5 5 5 % 5
. .
Trestment | Hemoglobin ] | : C ! ptvieicn I rt
Cefls ' %, ™ orpuscuia s ek
Sroub 1 iorammy wa B oy |t g Conopony | tossimm®) | roEvmm?)
o [Mewm| 83 BE 1 & 575 | 198 341 672, KT <)
mgikg |20 05 | 08 2 17 05 0.8 171 4
%N 5 5 5 5 5 3 5 5
39 | Mean 3.1 158 a7 579 196 39 1135 i
mahg |80 03 | o1 | 2 18 03 09 106 27
st ] 5 {5 5 5 | 5 5 5 ~5

W different from vehicla-tresled concumant controls, p <0.05, w&mtbtmneﬂ’su
wmmmwmmuaw using a Wilcoxon test

* Clinical chemistry:
In males, alanine amino transferase was reduced from the control value 36 IU/L to 21, 16, and 17

at IGF-1 doses of 0.4, 2, and 10 mg/kg/day, respectively. The value decreased also in female
mice in the 10 mg/kg/day group only. In females, the glucose level was elevated at the HD
group from control 155 to 198 mg/dL, in spite of the anticipated hypoglycemic action of the test
article. There were no other changes in clinical chemistry in both males and females. It appears
that the changes were not toxicologically relevant because the nature of changes was random and

not dose-dependent.
* Urinalysis: Not performed.

* Organ weight: Male and female body weights on Day 43 and 92 were not affected the
treatment, although the female body weights increased in 13-week toxicology study in monkey
as presented above. The absolute organ weight of spleen and liver increased significantly in the 2
and 0.4 mg/kg/day groups, respectively, in male mice on Day 43. Female organ weights were
not altered at any doses on Day 43. On Day 92, spleen weight increased in the 10 mg/kg/day
male group. The weights of thymus increased in all treated male groups. In females, kidney
weights increased significantly at the LD and HD dose groups. Thymus weights increased only
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in the LD and MD female groups, not in the HD female group. Several changes in organ weight
were not dose-related as shown below.

Organ Weights in 13- Week Toxicology Study aftef Subcutaneous IGF-1 Administration in Mice on Day
43@

Sex Male Female

Dose# Control 0.4 2 10 Control 04 2 10
Body Wit. 38 41 41 43 32 32 33 31
Spleen 0.12 0.15 0.17* 0.15 0.16 0.18 0.17 0.14
Kidney 0.64 0.74 0.68 0.72 0.45 0.45 0.43 0.41
Liver 1.95 2.28%* 2.12 2.21 1.60 1.79 1.74 1.41
Thymus 0.05 0.05 0.05 0.04 0.05 0.05 0.05 0.05
Heart 0.20 0.23 0.22 0.22 0.17 0.17 0.17 0.16

Organ Weights in 13- Week Toxicology Study after Subcutaneous IGF-1 Administration in Mice on Day
N@

Body Wt. 44 45 46 49 33 36 37 37
Spleen . 0.13 0.13 0.15 0.17* 0.17 0.18 0.18 0.22
Kidney 0.77 0.76 0.76 0.76 0.44 0.48* 10.47 0.49*
Liver 2.34 2.34 2.26 2.29 1.70 1.80 1.81 1.82
Thymus 0.04 0.05* 0.05%* 0.05* 0.05 0.07*% 10.06* | 0.06
Heart 0.24 0.21 0.25 0.24 0.18 0.19 0.18 0.18

@Represent means of 12 to 11 mice and unit was in gram. #Dose in mg/kg/day. *p<0.05.

. Gross pathology: Not remarkable.

* Histopathology:

The histopathology results observed in mice treated with IGF-1 in 13-week toxicology study
have limited usefulness. According to the reviewer's observation the sponsor examined limited
numbers of animals’ organs in the control and in the HD (10 mg/kg/day) groups. For example, in
the final examination, the sponsor did not examine uterus. Only one ovary in the control group,
three ovaries in the 2 mg/kg/day and one ovary in the 10 mg/kg/day were examined as shown in
a table below.

In general, IGF-1 had no remarkable histopathological effects since the control and the HD
groups behaved similarly, although the numbers of organ examined were limited without clear
histological details. It appears that there were limited effects on mouse bone system. The major
changes in histopathology were bone (femur), liver, nasal tissues, pancreas and thymus in rats
and monkeys as reviewed previous 13-week toxicity studies with IGE-1 and its BP-3 may be
secondary to the prolonged half-life of IGF-1 when complexed with the binding protein.
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Major Histopathological Findings in 13-Week Subcutaneous Toxicity Study of thIGF-1 in Mice@

Sex Male Female

Dose#t Control | 04 2 10 , Control 04 2 10
Adrenal, not remarkable 0 0 3/3 0 0 0 0 0
Adrenal cortical cell vacuolation 0 0 0 0 0 0 0 0
Bone Marrow, not remarkable 12/12 0 0 12/12 12/12 0 0 9/12
Kidney, not remarkable 12/12 0 0 12/12 11712 0 0 9/9
Kidney congestion 0 0 0 0 0 0 0 0
Kidney tubular dilation 0 0 0 0 1 0 0 0
Liver, not remarkable 10/12 0 0 11/12 8/12 0 0 &/9
Liver, congestion 0 0 0 0 0 0 0 0
Liver, chronic inflammation 0 0 0 0 1 0 0

Liver, extramedullary hematopoiesis 2 0 0 1 3 0 0 0
Liver, necrosis 0 0 0 0 0 0 0
Mesenteric lymph node, not remark 1111 0 0 11/12 11/12 0 0 9/9
Mesenteric lymph node, lymphocele(s} 0 0 0 1 0 0 0 0
Mesenteric lymph node, histiocytosis 0 0 0 0 1 0 0 0
Submax. lymph node, not remarkable 5/10 0 0 11/12 9/11 0 0 4/8
Submax. lymph node(only one) 5 0 0 1 2 . 0 0 4
Ovaries, not remarkable i 0 0 0 0 0/1 0 0/3 0/1
Ovaries, hemorrhage 0 0 0 0 0 0 I 0
Ovaries, dilation of the bursa ' 0 0 0 0 1 0 2

Ovaries, follicular cyst(s) 0 0 0 0 0 0 1 0
Spleen, not remarkable 2/12 0 0 1712 0/12 0 0 0/9
Spleen, extfamedullary hematopoiesis 10 0 0 1 12 0 0 9
Spleen, lympoid depletion 0 0 0 0 0 0 0 0
Spleen, histiocytosis 2 0 0 0 0 0 0 0
Spleen, hemosisderos 0 0 0 0 1 0 0 1
Seminal vesicles 0 0 0 0 0 0 0 0
Thymus, not remarkable 12/12 0 0 12/12 11/12 0 0 9/9
Thymus, branchial cyst(s) 0 0 0 0 1 0 0 0
Uterus ' o o] o 0 0 0 o] o

@There were 9 to 12 animals in each group and 0 to 12 animals were used in each group. Values indicate the
number of positive animals over total numbers of examined mice. 0 indicates no animal was examined. #Dose in

mg/kg/day.
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- Summary and conclusion: A 13-Week toxicology study with IGF-1 only was performed in mice
at doses of 0.4, 2, and 10 mg/kg/day. There were many deaths in the HD female mice due to
hypoglycemia as a secondary action of IGF-1 pharmacological actions. Increases in thymus
weight at all doses in both sexes and in spleen weight of high dose males could be related to a
possible stimulation of cell growth. Potential IGF-1 effects on immune system have not
characterized because its effects on lymphocyte subsets, cytokine levels, and histological
examination have not been completed. In particular, there were no histological changes in the
lymph nodes. It appears that the test article, rhIGF-I is a species- specific protein acting as a
growth factor but also exerting various metabolic effects. Based on clinical chemistry data and
histopathologic findings, a dose of 2 mg/kg may be considered a NOAEL (No Observable
Adverse Effects Level) doses. At NOAEL, clinical exposures with the MRHD would be
approximately 1 based on body surface area

Title: Determination of antibodies against rh-IGF-1 in rat serum after repeated iv
administration (Section 4.2.3.2.b.4)

1. Purpose: To determine antibodies against yeast derived recombinant human IGF-1in serum
samples from Sprague Dawley .~ :CD (SD) BR) rats. The study was performed at

—

2. Methods: Six rats/sex/group received rhIGF-1 intravenously daily at doses of 0.25, 2 and 16
mg/kg/day for 29-32 days. Serum samples were diluted with buffer, polyethyleneglycol (PEG),
and extragammaglobulin to ensure an effective precipitation. Precipitation of antibody-bound
tracer from the incubation mixture is achieved by a new addition of PEG. The radioactivity of
the antibody-bound IGF-1 tracer in the pellet is determined in a gamna counter __

o —_ for 60 seconds.

Calculations: A serum pool from untreated male rats was used as a negative reference. Samples
with counts per minute (CPM) level lower than the respective mean value plus 10 SD were
considered not significantly different from the negative reference level and are reported as not
detectable (ND). :

3. Results and Conclusion: Repeated daily intravenous administration of rHIGF-1 for four weeks

did not result in any antibody development measurable in the species under the experimental
conditions as shown in two tables below.
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11 M o - NO. ND.
12 M o - ND. ' ND.
13 M 0 - ND. ND.
14 M 5} - ND. .
15 M Y] - ND. -
16 M +] - ND. -
75 F 4] - ND. ND.
| 76 F ] - ND. ND.
77 F 0 - ND. . ND.
78 F 5] - ND. -
79 F [ - ND. -
T80 °F ] - ND. .
27 M 6.25 - ND. ND.
28 M 0.25 - ND. ND.
29 M 0.25 - ND. N.D.
30 M 0.25 - ND. .
‘31 M 0.25 - NO. ¢ .
32 M 0.25 - ND. -
91 F 0.25 - ND. ND.
g2 F 0.25 - ND. ND.
93 F - 0.25 T NO. ND.
94 F 0.25 - ND. -
95 F 0.25 . ND.
35 F 0.25 - ND. -
a3 M 2 - o ND.
44 M_ 2 - 15 ND.
45 M 2 - ND. ND.
a6 M 2 - ND. -
47 M 2 - ND. .
4 M 2 - ND. -
107 F 2 - ND. ND.
108 F 2 - ND. ND.
109 F 2 - ND. ND.
110 F 2 - ND. -
111 F 2 - ND. -
112 F 2 - ND. -
N D. = not detectable - = no sample taken
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Section 4.2.3.2.b.4

Table 1 (cont). anti-thiGF-1 in rat serum _ 7 (7)

59 M 16 - ND. :g
60 M 16 - ND. ND.
61 M 16 - ND. ! X
82 M 16 - ND. )
€3 M 16 - ND. -
64 M 16 - g ND.
123 F 16 - 3 ey
124 F 16 - ND. e
125 F 16 - NN.B 0.
126 F 16 - N_D -
127 F 16 - ND. -
128 F 16 . 3
N.D. = not detectable - = no __s.-amp'le taken

Title: 26-Week repeat dose subcutaneous toxicity study with IGF-1 only in rats with 8
week recovery period

Study No: — Project#450724/Document:2082 1F/Project# — 1530 ~——  Report#7895
Amendment # 080; Vol. #3a; and pages#001-530

Sponsor: Kabi Pharmacia AB, Stockholm, Sweden

Conducting laboratory and location: —_

Date of study initiation: March 2, 1992

GLP compliance: Yes

QA- Report Yes (x) No ()

METHODS:

Species/strain: Rat/Sprague-Dawley

#/sex/group or time point: 10/sex/group

Age: 4 weeks '

Weight: Males (75-82 g); females (51-58 g)

Dosage groups in administered units: 0, 0.4, 2.0, and 10 mg/kg/day/sex/group
Route, form, volume, and infusion rate: Subcutaneous

Drug, lot#, radiolabel, and % purity: Not available
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Formulation/vehicle: Clear, sterile, aqueous solution containing appropriate amounts of rhIGF-
1, phosphate buffer (10 mM), and sodium chloride (145 mM, pH 5.9).

Observations and times:

Clinical signs: daily

Body weights: weekly

Food consumption: Weekly

Ophthalmoscopy: pretreatment, during Weeks 14 and 25

Hematology: pretreatment, during Weeks 7, 13 and 26. All surviving animals were sampled at
Week 34 ‘

Clinical chemistry: pretreatment, during Weeks 7, 13 and 26. All surviving animals were
sampled at Week 34.

Urinalysis: pretreatment, during Weeks 8, 12 and 25

Rectal temperature: pretreatment, 2, 4 and 6 h post dose during Weeks 2, 13 and 24 of dosing
Gross pathology: necropsy

Organs weighed: necropsy

Histopathology: necropsy

RESULTS:

Clinical signs and mortality: There were 4 male and 17 female deaths in the HD group. One male
and one female from the low and intermediate dose groups died prematurely. The deaths of some
animals were due to eye damage resultant from the orbital bleeds and one male in the HD group
died of lymphoma. The causes of the death were not clearly established except hypoglycemia in
the HD group. The test article -induced hypoglycemia was likely the cause of the death since
some of the animals were saved by the administration of 20% dextrose. Observed clinical signs
were shallow breathing, salivation, staining around muzzle, and chromodacryorrea.

Body weights (weekly): There were increases in body weight in both males and females as
summarized in a table below.

Time in Dose of rhIGF-1 (mg/kg/day) in Male and Female Rats@
week Male Female
0 0.4 2.0 10 0 04 2.0 10

Pretrial 128 129 127 127 91 90 91 950

1 252 255 . 253 255 163 160 164 163

4 375 382 377 398* 228 224 236 238

8 470 484 478 514* 271 270 287* 288*
112 532 555 543 600* 294 300 317* 325%

20 614 648 644 719* 326 332 356* 379*

24 648 688* 692* 774% 341 350 374%* 394*

26 661 702%* 703* 794%* 343 354 382%* 401*

%/Control 108 109 129 106 | 118 129

@The unit of bodyweight is in gram. *p<0.05, compared to the control.
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Food consumption (daily): There was a slight increase in total food consumed in the HD group
both at Weeks 26 and 34 (14% and 16%, respectively) in males. In the LD and HD male groups,
the total food consumption was not significantly different from the control group. In females,
there was approximately 12% increase in total food consumed in the HD group both at Weeks 26
and 34. The parameter in other female groups was not remarkable.

Rectal temperatures: Not remarkable.

Ophthalmoscopy: Not remarkable.

Hematology:

In males, there was a slight (3%) increase in hematocrit in the MD and HD groups while white
blood cell counts were reduced (14%) in the LD group at Week 7, which were not observed at
Week 13. The findings were observed again at Week 26. In females, the increase in hematocrit
in the HD group was 3%, which was significant at Weeks 7 and 13. At Week 26, there was an
increase in lymphocytes (24%) and eosinophils (38%) in the HD group. Neutrophils were
reduced in the LD (42%) and MD (48%) groups at Week 26, which appeared to be not drug dose
dependent.

Clinical chemistry:

~ Glucose concentrations were reduced in both sex at all dose groups at Weeks 7, 13 and 25. In
males, at Week 7, there was an increase in phosphate in all dose groups which received rhIGE-1
(11%, low dose; 11% intermediate dose and 14% in HD group). At Week 13, the increases in
phosphate were 10, 11 and 17%, respectively, for the LD, MD and HD groups, and 16 and 20%
in the MD and HD dose group at Week 26. The increases in phosphate were also observed in
female MD and HD groups at Weeks 13 and 26. In addition, there was an increase in total
bilirubin in LD (44%), MD (78%) and HD (67%) groups. Additionally, a decrease in insulin in
the low (55%) and intermediate (49%) dose groups was observed.

Urinalysis:

In males, urine volume was increased in the HD group (60%), which may be due to reductions in
glucose, osmolarity, sodium, potassium and chloride at Weeks 7 and 13. The urine volume was
not different from the control group at Weeks 26 and 34 in males. In females, the volume of
urine was increased at Weeks 7, 13 and 26 in the HD group with comparable changes in
osmolarity, and sodium and potassium chloride, although the change reversed by Week 34.

Organ weights:

There were increases in many organ weights, which may be related to the increases in body
weight gain as presented previously. The changes in organ weight were recalculated to reflect the
body weight differences therefore only the data after correction for final body weight are
summarized below. The weight changes returned to normal after 8-week recovery period except
the weight of kidney and lung in males. In females, thymus weight was not reversible after an 8-
week recovery period as indicated below. The bodyweight corrected, non-reversible increases in
organ weight in the 3 organs was not correlated with histopathological changes in those organs
as reviewed subsequently. '
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Tissues Dose of thIGF-1 (mg/kg/day) in Male and Female Rats at Week 26 @
Male Female

0 0.4 2.0 10 0 0.4 2.0 10
Body 657 698 693 793%* 341 344 373* 393*
Wit.
Adrenal 0.064 0.065 0.069 | 0.069 | 0.076 0.079 0.077 0.075
Brain 2.26 2.27 2.26 2.30 2.02 2.00 2.03 1.99
Heart 2.04 2.01 2.02 1.96 | 1.25 1.28 1.25 1.24
Kidney 4.30 4.46 4.35 4.51 2.48 2.49 2.54 2.50
Kidney* | 4.28 5.06% | 241 - 2.51
Liver 24.10 23.62 | 22.04* | 21.88*% | 11.87 12.06 11.73 11.54
Lung 212 | 2.19* 2.22 2.23 - 1.57 1.62 1.68 1.75
Lung® | 2.09 . 2.38% 1.59 1.83
Spleen 1.08 1.08 1.18* 1.16 0.68 0.70 0.68 0.68
Thymus 0.24 0.25 0.29 0.32 0.24 0.28* 0.27 0.31*
Thymus®* | 0.16 0.20 0.17 0.23*
Prostate 0.85 0.96 0.95 1.14%
@The unit of bodyweight is in gram. *p<0.05, compared to the control. < Indicates values
after 8-Week recovery.

Gross necropsy finding: In males, there was an enlargement of the submandibular lymph node: 3
out of 21 animals in the HD group and 1 out of 24 in the LD group and there were no cases in the
control and ID groups. There were no remarkable intergroup differences in females. In
prematurely dead animals the incidence was one out of 4 HD males and 4 out of 17 HD females.

Histopathology: At necropsy glycogen content was increased in male liver, which was observed
in females. Significant hyperplasia in submandibular lymph node in male and female rats was
also noted, which was not drug dose dependent. In the MD group of females, 6 rats had
cardiomyopathy which was observed in prematurely dead animals. Cystic ducts in the thymus
were observed in the LD female group, which was not significantly increased in the ID and HD
group females. The major positive histopathological findings were summarized in a table below.
There were minor changes in subcutaneous hemorrhage and inflammation at injection sites in the
HD group. :

Histopathological Findings in 6-Month Toxicity Study in Rats

Organ and Findings Animal Males

Status Survivors ' Decedents

Dosec@ 0 04 |20 | 100 0.4 20 100
Liver, Glycogen 2 14* 0 0 0
Submandibular LN, Hyperplasia 0 1 13* | 13* 0 0 0

Females

Heart, Cardiomyopathy 1 2 | 6* 2 0 0 8
Submandibular LN, Hyperplasia 0 1 4* 3* 0 0 5
Thymus, Cystic Duci(s) 0 7* 2 2 0 . 1 0
@The unit was in mg/kg/day. *p<0.05 and LN stands for lymph node.
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Conclusion:

At the high dose (10 mg/kg/day) premature death due to drug-induced sustained hypoglycemia
was observed in both sexes. Increases in body weight gain, food consumption and phosphate
concentration were observed in both sexes with a decrease in glucose concentration in the HD
group. Histopathological study indicates that there was an increase in reactive hyperplasia of the
submandibular lymph node in both sexes. The above findings were also confirmed in the
intermediate dose group. The low dose did not produce adverse effects except for increases in
body weight gain and phosphate in males. Thus, NOAEL in rats dosed for 26 weeks appeared to
be 2 mg/kg/day, although the increase in body weight gain and phosphate was noted at the LD
group. Human dose would be 2 mg/kg x 0.2 x 20 = 8 mg/Mz, while that of rat would be 2 mg/kg
x6=12 mg/Mz. Thus, therapeutic exposure ratio would be under 2, based on body surface area
comparison.

