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EXECUTIVE SUMMARY

I. Recommendations

A. Recommendation on approvability

The Biologics License Application STN# 125103 is approvable for the proposed
indication based on the data contained in the non-clinical toxicology sections of the
original submission. The toxicities of palifermin are primarily extensions of the
pharmacologic activity of the product. The clinical treatment duration recommended in
this application is limited and the patient population can be selected and monitored to
avoid unreasonable risk.

B. Recommendation for nonclinical studics

Further non-clinical studies are recommended to address the potential for palifermin to
promoted tumor progression.

C. Recommendations on labeling
Modifications to the labeling for palifermin are recommended. The statements that the
maternal toxicity data ‘C
3 should be eliminated. The negative effects on the fetus were observed and
whether those effects were due to maternal toxicity or direct effects of the drug on the
fetus was not addressed in those studies. In addition, the statement &

Jd
should be eliminated. The absence of detectable palifermin in fetal blood may be a result
of short half life or other factors not assessed in the study. Pregnancy Category C is
recommended.

IL Summary of nonclinical findings

A. Brief overview of ponclinical findings
This document contains only reviews of the non-clinical toxicology sections including
single-dose toxicology, repeat-dose toxicology, genotoxicity, carcinogenicity and
reproductive toxicology. The pharmacology, pharmacodynamics and pharmacokinetics
and safety pharmacology were reviewed by Dr. Anita O’Connor in a separate document.

Non-clinical single-and repeat-dose toxicology studies were performed to
evaluate the potential toxic effects of palifermin in a variety of animal models. The
species studied included athymic nude mice, rats, rhesus and cynomolgus monkeys.
Single doses were administered up to 30,000 ug/kg in rats and 50,000 ug/kg in monkeys.
Repeated doses of up to 1000 ug/kg daily for up to 28 days were administered to rats and
doses of 300 ug/kg daily for up to 28 days were administered to monkeys. The toxic
effects observed were primarily extensions of the known pharmacologic activity of
palifermin and included goblet cell hyperplasia, acanthosis and hyperkeratosis of the skin
of various body regions and tongue in ali species as well as involution of the thymus
characterized as lymphoid depletion. Rats showed what appeared to be a higher
sensitivity to the palifermin exposure with glomerulonephritis (rated mild to moderate),
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centrilobular apoptosis of the liver and increased thyroid follicular size and number. In
rats, doses of up to 1000 ug/kg, IV or SC, were administered daily for up to 28 days.
Dose dependent effects included acanthosis of the skin, hyperplastic and hypertrophic
changes in the Gl tract epithelium and urinary bladder. Goblet cell hyperplasia was
observed in all regions of the GI tract in the higher dose groups. Effects of the study drug
on the kidney included mild to moderate increases in organ weight, mild to moderate
glomerulonephritis and glomerulosclerosis accompanied by protein casts and thickening
of the mesangial matrix at doses greater than 300 ug/kg.

Also observed in a dose dependent pattern was thymus gland involution and
lymphoid depletion. Liver enlargement was also observed for the higher dose groups
with increases in cholesterol, triglycerides, albumin, giobulin and total protein.
Microscopic changes of centrilobular necrosis was observed in the high dose group.
Study drug effects were also seen in the thyroid of rats. Increases in the size and number
of follicles were reported accompanied by periglandular fibrosis in some animals at doses
100 ug/kg.

The effects on the liver and kidney remained apparent, though at a lesser
incidence and severity, at the end of the recovery period. The effects on the thyroid were
observed with increased incidence after the recovery period.

In monkeys receiving doses of palifermin up to 300 ug/kg either SC or IV daily
for 28 days, study drug related findings included acanthosis and hyperkeratosis of the
skin (scalp, mammary area, gluteal region), hyperplasia of the mucosa of the tongue and
esophagus, hyperplasia of goblet cells in all regions of the GI tract. One high dose
monkey was sacrificed moribund. This animal showed significant weight loss and severe
reduction in food consumption. Slight weight loss was noted for the surviving high dose
mid-study but returned to amounts similar to control by the end of dosing. A decrease in
mean RBC counts, hematocrit, and hemoglobin were noted at doses of < 100 pg/kg/day.
Slight decreases in hematocrit and hemoglobin were noted in females treated with 30
pg/kg/day. No treatment-related changes in hematology parameters were noted in groups
treated with < 10 pg/kg/day. The observed hematology changes were not apparent at the
end of recovery. '

Increased organ weight of the submandibular gland accompanied by elevation of
serum amylase and hypertrophy of the acinar cells (rated stight) was noted for the high
dose group. Involution of the thymus was also noted and did not resolve after the
recovery period. These findings are thought to be primarily due to the pharmacological
activity of the study drug and appeared to be largely reversible in the monkeys.

The toxicokinetic analysis showed that serum concentration time profiles of
palifermin displayed an initial rapid decline followed by a plateau between 1 and 3 hours
post-dose. The incidence of anti-drug antibodies increased with dose and dosing duration
and appeared to increase palifermin serum concentration.

Studies to assess the potential for palifermin to induce genetic abnormalities were
performed. The following assays were conducted: microchromosome reverse mutation
assay, Salmonella/Escherichia coli Mutagenicity Assay, CHO/HGPRT Mutation Assay,
Micronucleus genetic assay in mice. No genotoxic effects of palifermin were observed
under the conditions of these studies.
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Studies to evaluate the potential for palifermin to promote tumor growth were
conducted in vitro and in vivo. A series of human tumor cell lines were studied to
determine the presence and relative levels of the KGF receptor expression. In addition,
xenograft models of tumor promotion were studied with human tumor cells implanted
subcutaneously followed by treatment with palifermin or vehicle. The interpretation of
the data are subject to debate. One tumor type « C 1) showed a statistically
significant growth enhancement in a dose dependent manner when exposed to increasing
doses of palifermin. The results also showed growth of one additional tumor cell line
L 1 to be enhanced by palifermin treatment. However, the sponsor states that
this study did not show statistical significance. No toxicokinetics were performed to
confirm exposure. Palifermin at higher doses appeared to inhibit growth of some cell
lines.

A series of reproductive toxicology studies were performed in rats and rabbits to
support this application covering segments one and two only. To determine potential
effect of palifermin exposure on fertility parameters, doses of up to 1000 ug/kg/day were
administered I'V to male rats for two weeks prior to mating. For female fertility
assessment, doses of up to 1000 ug/kg/day were administered IV for one week prior to
mating and continued through gestational day 7. The results indicate that pahfermin
exposure at the high dose levels (1000 ug/kg/day) can have an adverse effect on fertility
parameters including fertility reduction of pregnancy rate (the number of pregnant
rats/number of rats in cohabitation). Female rats treated with 1000 pg/kg/day rHuKGF
also had significant reductions in the litter averages for corpora lutea and implantations.
An increase in embryonic deaths was noted at doses > 300 ug/kg/day. For male rats,
reductions in sperm counts were noted for rats receiving doses > 300 ug/kg/day. Dose
dependent microscopic changes related to male fertility included hyperplasia of the
tubular epithelium in 100% of rats in the high dose group, necrotic germ cells and/or
hypospermia in the epididymal tubules and signs of reduced secretory activity in the
seminal vesicles and prostate

To address potential effects on embryo/fetal development, palifermin was
administered IV during gestation in doses of up to 1000 ug/kg/day in rats and up to 500
ug/kg/day in rabbits. Dose dependent reduction in body weight gain was observed in rats
with doses greater than 300 ug/kg/day and for in rabbits with doses > 150 ug/kg/day.
These dose groups aiso showed increased resorption of the conceptuses in these dose
groups. In the rabbit study, increased postimplantation loss and a corresponding decrease
in viable litter size were also noted in the 150 pg/kg/day group. Intrauterine growth and
survival were unaffected by treatment with doses < 50 pg/kg/day.

In rats, the 300 and 1000 ug/kg/day doses of the test article were associated with
increases in embryo deaths evident as significant increases in nonviable embryos and
percent nonviable embryos, significant reductions in the litter averages for viable
embryos and litter sizes (the sum of viable and nonviable embryos) and increases in the
number of dams with nonviable embryos.

In animals receiving 1000 pg/kg/day, mean fetal body weight was reduced and
postimplantation loss was increased. No effects on embryo/fetal development were
observed at doses up to 300 pg/kg/day in rats. For rabbits, no effects on reproductive
parameters were noted at doses of 60 ug/kg/day or lower.
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Toxicokinetic evaluation of palifermin in pregnant rats was performed. Doses of up to
1000 ug/kg IV were administered. Negligible amounts of palifermin were detected in
fetal serum or amniotic {luid.

B. Pharmacologic activity

Keratinocyte growth factor is an endogenously secreted protein that binds to the
keratinocyte growth factor receptor (FGFR2IIIb, a splice variant of the FGFR2 receptor).
Binding of KGF to its receptor results in proliferation, differentiation, and upregulation of
cytoprotective mechanisms (e.g, induction of antioxidant enzymes). The endogenous
KGF is produced by mesenchymal cells and is upregulated in response to epithelial tissue
injury.

In animal models, KGF receptor binding results in enhanced proliferation of
epithelial cells in many tissues, including the tongue, buccal mucosa, and gastrointestinal
tract. Of significance to this BLA, KGF can cause hyperplasia of the goblet cell
population in the GI epithelium providing increased mucous secretiot:.

C. Nonclinical safety issues relevant to clinical use
In rats treated with palifermin at high doses daily for 28 days, findings were noted in
liver, kidney and thyroid. These findings did not resolve completely after the recovery
period. The thyroid findings actually increased after the recovery period. These
toxicities were discussed with the clinical reviewer and no clinical correlations were
noted. The dose levels and dosing duration used that resulted in the toxicities arc
significantly greater than the expected human exposure. Similar toxicities were not
observed in monkeys receiving up to 300 ug/kg/day for 28-days.

There is some concern that exposure to palifermin may promote growth of non-
hematologic tumors. This concern will be addressed in tumor promotion studies to be
performed as part of a post-marketing commitment.

Appears This Way
On Original
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Indication: T

[ ) J

Clinical formulation: :

Fach vial of 6.25 mg palifermin is formulated with 50 mg mannitol, 25 mg sucrose, .94
mg L-histidine and 0.13 mg polysobate 20. When reconstituted with sterile water for
injection, the final concentration of palifermin is 5 mg/ml at pH 6.5.

Route of administration:
Intravenous bolus injection.

Proposed use:

|

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

Studies reviewed within this submission: Toxicology studies

Studies_not reviewed within this submission: Pharmacology and pharmacodynamics
studies are reviewed by Anita O’Connor, P.h.D.

2.6.2 PHARMACOLOGY

Not reviewed in this document. Pharmacology, pharmacodynamics, pharmacokinetics
and safety pharmacology sections were reviewed by Dr. Anita O’Conner in a separate
document.

2.6.2.1 Brief summary

2.6.2.2 Primary pharmacodynamics

Not reviewed in this document.

2.6.2.3 Secondary pharmacodynamics

Not reviewed in this document.

2.6.2.4 Safety pharmacology

2.6.2.5 Pharmacodynamic drag interactions
Not reviewed in this document.

2.6.3 PHARMACOLOGY TABULATED SUMMARY

Not included in this document. See review by Dr. Anita O’Connor

2.6.4 PHARMACOKINETICS/TOXICOKINETICS

Not included in this document. Se review by Dr. Anita O'Connor
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2.6.4.1 Brief summary

2.6.4.2 Methods of Analysis

2.6.4.3 Absorption

2.6.4.4 Distribution

2.6.4.5 Metabolism

2.6.4.6 Excretion

2.6.4.7 Pharmacokinetic drug interactions

2.6.4.8 Other Pharmacokinetic Studies

2.6.4.9 Discussion and Conclusions
2.6.4.10 Tables and figures to include comparative TK summary

2.6.5 PHARMACOKINETICS TABULATED SUMMARY

2.6.6 TOXICOLOGY

2.6.6.1 Overall toxicology summary

General toxicology:
Palifermin was tested in single-dose and repeat dose studies in a variety of animal models
including rats, athymic nude mice and rhesus monkeys.

In single-dose studies in rats and monkeys, doses up to 30,000 and 50,000 ug/kg
were administered, respectively. Drug related effects included loss of apetite, weightloss,
skin flushing, mucous cell hyperplasia in the GI tract, acanthosis of the tongue and
involution of the thymus (monkeys). In monkeys, 50,000 ug/kg was lethal.

Repeated dose studies were performed in athymic nude mice, rats, rhesus and
monkeys. The rat appeared to be a more sensitive model for palifermin induced toxicities
than the monkey, although clear dose-related effects were seen in all specied tested.

In rats, doses of up to 1000 ug/kg, I'V or SC, were administered daily for up to 28
days. Dose dependent effects included acanthosis of the skin, hyperplastic and
hypertrophic changes in the GI tract epithelium and urinary bladder. Goblet cell
hyperplasia was observed in all regions of the GI tract in the higher dose groups. Effects
of the study drug on the kidney included mild to moderate increases in organ weight,
mild to moderate glomerulonephritis and glomerulosclerosis accompanied by protein
casts and thickening of the mesangial matrix.
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In rats treated daily 1V for 7 days both IV and SC, elevations of serum lipase, setum
amylase, C-reactive protein levels were also noted after doses of 1000 ug/kg. When
administered 1V to rats daily for 28 days, multiple toxic effects were noted. Clinical
pathology assessments revealed increases in total protein, globulin, albumin, calcium,
cholesterol, and triglycerides at all doses (the lowest dose used was 30 ug/kg). Reduced
RBC counts, decreased hematocrit and decreased hemoglobin were noted in rats that
received 300 ug/kg or greater and increased reticulocytes and platelet counts were noted
in rats receiving 100 ug/kg. These observations were made at day 15 of 28 day treatment
and had returned to control levels by day 29.

Histopathological findings included centrolobular apoptosis of the liver (at 1000 ug/kg),
lymphoid depletion of the liver (300 ug/kg or greater), increased size and number of
thyroid follicles (300 ug/kg or greater). Hyperplastic/hypertrophic changes were
observed in all regions of the GI tract after doses of 300 ug/kg or greater. Theses effects
were observed at much lower severity or not observed after the 28-day recovery period.
The histopathologic effects observed for the liver, thymus and thyroid remained apparent,
although with lower severity for the liver, at the end of the recovery period.

Also observed in a dose dependent pattern was thymus gland involution and
lymphoid depletion. Liver enlargement was also observed for the higher dose groups
with increases in cholesterol, triglycerides, albumin, globulin and total protein.
Microscopic changes of centrilobular necrosis was observed in the high dose group.
Study drug effects were also seen in the thyroid of rats. Increases in the size and number
of follicles were reported accompanied by periglandular fibrosis in some animals.

The effects on the liver and kidney were still observed, though at a lesser
incidence and severity, at the end of the recovery period. The thyroid findings did not
resolve during the recovery period, however, and appeared to increase in incidence.

In monkeys receiving doses of palifermin up to 300 ug/kg either SC or IV daily
for 28 days, study drug related findings included acanthosis and hyperkeratosis of the
skin (scalp, mammary area, gluteal region), hyperplasia of the mucosa of the tongue and
esophagus, hyperplasia of goblet cells in all regions of the GI tract. Slight weight loss
was noted for the high dose mid-study (weeks 2 and 3) but returned to amounts sumilar to
contro! by the end of dosing. A decrease in mean RBC counts, hematocrit, and
hemoglobin were noted at doses of > 100 pg/kg/day. Slight decreases in hematocrit and
hemoglobin were noted in females treated with 30 pg/kg/day. No treatment-related
changes in hematology parameters were noted in groups treated with < 10 pg/kg/day.
The observed hematology changes were not apparent at the end of recovery. Clinical
pathological findings included decreased total cholesterol and calcium, increased alpha-1
globulin, and reduced total protein and albumin. Phosphate was also decreased at doses
>100 pg/kg/day during week 4. Amylase was increased, relative to controls, at doses >
30 pg/kg/day. The increased amylase associated with increased submandibular gland
weights and submandibular gland acinar cell hypertrophy. There were no alterations in
serum chemistry parameters at doses < 10 ug/kg/day.

Involution of the thymus with lymphoid depletion was noted in a dose dependent
pattern. Increased organ weight of the submandibular gland accompanied by elevation of
serum amylase and hypertrophy of the acinar cells (rated slight) was noted for the high
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dose group. Most of these changes are thought to be due to the pharmacological activity
of the study drug and appeared to be reversible.

The toxicokinetic analysis showed that serum concentration time profiles of
palifermin displayed an initial rapid decline followed by a plateau between 1 and 3 hours

post-dose. The incidence of anti-drug antibodies increased with dose and dosing duration
and appeared to increase palifermin serum concentration.

Genetic toxicology:
Studies to assess the potential for palifermin to induce genetic abnormalities were

performed. The following assays were conducted: microchromosome reverse mutation
assay, Salmonella/Escherichia coli Mutagenicity Assay, CHO/HGPRT Mutation Assay,
Micronucleus genetic assay in mice. No genotoxic effects of palifermin were observed
under the conditions of these studies.

Carcinogenicity:

Studies to evaluate the potential for palifermin to promote tumor growth were
conducted in vitro and in vivo. A series of human tumor cell lines were studied to
determine the presence and relative levels of the KGF receptor expression. In addition,
xenografi models of tumor promotion were studied with human tumor cells implanted
subcutaneously followed by treatment with palifermin or vehicle. The interpretation of
the data are subject to debate. One tumor type L 3 showed a statistically
significant growth enhancement in a dose dependent manner when exposed to increasing
doses of palifermin. The results also showed growth of one additional tumor cell line

C 1" to be enhanced by palifermin treatment. However, the sponsor states that
this study did not show statistical significance. No toxicokinetics were performed to
confirm exposure. Palifermin at higher doses appeared to inhibit growth of some cell

lines.

Reproductive toxicology:

A series of reproductive toxicology studies were performed in rats and rabbits to
support this application covering segments one and two only. To determine potential
effect of palifermin exposure on fertility parameters, doses of up to 1000 ug/kg/day were
administered [V to male rats for two weeks prior to mating. For female fertility
assessment, doses of up to 1000 ug/kg/day were administered IV for one week prior to
mating and continued through gestational day 7. The results indicate that palifermin
exposure at the high dose levels (1000 ug/kg/day) can have an adverse effect on fertility
parameters including fertility reduction of pregnancy rate (the number of pregnant
rats/number of rats in cohabitation). Female rats treated with 1000 pg/kg/day rHuK GF
also had significant reductions in the litter averages for corpora lutea and implantations.
An increase in embryonic deaths was noted at doses > 300 ug/kg/day. For male rats,
reductions in sperm counts were noted for rats receiving doses > 300 ug/kg/day. Dose
dependent microscopic changes related to male fertility included hyperplasia of the
tubular epithelium in 100% of rats in the high dose group, necrotic germ cells and/ox
hypospermia in the epididymal tubules and signs of reduced secretory activity in the
seminal vesicles and prostate

10
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To address potential effects on embryo/fetal development, palifermin was
administered [V during gestation in doses of up to 1000 ug/kg/day in rats and up to 500
ug/kg/day in rabbits. Dose dependent reduction in body weight gain was observed in rats
with doses greater than 300 ug/kg/day and for in rabbits with doses > 150 ug/kg/day.
These dose groups also showed increased resorption of the conceptuses in these dose
groups. In the rabbit study, increased postimplantation loss and a corresponding decrease
in viable litter size were also noted in the 150 pg/kg/day group. Intrauterine growth and
survival were unaffected by treatment with doses < 50 pg/kg/day.

In rats, the 300 and 1000 ug/kg/day doses of the test article were associated with
increases in embryo deaths evident as significant increases in nonviable embryos and
percent nonviable embryos, significant reductions in the litter averages for viable
embryos and litter sizes (the sum of viable and nonviable embryos) and increases in the
number of dams with nonviable embryos.

In rats receiving 1000 pg/kg/day, mean fetal body weight was reduced and
postimplantation loss was increased. No effects on embryo/fetal development were
observed at doses up to 300 pg/kg/day in rats. For rabbits, no effects on reproductive
parameters were noted at doses of 60 ug/kg/day or lower.

Toxicokinetic evaluation of palifermin in pregnant rats was performed. Doses of
up to 1000 ug/kg IV were administered. Negligible amounts of palifermin were detected
in fetal serum or amniotic fluid.

Special toxicology:

The antigenicity of palifermin was investigated using guinea pigs, mice and rats.
Palifermin was administered alone and with adjuvant under a variety of dosing
conditions. The results indicate that palifermin can produce anaphylactic-like reactions
in guinea pigs, mice and weakly in rats.

2.6.6.2 Single-dose toxicity
Study title; Acute intravenous toxicity of tHuKGF in rats

Key study findings:

The purpose of this study was to investigate the range of toxicity of rHuKGF in male and
female Sprague-Dawley rats following a single 1V dose. Eight groups of rats were given
a single 1V dose of 0, 100, 1000, 10,000 or 30,000 ug/kg on day one and sacrificed on
day 15. No in-life parameters showed a clear effect of study drug administration. A
dose-related increase in serum globulin at day 15 for females in the 5,000, 10,000 and
30,000 groups but was not reported for male rats in the high dose group. Only the
thymus gland was examined histologically. The glands removed showed a test article
related increase in size but the microscopic examination revealed no remarkable
pathology.

Study no.: Amgen # T-95-KGF-012; = MO077-95

Volume #, and page #:
Conducting laboratory and location: £ b}

H
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Date of study initiation: 12/01/95
GLP compliance: YES
QA report: yes(X)no ()
Drug, lot #, and % purity: tHuKGF lot # 01195B5C, diluent lot # 02095B5
Methods
Doses: 0. 100, 300, 1000, 5000, 10000, 30000 ug/kg
Species/strain: Sprague-Dawley rats
Number/sex/group or time point (main study): 5/sex/group
Route, formulation, volume, and infusion rate: 2 ml/kg, IV injection via tail vein
Satellite groups used for toxicokinetics or recovery:
Age: 6-7 weeks
Weight (nonrodents only):
Unique study design or methodology (if any): Rats were injected with test article
on study day 1 and sacrificed on study day 15.