Title: Analysis of rhIGF-1 and anti-IGF-1 antibodies in serum after a 26-Week
subcutaneous toxicity study in rats with 8 week recovery period (Section 4.2.3.2.b.7)

1. Purpose: The purpose of this study (#450-724-XFI) was to characterize antibodies after 26- _
week toxicology study in male rats. This study was performed at Kabi Pharmacia, Stockholm,
Sweden under GLP.

2. Methods: Approximately 6-7 weeks old Sprague-Dawley rats (males, 150 g and females, 110
g) of both sexes were used. 30 rats/sex/group were used for the control and HD groups, while 25
rats/sex/group were used for the LD and MD groups. They received IGF-1 subcutaneously daily
at doses of 0, 0.4, and 2, and 10 mg/kg/day for 26 weeks. Five rats/sex from the control and HD
groups were retained after the dosing period for a further 8-week recovery study. Blood samples
were collected from 5 rats/sex/group after 2-hour treatment on Day 1(plasma), Day 4 (serum),
Week 14 (serum) and Week 25(serum), respectively. ’

A competitive radioimmunoassay was used for the determination of IGF-1 and anti-IGF-1
antibody in samples. Immunoglobullins were separated from endogenous IGF-1 and IGFBP by
PEG precipitation. The immunoglobulins precipitate was dissolved and '** I-IGF-1 was added
subsequently for RIA procedures. Anti-IGF-1 antibody titer was calculated by dividing the
sample count per minute (CPM) with the CPM of the positive control serum (rabbit). Samples
yielding a quotient (titer) > 1 were considered anti-IGF-1 positive.

3. Results: A positive antibody titer was found in only one rat in the MD (2 mg/kg/day IGF-1)
group at 26 weeks as shown below. In all rats of both sexes, anti-IGF-1 titers were not
significantly increased (NSI) under the present experimental conditions. The CPM ratios were
4.86 in the positive female rat (#178) in the MD dose group. This is notable since rats treated
with IGF-1:IGFBP-3 displayed significant antibody responses after 3 months of treatment.
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TABLE ni
Resulis of measurement ol anlivodigs to MisF 1 in sewum

26 Week Subcutansous {Bolus) Toxicity Study in Rats wilh 8 Week Recovery Period.
STUDY NO: 450-724-XF1

AHALYTE: Setum anti-iGF-I Dates of analysis 921209-821216/TAVI

Animal Sex Ocose Sampling  Aati-IGF-1 BXFI-No| Sampling Anti-1GF-1 BXFI-No
No malkgiday date titre 1892- dare 1ijee 1992
166 F 2 920529 MSL 5174 920824 NS 5304
167 F 2 920024 NS 5305
168 F 2 920525 MSL 5175 920824 NS 5308
169 F 2 8920624 NS 5307
170 F 2 ) 920824 NSL 5308
171 F 2 820529 MS.L 5176 920824 N.S.4 §309
172 F 2 920024 NSt §310
173 F 2 920824 N.SA 5311
174 F 2 920824 NS 5312
178 F 2 920824 NS 5313
176 F 2 920824 NS 5347
177 F 2 920824 NS 5246
178 F 2 920824 4,86 5349
179 F ? 920824 NS 5350
180 £ 2 920824 N.S.L 5351
181 F 2 920824 NSt 5352
182 F 2 920 23 M5 5177 920824 {5 5353
183 F 2 - 920824 NS4 5354
164 £ 2 920824 NS 5355
185 F 2 920824 NSE 5356
186 F 2 520824 8.4 5357
187 F 2 920824 H.S.L 5358
188 F 2 9720824 N.S.L 5354
189 F 2 920529 RS 5178 920824 NS4 5360
190 F 2 820824 N.S.L 5361

N.S.1= Mot Significantly Increased

wig WA
ARS TS W
g}g ORIGINAL
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L M Y - ND. ND
12 M 0 - ND. ND.
13 M 4] - ND. ND.
14 M 0 - N.D. -
15 M O - ND. -
16 M Q - ND. -
75 F o] - ND. ND.
1 76 F 0 - ND. ND.
77 F C - ND. ND.
78 F o - ND. .
79 F ] - NDO. R
" 80 “F o - ND. .
27 M 0.25 - ND. ND.
2B M 0.25 : - ND. ND.
28 M 0.25 - ND. ND.
.30 M 0.25 - ND. -
‘31 M 0.25 - ND. ¥ .
32 M 0.25 - " ND. -
91 F 0.25 - ND. ND.
92 F 0.25 - ND. ND.
93 F . 0.25 . ND. ND.
94 F 0.25 - ND. .
95 F 0.25 - ND. :
36 F 0.25 - ND. .
Q3 M 2 - ND. ND.
44 Mo 2 - ND. ND.
a5 M 2 - ND. ND.
45 M 2 - ND. -
47 LY 2 - ND. .
48 M 2 - ND. -
107 F 2 - N.D. ND.
108 F 2 - ND. ND.
109 F 2 . NO. ND.
110 F 2 - N.D. -
111 F 2 - ND. -
112 F 2 ~ ND. -
4.0, = not detectable - = no sample taken
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Title: Determination of antibodies against rhIGF-1 in Cynomolgus monkey serum during
repeated iv injection (Section 4.2.3.2.b.11)

1. Purpose: To determine anubodles against yeast derived rh-IGF-1 in serum samples from
Cynomolgus monkeys. This study was conducted at _—
~— /'~ Project#640374).

2. Methods: Groups of monkeys (3 monkeys/sex/group) were given daily for 30 days as
intravenous bolus injection (20 seconds) or as continuous intravenous infusion (120 minutes).
The bolus doses were 0.25 and 0.50 mg/kg/day and the infusion doses were 0.25, 0.50 and 1.00
mg/kg/day. Samples were also obtained from group of recovery animals (2 monkeys/sex/group)
on the 28th day of the treatment-free period. To obtain a negative reference, serum samples were
collected from all animals before treatment. The mean value was 516 cpm with a standard
deviation of 109 cpm. Samples with a cpm level lower than that mean value * 10 standard
deviations are considered not significantly different from the negative reference level and is
reported as not detectable (N.D.).

3. Results: Individual values are given in Table 1. Repeated daily intravenous injections of
rhIGF-1 for four weeks did not result in any antibody development measurable with this method.

APPEARS THIS WAY
ON ORIGINAL
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Animal. no.}Sex A-month |- 1.month treatm. +
i treatm. ! 1 month treatm.-iree
1 M Infusion 0 N.D.
2 M Infusion 0 N.D. -
3 M Infusion 0 ND. ND.
18 F  Infusion 0 N.D. -
19 F Infusion 0 N.D. -
20 F Infusion 0 ND. N.D.
12 M Bolus 0 ND. -
13 M Bolus o] N.D. -
29 F Bolus o] ND. -
30 F Bolus ¢ ND.
4 M infusion 0.25 N.D.
5 M infusion 0.25 ND.
21 F Infusion 0.25 ‘ -
22 F  Infusion 0.25 N.D.
107 M Infusion 0.25 N.D.
14 M Bolus 0.25 N.D. -
i5 M Bolus 0.25 ND.
31 F Bolus 0.25 N.D. -
32 F_ Bolus 0.25 ND.
8 M Infusion 0.5 N.D. -
7 M. Infusion 0.5 N.D. -
& M Infusion 0.5 N.D. N.D.
23 F  Intusion 0.5 N.Q.
c4 F infusion 0.5 N.D.""" :
25 F  infusion 0.5 N.D. N.D.
16 M Bolus 0.5 N.D.
1 17 M Bolus 0.5 ND. -
33 F Bolus 0.5 N.D.
34 F Bolus 0.5 N.D.
g M Infusion 1 N.D. -
HE M Infusion 1 ND. N.D.
26 F  Infusion 1 ND.
27 F Infusion i N.D. -
28 £  Infusion 1 N.D. N.O.

N.D. = Not dgeteclable
. Died on day 3 of the sludy
: Animal no. 10 was treated with img/kg/day during days 1 o 5. _

From day 6 the animal was assigned to the low dose group {0.25mg/kg/day)

Sarriticed on day 22 of the study.
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Title: Recombinant human insulin-like growth factor-1 (rhIGF-1) 26-week subcutaneous
(bolus) toxicity study in cynomolgus monkeys

Study No: = 2roject#643815/Report#7437
Amendment # 080: Vol. #2, and page # 1-348
Conducting laboratory and location: | —
Sponsor: Kabi Pharmacia AB, Stockholm, Sweden
Date of study initiation: May. 1990

GLP compliance: Yes

QA- Report Yes (x) No ()

METHODS:

Species/strain: Cynomolgus monkey

#/sex/group or time point: 5/sex/group; 2/sex for control and HD groups for 8-week recovery

study. '

Dosage groups in administered units: 0, 0.1, 0.3 or 1.0 mg of IGF-1 alone /kg/day for 26 weeks

Route, form, volume, and infusion rate: Subcutaneous (bolus)

Drug, lot#, radiolabel, and % purity: Not available

Formulation/vehicle: Clear, sterile, aqueous solution contammg appropriate amounts of rhIGF-
1, phosphate buffer (10 mM), and sodium chloride (145 mM, pH 5.9).

Observations and times:

- Clinical signs: daily -

Body weights: weekly

Food consumption: Daily

Ophthalmoscopy: pretreatment, during weeks 7, 13 prior to necropsy
EKG: pretreatment, during weeks 7, 13 prior to necropsy
Hematology: pretreatment, during weeks 7, 13 prior to necropsy
Clinical chemistry: pretreatment, during weeks 7, 13 prior to necropsy
Urinalysis: pretreatment, during weeks 7, 13 prior to necropsy

Rectal temperature: pretreatment, during weeks 7, 13 prior to necropsy
Gross pathology: necropsy

Organs weighed: necropsy

Histopathology: necropsy

RESULTS:
Clinical signs and mortality: All HD monkeys except one animal in Weeks 13 and 26 had
hypoglycemic shock, which was reversed by glucose iv. One HD animal was found dead on Day

7, which might be due to drug-induced hypoglycemia.

Body weights: There were significant increases in body weight gain in the HD animals of both
sexes as summarized in a table below.
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Time Dose of rthIGF-1 (mg/kg/day) in Male and Female Monkeys @

in Male Female

week 0 0.1 0.3 1.0 0 0.1 0.3 1.0
0 2.6 2.6 2.6 2.5 2.4 2.3 2.4 24
4 2.5 2.6 2.7 2.7 2.4 24 24 2.6
8 2.6 2.7 2.8 2.9 2.5 . 2.5 2.5 2.7
12 2.7 2.8 2.9 3.0 2.5 2.6 2.6 2.8
16 2.7 2.9 3.0 3.1 2.5 2.6 2.6 2.9
20 2.8 3.0 31 | 33 2.6 2.7 2.7 3.0
24 2.9 3.2 33 3.5 2.6 2.8 2.7 3.0
Mean| 0.2 0.4 0.6 0.9* 0.1 0.3 0.2 0.7*
Gain

@The unit of bodyweight is in kg of 6 to 7 determinations. *p<0.001, compared to the
control.

i

Food consumption: No treatment related changes were observed.

Ophthalmology: There were no treatment related abnormalities.

Electrocardiography: There were no treatment related abnormalities

Rectal temperature: There was a reduction of 0.2 to 0.4°C at 2-4 hours post dose of IGF-1 in the
HD group animals on Day 7 and in Weeks 13 and 26 as indicated below.

Time Dose of thIGF-1 (mg/kg/day) in Male and Female Monkeys @

in Male Female

Week 0 0.1 0.3 1.0 0 0.1 0.3 1.0
(hour)* ,

1 (0) 38.6 38.6 38.8 39.0 39.0 38.9 39.0 38.7

1(4) 38.7 38.6 38.7 35.9. 38.5 38.8 38.7 36.7
7(0) 38.8 38.8 39.1 39.1 38.8 37.8 39.0 38.9
7(4) 38.6 | 38.6 38.9 38.7 38.7 38.8 38.8 38.8
13 (0) 38.9 38.9 39.0 38.9 38.7 38.8 39.1 38.7
13 (4) 38.9 39.0 39.0 36.0 38.6 38.7 38.8 36.4
26 (0) 38.3 38.6 38.5 38.5 38.4 38.5 38.6 38.6
26 (4) 38.7 38.6 38.8 36.8 38.8 39.0 38.6 36.4
@The unit of rectal temperature is centigrade of 5 to 7 determinations. *The numbers in
parentheses indicate hours after drug administration in indicated week.

Hematology: No drug-related hematologic ‘changes were noted after the treatment of IGF-1
alone. -

Clinical chemistry: There were no remarkable drug-treatment related changes except a dose
dependent transient reduction in plasma glucose, which occurred at 2-4 hour post dose.
Urinalysis: Urine volume and creatinine clearance were increased with a reduction in specific
gravity and osmolarity of urine. There were no changes indicative of diuretic effect after the test
article treatment, although fluid intake was increased in both sex at 1 mg/kg groups.
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Organ Weights: There were no treatment related changes in organ weights.
Gross and Histopathology: No drug-related gross or histopathological changes were observed in
macroscopic findings at any dose groups.

Conclusion: It appears that the maximum tolerated dose was 1 mg/kg/day because
hypoglycemic shock was observed at this dose. NOAEL may be at or near 0.3 mg/kg/day in
monkeys treated for 26 weeks, although the drug-induced hypoglycemia was an extension of
drug's pharmacodynamic effects. Human dose would be 2 mg/kg x 0.2 x 20 = 8 mg/M?, while
that of monkey is 0.3 mg/kg x 12 = 3.6 mg/M?. Thus, therapeutic exposure ratio would be under
0.5, based on body surface area comparison.

Analysis of anti-IGF-1 Antibodies in Monkey Serum after Treatment with rhIGF-1 for 26
Weeks

Background:
In this study, analysis of anti-IGF-1 antibodies in monkey serum after treatment with rhIGF-1
for 26 weeks were performed as summarized below. This specific study number was ——

643815-XFI as a part of the main study above. The study was performed at ~—
—

Methods: :

. Five monkeys/sex/group received rhIGF-1 subcutaneous at doses of 0, 0.1, 0.3 or 1.0 mg/kg/day
for 26 weeks. This study included 2 additional monkeys/sex for the control and highdose
groups for an 8-week recovery study. Blood samples were collected into plain tubes from all
animals pretrial and once during Weeks 13 and 26 of the study and on compietion of the
recovery period. The determination of anti-IGF-I antibodies was pérforméd at Quantitative
Immunology, Kabi Pharmacia Peptide Hormones R&D, Stockholm, Sweden.

The immunoglobulins are separated from the endogenous IGF-1 and its binding proteins.by a
polyethylene glycol (PEG) precipitation. Then the immunoglobulin precipitate is dissolved and a
1251 labelled truncated IGF-I tracer is added. Afier overnight incubation antibody-bound tracer
is precipitated by a new addition of PEG-solution. Finally, the radioactivity in the precipitate is
counted and the titer of the serum sample calculated. The anti-IGF-I antibody titer is calculated
by dividing the sample cpm with the cpm of the positive control serum (rabbit). Samples yielding
a quotient (titer) of >1 are considered anti-IGF-I positive. The intra-assay and inter-assay
coefficients of variation for the positive control were 4.7 and 14.6%, respectively.

Results:
Anti-IGF-1 antibodies were detected in one monkey (MD group) out of 34 animals that were

treated with thIGF-1. The data from individual animals in the four groups are summarized in 4
tables. There were relevant data for the recovery study of 8 weeks.
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[SUBJECT SAMPLE - DOSE "TITER
(mghg)

1 Pretrial N.S.I
week 13 0 N.SI
week 26 0 N.S.I

2 " Pretrial " NSI
week 13 0 N.S.I
week 26 () NSI
T3 " Pretrial N.S.I
week 13 0 N.SI
week 26 0 NSI
4 " Pretrial ' N.SI
week 13 o NSI
week 26 0 N.SI
5 :P"revtri‘al ' - N.SI
week 13 0 N.SJ
week 26 0 . NSI
6 Pretrial ' NSI
week 13 0 N.SI
week 26 .0 N.SI
t Recovery N.sI
7 Pretrial N.SI
week 13 0 N.S1I
week 26 Q N.S.1
Recovery NS.I
25 Pretrial " N.SI
“‘re_e__k_ 13 (1] N.SI
week 26 0 N.S.I
it Pretrial NS
week 13 0 NSI
week 26 (i} N.S.I
27 " Pretrial o N.S.I
week 13 1} N.SI
week 26 0 NSI

28 Pretrial o NSI
week 13 0 N.S.I
week 26 0 NSI
29 Pretrial o N.SI
week 13 0 N.S.I
week 26 0 NSI

N.S.I: Not Significantly Increased from the positive control
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"SUBJECT  SAMPLE DOSE "TITER
' i (mg/kg)

30 Pretrial o B " N.SI
week 13 0 N.S.I
week 26 0 NSE
Recovery N.S.I

31 Pretrial ' NSI
week 13 9 NSI
week 26 0 N.S.I
Recovery NSI

8 Pretrial ‘ ~ NSI
week 13 (18] N.S.I
week 26 0,1 N.S.I

9 Pretrial ) N8I
week 13 0,1 N.SI
week 26 0,1 N.SI

0 Pretial - NSI
week 13 0,1 NSI
week 26 Q1 - N8I

11 Pretrial - . NSsI
. week13 01 N.SI
week 26 0,1 NSI
T 12 " Pretria) N.SI |
week13 - 01 NSI
v week 26 0,1 © NSI

32 Pretrial ' ~ NSI

week 13 9,1 " N8I
) week 26 0,1 N.S.I
33 Pretrial . NSI
' week 13 o, NSI
week 26 01 N.S.I
34 Pretrial - ' ~ NSI
week 13 0,1 N.SI

week 26 0,1 © NSI |

35 Pretrial NSI |
week 13 0,1 N.S.1
week 26 0,1 N8I

36 " Pretrial © NSI-

‘ week 13 0,1 N.S.I
week 26 0.1 N.SI

N.S.J: Not Significantly Increased from the positive control
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SUBJECT SAMPLE  DOSE TITER
=gk |

13 Pretrial NSI
week 13 0,3 N.SI

week 26 03 N.SI

14 Pretrial ‘ N.S.I
week 13 ° 03 NSI

week 26 0,3 NS.I

15 Pretrial ' N.S.I
week 13 0,3 NSI

week 26 0,3 NS

16 Pretrial o NS.I
week 13 0,3 N.S.I

week 26 0,3 N.SI

17 Pretrial - NSI
week 13 0.3 N.S.I

week 26 0,3 N.S.I

37 Pretrial o N.S.I
week 13 0,3 N.8I

waek 26 0,3 N.S.1

38 ‘Pretrial ' NSI

) week 13 0,3 NS.I
week 26 0,3 NSI

.39 Pretrial I N.S1

) week 13 0,3 N.SI
week 26 03 N.S.I

40 " Pretrial T N.SI
week 13 0,3 N.SI

week 26 3 2

41 “Pretrial NI

-~ week 13 0,3 N.S1I

week 26 0,3 N.S.I

18 Pretrial ' ‘N.SI
week 13 1,0 NSI

week 26 1,0 NS.I

19 " Pretrial ) N.S.I
week 13 1,0 N.S.1I

" week 26 1,0 NSI

20 Pretrial n ‘NS
week 13 1,0 N.S.1

week 26 1,0 N.ST

N.S.I: Not Significantly Increased from the positive control
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[SUBJECT SAMPLE DOSE  TITER |
. (mghkg) 1
21 S ?ren’iai ' N.S.I )
week 13 1.0 N.SI
week 26 1,0 N8I
22 Pretrial .  NSI
week 13 1,0 N.S.I
week 26 1,0 ‘N.SI
23 Pretrial - NSI
week 13 1,0 N.S.I
week 26 I,Q N.S.I
Recovery N.SI
+24  Pretrial N8I
week 13 10 N.SI
week 26 1,0 N.SI
Recovery NSI .|
42 Pretrial ~ NSI
week 13 1,0 N.SI
. week 26 1,0 N.S.X
' 43 © Pretrial o ’ " N.SI
. week 13 1,0 N.S.I
week 26 1,0 N.SI
44 " Pretrizl ' ~ NSI
week 13 1,0 N.S.I
week 26 1,0 NS.I
45 Pretrial - NSI
wesk 1 1,0 N.S.I
_ week 26 1,0 N.ST
46 " Pretnai - R -N.S.
week 13 1,0 N.S.I
week 26 .10 » *no sample
47 Pretrial ~ NSI
week 13 1.0 . NS.I
week 26 1,0 NS.I
Recovery N.SI
48 Pretrial . ‘NSI
week 13 1,0 N.S.I
week 26 1,0 N.SI
Recovery N.SI

N.S.I: Not Significantly Increased from the positive control
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2.6.6.4. GENOTOXIC STUDY

Title: Study to evaluate the chromosome damaging potential of recombinant Human IGF-
1 by its effects on cultured human lymphocytes using an in vitro cytogenetic assay (Section
4.2.3.3.b.1)

1. Purpose: To evaluate the clastogenic potential of recombinant human IGF-1 by examining its
effects on the chromosomes of the lymphocytes of a single human donor. Testing facility: This
study {# — (O/HLC(1)} was carried at _—

= —_— ) a under GLP.
2. Methods: Cultured human lymphocytes were incubated with rhIGF-1 (Batch#50528R) at final
concentrations of 104, 160, 245, 377, 580, 893, 1373, 2113, 3250 and 5000 pg/ml in the
presence and absence of S-9. Based on preliminary experiments, the sponsor selected 5000
pg/ml as the top dose. The positive control agents were methylmethanesulfonate (75 and 100
ug/ml as final concentration) and cyclophosphamide (12.5 and 25 pg/ml as final concentration).
Metabolic activation system (S-9 fraction) was obtained from male Wistar rats, which were
~ treated with Aroclor 1254.