The experimental design is summarized in the following figure provided by the sponsor:
Dose Levels und Number of Animals:

Dose level No. of Animals
Group _{ngiked) Daose Vol Male Female
i KGF Placebo 2 mlkg 5 5
2 100 2 mlikg 5 5
3 300 2 mbikg 5 5
4 1,000 2 ml/kg 5 5
3 5,000 2 mbkg 5 5
6 10,000 2 mikg 5 5
7* 30,000 6 mi/kg 5 5
g* KGF Placebo 6 mikg 5 5

* Groups 7 and 8 were added by amendment; these animals were received att  J
in a separate shipment and treated at a later date than the first set of rats.

Observation times and results

Mortality: Monitored twice daily on weekdays and once daily on weekends or holidays.
No animal deaths occurred during this study. .

Clinical signs: Monitored lhr, 2hr and 4 hr post dose and daily thereafter. No significant
clinical signs attributed to test article administration were reported.

Body weights: Body weights recorded at randomization, pre-dosing on day 1, day 8 and
pre-necropsy on day 15. No statistically significant differences in body welght gain were

12
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noted for any group. An apparent trend to a slight decrease in weight gain is noted for
the high dose group, both males and females.

Food consumption: Food consumption was apparently not recorded.

Ophthalmoscopy: Not done.

EKG: Not done.

Hematology: The following parameters were analyzed for hematology:

e RBC count (RBC): Statistically significant increase in RBC and HGB is noted
for group 6 males but was not present for the higher dose (group 7) males.
Although some measures of corpuscular volume and hemoglobin content
appeared reduced for female rats, there appears to be an increase noted for RBC
measures and hematocrit for groups 3, 4 and 5 females.

e Hematocrit (HCT): Increase in HCT is reported for 3, 4 and 5 females.

» Hemoglobin (HGB): No differences from control are reported for any group

+ Mean Corpuscular Volume (MCV):

* Mean Corpuscular Hemoglobin (MCH) MHC was reduced in group 4 and 5
males but was not present for groups 6 and 7.

» Mean Corpuscular Hemoglobin: Reductions in hemoglobin measures are
reported for females in groups 3, 4, 5 and 6 but not group 7 compared to the
respective controls.

» Concentration (MCHC) AN elevation was noted for group 2 males compared to
control but reduction was observed in group 7 males. Although statistically
significant, the differences are small (less than 3%).

e  WBC count (WBC): a slight reduction is noted for groups 6 and 7 males but did
not reach statistical significance.

« WRBC differential counts: Differentials showed large vanations but did not appear
to be study drug related.

» Platelet count (PLC):

» Reticulocyte count (RET): An increase in reticulocytes counts is reported for
groups 4 and 7 compared to their respective control groups.

In general, several differences from controls in hematologic measures are noted. They
appear to be sporadic and inconsistent across dose groups. None appear to be consistent
with an effect of the test article.

Clinical chemistry: Blood was collected via retro-orbital sinus or cardiac puncture.
Samples were collected at sacrifice on day 15. Parameters examined are as follows:
* Alanine aminotransferase (ALT)
e Albumin (ALB)
e Alkaline phosphatase {ALP)
» Aspartate aminotransferase (AST)

13




Reviewer: Barbara J. Wilcox, Ph.D. BLA STN # 125103

e Bilirubin [total (TBI), direct (DBI), and indirect (IB])]: Bilirubin measures
appear to be reduced in all treated groups but the highest dose. However, all
values were consistently near zero so biological significance is unclear.

e Blood urea nitrogen (BUN)

o. Calcium (CAL)

e Chloride (U-IL)

e Cholesterol (CHO)

¢ Creatinine (WE)

o Glucose (GLU)

» Phosphorus (PHO)

e Potassium (POT)

e Protein, total (TPR)

¢ Sodium (SOD)

e Triglycerides (TRI)

» Albumin/giobulin ratio (AGR)

No other differences from contro} are reported for clinical chemistry measures. None of
the differences reported appear to indicate an effect attributable to test article
administration.

Urinalysis: Not done.
Gross pathology: All body surfaces and orifices and organs were examined at necropsy.

Gross lesions were retained for further examination. Tissue retained from this study was
limited to thymus from the 30,000 ug/kg group and respective control group.

Organ weights (specify organs weighed if not in histopath table): Only the thymus from
control and 30,000 ug/kg group was weighed. Thymus from the treated group averaged
52%-56% more than controls. The organs were visibly larger then the control organs.

Histopathology: Adequate Battery: yes ( ), no ( X }—explain

Peer review: yes( ), no( )
Only the thymus from the 30,000 ug/kg group and control was retained for histological
examination. The protocol does not provide an explanation of why the study was
designed this way. Although the thymus glands from the treated group were visibly larger
that control and weighed over 50% more, the histology appeared to be no different than
normal.

Toxicokinetics: Not Done.

Study title; Acute subcutaneous toxicity of rHuKGF in rats.
Key study findings:

The purpose of this study was to evaluate the toxicity of tHuKGF following a single,
subcutaneous injection. Both male and female rats were tested with 6 different doses
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ranging from 100 ug/kg to 30,000 ug/kg. Some trends in hematology and clinical

chemistry were observed but values did not fall outside normal limits for this species.
(Dose related decrease in RBC up to 14% in females from dose groups higher than 300
ug/kg accompanied by reductions in other hemoglobin measures and increases in

reticulocytes.
Rats were sacrificed 14 days after dosing. The thymus glands from the 30000 ug/kg

group were visibly enlarged. The only tissue examined histologically was thymus of the
high dose group. No remarkable findings are reported for the histopathology evaluation
of the thymus gland.

Study no.: — # M078-95/ Amgen # T-95KGF-013
Volume #, and page #:
Conducting faboratory and location: L d
L 1
Date of study initiation: 12/01/95
GLP compliance: Yes
QA report: yes(X)no( )
Drug, lot #, and % purity: KGF lot # 01195BC, Placebo lot # 04105D5
Concentrations of rHuK GF in the 100, 300, 1000, 5000, 10,000, and 30,000 ug/kg dose
formulations were [ _ . T of the target concentrations.
No detectable rHuK GF was reported for the placebo dose formulation.
Note that the 300 ug group received less than half the intended dose.
Methods
Doses: 100, 300, 1000, 5000, 10,000, and 30,000 ug/kg
Species/strain: Sprague-Dawley rats, male and female
Number/sex/group or time point (main study): 5/sex/group
Route, formulation, volume, and infusion rate: Single subcutaneous dose on day
1 in a volume of 2 ml/kg for groups 1-6 and 6 ml/kg for group 7.
Satellite groups used for toxicokinetics or recovery:
Age: 6-7 weeks at initiation of the study.
Weight (nonrodents only): males: 171-211g; females: 140-182 g. Note that these
rats are not fully adult.

Unique study design or methodology (if any): Study length: 15 days.

The study design (doses and group designations) are listed in the following table
provided by the sponsor (See below):
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Dose Levels and Number of Animals:

Dose level

{ng/kg) Dose Vol,

1 KGF Placebo 2 ml/kg 5 5
2 100 2 ml/kg 3 5
3 300 2 ml/kg 5 5
4 1,600 2 mbikg 5 5
5 5,000 2 ml/kg 5 5
6 - 10,000 2 ml/kg 5 5
7* 30,000 6 mikg 5 5

* Group 7 was added by amendment; these animals were received at — ina
separate shipment and treated at a later date than the first set of rats.

Frequency/Route: Single subcutaneous injection on Day 1.

Day 1 = 12/01/95 for Groups 1-6.
Day 1 =12/12/95 for Group 7.

Observation times and results

Mortality: Twice daily on weekdays and once daily on weekends and holidays. No
unscheduled deaths occurred.

Clinical signs: Observations made at 1, 2 and 4 hours post-dosing and once daily
thereafter.
No adverse clinical signs were reported.

Body weights: At randomization on days -1 or 1, on day 1 prior to dosing, day 8 and
prior to necropsy on day 15.

No effects on body weight gain attributable to study drug administration were noted.

Food consumption: N/A

Ophthalmoscopy: Not Done.

FKG: Not Done.

Hematology: Blood samples for laboratory testing was collected at terminal sacrifice on
day 5.
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e RBC count (RBC): Elevated for group 4 and 5 males; reduced slightly for groups
5, 6 and 7 females.

e Hematocrit (HCT): Slightly elevated for group 4 and 5 males. Reduced in
correlation with RBC levels for group 5, 6 and 7 females.

e Hemoglobin (HGB): Slightly elevated for group 4 and 5 males but differences not
significant. Reduced for groups 5, 6 and 7 females.

¢ Mean Corpuscular Volume (MCV)

e Mean Corpuscular Hemoglobin (MCH): Slightly reduced for groups 4 and 5
males. Slightly elevated for group 7 females.

e Mean Corpuscular Hemoglobin Concentration (MCHC): Slightly reduced for
group 4 and 5 males. Slightly elevated for group 7 females.

e WBC count (WBC)

« WBC differential counts

e [absolute band | neutrophil (ANB),

e segmented neutrophil (ANS)

¢ lymphocyte (ALY),

e monocyte (AMO): Reduced to 25% of control for group 4 males, reduced to 10%
of control for group 7 males. (The data appear to show a dose related trend
toward reduced MO for all doses, although only groups 4 and 7 reached statistical
significance.) Reduction of monocyte counts to less than 10% of control was also
noted for female rats in a dose dependent fashion although statistical significance
was only achicved for group 7.

s eosinophil (AEO)

» basophil (ABA)

e Platelet count (PLC): Platelet count was modestly reduced for group 7 males. No
observed effect for female rats.

« Reticulocyte count (RET): Female rats in groups 3, 4, 5, 6 and 7 showed
statistically significant increase in RET levels. This effect appears to be study
drug related.

Clinical chemistry: Blood samples for laboratory testing was collected at terminal
sacrifice on day 15.

* Alanine, aminotransferase (ALT)

 Albumin (ALB)

e Alkaline phosphatase (ALP)

e Aspartate aminotransferase (AST)

e Bilirubin [total (TBI), direct (DBI), and indirect (IBI)]: Small increases in
bilirubin measures are reported for the high dose group males; a slight increase in
DBI is noted for group 7 females.

* Blood urea nitrogen (BUN)

e (Calcium (CAL)

e Chiloride (CHL): Small increase noted for group 7 males and females.

+ Cholesterol (CHO): small increase for group 7 males
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Creatinine (CRE)
Globulin (GLO)
Glucose (GLU)

Phosphorus (PHO)

Potassium (POT)

Protein, total (TPR)

Sodium (SOD): A small increase is noted for group 7 males and females.
Triglycerides (TRI}

Albumin/globulin ratio (AGR)

Urinalysis: Not Done.

Gross pathology: Thymus glands from all rats in the high dose group were retained and
weighed

Organ weights (specify organs weighed if not in histopath table). Thymus glands from
all rats in the 30,000 ug/kg dose. Thymus glands from group 7 males were 47% larger
than controls. Female thymus from group 7 females were 15% larger than controls.

Histopathology: Adequate Battery: yes (), no { X )—explain

Peer review: yes{ ), no (X))
The only tissue examined at necropsy and for histopathology was thymus from all rats in
the 30,000 ug/kg group. No mention of whether or not the thymus from control rats were
retained for comparison.
Pathology report states that afl thymus samples appeared to be histologically within
normal limts.

Toxicokinetics:
Not Done.

Study title: A single dose toxicity study of rHuKGF administered intravenously to
Rhesus monkeys.

Key study findings:
The purpose of this study was to evaluate the toxicity of rHuKGF after IV
administration in monkeys. Two doses were evaluated: 10,000 ug/kg and 50,000
ug/kg. No significant hematology or serum chemistry effects related to test article
administration were noted. All animals showed reduced food intake for several hours
post dosing. Reddening of the skin, both facial and systemic, is reported for both
dose groups beginning within one day after dosing and continuing for up to 7 days.
Severity and duration were increased for the high dose group.
No gross findings are noted at necropsy. However, test article related findings are
apparent from histological examination. Those findings (rated very slight to slight)
include: acanthosis of the tongue, and skin over the mammary glands and gluteal
region, hypertrophy of the mucous producing cells in most regions of the GI tract.
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Involution of the thymus gland rated moderate to severe is reported in a dose
dependent manner. The biological significance of these findings is not clear since no
control animals were included in this study. The sponsor concludes that the lethal
dose for rtHuKGF is over 50,000 ug/kg.

Study mo.: — -39-29, Amgen study number 960098
Volume #, and page #:

Conducting laboratory and location: |

|

L ) J
Date of study initiation: 8/28/96

GLP compliance: YES

QA report: yes (X )no( )

Drug, lot #, and % purity: rHuKGF lot # 1101226A6A, diluent lot# 02D07226G6A

Methods
Doses: 50,000 ug/kg, 10,000 ug/kg No control group.
Species/strain: Rhesus monkey, 4 male and 4 female
Number/sex/group or time point (main study): 2/sex/group
Route, formulation, volume, and infusion rate: Intravenous administration at a
rate of 5 ml/min.
Satellite groups used for toxicokinetics or recovery: not done
Age: 4-8 years old
Weight (nonrodents only): males: 5-10 kg, females: 4-6 kg
Unique study design or methodology (if any):

Observation times and results
Mortality: Twice daily from day 1-13. See clinical signs, below.

Clinical signs: Prior to dosing, frequently for 1 hour after dosing, hourly from 1-6 hours
post dosing, twice daily for day 1-13.
e Both males and females in the 10,000 and 50,000 ug/kg groups showed loss of
appetite immediately after dosing lasting up to 8 hours post dose.
» Reddening of the skin, both facial and systemic, is reported for both dose groups
beginning within one day after dosing and continuing for up to 7 days. Severity
and duration were increased for the high dose group.

Body weights: Once prior to dosing on day -1, day 0 prior to dosing, on days 1, 4, 8 and
prior to necropsy. Animals in the 50,000 ug/kg group showed a small reduction in body
weight gain in the days following inject. The effect was more severe for the female
monkeys. The males returned to normal by day 2 but the females had not regained the
starting weight by the final weight measurement.

Food consumption: Calculated on the day prior to dosing and daily during the
observation period. Food consumption was reduced for the 50000 ug/kg group after
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dosing and returned to normal by day 6. This effect was more marked for the female
monkeys in the 50000 ug/kg group.

Ophthalmoscopy: Not done.

EKG: Not done.

Hematology: Samples taken once prior to dosing, day 5 and 13.

e erythrocyte count (RBC : € 1 detection method)

s leukocyte count (WBC : C 1 detection method)

» platelet count ( L 1 detection method})

e hematocrit value ( C T detection method)

e hemoglobin concentration (T _ 1 method)

e mean corpuscular volume (MCV)

e mean corpuscular hemogiobin (MCH)

e mean corpuscular hemoglobin concentration (MCHC)
* Reticulocyte count and differential Jeukocyte count

» coagulation
Small changes in some hematology parameters are noted but did not appear to show a
clear dose relationship. No control animals are included in this study. The smali changes
in values for RBC and WBC most likely do not have biological significance.

Clinical chemistry: Samples taken one day prior to dosing, days 6 and 13.

» Aspartate aminotransferase (AST: [ 1 method)

¢ Alaniue aminotransferase (AL C I method)

¢ Alkaline phosphatase (ALP: ¢ T method)

e Lactate dehydrogenase (LDH: C T assay)

o r-Glutamyl transpeptidase (7 -GTP: T _ o )
method)

e Total bilirubin ( € Thilirubin method)

¢ Total protein (C I method)
e Albuminit I method)

¢ Total cholesterol U 3 method)

e Triglyceride C 1 method)

e Glucose (C 3 method)

* Blood urea nitrogen (BUN: ( I method)

e Creatinine  — method)

e Uric acid (T Imethod)

¢ -porganic phosphorus (¢ Jdirect method)
e Calcium (Ca: —  method)

¢ Sodium (Na: L 1 method)

+ Potassium (K: T 1 method)

¢ Chloride (Cl-: ¢ 1 method)
Globulin (calculation)
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No test related changes in serum chemistry values are reported.

Urinalysis: Not done.

Gross pathology: See below. No macroscopic lesions were observed.

Organ weights (specify organs weighed if not in histopath table):
No organs were weighed. No macroscopic lesions were noted.

Histopathology: Adequate Battery: yes ( X), no( }—explain

Peer review: yes( ), no(X)
The following tissues were examined histologically:
Heart, thoracic aorta, spleen, thymus, bone marrow and bone (femur and sternum),
mesenteric lymph nodes, submandibular lymph nodes, tongue, lungs, bronchus, trachea,
esophagus, stomach (fundus, cardia, pylorus), gall bladder, small intestine (duodenum,
jejunum, ileum), pancreas, large intestine (cecum, colon, rectum), anus, liver, urinary
bladder, kidneys, testes, penis (epithelial lining of ureter), seminal vesicles, epididymides,
ovaries, prostate, vagina, uterus, pituitary, thyroids, cerebrum, parathyroids (as much as
possible), brain stem, adrenals, sciatic nerve, cerebellum, tacrimal glands, spind cord
(cervical, thoracic, lumbar), eyes (with optic nerve), tonsils, skin (gluteal, scalp),
injection site, quadriceps muscle of the thigh, urethra, submandibular gland, mammary
gland. Also examined were samples of buccal mucosa and skin from all animals.

e Thymus involution was recorded as severe for 4 of 4 high dose monkeys and 3 of
4 low dose monkeys. This may related to the test article but can not be ciearly
determined due to the lack of control group for this study.

e Slight inflammatory cell infiltration of the trachea is reported for alf animals in
this study.

e Acanthosis rated very slight for one of the high dose male animals and none of the
low dose animals in the esophagus.

e Mucous cell hyperplasia of the stomach was rated moderate and very slight for
the 4 of 4 high dose animals but was not reported for the lower dose monkeys

e Lymphocyte infiltration rated as very slight was noted for the stomach of 2 of 4
high dose animal, 1 of 4 noted for the lower dose animals.

e Goblet cell hyperplasia rated as very slight to slight is recorded for the jejunum,
ileum, cecum, colon and rectum of 4 of 4 animals in the high dose group and not
noted for the lower dose group.

e Very slight brown pigment is reported for 1 of 2 animals in each dose group

e Mononuclear cell infiltration in the liver rated very slight is reported for all
animals in the high dose group and 3 of 4 in the lower dose group. Whether this
is a test article related effect is not known since no controi animals were included
in this study.

e Slight hypertrophy of the zona fasciculate of the adrenal gland is reported for one
of 2 high dose male animals, not noted for the lower dose animals or female high
dose animals.
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e Acanthosis of the skin over the mammary gland and gluteal region rated very
slight is reported for one of 3 of 4 animals in the high dose group. Slight gluteal
acanthosis is noted for 1 of 4 lower dose animals.

e Acanthosis of the tongue rated very slight is reported for the tongue of both male
high dose animals. None of the female animals were found to display this effect.

e Slight acanthosis of the scalp is reported for 2 of 2 female high dose animals and
1 of 2 male high dose animals.

Toxicokinetics: Not Done.

Other:
2.6.6.3 Repeat-dose toxicity

Study title: Maximum tolerated dosage determination of recombinant human
keratinocyte growth factor, tHuKGF, in athymic nude mice.

Key study findings:

The purpose of this non-GLP study was to determine a maximum tolerated dose (MTD)
for recombinant human keratinocyte growth factor, tHuKGF, in athymic nude mice. The
study was performed as a preliminary, dose-finding study for design of future tumor-
promotion studies using human tumor xenografts. The mice showed a dose-related
decrease in body weight over the duration of the treatment. An LDy overall was
estimated to be 4.8 mg/kg/dose. The value for female animals was 11.0 mg/kg/dose and
that for males was 4.0 mg/kg/dose. Therefore, the maximum tolerated dose of rHuK GF,
administered to male and female athymic nude mice for 3 consecutive days/week for six
weeks is estimated to be 4.8 mg/kg/dose.

Study no.: 100929
Volume #, and page #:
Conducting laboratory and location:

o s b

|

i

i

|
Date of study initiation: L
GLP compliance: No.

QA report: yes( )no( )
Drug, lot #, and % purity: Palifermin lot # 24010C9,

Methods
Doses: 0,5, 10, 25 or 50 mg/kg
Species/strain: Athymic, NCR-nu mice supplied by € J
Number/sex/group or time point (main study):
Route, formulation, volume, and infusion rate: IV route, 0.1 ml/10gm
bodyweight for the 50 mg/kg/group, 0.1 mi/20gm body weight for all other groups.
Satellite groups used for toxicokinetics or recovery:
Age: 7 weeks
Weight (nonrodents only}):
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Unique study design or methodology (if any): Mice were injected on Monday,
Wednesday and Friday each week for 6 weeks.

Observation times and results
The parameter used to determine the MTD for palifermin was mean survival time (MST)
based upon death, morbidity or body weight loss of 20% or more.

Mortality:
e All animals in the high dose group were dead or euthanized by day 36 except one
fermnale that was sacrificed on day 41. Days for sacrifice were 12, 19, 26 (2), 29

(2), 36 and 41.

Clinical signs: N/A See above.
Body weights: A dose dependent decrease in body weights over time is reported. The
body weights decreased during the week and showed a rebound over the weekend

(treatment-free period).

Food consumption: N/A

Ophthalmoscopy: N/A

EKG: N/A

Hematology: N/A

Clinical chemistry: N/A

Urinalysis: N/A

Gross pathology:

Mice were sacrificed when body weight loss equaled 20% of original body weight.
Limited autopsy was performed. Gross examination at necropsy revealed empty stomach
and intestines, and blood observed within the thoracic cavity of treated mice. Similar
observations were noted in both male and female mice. In one female (at the 10
mg/kg/dose level), blood was observed in the abdominal cavity. Pale kidneys were noted
at autopsy in the majority of rHuK GF-treated mice, but no microscopic correlation could
be made. No etiology for the bloody lungs was determined. However, this finding did
not occur in control animals and may have been a result of study drug administration.

Organ weights (specify organs weighed if not in histopath table):

Histopathology: Adequate Battery: yes ( ), no { )—explain

Peer review: yes( ),no ()
Limited histopathology was performed. However, tissue from mice from dose groups of
10mg/kg or greater showed moderate to severe hyperplasia of the nonglandular stomach
mucosa and moderate to severe hyperkeratosis of the nonglandular stomach mucosa.
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This finding represents an expected pharmacological effect of tHuKGF. The
hyperkeratosis of the stomach and intestine may have {ormed physical obstructions that
caused malnutrition, weight loss and death. No stomachs were examined in the lower
dose groups so the incidence at lower doses could not be determined.