A single female donor (who was not suspected of any virus infection nor had been exposed to
high levels of radiation or hazardous chemicals) was used. Approximately 30 ml of the
peripheral blood was drawn on the day before culture initiation. After completion of scoring and
decoding of each slide the cells were divided into one of three categories: 1) cells with structural
aberrations including gaps, 2) cells with structural aberrations excluding gaps, and 3) polyploidy,
endoreduplicated and hyperdiploid cells.

3. Results:

In duplicate control 100 cells there were 5 cells that have chromosomal aberrations with gaps.
IGF-1 doses of 2113, 3250 and 5000 png/ml did not increase significantly the numbers of cells
that had aberrations including and excluding gaps. Structural aberrations observed both in the
absence and presence of S-9 are summarized in Tables 1 and 2. Both methylmethanesulfonate
(MMS, 100 pg/ml) and cyclophosphamide (CPA, 25 pg/ml) significantly increased the number
of positive cells that have aberrations including and excluding gaps in both the absence and
presence of S-9. ;

4. Conclusion: It appears that rh-IGF-1 was not able to induce structural chromosome
aberrations in human lymphocytes in the absence or presence of rat liver S-9.
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TABLE 1

Data for IGF-1 in the absence of S5-9

cells with structural aberrations

bonor sex: FEMALE

nrféatment'» ﬁeplicaté "No.of No of éélls_- ﬁé of éellé signifi-] Mitotiec
~ cells -} with abs. with abs. cance + Index
scored § inc. gaps ex. gaps
A 100 0 0 4.9
Solvent B 100 5 1 3.1
Totals A+B 200 s} 1 1.0
- A 100 2 f§ 0 3.9
2113 pg/mlf ; - e . .
‘ B 100 a 9 3.3
Totals A+B 200 6 0 ns § 3.6
S Y 100 8 0 3.5
3250 ng/ml - : :
' | B 100 9 1 1.2
o | rotals A+B 200 17 K Ns 1 4.4
' A 100 5 o b s.s

{5000 npg/fml - : :

' B 100 5 1 1.7
Totals A+B 200 10 1 NS 4.6
o A 25 12 12 o

100 ug/ml — — —— —

MMS B 23 13 12
" Totals A+B 50 25 24 ND

+ Statistical significance (Appendix 5)

Numbers in bold typetaaé

{Appendix 6).

NS
ND

Hon

not significant
not determined

St L ekl Ane

APPEARS THIS WAy
OM ORIGINAL

103

exdeed historical negative control ranges




104 Reviewer: Rhee. Hee M. NDA No.21-884

TABLE 2 '
Data for IGF-1 in the presence of S-8
Cells with structural aberrations
bonor sex: FEMALE : .
reestnent | sechicate | Ho,0f | Moot el | INENT S MRS
scored | inc. gaps ex. gaps o
» | w0 | o 0 N 2.0
Solvent | B w00 | 1 o Y
Totals ' A+B 200 1 i 0o . 3.8
' A | 100 3 v I EXE
2113 pg/fml 71 00 3 . —— -
Totals | A+B | 200 6 1 NS f 3.t
' A 100 1 1 3.9
3250 pa/ml T 100 7 3 ) 2.5
> | Totals aB | 200 | 1 p <0.05 | 3.1
b a wo [ 3 } n i 3.3
|3000 va/my B w0 6 i R o 2.5
Totals | A+B | 200 9 2 NS 2.9
. A 25 Y o ' ' o
™ s s | n 1 s
J Tatals B | sa § 25 I ND
+ Statistical significance (Appendix 5)
Numbers in bold typeface exceed hiétogical negative contrél ranges

{Appendix 6).

NS
ND

not significant
not determined

Title: Study to evaluate the chromosome damaging potential of recombinant Human IGF-1

by its effects on human peripheral blood lymphocytes using an in vitro cytogenetic assay
4.2.3.3.b.2)

1. Purpose: To evaluate the clastogenic potential of recombinant human IGF-1 by examining its
effects on the chromosomes of the lymphocytes of a single human donor. Testing facility: This
study {# — (O/HLC(2)} was carried at ~ —

— +under GLP.
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2. Methods: Cultured human lymphocytes were incubated with rhIGF-1 (Batch#53728) at final
concentrations of 588, 840, 1201, 1715, 2450, 3500, and 5000 pg/ml in the presence and absence
of S-9. Based on preliminary experiments, the sponsor selected 5000 pg/ml as the top dose. The
positive control agents were methylmethanesulfonate (12.5, 25 and 50 pg/ml as final
concentrations) and cyclophosphamide (12.5 and 25 pg/ml as final concentrations). Metabolic
activation system (S-9 fraction) was obtained from male Wistar rats, which were treated with
Recolor 1254.

A single female donor (who was not suspected of any virus infection nor had been exposed to
high levels of radiation or hazardous chemicals) was used. Approximately 60 ml of the
peripheral blood was drawn on the day before culture initiation. After completion of scoring and
decoding of each slide the cells were divided into one of three categories: 1) cells with structural
aberrations including gaps, 2) cells with structural aberrations excluding gaps, and 3) polyploidy,
endoreduplicated and hyperdiploid cells.

3. Results: In duplicate control. 100 cells there were no cells that had chromosomal aberrations
with and excluding gaps. IGF-1 at doses 2450, 3500, and 5000 pg/ml did not increase
significantly the numbers of cells that had aberrations including and excluding gaps (Table 1).
Methylmethanesulfonate (MMS, 50 pg/ml) significantly increased the number of positive cells
that have aberrations including and excluding gaps in the absence of S-9. In the presence of S-9
fraction cell numbers in the control increased to 3 cells that had aberrations including gaps
(Table 2). The positive cell numbers did not increase = significantly in the presence of any doses
of IGF-1.

4. Conclusion: It appears that rth-IGF-1 was not able to induce structural chromosome
aberrations in human peripheral blood lymphocytes in the absence or presence of rat liver S-9.

APPEARS THIS WAY
ON ORIGINAL
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Meta ig in vitro - )
TABLE 1

Data for IGF-1 in the absence of S-9

Cells with structural aberrations, 20 hour sampling time:

ponor sex: Female

Treatment | Replicgate | No of No of cells [ No of cells Signifi-] Mitotic
cells with abs. with abs. cance + Index
scored | inc. gaps | excl. gaps ’ {mean)

A 100 0 0 9.6

Solvent "B 100 - 0 0 .10.1

Totals | 200 0 0 {9.9).
A 100 1 1 0 7.6
2450 ug/ml
] B 100 1 0 8.6
Totals 200 2 0 NS (8.1)
A 100 4 0 5.3
3500 pg/ml . - :
B 100 3 2 6.7
Totals 200 7 | 2- ‘NS (6.0)
A 100 2 1 5.2
5000 pg/ml . —
Totals 200 S 1 NS .} (5.3)
A 25 17 R
50 ug/ml - ;
MMS B 25 18 186
_Totals so0 | 35 31 ND

+ Statistical significance (Appendix 5a)

NS
ND

not significant
not determined

Numbers in bold typeface exceed historical negative control ranges
(Appendix 6).

APPEARS THIS WAY
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Meta is_in vitro
TABLE 2
Data for IGF-1 in the presence of S-9
Cells with structural aberrations, 20 hour sampling time:

Donor sex: Female

Treatment | Replicate | No of No of cells | No of cells Signifi-§ Mitotic
. cells with abs. with abs. cance + Index
scored } inc. gaps excl. gaps (mean}
A 100 1 1 3.9
Solvent B 100 2 0 3.1
Totals 200 3 ' 1 (3.5).
A 100 0 0 B.6
2450 ug/ml -
B 100 1 0 4.7
Totals 200 1 0 NS {6.6)
A 100 0 -0 7.1
3500 pg/ml :
. B _ 100§ 1 1 8.1
’ Totals 200 R 1 NS (1.6)
A 100 0 1] 7.8
5000 ug/ml
B 100 3. 0 6.2
Totals 200 3 0 NS (7.0)
A 25 7 ]
12.5 pg/ml
CPA B 25 9 8
Totals 50 16 12 ND

+ Statistical significance (Appendix 5a)

NS = not significant
ND = not determined

Numbers in bold typeface exceed historical negative control ranges

(Appendix 6).

APPEARS THIS WAY
ON ORIGINAL
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Title: Study to evaluate the chromosome damaging potential of recombinant Human IGF-
1 by its effects on rat peripheral blood lymphocytes treated in vivo and cultured in vitro
(Section 4.2.3.3.b.3)

1. Purpose: To evaluate the clastogenic potential of recombinant human IGF-1 by examining its

effects on the chromosomes of rat peripheral blood lymphocytes treated in vivo and cultured in

vitro. Testing facility: This study (# 10" .— wascarriedat™ — ,
_— . for Kabi Pharmacia, Stockholm, Sweden under

- . -

GLP.

2. Methods: Ten-week old Sprague Dawley CD rats/sex (male 320 g; female 231 g) were given
rh-IGF-1 (Batch#63242-51) subcutaneously at doses of 0, 5, 10, and 20 mg/kg IGF-1 or 20
mg/kg cyclophosphamide as a positive control(5/sex). The rats were bled by cardiac puncture
approximately 6 hours after the treatment. Approximately 4 mls of blood or phosphate buffer in
saline as a control were processed. Two and a half hours prior to harvest, colchicine was added
to give a final concentration of approximately 1 pg/ml to arrest dividing cells in metaphase.
Lymphocytes were kept in fixative in the refrigerator before slides were prepared but slides were
not made on the day of harvest to ensure cells were adequately fixed.

After completion of scoring and decoding of each slide the cells were divided into one of three
categories: 1) cells with structural aberrations including gaps, 2) cells with structural aberrations
excluding gaps, and 3) polyploidy, endoreduplicated and hyperdiploid cells. The assay was
considered valid if the following criteria were met:

1) at least 8 animals out of each group of 10 (excluding positive controls) were available for
analysis

2) the positive control chemical induced a clear and statistically significant increase in the
incidence of cells with structural aberrations.

The test chemical was to be considered as clearly positive in this assay if statistically significant
increases in the proportion of cells with structural aberrations occurred at one (or more)
concentration. Increased incidences of gaps or increased number of structural aberrations not
exceeding the normal range or occurring only at very high or very toxic concentrations were
likely to be concluded as "equivocal” or "probably of no biological importance”. Cells with
exchange aberrations or cells with greater than one aberration occur very infrequently in negative
control cultures. Their appearance was therefore to be considered biologically significant.

3. Results: Mitotic indices of cultures from animals receiving negative control or IGF-1 at doses
of 5, 10 and 20 mg/kg were not significantly different in males or females as shown below.

Chromosome aberration analysis shows that there were 11 cells that have chromosomal
aberrations including gaps in the control males. Seven cells with aberrations excluding gaps were
observed in males. In females, the positive cell numbers were significantly reduced, compared
to the males. IGF-1 at a dose of 20 mg/kg did not change the numbers of cells, although the total
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cells scored were comparable (Table 1). Animals that received cyclophosphamide (20 mg/kg)
had significantly (P<0.001) higher cells with aberrations with or without gaps.

Statistical analysis of aberration data from the cells with structural aberrations excluding gaps in
the vehicle, rh-IGF-1 or cyclophosphamide treatment groups were summarized in Appendix 4
below. It is safe to conclude that recombinant human IGF-1 given subcutaneously at a dose level
of 20 mg/kg was not able to induce chromosome aberrations in rat peripheral blood lymphocytes
treated in vivo and cultured in vitro.

Mitotic index determinations were as _follow.s:

Negative -
controls 5 _mg/kg 10 mg/kg 20 ma/kg
Animal ® MI{¥) Animal ¥ MI(Y) Animal @ MI(%) Animal @ MI(})
1131 4.8 1125 4.0 1116 6.4 1132 1.6
115 5.2 1123 3.4 1117 0.2 1111 3.8
Males 1128 8.0 1133 4.0 1118 2.8 1129 3.6
1134 3.8 1121 10.0 1119 8.6 1113 4.0
1114 5.2 1122 5.4 1112 3.4 1124 1.4
1181 4.2 1144 3.4 1157 2.2 1142 4.4
1137 1.6 1155 5.4 1149 2.4 1146 5.0
Females 1138 4.2 1145 3.8 1160 4.8 1151 3.8
1153 4.0 1139 3.0 1140 1.8 1136 5.4
1150 3.0 1156 5.8 1148 2.0 1143 5.8
Mean- 14 g8 3.5 39
ON ORIGINAL
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TABLE 1 .
Summary of test chemical, pogitive and vehicle éontrol.data

Kill time: 6 hours

Treatment Sex Cells Cells with Cells Signifi-} Mitotic
scored } abs. inc. with abs. cance + Index
gaps excl. gaps (Mean)
M 500 11 7 5.4
Vehicle F 499 3 1 3.4
Totals 999 14 8 ] 4.4
M 500 11 5 2.9
20 mg/kg
rhIGF-1 F 500 7 4 4.9
Totals 1000 18 9 . NS 3.9
M 283 2833 .80
20 mg/kg 1
‘L CPA F { 315 §82% 76
Totals 658 165 156 p s0.001

+ Statistical significance (Appandix 4)

NS = not significant )

Numbers highlighted exceed historical negative control ranges (Appendix 5)
See Appendix 1 for abbreviations

APPEARS THIS WAY
ON ORIGINAL
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APPENDIX 4

is analysis of rration dat

Cells with structural aberrations excluding qaps

Treatment Cells Aberrant| Prop- Heterogeneity Contingency
(mg/kg} cells ortion - x* x?

Vehicle 999 | 8 | 0.008

rhIGF-1, 20| 1000 ‘ 9 0.009 12.22 0.002, NS

CPa, 20 ] 658 156 0.237 R 15.194, p s0.00%

NS = not significant

Title: Gene Mutation test in bacteria: rh-IGF-1(4.2.3.3.b.4)

1. Purpose: To evaluate the genotoxic potential of th-IGF-1 (Batch# 11768-51) by a gene
mutation assay (reverse mutation). This study (N440-Q1408) was conducted at Pharmacia Spa,
Toxicology and Safety Assessmen’ , _ . under OECD guidance for
Biopharmaceuticals.

2. Materials and Methods:

The mutagenesis study wad conducted according to protocol# 440M-Q1408 dated 2/9/1995
according to EEC Directive 92/69 (1992) and Japanese Guidelines for Toxicity Studies of Drugs
(1989) and GLP regulations. The rhIGF-1 batch was provided as a 10 mg/mL solution, which
was diluted with 10 mM phosphate buffer before the test. The test article was checked for any
antibacterial effect at the various concentrations, with or without metabolic activation. The
background lawn of the control plates was compared with that of the plates containing the test
article at different concentrations. Any concentrations giving a definite reduction (at least 50%)
in the background lawn compared with the control were considered toxic.

Liver homogenate fraction (S9) was prepared from Crl: CD(SD)BR male rats that were given a
single intraperitoneal injection of 500 mg/kg of Aroclor 1254. On the fifth day of induction, the
rats were sacrificed to prepare the fraction in metabolic activation mixture. The negative control
agent that was used for rhIGF-1 placebo was 10 mM phosphate butter (Batch# DSQ274). The
list of positive control agents were:
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Positive controls ’ Supplier Lot
2-nitrofluorene (2-NF) 03364
9-aminoacridine (9-AA) 84C-0189
2-aminoanthracene (2-AAN) A3880-0
2-acetylaminofluorene (2-AAF) 030478
Benzo(a)pyrene (B(a)P) . 101847
Sodium azide (SA) -
Methyl methanesulfonate (MMS) JA07267
The following strains of Salmonella typhimurium, auxotrophic for histidine, were
obtained from —_—
STRAIN MUTATION IN THE HISTIDINE OPERON OTHER
CHARACTERISTICS
TA 1535 missense® muctation in the his G gene rfa osuvrB
TA 100 like TA 1535 - . rfa AuvrB pKM 101
TA 1537 frameshift®® mutation. in the his C gene rfa AuvrB

TA 98 frameshift®® mutation in the his D gene rfa AuvrB pkM 101

The following strain of Escherichia coli, auxotrophic for tryptophan, was obtained from

S

STRAIN MUTATION IN THE.TRYPTOPHAN OPERON. OTHER

CHARACTERISTICS
wP2uvrl. wissense® mutation in :he':rp E gene AuvrA

3. Results: Mutagenic activity was tested with control (placebo) and positive agents in the
presence of metabolic activation with a series of rh-IGF-1 dilution (Tables 1 and 2). The two
tables show triplicate assay of 4 strains of S. typhimurium and one strain of E. coli. IGF-1 at
concentrations up to 2000 ng/plate did not increase revertants in all strains. However, the
positive agents increased significantly them, which indicate the tester strains responded. The
second experiments under similar conditions confirmed the accuracy of the first experiment
(Tables 5 and 6). ' '

4. Summary and Conclusion: rhIGF-I was tested in the pre-incubation test at concentrations
between 125 and 2000 pg/plate, with and without metabolic activation, on four S. typhimurium
strains. TA 1535, TA 1537, TA 98 and TA 100 and the WP2 uvrA strain of E. coli. rhIGF-1I did
not induce statistically significant increases in the mean number of revertants/plate, at any of the
concentrations tested with and without metabolic activation. Positive agents, however, increased
the revertants significantly, which indicates the validity of assay systems. It is safe to conclude
that the IGF-1 batch was not genotoxic in vitro test systems.
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TABLE 1 - - Direct mucagenlc ac-1v1ty of rhIGF I zn 4 stralns of '
imu m and 1 strain of i
Revercants/plate after 48h at 37°C.
First experiment (440M-Q1408)
S. typhimugivm E_Coli
Compound ﬂg/plate TA 1535 TA 1537 TA 98 TA 100 WP2 uvrA
Control - 23 9 60 106 30
(Placebo} 23 - 17 46 85 31
18 17 40 B9 23
25 22 42 112 21
25 12 48 122 26
18 18 53 113 27
rhIGF-I 125.00 26 20 52 122 26
18 9 55 111 14
26 19 49 83 22
250.00 19 11 40 104 11
26 9 40 104 20
22 16 - 87 105 13
500.00 20 18 52 89 22
19 15 48 99 23
19 11 44 111 24
1000.00 20 . 12 39 99 21
27 16 34 89 27
3 . 27 - 12 47 92 21
2000.00 20 7 34 88 11
25 8 42 88 25
L 26 7 33 83 24
SA 5.00 1588 1343
1579 1265
1793 1361
9-AA 70.00 1430
1621
1713
2-NF 10.00 567
716
702
MMS 2.50 502
{(pL/pl.) 454
. 487
APPEARS THIS waY

Of GRIGINAL
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TABLE 2 - Mutagenic activity with metabolic activation of rhIGF-I'in |
4 strains of S 3} i i and 1 strain of i
Escherichia ¢oli. Revertants/plate after 48h at 37°C. '
First experiment (440M-Q1408) |
S. typhimyrium E. Colj i
Compound  ug/plate TA 1535 TA 1537 TA 98 TA 100 WP2 uvrA !
- i
Control - 15 19 42 81 26 1
{Placebo) 30 11 42 - 93 28
26 14 48 94 25
11 14 37 114 33
29 1S 57 105 31
15 13 48 118 24
rhiGF-1 125.00 13 19 45 106 45
24 18 41 122 42
27 13 42 106 25
250.00 18 14 44 81 24
19 18 46 100 29
13 17 51 93 24
500.00 24 16 _ 53 101 35
15 15 37 88 34
24 17 47 104 27
1000.00 15 | 14 46 108 39
22 9 57 121 34
19 - 18 38 93 29
2000.00 19 15 39 102 31
17 17 40 8s 3
23 11 53 _ 88 35
2-AAN . S.00 241 212 2417
236 212 2604
249 205 2692
2-AAN © 10.00 - 3105 527
2934 458
2823 468
Bl{a)P 5.00 301 368
242 348
- 397 363
2-AAF 50.00 1613
. 1449
1428

APPEARS THIC WAY

FARE R TP LR s
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APPLA. . IS WAY
OK CitiGINAL

TABLE 5 - Direct mutagenic activity of rhIGF-I in 4 strains of Salmgnella
typhimprium and 1 strain of Escherichia coli. Revercants/place
after 48h at 37°C.