Mild to minimal congestion/pooling of blood in fungs of animals receiving 5 mg'kg/dose
or greater was noted. It is not clear what the root cause was of the pulmonary congestion.
The pathologist suggests that this finding may have been related to a lack of vascular
integrity in the lungs, but was considered to be only a minor component of that finding.
Hemorrhage may have originated within the mediastinum, or elsewhere. Hemorrhage in
the lungs and thoracic cavity may have contributed to death in some mice. This finding
was not observed in the control group. This finding may a result of study drug
administration..

Stady title; Maximum tolerated dosage determination of once-weekly intravenous
recombinant human keratinocyte growth factor (rtHuK GF) in female athymic nude mice

Key study findings: The purpose of this study was to determine the maximum {olerated
dose of palifermin administered IV once per week for 6 weeks in athymic female nude
mice. The stomach and tongue were used as target tissues for assessment of toxicity in
addition to weight loss and general health. A range of 4 doses from 10 to 50 mg/kg were
evaluated The MTD was determined to be 25 mg/kg/dose under the conditions of this
study due to significant weight loss and death of one animal in the 50 mg/kg group.

Study no.: 101623
Volume #, and page #:
Conducting faboratory and location: ! )

Date of study initiation:
GLP compliance: No.

QA report: yes( )no( )
Drug, lot #, and % purity:

Methods

Doses: 0, 10, 15, 25, 50/mg/kg/dose

Species/strain: Female NCr-nu athymic nude mice

Number/sex/group or time point (main study): 8 females per group

Route, formulation, volume, and infusion rate: 1V infusion

Satellite groups used for toxicokinetics or recovery: None

Age: Approximately 6 weeks.

Weight (nonrodents only): 16.3 to 21.2 at study initiation

Unique study design or methodology (if any): Test article was administered on
Mondays for 6 weeks. Necropsy of all surviving mice on day 40.

Observation times and results
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Mortality: Mice were observed daily for mortality and moribundity. One mouse
receiving 50 mg/kg/wk was sacrificed moribund due to loss of greater than 20% original
body weight. With this exception, the treatment was tolerated relatively well. Stomachs
of the treated mice from the 25 and 50 mg/kg groups were significantly heavier than
those from control animals. The tongues from treated animals showed slight thickening
compared to control but this finding did not reach statistical significance. The
approximate LD for this treatment regimen was 47.5 mg/kg/dose. The MTD for this
treatment regimen in athymic nude mice was determined to be 25 mg/kg/dose.

Clinical signs: Cageside observation daily. With the exception of the single death in the
high dose group, no overt toxicity is reported.

Body weights: Data collected twice weekly.

o The mean body weight changes over the duration of the study (Day 1-40) were +
57g +63g +4.4g +38g and+ L5 g, respectively, for dosages of 0, 10, 15,
25, and 50 mg/kg/injection. Mean body weights of mice receiving rHuKGF
showed a general weight gain over the duration of the study; however, a dose-
related suppression of weight gain compared to control is reported. Mean body
weight gain in the high dose group was significantly lower than that of the control
group. Two surviving mice in the high dose group lost approximately 5 and 18%
body weight.

Food consumption: Not recorded.

Gross pathology: Necropsy was performed on all surviving mice on day 40. Stomach
and tongue were retrieved, weighed and examined microscopically. No gross
abnormalities are reported.

Organ weights (specify organs weighed if not in histopath table):
Stomach and tongue only. Stomach weights from the 25 and 50 mg/kg treatment groups

were significantly greater than the placebo group (by 21 and 24%, respectively).

Histopathology: Adequate Battery: yes ( }, no { }—explain

Peer review: yes( ), no( )
Tongue only. Tongue thickness was measured as an indicator of study drug
activity/toxicity. The tongue thickness was not significantly greater in any treatment
group compared fo control. However, it is noted that some increase in thickness was
noted (rated nominal) to confirm biological activity.

Study title; 28-day repeated SC dose toxicity study of rHuKGF in male and female rats

Key study findings:

The purpose of this study was to evaluate the toxicity of subcutaneous injection of
palifermin in male and female rats when administered daily for 28 consecutive days. The
doses used ranged from 30 to 1000 ug/kg/day. A subset of rats was designated as
recovery group and was allowed to survive an additional 4 weeks after termination of
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dosing. Hyperplastic/hypertrophic changes were present on Day 29 in the stomach,
duodenum, jejunum, ileum, cecum, colon and rectum of both male and female rats in the
100, 300, and 1000 ug/kg/day groups. Dilation of the glandular mucosal crypts was the
only microscopic change observed in rats in the 30 ug/kg/day group. The
hyperplastic/hypertrophic gastrointestinal changes were not present in any of the
treatment groups on Day 57.

Protein casts were present on Day 29 in male and female rats in groups 5 and 6, while
urothelial hyperplasia was present on Day 29 in male rats in groups 5 and 6 and in female
rats only in group 6. On Day 57, protein casts were present in male and female rats in
groups 5 and 6, but urothelial hyperplasia was absent from all dose groups and both
sexes. Glomerulosclerosis and glomerular hypertrophy were observed on Days 29 and 57
in all male and female rats in group 6, but not in any of the control rats examined (only
rats in the control and high dose groups were examined for glomerular lesions using PAS
staining methodology). No significant gender differences were observed for incidence or
severity of these lesions.

Liver enlargement with centrilobular hepatocellular apoptosis was present on Day 29 in
male and female rats in groups 5 and 6. The increase in liver size may be correlated with
increases in total protein, albumin, globulin, calcium , cholesterol and triglycerides that
was noted at all doses over 100ug/kg. On Day 57, hepatocellular apoptosis as an effect of
palifermin was no longer clearly delineated in the females, and was only suggested as an
effect in the males in group 6.

Thymic gland tymphoid depletion was present on Day 29 in male rats given 1000
ug/kg/day and in females receiving 300 and 1000 ug/kg/day. Thymic gland lymphoid
depletion was not present on Day 57.

Thyroid follicles were increased in size and number on Day 29 in male rats given 100,
300, and 1000 ug/kg. May and in female rats given 300 and 1000 ug/kg/day. In addition,
periglandular fibrosis was present on Day 29 in male and female rats receiving 1000
ug/kg/day. On Day 57, the increase in the number and size of thyroid follicles was
present in male and female rats given 300 or 1000 ug/kg/day at the same incidence and
severity as on Day 29. The periglandular fibrosis was still present on Day 57 in male and
female rats receiving 1000 ug/kg/day; the incidence was significantly decreased. but the
severity was similar to that observed on Day 29. Epithelial hyperplasia and
hyperkeratosis was present on Day 29 in the tongue of male rats at the 300 and 1000
ug/kg/day levels, while female rats had the same lesion at the 1000 ug/kg/day level.
Tongue epithelial hyperplasia and hyperkeratosis was not present at Day 57. Urinary
bladder epithelial hyperplasia was present on Day 29 in male and female rats given 300
and 1000 ug/kg/day but was not present at Day 57.

The no-effect level for microscopic lesions in male and female rats appears to be less
than 100 ug/kg/day under the conditions of this experiment.

Study no.: ~ # M015-95/ Amgen # T-95-KGF-001
Volume #, and page #:
Conducting laboratory and location: \ i
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C T
Date of study initiation: 2/28/95
GLP compliance: Yes

QA report: yes (X )no{( )
Drug, lot #, and % purity: test article lot # 01195A5A, diluent lot # 02095B5, placebo
lot # 02085B5

Methods

Doses: 0, 30, 100, 300 or 1000 ug/kg/day

Species/strain: Sprague-Dawley rats

Number/sex/group or time point (main study): 15/sex/group for main study;

Route, formulation, volume, and infusion rate: subcutaneous injections daily for
28 days

Satellite groups used for toxicokinetics or recovery: T€COVEry groups 4-
S/sex/group

Age: 7 weeks

Weight (nonrodents only):

Unique study design or methodology (if any): .
The study design is illustrated in the table below, provided by the sponsor:

| Dose Total No. No. Animals Sucrificed’
Group {pg/kg/day) Animals Day 29" Day 57°
1 {Vehicle} 0 159715% 107102 54752
2 (Low dose) 30 150152 106710% 54/5¢
3 (Lower mid dose) 100 1597159 1057/10% | 5¢75¢
4 (Upper mid dose) 300 15q/15% 10a/10¢9 53/5¢ H
5 (High dose) 1000 150715¢ 107102 5d/5% H

35/sex/group started treatment on 03/23/95 (Day 1) and the remaining 5/sex/group started
treatment on 03/24/95 (Day 1 for this subgroup).
bStarted treatment on 03/23/95 (Day 1).

Observation times and results

Mortality: Twice daily on weekdays, once daily on holidays and weekends.
e One female rat was found dead on day 14 (#211, 300 ug/kg dose group).
Moderate swelling of the right eye was noted on day 7 with marked exophthalmia.
When found dead the eye was not found and the socket contained necrotic and
hemorrhagic tissue. No other clinical signs were reported prior to death.
e One male rat from the 30 ug/kg dose group was euthanized on day 15 for humane
reasons due to a markedly swollen hind leg. The sponsor hypothesizes that the
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injury most likely occurred during restraint for dosing and is not related to the test
article.

Clinical signs: Animals observed once daily for clinical signs.
+ One male rat (#200 from the 300 ug/kg group) had a convulsion rated as moderate
and lasting approximately one minute on day 43 (recovery).
e The eve swelling and exophthalmia is reported for one additional female in the
1000 ug/kg group and one control male. These findings are most likely due to
injury during the blood sample collection procedure via retro-orbital sinus.

Body weights: Recorded prior to study initiation on day 1, then days 8, 15, 22, 29, 36,
43, 50, and 57 (weekly).

* Mean weekly body weights indicate that all groups gained weight at
approximately similar rates during the main study. The male rats in all treated
groups showed a significantly reduced weight gain on day 36 than controls. Mean
body weight of the females from all treated groups showed a significant reduction
in body weight gain on day 50 when compared to control values. The biological
significance of this finding is not clear since both these findings occurred during
the recovery period when active drug should be disappearing from the system.
Total weight gains for both males and females were not significantly different
from controls.

Food consumption: Measured at least 3X per week.
e  Occasional reduced food intake was reported for the high dose male rats during
the main study period.
¢ For the female rats, reduced food consumption was observed more regularly for
the treated groups with increased incidence noted with increasing dose.
» Reduced food consumption appears to be a test article related effect but
apparently, did not result in marked body weight gain differences among groups.

Ophthalmescopy: Performed prior to study inttiation, days 25 or 26 and day 55.
» No study drug related effects were noted either at the end of the treatment period
or the 28-day recovery period.

EKG: Not Done.