Second experiment {(440M-Q1408)

S, typhimyrium E. Coli
Compound  pg/plate TA 1535 -TA 1537 TA 98 TA 100 WP2 uvrA

Control - : 20 16 29 99 27

(Placebo) 11 8 30 101 29
13 12 41 113 40
9 12 40 103 27
12 .14 33 94 34
9 13 39 104 35
rhIGF-1I 125.00 13 8 40 94 3s
8 15 41 105 31
12 12 23 112 46
250.00 16 9 31 119 34
9 13 39 108 36
14 9 44 95 36
500.00 8 13 41 84 45
9 15 32 106 34
14 . 9 43 108 37
~ 1000.00 13 11 27 110 34
- N 12 12 30 107 42
9 9 45 99 29
2000.00 12 9 - 41 107 34
9 13 38 96 24
14 14 38 88 26
SA 5.00 1304 . . . 1009
1458 1054
1476 1134
S-RA 7G.63 1157
1133
1299
2-NF 10.00 645
584
. 837
\v
MMS 2.50 _ 417
(uL/pl.) 457
) 436
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TABLE 6 - Mutagenic activity with metabolic activation of rhIGF-1 i= 4
strains of Salmonella typhimurium and 1 strain cf Escherighia

coli. Revertants/plate after 48h at 37°C. Second experiment
(440M~Q1408) :

§. typhimurive E i
Compound pg/plate TA 1535 TA 1537 TA 98 TA 100 AP2 uvrA
Control - 16 18 48 117 24
{Placebo) 12 18 36 102 34
: 13 16 38 115 29
12 15 40 93 25
14 19 48 92 37
15 12 48 121 29
rhIGF-I 125.00 17 14 36 118 27
8 17 44 - 92 53
13 17 39 99 37
250.00 9 12 37 107 27
' 17 17 31 124 30
13 14 43 101 3s
500.00 12 12 37 112 33
14 . 16 40 124 39
12 16 41 106 25
T * 1000.00 14 12 36 94 41
12 11 36 112 3o
13 - 13 42 106 36
2000.00 18 14 45 105 22
12 13 38 101 30
15 12 a0 125 26
2-AAN 5.00 198 200 2618
213 189 2477
209 192 2553
2-AAN 10.00 2751 555
2868 666
) 2889 636
B(a)P 5.00 251 364
: 287 356
325 410
2-AAF 50.00 1320 '
1314
1525

2.6.6.5 Carcinogenicity (Section 4.2.3.4)

The carcinogenic potential of rhIGF-VrhIGFBP-3 has not been evaluated in 2-year rodent
bioassays. In mouse 3T3 fibroblasts, rhIGF-I was shown to increase mitogenic activity in a dose-
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dependent manner. Two non-clinical studies to determine the mitogenic potential of the active
moiety, thIGF-I were conducted by Pharmacia and are presented in Section 4.2.3.4.b.1 and 2
below.

Title: Study of the effect of rhGH and IGF-1 on the growth of primary tumor and lung
metastases from Lewis Lung carcinoma (Section 4.2.3.4.b.1)

1. Purpose: To determine the effects of repeated administration (s.c.) of rhGH and rhIGF-1 on
the growth of murine Lewis Lung carcinoma that were implanted intramuscularly. In addition,
the sponsor also wished to evaluate effects of thGH and rhIGF-1 on the number of spontaneous
metastases from the primary tumor.

Document: Source: Volume 16: Pages 1-26/Pharmacia document 95 50 179

Testing Facility: This study (9550179) was conducted at Pharmacia Spa, Toxicology and Safety
Assessment ¢ S » - under OECD guidance for B§6pharmaceuticals, Stockholm,
Sweden.

2. Materials and Methods: The followings are the list of drug compounds with specific batch
numbers that were used on indicated experimental date. :

Compound Batch Exp.date
rhGH (Genotropin): 41U 56697-51 01/01/96
Placebo for rhGH 41U 42551-51 01/01/96
rhIGF-1(2mg/ml) 59114B51  01/11/95

Placebo for rh IGF-1(5mg/ml) DSQ260 01/12/95

Murine Lewis Lung carcinoma was maintained by serial s.c. passages every 15 days in C57BL
mice. Cells were prepared as single cell suspensions from solid tumors by mincing and treatment
with 0.25% trypsin. Cell viability was examined by trypan blue exclusion and the concentration
adjusted to 10° cells/mL. Tumor cells (0.1 mL/mouse) were injected intramuscularly in the right
leg of 3-4 weeks old female C57BL mice (body weight: 20-23 g). Mice bearing Lewis Lung
murine carcinoma (17- 19 mice/group) received daily s.c. administration of either control saline,
rhGH or rhIGF-1 placebo and rhGH or rh-IGF-1 for 17 days as shown below.

Group Treatment Dose

2 rhGH Placebo

3 rhIGF-1 Placebo

4 rhGH 0.4 1U/kg
5 rhGH 2 1U/kg
6 rhGH 10 TU/kg
7 rhIGF-1 0.4 mg/kg
8 rhIGF-1 2 mg/kg
9 rhIGF-1 10 mg/kg
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3. Results:

Effects of three doses of th-GH on tumor weight and metastasis are summarized in Table 7.1
below. The table also presents the number of mice died during the treatment based on total
number of mice at the beginning. No animal died in the saline control group. One or two mice
died in other groups. Growth hormone at doses of 0.4, 2, or 10 IU/kg had no effects on tumor
weight or median metastasis number. In Table 7.2 the effects of rh-IGF-1 were analyzed on Day
17 as the case of Growth Hormone. There were one and two mice died in place and 10 mg/kg
group, respectively. IGF-1 did not increase either tumor weight nor median metastasis numbers.

A post-mortem examination was carried out on mice killed terminally and those which were
found dead during the study. In most mice, including those receiving the placebo, the primary
tumor appeared as a firm grayish mass in the left thigh. The size was 20 to 30 mm in diameter
and was well encapsulated. The masses frequently had a soft center, with transparent fluid
oozing from the cut surface. A moderate enlargement of the spleen was observed in most mice,
irrespective of the differences in treatment. This finding was considered to be a reactive change,
secondary to the presence of the tumor. No treatment-related changes were seen in the remaining
organs examined. In particular, no metastases of the primary tumor were seen in organs other
than the lungs.

APPEARS THIS WAY
ON ORIGINAL
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7.1 Effect of rhGH on Lewis Lung carcinoma
GROUPS Tumor weight | Median metastasis |  N° mice dead
~.at day YT @ESD) | number (range) - | -  during the

R (I - .} treatment/Total

SRR " | number of mice
Saline 3.99+0.51 14(1-31) 0/17
Placebo rhGH 34095 13(4-40) 218
rhGH 0.4 Ul/kg 36208 11(0-38) 117
2 361+1.66 7(0-74) 1118
10 376+ 118 9(1-40) 119

7.2 Effect of rhIGF on Lewis Lung carcinoma

.GROUPS § Tumorweight " '| Median metastasis N° mice dead
- |- atday17SD) | number(range) _ during the

. (er) ' .| treatment/Total

‘ L -} mumber of mice
Saline 3.9940.5] 14(1-31) 017
Placebo rhIGF 334+ 075 8(2-24) 1/18
rhIGF 0.4 mg/kg 36+08 9(2-64) 018
2 361+ 1.66 7.5(2-13) 016
10 376+ 1.18 10(1-40) 2117

Title: Study of the effect of rhGH and IGF-1 on the growth of HT-29 human colon
carcinoma implanted in nude mice (Section 4.2.3.4.b.2)

Source: Volume 16: Pages 1-45/Pharmacia document 95 50 177

1. Purpose: To determine the effects of repeated administration (s.c.) of rhGH and rhIGE-1 on
the growth of human colon adenocarcinoma (HT-29) that was implanted into athymic mice HT-
29. The sponsor selected implanted athymic mice tumor model because HT-29 cells produce
IGF-1in vitro, proliferate in the presence of IGF-1, express IGF-I receptors and their growth is
inhibited by the treatment with antibodies against IGF-1 receptors.
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Testing Facility: This study (9550177) was conducted at Pharmacia Spa, Toxicology and Safety
Assessment — _ ) under OECD guidance for Biopharmaceuticals.

Materials and Methods: For in vivo studies, the following drugs were used as indicated batches
and date.

Drug Batch Date

rhGH: 41U BATCH: 51884-51 EXP 1995-02-01
Placebo for rhGH BATCH: 76492-51 EXP 1995-03-01
rhIGF-1: 2 mg/ml BATCH: 59114B51 EXP 1995-11-01
Placebo for rhIGF-1 BATCH: DSO 260 EXP 1995-12-0.1

Tumors were excised and fragments (2x2 mm) implanted s.c. into the left flank of male Swiss
CD-1 mice. The mice were 4 to 6 weeks old weighing 20-25g were employed, of which colony
is routinely tested for the absence of antibodies to a panel of pathogens including mouse hepatitis
and Sendai virus. Tumor growth was evaluated on Days 4, 9, 12, 17, 20, and 25 from tumor
implant. Mean tumor growth was estimated by the following formula: (d*x D) /2 here d=minor
tumor diameter while D = major tumor diameter). Tumor growth (%) was calculated according
to the following formula: 100 x (mean tumor weight of treated group)/(mean tumor weight of
control group). The study was designed as presented below.

Groups Treatment Dose Animal Numbers
1 Saline 1-2

2 rhGH Placebo 13-24

3 rhGH 0.4 IU/Kg 25-36

4 rhGH 2 TU/Kg 37-48

5 rhGH 10 TU/Kg 49-60

6 rh IGF-1 Placebo 61-72

7 rh IGF-1 0.4 mg/kg 73-84

8 rh IGF-] 2  mglkg 85-96

9 rh IGF-1 10 mg/kg 97-108

Results: Mean tumor weights of HT-29 human colon carcinoma in control group were increased
as a function of days after tumor implantation as shown in Table 6.1 below. thGH placebo and
thGH at doses of 0.4, 2 and 10 IU/kg did not change significantly the rate of tumor growth. Rh-
IGF-1 at doses of 0.4, 2, and 10 mg/kg also had no significant effect on mean tumor weight of.
HT 29 Human colon carcinoma (Table 6.2). Thus, the reviewer is in agreement with the sponsor
who concluded that both thGH and rhIGF-1 had no effect on HT human colon carcinoma in
athymic mice. However, in this study the sponsor did not test the combination of the two
hormones or IGF-1BP.
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- day 4 __dy9 __dey12 day 17 day 20 | day 25

1 Saline 0.07£0 0123003 | 0194006 | 034£013 | 0534024 |078£028

2 PlaceborhGH | 007+002 | 011002 017004 | 0312007 | 045014 0652015
§ |3 moH 04 uKg | 007 £00 0.11  0.03 0.18 + 0.06 033 + 0.12 | 048 £0.17 |0.67£026
Clamon 2 kg | 007x002 0.11 + 0.03 019£006 | 030 £009 ) 0462017 |066+022

S GH 10 TUKg | 0074002 | 012 005 018+ 008 [ 0312013 | 048024 |0.68+034

Tumor fragments were implanted s.c. onday 0 Treatment was performed s.c. daily fromdey 4 to day 18
1)12 mice/ group
2) Tumor weight d*x D/2 % SD

Table 6.2 HT29 Human Colen Carcinoma ; treatment with IGF1

‘ GROUP? __ MEAN TUMOR i _Mﬂ
day 4 day§ . aviz - | day17 day 20 | day 25
| Saline - 00750 0.12  0.03 0.19 £ 0.06 034 £ 013 | 053+ 02¢ |078£028
6 Placeba 1GF1 0.07% 0.02 0.12 & 004 0,18 + 067 033 £ 016 | 045 2073 | 0802045
7 1GF1_0.4 mg/Kg 0.07 £0.02 0,12 = 0.04 0,17 £ 005 0.30 £ 009 | 050 3016 (0702034
§ 1GF1 2 mgKg 0.07 £0.2 0.11 £ 0,93 0.17 2 008 832 & 0.21 (.47 £0.31 0.63 =334
9 IGF] 10 ma/Ke 0.07 2002 043 = 0.05 0.18 = 0.08 03 £01 | v47 203 |ae7s03

Tumor Dagments were implanted s.c ondey 2 Treatment wes performed s.c, daily fromiday 4 today 18
1) 12 mice/ group
2y Tumorweight ¢*x D72 = SD

Reproductive and development toxicity (Section 4.2.3.5)

No studies to determine the reproductive and developmental toxicity potential with rhIGF-
1/IGFBP-3 have been conducted. The following 5 studies were conducted by Pharmacia to
determine the reproductive and developmental toxicity potential of rhIGF-1 alone.

Title: rhIGF-1: Study on fertility and pre- and post-natal development in the rat (Section
4.2.3.5.b.2)

Study Nr.: — 026 and 93, — .026/0560
Documents: Vol. 17, pages 1-116

Purpose: To assess the effects of subcutaneous administration of thIGF-1 upon the reproductive

performance of male and female rats. An additional objective of this study is to find the suitable
doses for use in main fertility and peri- and post-natal studies.
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Methods: Approximately 9 to 11 weeks old virgin male and female Sprague Dawley rats (337 to
402 g for males and 213 to 275 g for females) were used. Five rats/sex/group were acclimated
prior to mating on Day 1. Males were terminated on Day 5 while the females were sacrificed on
Day 17 post coitum. Different group of females were maintained till Day 4 post partum. The
batch of placebo and rhIGF-1 were DsQ 188 and 52827-5, respectively. ‘Control (5 males and 15
females) group received placebo. Three treated group (5 males and 15 females) received rhIGF-1
subcutaneously at doses of 0.4, 2 and 10 mg/kg/day for 15 days.

Observation: Parental:

Clinical Signs: Daily _ .

Body weight: Males were weighted at twice weekly. Females were weighed twice weekly until
mating was detected, on Days 0, 3, 6, 10, 14, 17 and 20 post coitum and on Days 1 and 4 post
partum.

Food consumption: Weekly

Assessment of reproductive performance:

On the fifteenth day of treatment, males and the five females were paired on a one-to-one basis.
Each mooring following pairing, a vaginal smear was prepared from each female and examined
- for the presence of spermatozoa. The day on which evidence of mating was found was
designated Day O of gestation. All females that were paired with treated males with different
doses of IGF-1.

Maternal examination: On Day 14 after mating the females were killed and examined
macroscopically for evidence of any potential effects of treatment.

Post-natal phase: The remaining females in each group were allowed to deliver their young and
rear their offspring till Day 4 post partum. All offspring were observed on Day 1 for live (or
dead), sexes and bodyweights of live offspring.

Terminal observations: Males were killed following successful mating to examine the
reproductive organs, which were weighed and retained. For females and litters, on Day 4 post
partum, females were killed for macroscopic examination and the number of implantation sites in
dams. :

Results:
Clinical signs and mortality: No animals died and there were no remarkable treatment-related
signs or appearances.

Body weight: Bodyweight gain of males in the HD (10 mg/kg/day) group 4 was increased,
compared to the control group. Males in the LD and MD doses (0.4 and 2 mg/kg/day) had
similar body weight gain as the control (Fig. 1). In the case of females, there were IGF-1 dose-
dependent increases in body weight gain (Fig.2).
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FIGURE 2
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Group 1 : Control
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~ Broup 4 : rhIGF-1 : 10.0 mg/ka/day
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Food consumption: Not remarkable except the food intake during lactation period in females.
Estrous cycles, mating performance and fertility:

All females exhibited regular estrous cycles of 4 or 5 days during the treatment. The majority of
matings occurred at the first estrous during paring. One female in the HD group (10 mg/kg/day),

which was paired with an untreated stock male, failed to mate. Fertility indices were slightly
lower in the LD and MD groups (Table 7).

TABLE 7

Mating performance and fertility
Sroup ;1 2 3 4
Compound : Control ----- rhIGF-] -----

Dosage (mg/kg/day) : © 0.4 2.0 10.0

Group Paired with Number . o
and (group. Nusher-  Number achieving Percentage Conception Fertility
sex  and sex) paired mating pregnancy wmating  rate (X} index (%)

RE. 1F 5 5 5 100 100 100
2H 2F 5 5 4 100 80 80
N 3f 5 5 4 100 80 80
am &F 5 5 5 100 100 100
1F 1n 5 5 5 100 100 100
2F 2H 5 - 5 4 100 80 80
IF . 3K 5 5 4 100 80 80
4F AN 5 5 5 100 100 100
1F o 10 'y 9 wo %0 w
2F ™ 1 10 o - t00 100 100
3F w 10 10 8 100 80 80
4F L 10 9 8 90 89 80

UM Untreated stock males.
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Necropsy finding on Day 14 after mating: There were no abnormalities that were considered to
be related to the treatment. Corpora lutea count, implantations, and total viable young were not
significantly different in all groups. The total resorptions were higher in the LD (0.4 mg/kg/day)
group in comparison to the control due to slight high resorption in early phase. Per cent of
implantation loss was slight high in the LD group in post-natal period, which was not IGF-1 dose
dependent (Table 12).

TABLE 12
Group mean litter data - females killed on Day 14 of gestation
=
b Group 2 1 2 3 4
2 Compound : Conatrot  ----- rhi6F-1 -----
- Dosage (mg/kg/day) - 0 0.4 2.0 10.0
D
£ Humber ) ' Implantation
S of Corpora ’ Viable young Resorptions loss (%)
o Sroup pregaant Tutea lmplant- — .
4 animals count - ations Total Early 1Llate Total Pre- Post-
1 9 Mean '16.6 15.0 4.2 0.67 0.11 '0.78 11.2 -5.2
SD 2.4 3.7 4.2 0.82 0.33 0.8 L
o . = - — -
< 2 10 Hean 17.8 16.2 14.1 1.90 9.20 2.10 9.0 13.0
had sp 2.6 3.9 . 5.6 1.39 0.45 1.45
3 8 Mean 17.4 16.5 15.4 1.13 0.00 1.13 5.7 6.8
SD 4.2 5.8 5.4 1.06 0.00 1.06 .
4 8 Mean 18.8 19.0 17.1 1.75 0.13 1.88 13 9.9
sD 2.3 2.3 2.0 1.32 035 1.37
Background control® (23 studies) -
Mean 17.9 16.3 15.4 0.92 $.02 0.9 9.4 5.8
tow 17.9 15.3 14.0 0.38 0.00 0.38 5.7 2.3
High 19.0 17.7 17.0 1.47 0.14 1.47 15.3 9.5

SO  Standard deviation.
- Based on females killed on Day 20 of gestatton.

Post-natal phase (females allowed to litter):

Gestation length was with in the expected range of 22 to 23 days and parturition and gestation
index was not significantly different among groups. Litter size and their survival were also
comparable in the control and treated groups. Sex ratio was similar in the control as well as
treated groups. Body weight of male and female offspring was not affected by the IGF-1
treatment. :

Terminal examination: Macroscopic examination of offspring that died before termination
revealed absence of milk in the stomach. Necropsy of offspring killed on Day 4 post partum
revealed no abnormalities that might be related to the treatment. Macroscopic examination of
females that allowed to litters on Day 4 necropsy revealed no significant findings. Necropsy of
males revealed no macroscopic findings that might be related to the treatment.

Conclusion:

Subcutaneous treatment with rhIGF-1 at doses up to 10 mg/kg/day did not produce remarkable
adverse effects upon the general condition and reproductive performance of male and female
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rats. The treatment also did not affect significantly the growth and viability of their offspring up
to Day 4 of age. Based on the findings documented above, the reviewer agrees that IGF-1 will
not likely produce reproductive toxicity, although the sponsor has not tested the study with IGF-
I/IGFBP together. The top dose of 10 mg/kg/day in rats is equivalent to an exposure 1.2 times
the average human dose, based on body surface area comparison.

Title: rhIGF-1: An investigation of the effects on neonatal development in the rat
(4.2.3.5.b.2)

Document: Volume 17, Page 1-293

Study: Pharmacia & Upjohn (Document 9620859); Schedule# ¢ — 030); Report#

95 " — )30/1006

Study facility: ’ — ~ conduct the study under United
Kingdom GLP principle with the OECD guidelines in 1996.

Sponsor: toxicology and Safety Assessment, Pharmacia AB, Sweden

Materials and Methods:

rhIGF-1 in 5 mg/ml sterile solution per vial (Batch #10450-51, 61664-51 and 62001-51) was
used for this study. Adult virgin male and female Sprague-Dawley rats were used. At the
commencement of treatment the male weight ranged 191 to 225 (6-7 weeks old) and the females
were 10-11 weeks old (body weight = 211 to 244 g). Twenty two rats/sex/group were assigned
to control group or treated groups as shown below.

Group . Treatment Dosage Number of Ani mgl
’ (mgfkg/day)  animals numberin
' M F . M F
1 Control (Placebo) 0 22 22 1001-1022 1089-1110 .
2 rhIGF-1 0.4 22 22 1023-1044 1111-1132
3 rhIGF-1 2.0 22 22 1045-1066 1133-1154
4 thiGF-1 10.0 22 22 1067-1088 1155-1176

The animals were dosed daily by the subcutaneous route in the interscapular region at a volume
of 2 mlkg. Control animals received the placebo saline solution (Batch# DSQ260). Males were
dosed for 71 days before pairing, throughout the mating period, and up to termination after
necropsy of the females. Females were dosed for 15 days before pairing, throughout pairing for
mating, gestation and lactation to Day 20 of lactation.

Observations: Parental (Fo)
Clinical signs and mortality: Daily

Body weight: Males were weighed weekly until termination while females were weighed twice
weekly until mating was detected and subsequently, on Days 0, 3, 6, 10, 17, and 20 of gestation.
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Food consumption: Weekly until the animals were paired for mating. The parameter was
checked for females on Days 0-2, 3-5, 6-9, 10-12, 13-16 and 17-19 of gestation.

Mating procedure: Males and females were paired on a one-to-one basis. Each morning
following pairing, a vaginal smear was prepared from each female. The day when evidence of
mating was established was designated Day O of gestation.

Postnatal observations: From Day 20 post coitum, females were inspected three times each
weekday and twice daily at weekends for the onset and progress of parturition. Bodyweight of
each female was recorded on Days 1,

4,7; 11, 14, 18 and 21 of lactation. Maternal food consumption was checked on Days 1-3, 4- 6 7-
10, 11-13, 14-17 and 18-20 of lactation.

Postnatal observation (Offspring): All offspring were examined after birth (Day 1) and number
of live and dead offspring, litter weight and sex ratio were determined. Mortality, clinical signs,
and litter size were checked daily. On Day 4 postpartum, litters containing more than 8 litters
were reduced to 8 by random culling, leaving, wherever possible, 4 males and 4 females in each
litter. Offspring's bodyweights were check on Days 1, 4, 7, 11, 14, 18, 21 and 28 post partum.

Physical development of the offspring was assessed collectively (Pinna unfolding, hair growih,
tooth eruption, and eye opening) or individually (vaginal opening and preputial separation).
Auditory and visual function was checked on Day 25 post partum. Water maze and
neuromuscular function was also examined on Day 27 post partum.

Development and reproductive performance of F1 generation: At five weeks of age, 20
offsprings/sex/group were selected from each group, using random number tables within litters
to form the F1 generation. The reproductive performance of progeny derived from control and
treated Fo generation animals was evaluated as described under Fo generation.

Necropsy examinations: The Fo females were sacrificed after weaning or total litter death. Any
female failing to produce a viable litter by Day 25 post coitum was killed for macroscopic
examination. After successful littering of the females, the males were killed for examination (See
the result section).

F1 females were killed on Day 14 of gestation for macroscopic examination for implantation
sites, resorption sites, and number and distribution of fetuses (See the results section for details).

Results: Fo generation

Clinical signs and mortality: The general clinical signs of the treated animals were similar to that
of the control. The only signs after dosing such as hypoactivity, prostration, hypothermia and
convulsion were attributed to hypoglycemia due to IGF-1 treatment. A total of 9 rats (3 males
and 6 females) died in the HD group (10 mg/kg/day) as a direct result of hypoglycemic shock-
induced by the treatment.
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Bodyweight: There were no statistical differences between the control and groups 2 and 3 in Fo
male rats. However, 7 week-treatment with IGF-1 at a dose of 10 mg/kg/day increased the
bodyweight significantly (P<0.01) for entire duration of 14 weeks. In females before pairing (Fo)
significant increases in body weight were observed in the MD and HD groups 7 days after the
treatment. There were no typical patterns in group mean bodyweights in females during gestation
and lactation because the values were not clearly dependent on IGF-1 treatment duration or its
doses.

Food and water consumption: Not remarkable.

Mating performance, estrus cycle, and fertility: 95% of treated rats had regular estrous cycles of
4 to 5 days duration so that IGF-1 treatment did not affect estrous cycle. Pre-coital interval in
the control and treated animal was comparable, being 1-4 days (91%) and 5-8 (5%). Mating
occurred at the first estrus with the .
exception of two females which received 10 mg/kg/day. One female was acyclic before mating
and the other mated at the second estrus. Conception rates and fertility indices were 100% in all
groups as shown below.

- ‘Mafing performance and fertility {Fo-F1)

Group . 1 2 3 4 .

Compound : Control s thIGF.1 »-;--7
Dosage (ng/kg/day) : 0 0.4. 20 10.0
Group Number . Number Nimber  Percentage  Conception  Fertility
and paired’ mating achieving mating 1ate{%) index (%)
Sex pregrancy . _
™M 20 20 20 100 100 100
™ 22 2 2 - 100 160 100
M ¥ ] .22 22 100 ’ 100 100
4M 192 19 19 - 100 100 100
IF 2 n ) 100 100 100
2F 22 22 22 100 100 100
3F 22 22 22 100 100 100

4F 22 22 22 100 100 100
@ Excludes one male killed in exiremis at pairing and one male killed for humane reasons after four nights in priting.

Necropsy findings: Macroscopic findings on surviving females were examined on Day 21 of
lactation and of males after 14-week treatment were not different from the control and treated

group.

Organ weight: In males, absolute organ weights in prostate and epididymides increased in the
HD group after 15-week treatment. There were not other changes in the LD or MD dose groups.

Fo general -post-natal phase: Sex ratio, gestation length, gestation index, number of live litters
born, litter sizes and offspring survival indices were not significantly different between the
control and treated groups. Absolute bodyweight of offsprings on day 1 of lactation and
subsequent weights gains to Day 28 of lactation were similar in all groups. The rate of physical
development, hair growth, tooth eruption, eye opening in both sexes was not affected by parental
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treatment with IGF-1. Preputial separation in males and vaginal opening in females were also not
affected the treatment. Auditory and visual responses, locomotor activity, water maze
performance and neuromuscular function were not altered by the treatment.

F1 generation: There were no deaths in F1 animals and no treatment-related effects on general
conditions were observed. Initial bodyweights for males at 5-week old and subsequent
bodyweight gain up to termination were not affected by the treatment. Bodyweights and

bodyweight gains before pairing and during gestation (up to Day 14 of gestation) were also
similar in all female groups.

Mating performance and fertility: Number of pregnancy, conception rate and fertility index were
slightly reduced in the HD group, compared to the LD and MD groups as shown in Table 22
below, although the values in the control group were also slightly reduced.

TABLE 22

Mating performance and fertility (Fi-F2)

Group : 1 2 -3 4 )
Compound : Control  --——-rhIGF-] -—--o- _
Dosage (mg/kg/day) : 0 04 2.0 LOjO

Dosing restricted to Fo generation.

‘Group Nurnber | Nu:ﬁbzr Number - Percentage Conception  Fertility

and paired ‘maling achieving mating rate (%) index (%)
sex R i
1M 20 19 17 95 89 ' 85
M 20 20 20 100 100 100
3M 20 - 20 19 100 95 95
M 20 19 16 - 95 34 80
1F 20 20 18 100 90 90
2F 20 20 20 100 100 100
IF 20 20 19 10 9 95
4F 20 19 16 95 34 80
Background control (40 studies) - _
Males Mean B 98.9 96.3 95.2
’ Low 95 85 85
High 100 100 100
Females Mean ' 100.0 96.3 96.3
Low 100 85 85
High 100 . 100 100
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Necropsy findings for females: Macroscopic observations on Day 14 of gestation in 4-group
animals revealed that there were no treatment-related abnormalities. The number of females in
the HD group (10 mg/kg/day to Fo generation) achieving a successful pregnancy was slightly
below that of the control group (Table 24). It appears that the numbers of pregnant females in the
LD and MD groups were slight better than those in the control, which is not clear for its
scientific basis. Mean number of corpora lutea, implantations, total viable young, resorptions,

and the extent of pre- and post-implantation losses demonstrated no clear indication of IGF-1
effects on the Fo generation.

TABLE 24

Uterine examination - group miean valaes for females killed on Day 14 of gestation (Fi-F2)

Group R 2 3 4
Compound : Control —e FHIGF-1 e
Dosage (mg/kg/day) 0 04 .20 100

Dosing restricted to Fo generation,

‘Number of ]
pregnant Corpora  Implant-  Viable young . Resorpfions Traplantation loss (%)
Group ___anima} futea count __afions Total Berly  late  Total  Pre Post-
{ 8 Mean . 167 15.6 149 0.61 006 0.67 6.7 43
SD 39 3.6 35 0.78 0.24 0.82
2 20 Mean 178 164 157 " 070 000 070 7.9 43
SD 21 i1 23 084 - 0.84
3 " Mean 173 16.1 149 T S X B W B 7.0 6.9
sD 19 21 19 105 - 1.05
4 16 Mean 164 15.4 144 094 006 100 6.1 6.5

sD 30 27 33 0.97 0.25 1.00

SD Standard deviation.

Macropathology of males: There were several macroscopic findings at necropsy of F1 males.
Several rats in the LD and MD groups had incidences of hairloss on head or head scabs. Four
rats in the HD group had either an abrasion on dorsal thorax or abnormalities in the left testis
(Table 25). Left testis and/or left epididymis were changed in color or reduced in size. The
events were not IGF-1 dose related since there were no such incidences in the LD and MD
groups.
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TABLE 25
Macropathology - summary of findings for males (F1)

Group H 1 2 -3 4

Compound : Control 1 (¢ 28 I

Dosage (mg/kg/day) : O 0.4 . 20 100

Dosing restricted to Fo gencration. ‘ - _
Growp: T 2 3 K
Number of animals examined: N 20 20 20 20

Number of animals with observations: _ 0 3 2 4

Qhw_gng animals affected®

—

Stight hairloss on head 0 2 1 ¢
A few scabs on head 0 2 1 0
Abrasion on dorsal thorax 0 0 0 1
Unilateral rena cavitation 0 0 i 0
LeR festis flaccid and reduced in-size [t} 0 0 2
Left testis blue . 0 0 [§] i
‘LeRt epididymis reduced in size Y 0 0 f
Left epididymis blue 0 o 0 !
Testes flaccid 0 0 0

®  One animal may have more than one obseryation.

Summary and Conclusion:

IGF-1 was administered subcutaneously at doses of 0.4, 2 and 10 mg/kg/day to male and female
CD (Sprague Dawley t origin) rats before pairing throughout mating and during the pre- and
post-natal periods including organogenesis. There were deaths in two males and six females
which had received 10 mg/kg/day. The animals showed typical signs of hypoglycemia before

deaths. Glucose administration did not save all hypoglycemic animals. There were no other clear
IGF-1 related-adverse clinical effects.

As expected, increased bodyweight gains were observed before pairing for males and for females
which had received the HD (10 mg/kg/day). During the gestation and lactation periods
bodyweight gains were similar across the four groups. Mating performance and fertility were
not clearly affected by the treatment. Gestation length for females which received 2 or 10
mg/kg/day was longer by a half day when compared to the control group. Litter survival,
growth, development and reproductive capacity were not compromised by the treatment. The
HD (10 mg/kg/day) was considered to be the MTD in view of the deaths at this dose and

NOAEL for fertility and reproductive effects was 10 mg/kg/day (8X MRHD based on body
surface area comparison).

Title: rhIGF-l: Teratology study in the rat (Section 4.2.3.5.b.4)

Study No. : KAB/O15 — report#:91/KAB015/0872)
 Document: Vol. 20, pp 1-127

Testing Facility: This stady was performed at C— T
under OECD guidance. '
Sponsor: Kabi Pharmacia AB, Stockholm Sweden.
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Purpose: To assess the effects of subcutaneous administration of rhIGF-1 during the
organogenesis phase of gestation upon the progress and outcome of pregnancy in the rats. This
report is the final report that is stored in the archives of ™ —

Materials and Methods:

Rh-IGF-1: Batch# was 53678, which was colorless solution (5 mg/ml).
Placebo: Batch# DsQS57 (Phosphate saline buffer) was used for the control group and for the
dilution of the LD and MD preparation.

Animals: Virgin female rats (CD: Sprague Dawley) whose bodyweight ranged 211 to 263 g
(approximately 10-11 weeks old) were used. Females were paired on a one-to-one basis with
stock males of the same strain. A vaginal smear was prepared from each female and examined
for the presence of spermatozoa.

The day on which a sperm positive vaginal smear or at least three copulation plugs were found
was designated Day 0 of gestation.

Treatment: 32 animals/group were given rhIGF-1 subcutaneously at doses of 0, 0.4, 2, and 10
mg/kg/day from Day 6 to Day 15 post coitum. Control animals received the vehicle (Placebo
solution).

Maternal observations: Mortality and clinical signs were examined daily. Bodyweight was
recorded on Days 0, 3, 6 to 18 inclusive and 20 post coitum. Food consumption was recorded on
Days 0-2, 3-5, 6-8,9-11, 12-15, 16-17 and 18-19 post coitum. Five satellite females from each
group had 1 ml blood samples taken at 0.5 and 6 hours after treatment on Days 6 and 15 post
coitum for hematologic study. The other five satellite females had blood samples taken at 2 and
24 hours after dose administration.

Terminal study: On Day 20 post coitum the females were killed to examine number of corpora
lutea in each ovary, number of implantation sites, number of resorption sites and number and
distribution of live and dead fetuses in each uterine horn. Each fetus was weighed, sexed and
examined for any external abnormalities. Individual placental weights and abnormalities were
examined.

Results: :

Maternal observations: There were no deaths except one female in the control satellite group was
killed for humane reasons on Day 12 post coitum due to blood sampling mistake. Food
consumption, bodyweight and mean bodyweight were not affected significantly by the treatment.
There were the test article-dose dependent decreases in blood glucose on Day 15 post coitum 30
minutes after the administration, which returned toward normal in 6-hour samples (Tabie 16).
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TABLE 16

Group mean plasma glucese levels (mg%)
of sate)hte females oo Day 15 post coitum

Group ' : 1 2 3 4
Compound : Coptro}  ~---- rhlGF-1 -----
Dosage (mg/kg/day) . 1] 0.4 2.0 10.0

Hours after do_si,ng,"

Group ; — S — -

0.5 2.0 6.0

1 Mean 114 124 123
D 5 7 5
n [ 5 4
2 Mean 121 125 127
D 2 ] 3
n 5 ) 5
3 Mean 96 127 120
sD 14 13 4
n *5 S 5
4 Mean 86 85 127
) 26 13 8
n 5 5 5

* First five animals per group sampled at 0.5 and
6.0 hours after dosing; second five animals per
group sampled 2.0 haurs after dosmg

SD  Standard deviatien

n Numher of animals.

Teratology phase: The results of macroscopic examination at necropsy of females on Day 20
post coitum indicate 2 to 5 animals from each group had some abnormalities. However, they are
the test article-dose dependent (Table 8). Numbers of corpora lutea, implantations, resorptions
and live implantations were not different in the control and treated groups (Table 9).

APPEARS THIS WAY
ON GRIGINAL -

134



135 Reviewer: Rhee, Hee M. NDA No.21-884

TABLE 8
Summary of observations al necropsy of females on Day 20 of gestation |
Grou : 1 2 3 §
tompﬁund : Control  ----- rhIGF-] -<---
Dosage (mg/kg/day} : 0 0.4 - 2.0 10.0
o i - EREu— 3 -
Number of animals examined: 22 22 Y] 22
Nymber of animals with observations: -3 5 2 4
Observations:
Staining on head 1 1 o 1]
Hair-loss on fore-limbs ) 1 0 0 0
Xiphoid cartilage protruding 90° from o 1] 1 0
rib cage
Small haemorrhage at internal dose 2 L 1 2
site {<100 mm') .
Pale area on cranial surface of median o o 0 1
Tiver lobe
Pale striation on caudal surface of 0 0 Q 1
jeft liver lobe -
Litter observations: t
Corpor; tutea ) Mean 17.3 17.1 16.6 17.8
sD 1.1 1.9 2.0 1.8
Total number of implantations Mean 16.4 16.7 15.4 16,3
SR 1-0 2.1 1,4 2.4
"Resorptions Mean 1. 1.20  0.80  1.90
S0 1.25 1.10 0.89 1.38
Live implantations . Mean ~ 14.9  15.5 14.6 14.4
o T 2.9 2.0 1.6 3.4
% pre-implantations loss 6.3 2.9 1.2 8.9
% post-implaptation loss 9.5 7.2 5.2 11.7

SD  Standard deviation.
t Excludes one female killed for humape reasons : see Table 1.