Hematology: Blood samples were collected on days -3, 15, 29 and 57. Parameters
assessed include the following:
e RBC count (RBC): The reductions in hemoglobin parameters (below) arc not
reflected in changes in RBC counts which remained unaffected.
s Hematocrit (HCT): Statistically significant reduction in HCT was noted for males
and females in the 1000mg/kg group. For males, this was detected on day 15 and
29 but not day 57. For females, the reduction was not significant until day 29 but
recovery was noted by day 57.
e Hemoglobin (HGB): Statistically significant reduction in HGB was noted for
males and females in the 1000mg/kg group. For males, this reduction was
apparent at both days 15 and 29 and recovery was observed by day 57.
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Mean corpuscular volume (MCV): The observed reductions in HGB and HCT is
accompanied by reductions in other hemoglobin parameters including MCV,
MCH.

Mean corpuscular hemoglobin (MCI-I): See above.

Mean corpuscular hemoglobin concentration (MCHC): See above.

WBC count (WBC)

WBC differential counts [absolute band neutrophils (ANB), segmented
neutrophils (ANS), lymphocytes (ALY), monocytes AMO), eosinophils (AEO),
and basophils (ABA)] Some statistically significant changes in WBC mcasures
are reported: ANS increases on days 29 and 57 for the 1000 ug/kg male rats and
on day 29 for the 30 ug/kg female rats, AMO increases on day 29 male rats from
groups 3, 4, 5 and decreased on day 15 for female rats in the 100 ug/kg group.
These findings do not appear to be dose-related as they were observed somewhat
sporadically and were inconsistent among dose groups and timepoints.

Platelet count (PLC): Dose-related increases in PLC were noted by day 15 for
doses greater than or equal to 100 ug/kg/day. For male rats, the increase was 15%
at the 100 ug dose, 29% at the 300 ug dose and 37% for the 1000 ug dosc. This
elevation continued through day 57 for the males, although statistical significance
was observed only for the 300 ug dose at that time. For females, similar increases
were noted at day 15, remained elevated on day 29 and had returned to control
levels by day 57.

Reticulocyte count (RET): Elevations in RET levels were reported by day 15 for
male rats in the 300 and 1000 ug groups and for females in all groups at 100 ug or
higher. Because the elevations were not clearly dose-related and were small and
did not correlate with any changes in RBC levels, the RET biological significance
of the RET findings 1s not clear.

Clinical chemistry: Blood samples were collected under C0O2 anesthesia on days -3, 15,

29 and 57. Parameters evaluated include the following:

Alanine aminotransferase (AL'T):Reduced on day 15 in a dose-related manner in
male rats from groups 3, 4, and 5.

Albumin{ALB): Increases in ALB were observed in male and female rats in all
groups receiving 100 ug/kg or greater. Increases were noted on day 15 for male
and female rats and values remained elevated on day 29. (Male rat values: ALB
increased 9%, 15%, and12% in the 100, 300, and 1000 ug/kg/day groups.
respectively.) Values returned to control levels by day 57.

Alkaline phosphatase (ALP): Reduced on day 15 for male rats in groups 3, 4, and
5. Onday 29, only values for groups 4 and 5 were statistically significant, but the
reduced values continued for all treated groups in a clearly dose-related manner.
Reduced ALP values persisted through day 57. Statistical significance was
apparent only for group 5 on day 57. For female rats, ALP values were reduced
for groups 4 and 5 on day 15 and continued for group 5 on day 29.

Aspartate aminotransferase (AST): Reduced in male animals from all treated
groups on day 15 relative to control values. Values continued to be decreased on
day 29 but were statistically significant for only groups 4 and 5. AST values for
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male rats were similar to control values by day 57. For female rats, AST values
were significantly reduced for groups 3, 4 and 5 on day 15 (18%, 28% and 38%
for groups 3, 4, and 5, respectively.) Values for day 29 show a continued dose-
dependent reduction for group 5.

e Bilirubin [total (TBI), direct (DBI), and indirect (IBI)]: TBI values are elevated
for female rats on day 29 (approximately 2X).

e Blood urea nitrogen (BUN): BUN values were elevated for female rats from
group 4 on day 15. On day 57, BUN values were reduced for group 5 females
relative to controt (20 for controls, 15 for group 5).

+ Calcium (CAL): Increased relative to control in male rats in all treated groups on
day 15 and 29. Values returned to control levels by day 57. For females, calcium
values are increased on day 15 and 29 for groups 4 and 5. The increases are small
but clearly dose dependent. By day 57, level were similar to control values.

e Chloride (CHL): Slightly reduced (statistically significant) relative to control for
male and female rats in groups 4 and 5 on day 15. On day 29 values for treated
male rats were also different with respect to control but the pattern was not
consistent. Differences are small and not consistent (elevated for group 2 and 3,
decreased for group 5. Values for female rats are similar; sporadic and not
consistently dose-dependent.

e Cholesterol (CHO): Increased for both male and female rats. Values for male rats
were elevated relative to control on days 15 and 29 for groups 3, 4, and 5. Values
returned to control levels by day 57. For female rats, elevated values are reported
for groups 4 and 5 on day 15 (approximately 1.8X and 3.6X for groups 4 and 3,
respectively.) Values for day 29 for female rats remained elevated (1.6 and 3.2 X
for groups 4 and 5, respectively.) Values for day 57 had returned nearly to control
levels with only group 5 still showing a statistically significant increase.

e Creatinine (CRE): Increased for male rats on day 15 and 29 in groups 3, 1, and 5.
Values were not different from control for male rats on day 57. Values for female
rats were elevated on day 15 for groups 4 and 5 and a small elevation remains
apparent for group 5 on day 29. The differences are very small so biological
significance is not clear. Onday 57, values for female rats had declined to less
than control fro groups 4 and 5 (statistically significant for group 5)

¢ Globulin (GLO): Increases in ALB were observed in male and female rats in all
groups receiving 100 ug/kg or greater. Increases were noted on day 15 for male
rats and values remained elevated on day 29. (Male rat values: GL.O increased
24%, 48%, and 76% in the 100,300, and 1000 ug/kg/day groups, respectively.)
Values remained slightly elevated at day 57. Values for female rats retumed to
control values by day 57.

¢ Glucose (GLU): Blood glucose values are decreased for female rats in groups 4
and 5 on day 15.

e Phosphorus (PHO): No changes are noted for male rats. Female rats from group 5
showed a small but statistically significant decrease on day 15.

e Potassium (POT): Slightly reduced in group 5 males on day 15. Results for day
29 showed elevation for all treated groups but with statistical significance for only
group 5. For females, statistically significant increases are noted for groups 4 and
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5 on day 15. Values for day 29 show a continuing trend toward increased levels
with group 5 reaching statistical significance. (4.6 for control vs. 5.6 for group 5
females.) Day 57 —similar to control levels.

Protein, total (TPR): Increased in a dose-dependent manner by day 15 and
remained elevated on day 29. (Increased 16% in 100 ug/kg/day males, 30% in
300 ug/kg/day males, and 43% in 1000 ug/kg/day males.) By day 57 the values
had begun to decline but remained slightly elevated. Values for female rats
showed similar changes on day 15 and 29 but results had returned to within
normal limits by day 57.

Sodium (SODY): Slightly reduced on day 15 for group 5 male and female rats. On
day 29, elevated SOD levels are reported for groups 2 and 3 male rats. Values for
fernale rats on day 29 show a small decrease in SOD relative to control. Values
for male rats remained elevated for groups 3, 4 and 5 on day 57.

Triglycerides (TRY). Elevated values for groups 4 and 5 male rats on days 15 and
29. Values for male rats on day 57 were similar to control. For females, a dose-
related increase in triglycerides is also reported with a 5.5X increase for group 5
on day 15. Values for day 29 showed a 4.7X increase relative to control. Values
for females on day 57 remained elevated (group 4: 1.9X, group 5: 1.7X)
Albumin/globulin ratio (AGR): The changes in ALB and GLO values were
accompanied by dose-related decreases in AGR on days 15 and 29 for both males
and females. On day 57, values were normal with respect to control values.

Urinalysis: Not Done.

Gross pathology: 10 rats/sex/group will be sacrificed on day 29 and remaining animals

on day 57. Tissues retained are as follows:

Adrenal glands (pair)

Aorta

Bone marrow smear (femur)

Bone and marrow, contralateral femur with
femorotibial joint

Buccal cavity

Brain (fore-, mid-, and hindbrain)

Cecum

Cervix

Colon

Duodenum

Esophagus

Eyes, with optic nerve

Cross lesions (including tissue masses and abnormal regional Iymph nodes)
Heart

lleum

Injection site (skin from interscapular area)
Jejunum

Kidneys
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Larynx(pharynx examined at necropsy)
Liver

Lungs with bronchi

Lymph nodes (mandibular and mesenteric)
Mammary gland (to include nipple and surrounding tissue)
Ovaries and oviduct

Pancreas

Pituitary gland

Prostate

Rectum

Salivary gland

Sciatic nerve

Seminal vesicle

Skeletal muscle

Skin (abdominal; taken with mammary mgland})
Spinal cord (thoracelumbar junction)
Spieen

Stomach

Testes and epididymides

Thymus

Thyroid and parathyroids

Tongue

Trachea

Urinary bladder

Uterus

Vagina

Organ weights (specify organs weighed if not in histopath table):

Adrenal glands

Brain

Heart

Kidneys: organ weights showed a trend toward increase on day 29 for male rats
with a statistically significant increase for group 5 when expressed as percent
body weight. Kidney weights from female rats were increased for groups 4 and 5
on day 29.

Liver: increase for group 4 and 5 male rats and female on day 29 for absolute
organ weight and as a percent of body weight.

Lungs

Pituitary (after fixation): No consistent changes.

Spleen

Testes with epididymides attached

Thymus: Organ weight and percent of body weight reduced for male rats on day
29. Thymuses from female rats showed no change relative to control values.
Ovaries
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Liver weights were significantly increased for male animals in the 300 and 1000 ug/kg
dose groups.
Thymus gland weight (mean) was significantly increased for males in the 1000 ug/kg
group.
Histopathology: Adequate Battery: yes ( X ), no ( )—explain
Peer review: yes( ), no{ )
Tissues from all animals in all groups will be examined microscopically.
The following findings are dose-dependent effects of the test article on day 29:

e Goblet cell hyperplasia of the cecum in 60% of male animals at 1000ug/kg , 10%
of femalc rats in the 300 ug group, 80% of females in the 1000 ug group.

e Goblet cell hyperplasia of the colon in 60% of the male animals at 300 ug/kg and
90% at 1000ug/kg, 50% of females in the 300 ug group and 100% in the 1000 ug
group.

e Goblet cell hyperplasia of the duodenum in 60% of male animals in the 1000
ug/kg group, 70% of female animals in the 1000 ug group.

e Hyperkeratosis and hyperplasia of the esophagus in 11% of male animals in the
1000ug/kg group. This finding was not reported for female rats.

e Goblet cell hyperplasia of the ileum: 50% of male animals in the 300 ug/kg group
and 89% of male animals in 1000 ug/kg group, 50% of female rats in the 300 ug
group and 90% in the 1000 ug group.

« Goblet cell hyperplasia of the jejunum: 40 of male animals in the 300 ug/kg group
and 90% of male animals in the 1000ug/kg group, 50% of female rats in the 300
ug/kg group and 90% in the 1000 ug group.

e Urothelial hyperplasia observed in 10% of male animals in the 300 ug group and
20% of male animals in the 1000 ug group, 20% of female rats in the 1000 ug
group.

e Glomerular hypertrophy observed in 100% of all animals from the 1000 ug/kg
group rated as minimal to mild.

o Glomerulosclerosis in 100% of all animals in the 1000ug/kg group. This finding
is described as increased mesangial matrix and rated as minimal to mild.

e Kidney: Protein cast was observed in 10% of male animals from the 300 ug/kg
group and 60% of male animals from the 1000 ug, 20% of female rats in the 300
ug group and 90% in the 1000 ug group.

e Chronic inflammation and tubular regeneration are reported for the all treated
groups but these findings do not reflect a dose dependent effect. Tubular
regeneration is also reported for 1 of 10 male animals in the control group.

e Liver: extramedullary hematopoiesis observed in 30% of male animals in the
1000 ug/kg group, 10 of female rats in the 1000 ug group but was also present in

" 10% of female rats in the control group.

o Liver: apoptosis observed in 10% of male animals in the 300 ug/kg group and
90% of male animals in the 1000 ug/kg group, 50% of female animals in the 300
ug group and 100% in the 1000 ug group. This finding is described as focal
centrolobular apoptosis and rated as minimal to mild.
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¢ Lung hemorrhage was observed a t a high rate in all groups with no demonstrated
dose relationship. This finding was observed in 70% of control animals.

e Goblet cell hyperplasia of the rectum observed in 10% of animals in the 300
ug/kg group and 63% of animals in the 1000 ug/kg group, 80% of female rats in
the 1000 ug group.

» Skin at the Injection site showed chronic inflammation at a rate of 20-30% in all
treated groups. This finding was not reported for the control animals.
Hemorrhage at the injection site was observed in 2 of 10 male animals in the 1000
ug/kg group and not in any other group. Simtlar reactions are reported for female
rats but with lower incidence an less appearance of a relation ship to test article
administration as injection site reactions were noted at a low rate in control
females. Severity of injection site reactions was rated as generally minimal to
mild.

e Spleen: extramedullary hematopoiesis was observed in 20% of male animals in
the 1000 ug/kg group and lymphoid hyperplasia in 1 of 10 male animals in the
1000 ug/kg group. No findings are reported for female rats.

s Urinary bladder: hyperplasia observed in 20% of male animals in the 300 ug/kg
group and 90% of male animals in the 1000 ug/kg group, 10 % of female rats in
the 300 ug group and 100% in the 1000 ug group.

e Hyperplasia and hyperkeratosis of the tongue was observed for 30% of male
animals in the 300 ug/kg group and 100% of male animals in the 1000 ug/kg
group, 60% of female rats in the 1000 ug group. Rated as mild to moderate

e Thymus: lymphoid depletion is reported for 90% of male animals in the
1000ug/kg group, 20% of females in the 300 ug group and 30% in the 1000 ug
group.

e Thyroid gland: increased follicular number and size is reported for 10% of male
animals in the 100 ug/kg group, 30% in the 300 ug/kg group and 100% in the
1000ug/kg group, 10 % of female rats in the 300 ug group and 100% in the 1000
ug group. This finding is rated as severe. (Pathology report differentiates this
finding from hyperplasia.) Thyroid fibrosis is reported for 90% of male animals
in the 1000 ug/kg group, 40% of female rats 1n the 1000 ug group.

» Stomach: Dilatation is noted in 60% of the male rats in the 300ug/kg group and
80% of male rats in the 1000 ug/kg group, 30% of females in the 300 ug group
and 30% in the 1000 ug group. Hyperkeratosis was observed in 20% of male rats
in the 300 ug group and 100 % of male rats in the 1000 ug/kg group, 100% of
female rats in the 1000 ug group. Hypertrophy is reported for 60% of male rats in
the 300 ug group and 100% in the 1000 ug group, 30% of female rats in the 300
ug group and 100% in the 1000 ug group. These findings are generally rated as
moderate to severe.

Recovery: Microscopic examination of tissues from rats from the recovery groups (1, 4
and 5) indjcates that the effect of study drug on the GI system epithelial tissues fully
recovered. No findings of goblet cell hyperplasia or hyperkeratosis were noted.
Hyperplasia and hyperkeratosis of the tongue was not observed on day 57.

The following findings persisted through the 28-day recovery period:
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e Thyroid follicular hypertrophy and increased number of follicles and fibrosis.
These findings persisted at approximately the same incidence rate as at day 29.

» Kidney glomerular hypertrophy, glomerulosclerosis, protein cast and
mineralization. Urothelial hyperplasia was not reported at day 57. Atday 57,
mineralization of the kidney is reported for animals across all groups.

e Atday 57, atrophy of the pancreas is noted in 40% of females in the 1000 ug/kg
group.

e Extramedullary hematopoiesis is reported at a higher incidence than at day 29 but
is reported for alt groups. (75% to 100% of female rats across all groups showed
this finding. For male rats at day 57, this finding is reported for 40% of control
rats, 20% for the 300 ug/kg group and 80% of 1000 ug/kg group)

Toxicokinetics:
See the table below for TK sampling schedule. Table provided by the sponsor.

I No. Animals for PK Serum Sampling

Time post-dose Subset* Main Study Recovery Total
Groups® Groups® Sampled

30 min A 20729 14712 3¢/39

2hr B 25729 1o/1® 3g/3¢

4 hr c 24729 14119 3438

8 hr D 2d/2¢ 1412 30732

24 hr ‘ L 29129 =;=d‘/ 1? 3d73%

*Five different subsets of enimals in each dose group, including the controls, were sampled as sbove. The
same animals in each subset were sampled at the same time points on each of the sampling days.

¥25/sex/group started treatment on 03/23/95 (Day 1) and the remaining 5/sex/group started freatment on
03/24/95 (Day 1 for this subgroup).

<Started treatment on 03/23/95 (Day 1).

Other: Anti-drug antibodies were detected in all groups except control. No gender
specific differences are noted in this response to the study drug.

Study title: 28-day repeated IV dose toxicity study of rHuKGF in male and female rats

Key study findings: )

The purpose of this study was to evaluate potential toxic effects of palifermin when
administered IV on a daily basis for 28 days to male and female rats. In addition, this
study included a 28-day recovery period for assessment of the recovery potential for any
identified toxic effects.
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Adverse clinical signs (ruffled and discolored fur) were noted only in male rats in the
1000 ug/kg/day group; no treatment-related deaths occurred at any dose level. No
ophthaimic effects occurred as a result of treatment with palifermin. The male rats
receiving palifermin maintained body weights comparable to those of the control rats
during the 28-day treatment period, while the female rats receiving palifermin had overall
weight gains that were 14-24% higher than those of the control rats and therefore had a
higher mean body weight at the end of the treatment period. Mean body weights for
female rats on Day 29 were 4-8% higher than those of the controls; these differences
were statistically significant for the 100, 300, and 1000 vg/kg/day groups. During
recovery, male rats that had received palifermin had overall body weight gains that were
25-56% lower than those of the controls rats and female rats had overall body weight
gains that were 20-53% lower than controls. At the end of the recovery period the mean
body weights for male rats that had been treated with palifermin were 8-20% lower
(statistically significant for the 1000 ug/kg/day group) and those for female rats were
comparable to that of the controls. Food consumption in male and female rats followed
the same pattern relative to gender as did body weights during the treatment and recovery
periods. This suggests that the pattern of weight changes was related to altered food
consumption.

A transient, mild, anemia {decreased red blood cell counts and hemoglobin and
hematocrit levels) was observed in male and female rats in groups 5 and 6, and increased
reticulocyte and platelet counts were observed in male and female rats in the 100, 300,
and 1000 ug/kg/day groups on Day 15; these parameters had returned to normal or near
normal levels by Day 29 or Day 57.

Administration of palifermin produced marked liver enlargement in male and female rats:
absolute and relative liver weights were significantly increased on Day 29 in both males
and females receiving doses of 30, 100, 300, and 1000 ug/kg/day. Absolute liver weights
were 19-31% higher in male rats and 20-73% higher in female rats relative to control rats
(statistically significant difference for all groups of males and all but the 30 ug/ky/day
group of females). Liver-to-body weight ratios were 17-34% higher in male rats than
those of the controls and 14-57% higher in female rats. These differences were
statistically significant for all groups of rats that received palifermin. The increase in
liver size could account for the significant increases in total protein, globulin, albumin,
calcium, cholesterol, and triglycerides that occurred at all dose levels. This effect
appeared to be reversible, since increased liver size and alterations in serum chemistries
were not present at the end of the recovery period. No other treatment-related effects on
clinical chemistry parameters were observed. An increased incidence of centrilobular
apoptosis was present in the liver of male and female rats in the 1000 ug/kg/day Jdose
group on Day 29, and a minimal degree of increased centrilobular apoptosis was stiil
present in the liver of male and female rats in this group on Day 57.

The number and size of thyroid follicles were increased on Day 29 in male and female
rats given either 300 or 1000 ug/kg/day. In most groups, this lesion had not reversed by
the end of the recovery period on Day 57, when these changes were present al an even
greater incidence in male rats in both groups and in female rats in the 1000 ug/ky/day
group.

Hyperplastic/hypertrophic changes were present in the stomach, duodenum, jejunum,
ileum, cecum, colon, and rectum of both male and female rats in the 100 (jejunum and
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ileum only), 300, and 1000 ug/kg/day dose groups at the end of the 28 day treatment
period (Day 29), but these intestinal lesions had resolved after the 28 day recovery period
(Day 57). Nonglandular hypertrophy and hyperkeratosis of the stomach were still
present, although with a reduced incidence, on Day 57 in male rats given 1000 ug/kg/day.
Urinary bladder epithelial hyperplasia was present on Day 29 in male rats given 300 or
1000 ug/kg/day and female rats given 100, 300, or 1000 ug/kg/day. At the end of the
recovery period on Day 57, this change was present in only one female rat given 1000
ug/kg/day.

Significant decreases in the size of the thymus observed grossly on Day 29 in male and
female rats given doses of 300 and 1000 ug/kg/day were reflected by thymus weights,
which were 61-71% lower in males and 27-38% lower in females relfative to control.
These decreases were primarily due to thymus gland iymphoid depletion and were more
prominent in male rats given 300 and 1000 ug/kg/day than in female rats receiving the
same dose levels. The lymphoid depletion appeared to be reversible. On Day 57, it
occurred in only one male rat in each of these dose groups and was absent in female rats
in these same groups. In addition, thymus weights on Day 57 were higher than those of
control rats in all groups of female rats receiving palifermin (statistically significant only
for the 1000 ug/kg dose group) and were comparable to the controls for male rats in all
groups.

Kidney weights in female rats at all dose levels were 10-27% relative to controls on Day
29 but occurred to a lesser degree on Day 57 and only in female rats in the 300 and 1000
ug/kg/day dose groups (15-20% higher than controls). The lower incidence and severity
at Day 57 suggests that the effect was reversible. Organ weights for the lungs and
ovaries of female rats in the 1000 ug/kg/day dose group were also increased on Day 29
but not on Day 57, findings indicating that the effect was reversible. However, no
correlating microscopic lesions were found for the kidneys, lungs, and ovaries of these
female rats, and the significance of these effects 15 unknown.