Fetal evaluation: Fetus examination at necropsy revealed a number of anomalies in all groups
without any clear treatment related pattern (Table 12). A small number of fetuses had more
unusual abnormalities. For examples, one fetus in the LD group had a gross cardiovascular
anomaly. Another fetus from the same litter had agenesis of the median lung lobe. One fetus in
the MD group died with edematous appearance and one fetus in the HD group had a domed like
head. The isolated nature and group distribution of these abnormalities suggest that IGF-1
treatment did not likely result in the changes. There were no clear external and internal
anomalies in the treated group, although there were questionable changes (without clear dose
dependency) in hydronephrosis > 2 mg/kg/day.
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TABLE 12

Summary of foetal observations at necrcpsy

Group : 1 2 3 4 -

Compound :  Control  ----- rhIGF-] -----

Dosage (mg/kg/day) : 0 0.4 2.0 10.0

Group: v 1 3 3 T4 Control data

fxternal examination

Number of foetuses (litters) examined: 334(22) 323{22) 322(22)  34l(22) 12469(875) - 43

Number of male : female foetuses: 174:160  173:150  169:153  166:175  foetuses studies
Observations: % incidence? (mumber of litters) Mean Study ranges
2] 3.16 0.0-16.4
foetus (more than 4.10 g) 9.3(12) 13.0{12) 12.4(12) 8.5(8) ] -
g;:?? f:etui {1e.ss than 2.80 g) 0.0(0) 0.6{2) - 0.6{2} 0.6{2) 3.52 g.g_l(z).z
Pale foetus 0.0{0) - 0.0(0)  ©0.3(1) o.n,(t])) oio 0. 0.
shiny skin, domed head, apparent absence - 0.0(0) o0.0{c) 0.0(0) 0.3(1)
of right eye _ " '
Dark reg Yine down centre of palate 0.0{0) 0.3(1) 0.0(0) gggg; 0'02 0.0 0.5
Subcutaneous haemorrhage on right side of neck  0.3(1) 0,0(0) O-g(g) 2 a(s) 155 00171
Large placenta (more than 0.70 g) 2.7{4) 5.6{8) 3.0(_0_) 0.3_“_) 5 PR
smal} placenta (less than 0.35 g) 0.0(0) 0.3(1) 0. (0) -O'O(b) i p
Placenta rimmed with green, and amnio:i: fluid  0.0(0) 2.2(1} 0.0(0) Q.

tinged gqreen

¢ One foetus may have more than one cbservation.
# No previous record in background ccntrol data.

Summary and conclusion:

Subcutaneous administration of IGF-1 at doses of 0.4, 2 and 10 mg/kg/day-to female rats from
day 6 to Day 15 post coitum was performed to detect its potential teratologic effects. There was
one death in the control group due to accidental blood sampling and no test article-associated
clinical signs were observed. Bodyweight, food and water consumption were not significantly
different in the four groups. IGF-1 induced hypoglycemia was evident without leading to deaths.
There were no other clear IGF-1 related-adverse effects in maternal examinations, litter
responses, and fetus external and internal examinations in teratology phase. NOAEL appears to
be 10 mg/kg/day, although there were inconsistent findings of the test article on hydronephrosis.
The dose gives approximately 8 times MRHD, based on body surface area comparison.

Title: rhIGF-1: Teratology study in the rabbit (Section 4.2.3.5.b.5)

Document: Vol: 20, ppl-114
Sponsor: Kabi Pharmacia AB, Stockholm, Sweden
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Sponsor’s ID #/study#: KAB/018/rhIGF-1(Kabi Pharmacia document# 20882F; Amended —
report# 92/KAB018/0030)

Conducting laboratory: —

. Date of study initiation: March 18, 1993

GLP compliance: Yes

QA Report: Yes (x) No ()

Methods:

- IGF-1 batch# 64538-51

- Placebo batch#DsQ57 (Saline buffer)

- Species: sexually mature virgin female New Zealand white rabbits. They were 18-26 weeks
old, whose body weights ranged 3.3-5 kg. On Day 6 after insemination animals were divided into
four groups. 16-20

rabbits/group received IGF-1 subcutaneously at doses of 0, 0.2, 0.5 or 1.25 mg/kg/day from Day
6 to Day 18 of gestation. Four rabbits/group received the same treatment and served as a satellite
group. On Day 29 of gestation, females were killed to allow examination of their uterine
contents.

Observations: _

Maternal signs, mortality, and bodyweight: Daily

Food consumption: Daily from Day 1-5, Day 6-22 and Day 24-28

Plasma glucose (Females in Groups 1 to 4 only): 2 hour post-dosing

Terminal study: Litter responses, number of corpora lutea in each ovary, implantation sites and
resorption sites including live and dead fetuses were counted on Day 29 after insemination. In
addition, external, internal and skeletal examinations were performed on Day 29 of gestation.

Results:

Maternal responses: Basically there were no differences in all control and treated animals except
a few rabbits had hypoglycemic reactions, as expected. Mean bodyweight gains in the treated
animals were slightly increased initially, but returned to the control levels. Thus, the effects of
IGF-1 on body weight and food intake in Fo females were not remarkable. Plasma glucose level
decreased in the HD (1.25 mg/kg/day) group 2-hours after the treatment.

Litter responses: Increases in early resorptions and post-implantation loss were observed in all
treated groups. The HD (1.25 mg/kg/day) group had statistical significance (p<0.01) as shown
below. As a result of the marked increase in post -implantation loss in the HD group, a reduction
in the number of viable fetuses was recorded at a dose of 1.25 mg/kO/day, which suggests the
MTD as presented below.
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TABLE 8

Group mean litter data - females kil]ed_qn Day 29 of gestation

Group 2 3 s
Compound ) Control  ----- rhI1GF-1 «----
Dosage {mg/kg/day) 0 0.2 0.5 1.25
Number % - : -lmplanté_tion
cf Abort ion® Corpora Viable young Resorptions loss (%)
Group pregnhant and total tutea  ImpYant- i - —
animals Vitter loss count ations M F  TYotal farly {ate Total Pre- Post-
1 16 Mean 6.3 10.3 8.2 0 6 1.6 3 0.3 20,6 1.3
5D 1.8 2.2 .8 1.9 2.1 5 0.6
2 14 MHean 0.0 10.5 9.6 4.6 3.5 8.1 0.9 . 0.6 1.6 9.4 16.3
SD 2.1 2.6 1.7 1.1 1.6 1.0 0.8 1.3
3 17 Mean 5.9 10.3 8.8 4.1 3.} 1.3 1.1 6.5 1.6 4.0 17.7
SO 1.7 1.9 1.8 1.1 1.9 1.0 0.7 1.3
N .ji ti‘
4 19 Mean - 21 10.2 8.9 3.2 2.3 5.5 3.3 0.1 3.4 13.1 38.3
SD 1.7 2.1 2.5 2.1 3.4 1.8 0.4 1,8
Background control (24 studies)
Mean 0.3 10.$ 8.7 4.0 3.7 1.7 0.6 8.5 1.1 16.7 12.¢
Low 0.0 9.2 7.2 2.9 2.7 6.2 0.2 0.1 0.5 6.5 5.1
High 16.7 11.6 10.7 4.8 4.5 9.4 1.3 1.3 1.8 28.0 11.7
The means are derived only from anih_a‘ls .t.h_at survived to term and bore viable young. -

IS Sep Appendix 2. SO Standard deviation.
**  Significantly different from Conf -0ls, P<0.01 (Mann-Rhitney U-test).

Fetal evaluation: Evaluation of group mean fetal and placental weight in the control and treated
groups indicates there were no statistically significant differences. Fetal evaluation at necropsy
revealed a number of anomalies in all groups. The majority of the anomalies were similar to the
previous documented historical data of this strain of rabbits in the testing laboratories. It appears
that there were no treatment-related changes in the anomalies (Tables 10 and 11) in general
organs and bony structures. Thus, this study with IGF-1 alone did not show that IGF-1 produced
any remarkable abnormalities, although the HD group had seemingly high incidence in
anomalies of the anterior fontanelle with reduced the right frontal bone. There were no clear
treatment-related anomalies in internal organs and structures.
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TABLE 10

Summary of foetal observations at necrob;y

Group : 1 2. 3 4.
Compound t Control  ----- - rhIGF-1 -----
Dosage (mg/kg/day) = 0 0.2 0.5 1.25
Graup: 1 2 3 4 Control data
2495 24
Number of foetuses (1itters) examined: 114(15) 113(14) 116{16) 82(15) foetuses - studies
QObservations: % incidence? {litters) ' Mean Study range
Abnormal foetus .0.0(0) 0.0(0 0,0(0 1.2(1] 0.16 0.6- 1.0
White spot in centre of eyes . -0,0(0) 0.9(0 0.9(1] 0.0(0 0.08 0.0- 0.8
Prominent capliliary in centre of palate 0.9(1] 0.0(0 0.0{0 0.0{0 0.04 p.0- 0.9
Thymus gland haemorrhagic 0.0(0 0.3(1 0.0(0 0.0{0 0.08 0.0- 1.2
Abnormal heart and major vessels 0.9(1 0.0(0 0.9{0] 0.0(0 0.08 0.0- 0.9
Clear serous fluid in abdominal cavity 0.9(1 0.9(1 0.0{0}" 0.0(0) 0.12 0.0- 1.7
Pale areas on liver 0.0{0 0.0{0] 0.0{0 1.2(1) 0.28 0.9- 2.8
Liver pale . 4.4(1 3.5(1 0.0(0, 0.0(0] 0.20 0.0- 4.4
Accentuated lobular pattern of liver 4.4(1 6.2(2 0.0(0 3.7(1 0.24 0.0- 4.4
Liver friable 0.0(0 3.5{1) 0.9(0 0.0(0] § f
Liver thickened and granular 0.9(1 0.0(0) 0.0(0 0.0(0] 0.04 0.0- 0.9
Gall bladder variants 6.1(7] 16.8(9 12.1(10}) 8.5(4) 8.62 0.0-16.1
Gas fn stomach 1.8(2 1.8(2 1.7(2) 4.9(2) 0.80 0.0- 3.1
Small foetus {less than 32.0 g} 15.8(6 8.0(4 7.8(4) 19.5(3] 8.10 0.0-15.8
Clotted blood around placenta 9.9(1 0.0(0) 0.0(0) 0.0(0] 0.24 0.0- 1.8
Pale placenta 6.0(0 6.0(0) 0.0{0) 1.2(1 0.12 6.0- 1.4

—

¢ One fortus may have more tham one bservation.
# HNo previous record in background c:-ntrol data.

APPEARS THIS way
ON ORIGINAL
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TABLE 1)

Summary of momaw_.ooumw<awmmuu.wa.urmdmnmu gxamination

Group 3 1 2 3
Compound : Control  ----- rhlGF-1 -e---
Dosage hsu\xa\quv .

0 0,2 0.5 1.5

Group:

3 4 Contro} data

Number of foetuses (litters) examined:

78(15)

1661 24
81{16) 56{14) foetuses studies

Observations: % foetal incidenced (number of litters)

e ————————

Head

Extra small anterior fontanelle, negligible, size of

suture lines only
Small anterior fontanzlle
Medium anterior fontanelle
Large anterior: fontanelle
Anterior fontanelle extended anteriorly

Arterior fontanelle extended laterally into frontal

bones
Anterior fontaneile asymmefrical
Posterior fontanelle enlarged
Incomplete ossification of interparietal bone
Interparietal bone reduced or reduced and cleft
Additional suture in parietal bone
Additional fissure in parietal bone
Right parietal bone fused to right froptal bone
Right frontal bone siightly reduced

OOQuN-\IN OO
ooowmuum cou

L3
79. ma_uv

7)
1)
(0}
{0)

Z)
2)

DO O N
N et St S ot A

OOO
[~ XX -1
e e

—

s e e .
) S et et s S e i

COWWOO —

st o o, o e, . P

~

Mean Study ranges

3.7(3) 0.0(0) 0.9 - 0.0-3.9
84.0(16) 69.6(11) 53.58  0.0-86.3
12.3( 6) 28.6( 6) 44.91  0.0-76.6

0.0{0) 1.8(1) 0.48  0.0- 1.4
0.0( 0) 1.8(1) 0.8  0.0-1.3

0.0{ 0) 1.8(1) 4 #

0.0{ D) 8.9(3) 0.84  0.0- 3.9

1.201) 3.6{1) 3.97  0,0- 9.6

1.2{ 1) 0.0{0) 0.24  0.0-3.8

0.0( 0) 0.0{0) # #

0.0( 6) 0.0{ 0) 0.90 0.0 4.5
0.0( 0) ©0.0(0) ©0.30  0.0- 3.0
1.2(1) 1.8(1) 0.4z  0.0- 1.8
0.0( 0) 1.8(1) -4 #

¢ DOne foetus may have more than one observation.

record in background <ontrol data subset.

IOMITATY Op

TN oH 290y

¥88-1C°ON VAN



NDA No.21-884

Rhee, Hee M.

TYNIDINO NO
M SIHL Suv3daV

*UDLIEALISGO BUO UBYY B4ow daey Aew snysoy AuQ ¢

141 Reviewer

' ) unLIUY -

§'¢ -0'0 p8eg (0 )00 (r)z'r (TJyer (t)e? LRAGBIABA {BILALBD IS JO UOLIRIfH)SSO 93a(dwodu}

£1 -0°0 210 Mo jo'e (o )oro (r)et Mﬂ Jet SPABAINO 'JU3Q ENUIOD P|OAK

9°95-0'0 se'sz (6 )y°12 (6 )o't2 amhwm.uv_ T1)L'6¢ paLifssa-K|a3a|duodut Apoq pjohy
€1 -0'0 90-0 (0 )00 (0)oro (0 )oco (1 )e‘l : pabae |us JUNINS [ESEU-0TUALS

2'2 -0°0 0’0 {0 )o's {000 (o)oro ({1)e1 34MNs {BIUOLS UL duOq Jo anbe|d jeuo}lippy

€1 =00 g0'¢ (0 )g'o f{o)os (o)oo (1)e UOLouNf [ESeU-0JU0Ly je pabue|ud aunIns |RIUC.L

§'02-0'0 92'9 (s )6'g (v J)og (9)os ({z)s"02 34N30S |RIUOLS JO UOLIRISISSO Jde[nbauu]

81 ~0°0 ge'o (0)oo fo)os (1)et (olovo Juaq {eseu U} s4nins euoflippy

; . pgnaquod - pray

sabue. Apnis uealy (s48131 jo Jaqunu) gooURPLIUY (BIB04 4 ISUGIIBALRSTQ

mw*vmgn Mummwwam {p1)og (gt¥is  (eD)se , (51)8¢ jautwexs (SAa1YL{) Sasnyany o uaquny
|2 : .

__®1ep 1043u0) : g 2 1 N © idnowg
§2'1 S0 20 0 ¢ (Kep/By/Bw) abesog
cwese 1o49IYd ~-eve (OX3UOY punodwo?y

14 £ o2 1 ! dnouay

UG} JeUfWeXa [E39(3%5 3¢ SUO|JIEAIaSA0 1930 JO AICULNG

panuijuod - 1 3I8V1L

141



142 Reviewer: Rhee, Hee M.

NDA No.21-884

JABLE 11 - continged

Summary of foetal obs'eryatt.ons ,a_l's-keletal examination

Group 1 3 4
Compound Control  ----- rhlGF-1 --—--
Dosage (mg/kg/day) [ 0,2 0.5 1.2

Group: 1- 2 3 4 Control data
) ] 2396 24
Rueder of fortuses (lilters) examinec: T14(¥S)  113(14)  116(16) 82{15) foetuses studies
Qbservaliuns: % foetal incidenced {nunber of Titters) HMean Study ranges
Sternebrae and ribs
Incomplete ossification of 1 sternebra 3I.6(10) 18.6{ 9) 30.2(14) 23.2{10) 30.59 - G.0-65.8
Incomplete ossification of 2 sternebrae 2.6(2) 1.8(2 3.4( 4 9.8{ 4} 2.09 0.0- 5.0
Incomplete ossification of 3 sternebrae 2.6( 1 0.9{ I’ p.o{ 0] 1e{1 0.25 0.0- 2.6
One or more sternebrae offset 2.6( 3] 5.3( S 5.2( 5 2.4( 2 3.26 0.0- 8.8
Two or more sternebrae fused 0,9( 1) 4.4(S) 8.6{6) 1.2(1} 4.72 0.0-12.6
One omosternum ossified . 1.8( 2 6.9( 1 0.0{ 0 0.0( 0 0.71 0.0- 3.6
Small additional 6th sternebra between Sth and 0.0(90) 0.9()) 3.43 1.2{ 1 .17 0.0-10.9
xiphtsternum ’ i
Xiphisteraum bifurcated 0.9( 1] 0.9{ 1 0.0{ O 0.9( 0 0.2] 0.6- 1.6
Xiphisternum cleft or abnormally wide 0.5( 1] a.9{ 1 0.0( O 1.2{ 1 0.25 0.6- 1.4
Ribs 12/12 41.2{11) 35.4(13) 57.8(15) 43.9{13} 46.12 0.0-66.0
Ribs 12713 8.8( 8) 14.2(10) 15.5(9) 15.9( 8) 12,81 0.0-21.3
Ribs 13/13 - 50.0(15) 50.4(14) 26.7(11) 40.2{12) 40.98 0.0-63.4
Short 13th rib or ribs 25.4(13) 23.9(13) 19.8(10) 18.3( 7} 20.66 0.0-27.1
5.3( 6) 8.0(7 1.7{ 2) 11.0{ 7] 0.0-10.4

fFloating 13th rib or ribs

¢ One foelus may have more than one observation.

Summary and Conclusion:

rhIGF-1 was administered subcutaneously at doses of 0, 0.2, 0.5 and 1.25 mg/kg/day to pregnant
New Zealand White rabbits from Day 6 to 18 of gestation. On Day 29 of gestation, female
rabbits were killed to evaluate the treatment effects on organogenesis by analysis of number of
corpora lutea in each ovary, implantation sites and resorption sites including live and dead
fetuses. The HD group had a high post-implantation loss, compared to the control group. The
lower two doses had no remarkable detrimental maternal or fetus effects. Thus NOAEL was a
0.5 mg/kg/day, based on the fact that there was no significant increase in postimplantation loss.
The dose give approximately 0.1 times the maximum human recommended dose (MRHD), based
on body surface comparison. Based on the finding of a significant increase in post-implantation
loss at 1.25 mg/kg/day the high dose must exceed the MTD, which resulted in approximately 2
times MRHD based on body surface area comparison.

Title: A study of the effects of rhIGF-1 with and without glicose administration on
pregnancy in the rabbit (Section 4.2.3.5.b.6)

Document: Vol: 21, pp1-190/Pharmacia & Upjohn document#9620857

Sponsor: Pharmacia Toxicology and Safety Assessment, Stockholm, Sweden
Sponsor’s ID #/study#: — .027/rhIGF-1(Report#: 94" — 27/0785)
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Conducting laboratory: —_—
Date of study initiation: Oct., 11, 1993
GLP compliance: Yes

QA Report: Yes (x) No ()

Methods and Materials:

rhIGF-1: Batch#52827-51, 54612-51 and 74168-51

Animals: Sexually mature virgin female New Zealand White rabbits. They were 15-23 weeks
old and their bodyweights were approximately 3 to 5 kg.

Study design: 22 to 26 female rabbits/group received rhIGF-1 subcutaneously at doses of 0
(control), 0.5, 1.25, 1.25 + glucose, 2.5 + glucose mg/kg/day from Day 6 to Day 18 after
insemination. Another 26 females received 2.5 IU/kg/day Insulin as a reference group. Control
group received the saline vehicle at the same volume dosage and glucose was 505 (w/v) aqueous
glucose solution, which was given by oral gavage three times each day of dosing; the first
immediately following the rhIGF-1 administration, the second and third at one and three hours
post-dosing. Glucose volume was 2.5 to 5 ml/kg, based on the individual bodyweight on that
day.

Observation: '

Clinical signs and bodyweight: Daily

Food consumption: Days 1-5 inclusive, Days 6-23 daily, and Days 24-28 inclusive

Plasma glucose: 2 hours after dosing. For the kinetic analysis of plasma glucose blood samples
(0.5ml) were taken on Days 6 and 12 after insemination at 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 5, and 6
hours after dosing.

Litter responses: On Day 29 after insemination the females were killed and numbers of corpora
lutea in each ovary and implantation sites, resorption sites and live and dead fetuses were
determined.

Results:

Maternal mortality and signs: Total 5 rabbits two from Group 3 (thIGF-1 1.25 mg/kg/day) and
three from Group 6 (Insulin: 2.5 IU/kg/day) group as shown (Table 1). There were one to three
abortions in every group except the Insulin group.

APPEARS THIS WAY
ON ORIGINAL
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TABLE 1

Disposition of animals

Group Treatment Dosage " Bosage
(ma/kg/day)  {IU/kg/day)
1 Control 0 -
2 rhiGF-1 0.50 -
3 rhi6F-1 1.25 -
4 rhIGF-1 + Glucose 1.25 -
5 rhI6F-1 + Glucese 2.50 -
6 Insutin - 2.50
Group: T 2 3 4 5 6
Jotal mmber inseminated: 26 22 26 22 22 26
Deaths o 0 1 o 0 1"
Jerminated o o *r oo o 2
Not pregnant }:] 7 9 8 5 &
" Aportion 2 1 1 1 3 o
Total litter Jess 0 1 e 0 0 0
Pregnant at term with 3 3 M B 14 17

. viable young

*  Includes females that were killed in. extremis.
+ Females terminated following hypoglycaemic shock.

Maternal bodyweight and food consumption: Group 2 (LD: 0.5 mg/kg/day) had no effects on this
parameter. There were significant increases in bodyweight gain in group 3 for the entire duration

except Days 0-6 and 24-28 of gestation. Some animals in Group 4, 5 and 6 also gained weight in

the middle of treatment duration. It appears that the magnitude of maternal body weight gain was
in IGF-1- dose dependent. Food consumption in 0.5 mg/kg/day (group 2) was similar to that of

the control group. In other groups food consumption was elevated in different time of gestation
without clear patterns.

Plasma glucose level: On Day 18 of gestation plasma glucose concentrations (See Table 4) at
two hours post-dosing were significantly reduced in Group 3 and 6, which may explain the
deaths as presented above. As indicated, the animals in groups 4 and 5 had glucose
administration.

APPEARS THIS WAY
ON ORIGINAL
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TABLE 5

Plasma glucose levels {mmol/1)

Day 18 after insemination - group mean values

Group Tre_at_m_e_n; Dosage Dosage
(ma/kg/day)  (IU/kg/day)
1 Control 0 -
2 rhi6fF-1 0.50 -
3 rh1GF-1 1.2% -
4 rh1GF-1 + Glucose 1.2% -
5 rhiGF-1 + Glucose 2.50 -
& Insulin - 2.50
“Sampling point
Group “Pre-dose = Two hours
after post-dosing
1 Mean 7.8 7.9
Sh 0.6 0.7 .
. n 13. 13
2 Mean 7.9 7.2
SD 0.6 1.0
n 13 13
3 Mean 7.9 4.5¢
Sh 0.2 1.6
n 14 14
4 . Hean 7.6 1 7.0
; Sb 1.0 1.3
n 13 13
5 Mean 7.8 7.1
. Sb 0.6 1.3
n 14 14
6 Mean 8,2 4,7¢
Sb 0.7 1.3
n 17 17

Sb  Stamdard deviation.

n Number of animals.

Significant when compared with vehicle Controls: c - p<0.001

{Student’s t-test).

Litter‘ statistics: Table 6 has the summary of mean litter data Day 29 of gestation. Percent
abortion was 7 to 13 % except the Group 6 (insulin 2.5 IU/kg/day). Corpora lutea counts and
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t

implantations in the five treated groups were comparable to the control. Total viable litter
numbers were comparable in all groups except group 3, which was significantly reduced due to
increased resorptions. In this group, per cent of implantation loss was significantly elevated at
doses of 0.5 and 1.25 mg/kg/day (Table 6), which is consistent with the teratology study in
rabbits as presented before. It is also true that the hypoglycemia-induced by the IGF-1 played an
important role in implantation loss, although the percentage of in other groups such as 5 and 6
was also elevated.

TABLE 6

Group mean 1{tter data - females killed on Day 29 of gestation

Group Treatment Dosage Dosage
(mg/kg/day}  {IV/kg/day)
b Contro) 0 ’ - e
2 rh1GF-1 X -
3 ThlGF-1 1.25 -
4 rhIGF-1 + Glucose 1.25 -
5 rhIGF-1 + Glucose 2. -
6 Insulin - 2.50
Number % . Imptantation .
of Abortion Corpora Viable young Resorptions loss {%) _
Group  pregnant and total Tutea Implant- -
animals® Jitter loss® count ations ] f Total Early Late Total Pre-  Post-
1 15 Hean 13.3 13.0 19.7 5.2 4.9 10.1 0.2 0.4 0.6 17.8 5.8
sD 2.0 2.4 1.3 2.4 23 0.5 0.6 0.8
2 15 Mean 13.3 12.1 10.% 3.5 4.8 B.4 1.5 0.5 2. 15.0 19.9
. S0 : 2.3 3.7 2.6 2.0 3.1. 1.2 0.7 1.4
3 15 tean 6.7 1.2 9.8 3.p 29 59 34 04 3.9 133 39.4
s 2.8 33 1.8 2.2 3.2 1.9 0.7 2.0
4 1 Mean 7.1 134 122 6.2 4.8 1.0 0.8 0.5 1.2 8.6 10.1
D 2.8 = _3.2 2.3 1.6 3.5 0.9 0.7_ 1.1
S 17 Mean 17.6 1.1 9.8 4.5 3.5 8.0 T 1.4 0.4 1.8 127 18.2b
- S0 : 2.7 3.4 2.7 1.8 3.8 1.2 ¢.7 1.3
6 17 Hean 0.0 11,0 ‘9.9 4.4 4.1 8.5 1.1 0.4 1.4 10.2  14.3b
’ sb 2.1 Z.3 1.6 2.1 3.9 1.0 0.6 1.2
Background control (30 studies}
Hean 3.6 1.5 9.7 4.3 4.0 8.4 0.7 0.6 1.3 7.2 129
{ow 0.0 9.3 6.5 2.8 2,6 §.7 0.1 0.2 0.5 4.3 4.8
Righ 3.3 14.3 12.3 5.4 5.1 9.8 0.% 1.4 2.8 0.6 2.7

—

v Includes females that did not survive to term with viable young,
SD  Standard deviation.
Significant when compared with vehicle Controls: b - p<0.01 (Mann-Whitney test - two-tailed).

Fetus evaluation: Six abnormal fetuses from 6 different litters were found at terminal necropsy
on Day 29 of gestation. Three of these (one each from Groups 2 and 3, and four from group 4)
had cleft palate. The incidences in group 4 exceeded the control data of 30 studies (Table 8).
Some fetuses in group 4 had abnormalities in head, which appears to be related to the treatment
(2.5 mg/kg/day). In this group, 40 fetuses have small in size (less than 20 g), which appears to
be significant, compared to the control (8) or insulin group (6). A small number of other
abnormalities was recorded, which occurred at incidences previously recorded in this strain of
rabbit from the laboratories. Other anomalies such as enlarged heart, and abnormal major

146



147 Reviewer: Rhee, Hee M. NDA No.21-884

vessels, were observed, but the incidences were all within the range of the control data.
However, it would be important to evaluate the effects of IGF-1 and IGFBP-3 together on fetus

development if the sponsor seeks an approval for indications which include women of child
bearing potential.

APPEARS THIS wp
Y .
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TABLE 8 - continued

Necropsy - summary of foetal observations

Group Treatment Bosage Dosage
(wg/kg/day)  (1U/kg/day) .

1 Control 0 -

2 rhiGF-1 0.50 -

3 rhi6F-1 1.25 -

§ rhiGF-1 + Glucose 1.25 -

5 rh1GF-1 + Glucose 2.50 -

6 Insulin o 2.50
Group: . 1 2 37 4 5 6 Control data
Humber of foetuses (1itters) . 3642 30
examined: 131(13) 1109~(t‘3_) 83(14) 143(13) 112(14) 144(17) foetuses studies
Observattons: % incidence? (Titters) i . . Mean Study ranges

" Ablepharon 0.940) 0.6(0)  0.0(0) 1.4{2) 0.0(0) 0.0{0) [ ¥

Slight trow ridge 0.0(0) - 0.0}.0‘) 1.2(1, 0,711} 0.0107 0.0(0) 0.19 0.0-3.1
Punctate dark area on palate '0.8&!) 0.0{0)  0.0(0] 9.020 0.0{0) 0.0(0}) 0.33 0.0-3.1
CTatt pajare o vIEiTIe 0:0(0) 8‘31‘1’3 130 3815 ool ooly 008 ez

eft palate . L2{] . .Of! .0 . .0-2.
Bilateral open eyes 0.0(0) 0.¢(0) 0.0(6 2.3{!_ 0.0(0; 0.0{0) ¥, i
Bilateral forelimb flexure 0.9(0) 0.0}0; 1.2(1 1.4(2) 0.0(0 0.0(0) 0.25 0.0-1.7
Bilateral forepaw twisted outwards 0.0{0) 0.0{(0 0.0(0}) 0._7{1) 0.0{0) 6.0{0) . ¥
Rudimentary tail 0.0(0) 0.02.0; 0.0(0) 9.7 lg 0.0(0) 9.0{0) 0.03 0.0-0.6
Shartened tail 0.0(0) 0.0(0 1.2(1) 0.0{0 0.0(0) ) 0.0{0) i ¥ ]
Observatfons: % foetal tncidence? (number of litters) ’ Mean Study ranges
Head - continued .
Posterfor fontanelle enlarged 4.6(3) 0.0{0) 1.8(1) 1.0(1) 0.0(0) 0.0(0) 4,45  0.0-13.6
Incompleteio::i‘ﬁgztion of 0.0(0}) 0.0(0) 0.0{0) 3.1(2) 1.4(1) 0.0(0) 2.93 0.0- 5.8
supra-occipital bone .
Small interparistal bone 0.0(0)  1.&(13}  0.0(0] 3.1(2) 4.1{2) 0.0(0) 0.90 0.0- 3.8
Smal) discrete unossified area 1n 0.0(9) 0.90(0) 1.8(1 4,2(2) 0.0(0) 0.9{0) 0.86 0.0- 5.3 .
parietal bone : .
Suture in parietal bone 1,1(1}) 0.0(0) 1.8(1}) 1.0(1) 0.0(0) 2.1(2) 0.74 0.0- 4.1
Fissure in parietal bone 0.0(0 1.4(1) 1.8(1) 0.0{0) 1.4(1) 0.0(0) p.25 90.0-1.3
Frontal suture enlarged at 0.0{0} 0.0(6) 0.0(0) 1.0(1} 0.0(0) 0.0(0) 0.04 o0.0-1.9

frontal-nasal junction

¢ One foetus may have more than one observation.

APPEARS THIS WAY
ON ORIGINAL
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Summary and Conclusions:

To test the potential organogenesis effects of IGF-1 16 to 20 sexually mature pregnant New
Zealand White rabbits received IGF-1 subcutaneously from Day 6 to Day 18 gestation at doses
of 0 (control), 0.5, 1.25 and 2.5 mg/kg/day. The control group received saline buffer in an equal
volume of the treated groups. For the MD and HD groups 50% (W/v) aqueous glucose solution
by oral gavage was given three times each day of dosing to prevent potential hypoglycemia. The
last group 6 rabbits received insulin (2.5 IU/kg/day) as reference controls at the same volume-
dosage during the same treatment period.

As expected, rhIGF-1 or Insulin administration induced hypoglycemia, which forced to kill five
animals. Hypoglycemia-induced by the treatment with rhIGF-I or Insulin resulted in an increased
incidence of post-implantation loss. But, it is clear that IGF-1 alone also produced the effect as
demonstrated by the study with IGF-1 and glucose combination groups. Exposure to rhiIGF-1 in
utero, with or without glucose, or Insulin, produced a number of effects on the fetuses. Thus the
fetal effects described above may represent a response to the fluctuating glucose levels during
organogenesis. :

The bodyweights of fetuses from females treated with rhIGF-1 at 1.25 mg/kg/day supplemented
with glucose were lower than those of the Controls. This data was corroborated with the finding
of an increased incidence of small fetuses in all IGF-1 treated groups. Furthermore, at necropsy
a-marginal increase in the incidence of cleft palate was observed in these fetuses. This, in part,
was confirmed after examination of the fetal skeletons. In this group, and in the groups treated
with rhIGF-1 at 1.25 mg/kg/day and 2.50 mg/kg/day with glucose, a number of fetal
abnormalities were also evident in bone examination. These changes were not seen in the fetuses
treated in utero with Insulin. It is possible; therefore, that the changes described for the animals
treated with IGF-1 at doses of 1.25 and 2.5 mg/kg/day probably represent a response to
treatment. It appears that NOAEL is 0.5 mg/kg/day based on post-implantation loss, which is
0.8X MHRD based on body surface comparison.

2.6.6.7 Local tolerance

Title: 14-day subcutaneous irritation study of rhIGF-1/IGFBP-3 in SD rats (Section
4.2.3.6.a.1)

Document: Vol: 21, pp1-86

Battelle Study#:N057645A

Sponsor: Celtrix Pharmaceuticals, Inc. Santa Clara, CA
Conducting laboratory: — -
Date of study initiation: October 14, 1996

GLP compliance: Yes

QA Report: Yes (x) No ()

Purpose: To.characterize the potential irritation elicited by the twice daily repeated
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subcutaneous administration of rhIGF-I/IGFBP-3 for fourteen days in rats. In addition, the
reversibility of any toxic effects was evaluated following a 14-day recovery period.

Methods and Materials: The lot numbers of IGE-1/IGFBP-3 and vehicle control were:
- IGF-1/IGFBP-3: Lot# DP9502
- Vehicle control: Lot#DP9503

Total twenty male Sprague-Dawley rats (approximately 6 weeks old), with body weights of
213-236 g were used. Five male SD rats/group received a twice-daily subcutaneous injection of
rhIGF-1/IGFBP-3 at doses of 0 (control vehicle) or 100 mg/kg/day for 14 days. Satellite animals
were 5 males/group for the control and treated groups, which were killed on Day 29 after 2-week
recovery period.

Observation:

Mortality and clinical signs: Twice a day

Body weight: On Day -2, Days 1, 7, 14, and 28

Hematology: On Day 15 and on Day 29 (satellite animals)

Draize evaluations of local irritation site: Daily. Please see a table below for scoring skin
irritation.

Clinical chemistry: On Day 15 for interim necropsy and on Day 29 for final necropsy
Gross and histopathological evaluations: Injection sites of all animals.

Necropsy: On Day 15 and Day 29 for satellite animals.

Histopathology: Graded using a semiquantitative scale of 1(minimal), 2(mild), 3(moderate) and
4 (marked) changes.

Statistics: Not performed for Draize scores between groups.

Draize Scale for Scoring Primary Skin Irritation!
5

Erythema and eschar formation:
No erythema 0
Very slight erythema 1
" Well-defined erythema 2
Moderate to severe erythema 3
Severe erythema (beet redness) to slight eschar formation (injuries in depth) * - 4
Edema formation:

’ No edema Q
Very slight edema v 1
Stight cdema (edges of area well-defined by definite raising) 2
Moderate edema (raised approximately 1.0 mm) 3
Severe edewma (raised more than 1.0 mm extending beyond the arca of exposure) 4

Other Dermal Bffects: B = Blanching Sc = Scab ' '
F = Fissuring T = Thickening
N = Necrosis U = Ulceration

S = Epidermal Scaling

! From: Draize, J. H., “Dermal Toxicity.” Appraisal of the Safety of Chemicals in Foods, Drugs,
and C ics, The A jation of Food and Drug Officials of the United States, 46-59, 1959.
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Results:

Mortality and clinical signs: No animals died in the duration of the study. Slight edema was
observed at the dose administration site of three 100 mg/kg/day rats for 3 days from Days § to
Day 10. Other clinical signs were not remarkable. The Draize score for the edema for three days
was 0.2, which is far less than 1(very slight edema).

Body Weights: There were no differences in body weight values between the control and treated
groups for the duration of the study as shown below (Table 3).

Table 3. Body Weights (g)

100 mgfkg/day | Mean | 206.38 | 22543 275.75 | 332.21 | 37038 { 406.10.

sp | ss0 | es6 | 711 | 1m0 | 342 | 24
® | 1o ] 1w | 0} 10 | s sﬂ

Clinical Pathology and serum chemistry: There were no differences between the control and
treated groups in all hematology parameters except reticulocytes on Day 15, which were
increased from 2 to0 3.2% while they were reduced from 1.9 to 1.4% on Day 29, respectively.
The values were still in the range of sponsor’s historical values, so that the changes were of no
significance. There were no apparent test article-related effects in the serum chemistry values on
Days 15 and 29. ‘ '

Necropsy: Rat #205 (100 mg/kg/day treated rat on interim necropsy on Day 15) had a 35 x 35
mm, dark discoloration and mild subcutaneous edema involving the skin of the injection site.
This gross lesion was considered to be the result of inadvertent puncture of a blood vessel with
resultant inflammation. There were no other treatment-related abnormalities.

Histopathology: All 5 control and treated rats that were sacrificed on Day 15 had chronic
inflammation in subcutaneous tissues. There were hemorrhage and serum pocket in subcutaneous
tissue in one rat in the treated group. On Day 29 after 14-day recovery inflammation was were
still present in both the control and treated groups and all 5 treated rats had subcutaneous fibrosis
as shown below (Table 8).
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Table 8, Summary of Micrescopic Observations

{interim Mecropsy (Day 15 .

Rotes: Animals = interim secrifice 1 i . ] " Animals Affected
Controls from groupts)s 1 ' Animal sex: Males

. Dosage group: “ctla 100 mg/kg/day
T-lssueg‘i{ith ni-_gn_c‘s.e_s . No. in group: 5 5
SKIN-SOA -.cevvnenen vemnae ereescecassnnsncacass.Humber examined 5 5
IHFLAWATION, CHRONIC-ACTIVE, SUBCUTANEQUS TISSUE 5 5
HEMORRHAGE, SUSCUTANEOUS TISSUE o 1
SERUM POCKET o 1
FIBROSIS, SUBCUTAREOGUS TISSUE 1] [}
GRANULOHA, DERMIS, FOCAL 0 1]

_ _ (Eindl ‘Recropsy (Day 29)
Notes: Anfmals =.~fiml sacrifice only , Anima .l s AfE e‘ ct e..d
Controls from group(s): t Animal s'ex:‘ LERS ers
) Dasage group: - ctis . 1I50 mlkg/dsy
Tls,svneﬂs_ufth Diagnoses No. in group: >5 5

INFLAMMATION, CHRONIC-ACTIVE, SUBCUTANEQUS TISSUE
HEMORRKAGE, SUBCUTANEOUS TISSUE

SERUN POCKEY

FIBROSIS, SUBCUTAREOUS TISSUE

GRANULONA, DERMIS, FOCAL

QO Q@ O O W W
- © O Vi w

Summary and Conclusion:

The purpose of this 14-day toxicity study was to evaluate the potential local toxicity of IGF-
1/1GfBP-3 in rats. Five male SD rats/group received twice-daily subcutanéous injections of
rhIGF-1/IGFBP-3 at doses of 0 (control vehicle) or 100 mg/kg/day for 14 days. Satellite animals
were 5 males/group for the control and treated groups, which were killed on Day 29 after 2-week
recovery period.

There were increases in body weights when treated animals were compared to controls on Day 7
and 14, although there was a considerable variability in the individual body weights lends
question to the effect of treatment on body weights. There were no test article-related changes in
any hematology or serum chemistry parameter. Very slight edema was observed at the dose site
of 3/10 in the rat treated for 3 days. No observations of erythema/eschar were recorded for any
animals, and other clinical observations were considered to be incidental to treatment. Based on
microscopic examination of the dose administration site, thIGF-I/IGFBP-3 administered twice-
daily for 14 days at 100 mg/kg/day resulted in a diffuse, mild to marked, chronic-active
inflammatory reaction involving the subcutaneous tissues of 5/5 rats sacrificed at the end of the
‘treatment phase on Day 15. rhIGF-I/IGFBP-3 administered twice-daily for 14 days at 100
mg/kg/day resulted in a diffuse, mild to marked, chronic-active inflammatory reaction involving
the subcutaneous tissues, which was not reversible following the two-week recovery period.
NOAEL must be less than 100 mg/kg/day in this study. Considering clinical subcutaneous dose
(2 mg/kg/day), the total dose of IGF-1 (100 mg/kg x 0.225 kg) is approximately 25 % of human
local dose, based on 50 kg subjects.
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Title: A study on the local subcutaneous toxicity of rhIGF-1 in pigS (Section 4.2.3.6.b.1)

Document: Vol: 21, pp1-20

Document#: Scientific report 8996406; Project#530
Battelle Study#:NO57645A

Sponsor - , }
Conducting laboratory: C—

Date of study initiation: July 05, 1989

GLP compliance: Yes

QA Report: Yes (x) No ()

Purpose: To characterize the potential irritation elicited by the subcutaneous administration of
rhIGF-I/IGFBP-3 in pigs because the subcutaneous tissue structure of pigs is similar to
that of man.

Methods and Materials:

rhIGF-1: Batch No.DSO33 (1 mg/ml in ampoules containing 4 ml)

Animals: Two crossbred SPF pigs (Danish Landrace x Yorkshire LYY, body weight 21 and 25
kg).

Treatment: The animals were given rhIGF-1 subcutaneously at doses of 0 (Control) and 4 mg
per injection sites. The control pig received 0.9% saline in an equal volume of the tested article
(4 ml). The injection sites were the left and right sides of the thoracic and lumbar regions of the
animals. For the first pig the test article injections were performed on Day 1, 3, and 4 from the
thoracic to lumbar area and autopsy was performed on Day 5. For the second pig rhIGF-1 was
injected daily at a dose of 4 mg on thoracic area. The same dose was given to lumbar sites on
Day 2 and 3. To avoid potential hypoglycemic effect of the test article, the test article injections
were performed with an interval of some hours on Day 2 and 3. In this animal saline was
injected on Day 3 and autopsy was performed on Day 5.

Observation: Daily for the reaction to the treatment and for the injection site examination.
Necropsy: The subcutaneous tissues at each injection site and the underlying muscle were
inspected for macro- and microscopic changes.

Results: The two pigs tolerated the treatment well in the beginning. Pig #2 had hypoglycemic
crisis about 4 hours after the first injection on Day 1. Glucose was given which alleviated the
condition. The procedure was repeated again on Day 3 and the animal died on Day 4. Necropsy
was performed immediately after the death.

Macroscopic and microscopic findings: There were some incidences related to needle lesion,
which might cause local hemorrhage because they used 19G needle as shown below (please see
the table). There were no differences between the saline control sites and the test article-treated
sites. The sponsor concluded that there were no local detrimental effects of IGF-1 in pigs, which
the reviewer agrees. :
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rhIGF-1 - local subcutancous toxicity

Microscoplc findings in pig No. 1

‘ " Findings
Injection Preparation _ —
i da]y injected Lelt side Right side
. Skin and Muscle Skinand Muscle
subcutis . subcutis
1 4 ml, thIGF-1 No changes Nochanges  No changes No changes
3 4 ml, rhIGF-1 Needle canal Necdle canal - No.changes No changes
4 4 ml, rhIGF-1 Necdle canal Nochanges  Needle canat Smalt [ocal
o cosinophil
infiltration
3 4 m}, 0.9% NaCl No changes Ncedle lesion Needle canal Necdle lesion
2.6.6.8. Special toxicology study
Title: Autoradiographic distribution of IGF-1 in male mouse (4.2.2.3.b.1)

1. Purpose: To determine distribution patterns of radiolabeled IGF-1 in whole body of male
mouse. This study was carried out at - — "
2. Methods: Human recombinant IGF-1 prepared from the (Batch 2038-4) was labeled
with ' 1. The '* I-IGF (3.12 uCi) was injected intravenously via a tail vein into four adult male
CS7BL mice (mean weight 22 g). The mice were killed 1 min, 5 min, 1 and 5 hours after
injection and the whole animals were rapidly frozen. The frozen blocks were sectioned for
whole-body autoradiography (20, 60 and 100 pm) onto tape ina -~ {he cry sections
were put on X-ray film for autoradiography.

3. Results: At times 1 and 2 minutes the highest concentration of radioactivity was observed in
the kidney and thyroid gland. Blood, too, showed a high level of radioactivity. Several other
organs contained radioactivity, although slightly 1ess. The spleen contained most radioactivity in
the red pulp, the highest concentration found in the border between red and white pulp. No
staining of lymph nodes was seen. At 5 minutes staining was also seen in organs mentioned
above, and also some further, stomach content, bone marrow, cerebrospinal fluid and melanin of
the eye. Urinary bladder and duct were highly labelled.
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At 30 minutes labelling of stomach content was pronounced as well as the kidney cortex, and at
60 minutes the major labelled "spots” were thyroid gland, stomach and urinary bladder, although
other organs were stil1 labelled but to a lesser extent. No labeling of cerebrospinal fluid could be
detected. At 300 minutes only weak autoradiograms were obtained, with highest radioactivity
again found in thyroid, stomach and urinary bladder. Uptake of radioactivity in salivary glands
and a specific structure in the nasal cavity was observed.

4. Conclusion: '* I-labeled rhIGF-1 was distributed throughout the body of adult male mice.

Several tissues which had high labeling may reflect rich vascularization since blood contained

high radioactivity levels. A high labeling in some other organs like kidney may reflect as
“receptor binding. The high labeling of thyroid probably reflects an accumulation of '*I-iodine.

2.6.6.9. Discus_sion and Conclusions

The sponsor did not perform Safety and Pharmacodynamic Drug Interaction studies. The repeat
dose toxicity of rhiIGF-I/rhIGFBP-3 has been studied in rats, and monkeys for up to 90 days. In
rats, daily subcutaneous administration of rhIGF-1/rhIGFBP-3 at doses up to 30 mg/kg/day
resulted in dose-dependent increases in body weights and an increase in the weight of the
lymphoid tissues, particularly the spleen, thymus and lymph nodes. Similar results were
obtained following 90 consecutive days of rhIGF-l/rhIGFBP-3 administration to monkeys at
doses up to 10 mg/kg/day. Dual energy X-ray absorptiometry studies in monkeys showed an
increase in lean body mass in all treated females and an increase in whole body bone mineral
density in high dose males at the end of the treatment period. Repeat dose toxicity studies with
free rhIGF-I have been conducted for up to 13 weeks in mice and up to 26 weeks in rats and
monkeys. In general, results of these studies are similar to those observed in the repeat dose
studies conducted with rhIGF-I/rhiGFBP-3.

In 13-Week toxicology studies in rats and monkeys, 10 mg/kg/day dose resulted in exposures 1
and 2 times, respectively, the maximum recommended human dose, based on body surface
area comparison. No formal studies to assess the genotoxic, carcinogenic or reproductive and
developmental toxicity of rhIGF-I/rthIGFBP-3 have been conducted. Based on the available
nonclinical data generated with rhIGF-1/rhIGFBP-3 combined with the nonclinical toxicology
studies with rhIGF-1, it is safe to say that the toxicology profiles of rhIGF-1 alone and those of
the rhIGF-I/rhIGFBP-3 binary complex are not drastically different. In conclusions, there were
no remarkable preclinical pharmacology and toxicology concerns with IGF-1/IGFBP-3. Most

" observations were anticipated pharmacologic effects of IGF-1.

2.6.6.10 Tables and Figures: Please see the tables and figures that were presented under
individual studies.

Unresolved toxicology issues (if any): None.
Final Recommendations:

Pharmacology and toxicology data support approval of this NDA for severe growth hormone
insensitivity syndrome (GHIS). The submitted data were derived largely from studies with IGF-
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I alone rather than the IGF-1/IGFBP-3 binary complex. Teratology studies in rabbits indicates
IGF-1 increased the postimplantation loss at a dose of 1.25 mg/kg/day. In this study NOAEL
was 0.5 mg/kg/day, which gives an exposure ratio of 0.2X MRHD, based on body surface area
comparison.

Suggested labeling:

Carcinogenesis, Mutagenesis, Impairment of Fertility:

Long term animal studies for the evaluation of carcinogenicity have not been performed with
iPlex (rhIGF-1/rhIGFBP-3). The genotoxic potential of iPlex has not been assessed. rhIGF-1
tested negative for genotoxic potential in the Ames test and in chromosomal aberration assays
conducted with human lymphocytes or rat peripheral lymphocytes. Animal fertility studies have
not been performed with iPlex. Effects of thIGF-1 on fertility and reproductive performance
werg assessed in male and female rats administered 0.4, 2 and 10 mg/kg/day, subcutaneously

»2 and "uimes clinical exposures with the MRHD based on body surface area) rhiGF-1 had
no effects on mating, fertility, or reproductlve performance in rats

Pregnancy: Teratogenic Effects: Pregnancy Category C

Animal reproduction studies have not been conducted with iPlex"™ [mecasermin rinfabate
(rDNA origin) injection]. Effects of rhIGF-1 on embryofetal development were assessed in rats
and rabbits.

- Subcutaneous administration of —, 2, or —ng/kg/day rhIGF-1 to pregnant rats during
organogenesis had no effects on embryofetal development / — 1.5, and —imes therapeutic
exposures with MRHD based on body surface area). Subcutaneous administration of 0.2, 0.5 or
1.25 mg/kg/day rhIGF-17 —

- —_— i to rabbits during organogenesis resulted in an increased incidence of fetal loss
but no fetal anomalies. Increased early resorptions were observed in rabbits treated with 1.25
mg/kg and increased preimplantation loss was observed —_— __  &exposures
equivalent to — . mes MRHD based on body surface area).

A second rabbit embryofetal development study was conducted to determine the role of
hypoglycemia in rhIGF-1 mediated fetal loss. Rabbits were administered subcutaneous doses of
0, 0.5, and 1.25 mg/kg/day rhIGF-1, 1.25 or 2.5 mg/kg rhIGF-1 plus glucose supplementation, or
2.5 IU/kg/day insulin. A comparable degree of hypoglycemia was observed in rabbits treated
with 1.25 mg/kg rhIGF-1 alone or 2.5 IU/kg insulin. Animals treated with 0.5 mg/kg thIGE-1 or
rhiGF-1 plus glucose maintained normal glucose levels. Similar to the initial rabbit study, an
increase in early fetal resorptions was observed in rabbits treated with 1.25 mg/kg/day rhIGF-1
(2 times MRHD based on body surface area). This finding was not observed in insulin-treated
rabbits despite a comparable degree of drug-induced hypoglycemia. A dose-related increase in
postimplantation loss was observed in all rhIGF-1 treated groups (>0.5 times MRHD based on
body surface area). While the incidence of fetal loss was somewhat reduced in glucose
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supplemented rabbits, it was not clearly attributable to drug-induced hypoglycemia since
significant fetal loss was still observed in normoglycemic rhIGF-1 treated rabbits.

—

Nursing Mothers:
It is not known whether iPlex ™ [mecasermin rinfabate (rDNA origin) injection] is excreted in

human milk. Because many drugs are excreted in human milk, ° — -

Signatures (optional):

Reviewer Signature

Supervisor Signature Concurrence Yes No
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This NDA includes substantial preclinical toxicity data for IGF-1 alone but limited data for the to-be-
marketed IGF-1: IGF BP-3 drug product as described below. The sponsor has been advised that the 13-week
bridging toxicity studies with IGF-1:BP-3 are adequate to support approval for the orphan indication due to
the limited patient population. However, if approval is sought for other indications additional toxicology
studies including carcinogenicity evaluations of IGF-1:BP-3 may be recommended.

Toxicology data for IGF-1 only.

1. Genotoxicity — Ames assay, multiple chromosomal aberrations assays with human lymphocytes
and rat peripheral lymphocytes were conducted , all with negative results.

2. Mitogenicity — studies to assess the effects of IGF-1 on growth of Lewis lung carcinoma or HT-
29 human colon carcinoma implanted in mice were performed. IGF-1 had no effects on tumor
growth or metastases.

3. General toxicity ~ 13-week subcutaneous (SC) toxicity study in mice and 26-week sc toxicity
studies in rats and monkeys were conducted. The anticipated pharmacological effects of dose-
related hypoglycemia, weight gain, and bone growth were observed. In addition, lymphoid
‘hyperplasia was observed in rats and monkeys.

4. Reproductive toxicity — fertility and peri/postnatal development study in rats and embryofetal
development studies in rats and rabbits were conducted. No effects on fertility, reproductive
performance, or embryofetal development were observed in rats. IGF-1 increased early
resorptions and postimplantation loss in rabbits. These effects were not clearly secondary to
drug-induced hypoglycemia since they occurred in rabbits supplemented with glucose to reverse
hypoglycema and the incidence was greater in IGF-1 treated rabbits ( with and without glucose
supplementation) than the incidence in insulin treated rabbits displaying comparable decreases in
blood glucose levels .

Toxicology data for IGF-1 : IGF BP-3 complex ( to be marketed product)

Thirteen week bridging toxicology studies with the IGF-1: BP 3 product were conducted in rats and
monkeys. The toxicity profiles of the IGF-1: IGF binding protein 3 complex was not qualitatively different
from IGF -1 alone. The addition of the binding protein significantly increased plasma half-life ( from 15
minutes to > 12 hours). In addition, the hypoglycemic effects of high doses of IGF-1 were minimized in
animals treated with the complexed IGF-1 compared to IGF-1 alone, probably due to lower concentrations of
free IGF-1 after administration of the complex. The most significant difference between the IGF-1 alone and
IGF-1:BP-3 were the antibody responses observed in both species.

In the 6-month sc rat toxicity study with IGF-1 alone , a single mid-dose rat (n = 1/150) displayed a
minimal antibody repsonse, while all rats treated with IGF-1:BP 3 for 3 months (n = 60/60) displayed
significant antibody titers (non- neutralizing). Similar results were obtained in monkeys. Namely, one mid-
dose monkey (1/34) treated with IGF-1 alone for 6 months displayed a positive antibody response, while all
IGF-1:BP-3 treated monkeys ( n = 24/24) displayed positive antibody titers after 3 months of



treatment. Antibody titers were modestly decreased in both rats and monkeys after a 28-day drug free
recovery period. The sponsor states that the antibodies appeared to be generated to the IGFBP3 portion of
the molecule, The antibodies in monkeys were also non-neutralizing ( as measured by IGF-1 activity in an in
vitro mitogenicity assay).

Potential differences in the immunogenicity of IGF-1 alone vs the IGF-1 :BP 3 complex should be carefully
assessed clinically. An immunogenic response to the recombinant IGF-1 binding protein 3 may occur in
patients since the recombinant protein produced in E. coli is not glycosylated like the endogenous binding
protein.

Suggested Labeling Revisions:

Carcinogenesis, Mutagenesis, Impairment of Fertility

Long term animal studies for the evaluation of carcinogenicity have not been performed with iPlex (thIGF-1/rhIGFBP-3). The
genotoxic potential of iPlex has not been assessed. rhIGF-1 tested negative for genotoxic potential in the Ames test and in
chromosomal aberration assays conducted with human lymphocytes or rat peripheral lymphocytes.

Animal fertility studies have not been performed with iPlex. Effects of thIGF-1 on fertility and reproductive performance
were assessed in male and female rats administered 0.4, 2 and 10 mg/kg/day, subcutaneously (0.2, 1 and 7 times clinical
exposures with the MRHD based on body surface area). rhIGF-1 had no effects on mating, fertility, or reproductive
performance in rats.

Pregnancy — Pregnancy Category C

Animal reproduction studies have not been conducted with iPlex™ [mecasermin rinfabate ((DNA origin) injection]. Effects of
rhIGF-1 on embryofetal development were assessed in rats and rabbits.

Subcutaneous administration of —, 2, or ‘~.ng/kg/day rhIGF-1 to pregnant rats during organogenesis had no effects on
embryofetal development (0.5, 1.5, and 4 times therapeutic exposures with MRHD based on body surface area).
Subcutaneous administration of 0.2, 0.5 or 1.25 mg/kg/day rhIGF-1 to rabbits during organogenesis resulted an increased
incidence of fetal loss but no fetal anomalies. Increased early resorptions were observed in rabbits treated with —mg/kg and
increased preimplantation loss was observed in all thIGF-1 —treated groups (exposures equivalent to — > 0.3 times
MRHD based on body surface area, respectively).

A second rabbit embryofetal development study was conducted to determine the role of hypoglycemia in rhIGF-1 mediated
fetal loss. Rabbits were administered subcutaneous doses of 0, 0.5, and 1.25 mg/kg/day rhIGF-1, 1.25 or 2.5 mg/kg rhIGF-1
plus glucose supplementation, or 2.5 IU/kg/day insulin. A comparable degree of hypoglycemia was observed in rabbits
treated with 1.25 mg/kg rhIGF-1 alone or 2.5 IU/kg insulin. Animals treated with 0.5 mg/kg rhIGF-1 or thIGF-1 plus glucose
maintained normal glucose levels.

Similar to the initial rabbit study, an increase in early fetal resorptions was observed in rabbits treated with 1.25 mg/kg/day
thIGF-1 (2 times MRHD based on body surface area). This finding was not observed in insulin-treated rabbits despite a
comparable degree of drug-induced hypoglycemia.” A dose-related increase in post-implantation loss was observed in all
thIGF-1 treated groups (>0.5 times MRHD based on body surface area). While the incidence of fetal loss was somewhat
reduced in glucose supplemented rabbits, it was not clearly attributable to drug-induced hypoglycemia since significant fetal .
loss was still observed in normoglycemic rhIGF-1 treated rabbits.

Recommendation: Approval.
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NDA Filing Meeting Checklist

1) Does this section of the
appear to be organized (according
to 21 CFR 314 and current
guidelines for format and content)
in a manner that would allow a
substantive review to be
completed?

All studies are in good order because
most of studies were performed by
~— and Celtrix.

2) Is this section of the NDA
indexed and paginated in a
manner to enable a timely and
substantive review?

3) Is this section of the NDA
sufficiently legible so that a
substantive review can be done?
Has the data been presented in an
appropriate manner (consider
tables, graphs, complete study
reports, inclusion of individual
animal data, appropriate data
analysis, etc.)?

4) Are all necessary and appropriate
studies for this agent, including
special studies/data requested by
the Division during pre-
submission
communications/discussions,
completed and submitted in this
NDA?

(Please itemize the critical studies

included and indicate any significant

studies that were omitted from the

NDA - e.g., safety pharm, genotox,

_reprotox, chronic tox,

carcinogenicity)

Safety pharmacology;
Pharmacokinetics; Immunogenicity;
2-week iv toxicity rat and monkey,
3-month sc rat and monkey
toxicology studies with IGF 1:BP3;
6 month sc rat and monkey studies
with IGF-1 only;

Genotoxicity;

Secondary carcinogenicity (lung
metastases and human colon
carcinoma implanted in nude mice);
No carcinogenicity studies

Seg I, 1T, Il reprotoxicity and local
tolerance studies in SD rats and pigs.




5) Were the studies adequately
designed (ie., appropriate number
of animals, adequate monitoring
consistent with the proposed
clinical use, state-of-the art
protocols, etc.)?

6) If the formulation to be marketed

is not identical to the formulation
used in the toxicology studies
(including the impurity profiles),
has the sponsor clearly defined the
differences and submitted v

~ reviewable supportive data (ie.,
adequate repeat studies using the
marketed product and/or adequate
justification for why such
repetition would not be
necessary)?

7) Does the route of administration

used in animal studies appear to
be the same as the intended
human exposure route? If not, has
the sponsor submitted suppottive
data and/or an adequate scientific
rationale to justify the alternative
route?

8) Has the proposed draft labeling

been submitted? Are the
appropriate sections for the
product included and generally in
accordance with 21 CFR 201.577?
Is information available to express
human dose multiples in either
mg/m2 or comparative
serum/plasma AUC levels?




9) From a pharmacology/toxicology
perspective, is this NDA fileable?
If not, please state in item # 10
below why it is not.

10) Reasons for refusal to file:

Herman Rhee, Ph.D.

- Reviewing Pharmacologist

Supervisory Pharmacologist
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