No histologic changes were noted at doses of 30 ug/kg/day. At 100 ug/kg/day and above,
reversible histologic changes such as hyperplastic/hypertrophic changes of the
gastrointestinal tract and urinary bladder were observed. These changes are consistent
with the expected pharmacologic action of the test article. Doses of 300 ug/kg/day and
above were associated with hyperplasia of the thyroid gland and reversible lymphoid
depletion of the thymus gland. Hyperplasia of the thyroid had reversed by Day 57 at
300 ug/kg/day, but not at 1000 ug/kg/day. Based on the results of this study, the no-
effect level for microscopic lesions in male and female rats appears to be less than 100
ug/kg/day of rHuK GF administered once daily for 28 consecutive days. The no adverse
effect level based on reversible liver enlargement and associated effects on clinical
chemistry parameters was less than 30 ug/kg/day palifermin.

Study no.: — #MO016-95; Amgen #T-95-KGF-002
Volume #, and page #:

Conducting laboratory and location: | |
J

Date of study initiation: 2/28/95

GLP compliance: Yes

QA report: yes(X)no( )
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Drug, lot #, and % purity: tHuKGF lot# 01195A5A
Diluent lot # 02095B5
Placebo lot # 2085B5

Methods
Doses: 0,30, 100, 300 or 1000 ug/kg/day

Species/strain: Sprague Dawley rats

Number/sex/group or time point (main study): 15/sex/group (5 groups)

Route, formulation, volume, and infusion rate: Administered via IV infusion
through the lateral tail vein in a volume of 1 ml/kg

Satellite groups used for toxicokinetics or recovery:

Age:  6-7 weeks

Weight (nonrodents only): males: 201-243g, females: 142-180 ¢

Unique study design or methodology (if any):
The study design is illustrated by the table below, provided by the sponsor:

Dose Total No. Neo. Animals Sacrificed

Group (ng/kg/day) | Animals Day 29' Day 57" '
1 (Vehicle) 0 150/15% 100/102 5d/5%
2 (Low dose) 30 150/15% 102/10% 50759
3 (L.ower mid dose} 100 150/15% 106710% 5d75%
4 (Upper mid dose) 300 159715% 1007109 54/5%
5 (High dose) 1000 1507152 | 1047109 5759

15/sex/group started treatment on 02/28/95 (Day 1) and the remaining 5/sex/group started

treatment on 03/01/95 (Day 1 for this subgroup).
Started treatrnent on 02/28/95 (Day 1}

Observation times and results

Mortality: Monitored twice daily on weekdays, once daily on weekends and holidays
e No treatment-related deaths are reported. One female rat in the 1000 ug group
(group 5) was cuthanized on day 28 due to a broken leg. It is believed that the

injury occurred during restraint of the animals for drug administration.

Clinical signs: Cageside clinical observations made once per day.
e No test article-related effects on clinical signs are reported for any group except

male rats in group 5 (1000 ug/kg). These animals (100%) began showing ruftled

and discolored fur after SD 16. This finding persisted for approximately one
week into the recovery period (no longer present by SD37).
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Body weights: Recorded pre-dosing on days 1, 8, 15, 22, 29, 36, 43, 50, 57

All rats gained weight during the course of the study. However, treatment related
effects on body weight gain are reported: During the 28-day treatment period,
male rat weight gain was comparable to control but slowed during the recovery to
less than control. The reduction in weight gain during recovery was statistically
significant for group 4 and 5 males, resulting in reduced overail weight gain
relative to control. Female rats showed a dose-related increase in body weight
and weight gain during the treatment phase. On day 29, mean body weight for
females in groups 2, 3, 4 and 5 were significantly greater than control. During
the recovery period, the weight gain slowed to less than control rate resulting in
overall body weight and weight gain comparable to control

Food consumption: Recorded weekly for the first week and then 3X/week thereafter.

The increase in body weight gain for female rats in groups 2, 3, 4, and 5 1s
associated with increased food in take during the treatment phase and was
comparable to control during the recovery phase. For male rats, food
consumption during the treatment phase was comparable to control and dropped
to less than control during recovery.

Ophthalmoscopy: Performed pre-study, then on days 28 or 29, 56 or 57 (pre-necropsy)

No treatment related effects are reported.

EKG: No done

Hematology: Blood samples collected for clinical pathology on days 15, 29, 57

Reductions in RBC levels were observed for both males and females during the
course of the study. On day 15, male rats showed a small dose-related trend
toward reduced RBC levels that returned to control fevels by day 29. On day 15,
female rats showed a significant reduction in RBC levels in groups 4 and 5
relative to control (7% and 8% for groups 4 and 5, respectively). No differences
in RBC levels were observed on day 29.

Dose related deceases in HGB and HCT were observed for male rats in groups 4
and 5 on day 15. For HGB decreases of 7% for both groups 4 and 5 malcs are
reported. For HCT decreases of 7% and 5% are reported for group 4 and 5,
respectively. These parameters remained slightly reduced at day 29 and were not
observed for day 57. For female rats, slightly greater effects were observed. On
day 15, HGB was reduced by 8% and 11% for groups 4 and 5, respectively. HCT
was reduced by 8% and 10%, for groups 4 and 5, respectively. Values remained
slightly reduced on day 29 and both HGB and HCT were comparable to control
by day 57.

RET values were increased in male and female rats on day 15 but were
conmparable to controls by day 29. (Day 15 males increased 43%, 46% and 43%
for groups 3, 4, and 3, respectively. Day 15 female values increased 50%, 50%
and 79% for groups 3, 4 and 5, respectively.) This study drug effect appears to be
more severe in female rats than males at equivalent doses.
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PLC values increased for both male and female rats in groups 3, 4 and 5 at day 15
and peaked at day 29. This effect was slightly less marked in female rats. For
male rats, day 15 PLC values were increased 22% and 26% for groups 4 and 5,
respectively. On day 29, values were elevated by 15%, 23% and 44% for groups
3, 4, and 5, respectively. For females, PLC was elevated by 15 in group 5. On
day 29, PLC values were eclevated by 14% and 18% in groups 4 and 5,
respectively. These values for both males and female rats were comparable to
control by day 57.

Sporadic changes in ANS and AMO were noted in male rats during the study.
The ANS values were elevated in a dose dependent manner across group,
reaching statistical significance for group 5 males on day 29. This effect could be
test article related but was not observed in female rats in the same group. AMO
values were elevated for group 4 male rats at day 29 but for females or males in
any other group.

Clinical chemistry: See above for sample collection.

Dose-dependent increases in total protein are reported for both male and female
rats on day 15, with respect to control. These values remained elevated on day 29
but were comparable to control by day 57. For male rats on day 15: increases of
14%, 20%, 28% and 33% for groups 2, 3, 4 and 5, respectively. For female rats
on day 15: increased of 12%, 24%, 27% and 36% for groups 2, 3, 4 and 5,
respectively.

Significant, dose-related increases in triglycerides are ported for both male and
female rats in groups 3, 4 and 5 at day 15, relative to contro] and baseline values.
These effects persisted through day 29 and were absent on day 57. Males, day 15,
relative to control: up 58%, 108% and 138% for groups 3, 4 and 5, respectively.
Females, day 15, relative to control: up 52% (NS), 93% and 153%, for groups 3, 4
and 5, respectively.

Significant increases in cholesterol are reported for both males and females in day
15, relative to control and baseline values. The effect persisted through day 29
was not observed on day 57. For male rats, day 15, relative to control: up 50%,
72%, 92% and 114% for groups 2, 3, 4 and 5, respectively. For female rats, day
15, relative to control: up 18%, 37%, 47% for groups 3, 4 and 5, respectively.
Significant increases in albumin and globulin are reported for both males and
females by day 15, relative to control and baseline values. These values remained
elevated on day 29 and returned to control levels by day 57. For male rats, on day
15, relative to control: up 6%, 9%, 15% and 18% and globulin up 23%, 32%, 42%
and 48% for groups 2, 3, 4 and 5, respectively. For female rats, day 15, relative to
control: globulin up 16%, 34%, 41% and 56% and albumin up 9%, 14%, 14% and
17% for groups 2, 3, 4 and 5, respectively. Concomitant deceased tn A/G ratio id
also reported for these groups.

Significant changes in electrolytes are reported for both males and females,
including calcium, phosphate, chlonde, potassium, and sodium.

Calcium levels were increased (6%-10%) in all treated dose groups on Days 15
and 29 but not on Day 57 (except 300 ug/kg/day dose group). Slight decreases
were observed in chloride levels (decreased 3% to 8% for males in groups 3, 4
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and 5) on days 15 and 29. For female rats, chloride levels were decreased 2% to
9% for female rats in all treated dose groups on days 15, 29, and 57. Slight
decreases in phosphorus levels (decreased 7% to 13%) were observed in groups 4
and 3 on day 15 in male rats but not in female rats. On Day 57, PHO levels were
elevated 2 1% and 24% for groups 4 and 3, respectively, in males and elevated
37% and 52%for groups 4 and 5, respectively, in females. Slight increases in
potassium (increased 11% to 13% for groups 3, 4 and 5) were observed on Day 29
in female rats but not in male rats. POT remained elevated (increased 15% for
group 5) in female rats on Day 57. These changes are generally small and within
the historical ranges for this species so biological significance is not clear.
However, the electrolyte changes correlate with histological findings in the
kidneys of treated rats. Therefore, a test article relationship is possible.
Statistically significant decreases in liver enzymes (ALP, ALT, AST) are reported
for both male and female rats on days 15 and 29. For the higher dose groups,
these effects were apparent only on day 29. Values were comparable to control
on day 57. The sponsor states that decreased levels of these enzymes is not
biologically significant. However, histopathology shows dose dependent
increases in centrolobular apoptosis in the liver.

Statistically significant increases on creatinine are reported for both males and
females. On day 15, CRE levels were in male rats for groups 3 and 4. On day 29
these values were increased for male rats in groups 3, 4 and 5. The values
returned to control levels on day 57. Although small, these findings appcar to be
dose-dependent. For female rats, no changes are reported except on day 57 for
group 4. Although the changes are not consistent across genders, there may be a
test article effect especially in light of the gross and microscopic kidney changes
reported. See below.

BUN values were decreased for females on day 57 in groups 4 and 5.

Urinalysis: Neot done.

Gross pathology: 10/sex/group sacrificed on day 29, 5/sex/group sacrificed on day 57.

Organ weights (specify organs weighed if not in histopath table): Organs from
10/sex/group taken on day 29, 5/sex/group on day 57.

Significantly increased liver weights are reported for all groups on day 29 with a
dose dependent relationship (up approximately 30% for group 5 males and
females)

Reduced thymus weight on day 29 for groups 4 and 5 (down 70% for group 5
males). For females, group 4 and 5 thymus weights were reduced approximately
30% on day 29. thymus weights for male rats were not different from control on
day 57. Increased thymus weight is reported for female rats on day 57 with a
dose dependent relationship (significant for group 5).

Lung weight was increased in group 5 females on day 29. This finding was not
reported for male rats. Lung weights for group 5 females were not different from
control on day 57.
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Kidney weight was increased in female rats from groups 3, 4 and 5 on day 29
(approximately 27% for group 5) but was not reported for male rats. Kidney
weight for group 4 and 5 females was also reported on day 57, although the
difference (approximately 20%) from control was smaller than at day 29.

Ovary weight was decreased for group 5 females on day 29 but no differcnces are
reported for day 57.

Histopathology: Adequate Battery: yes{ ), no ( }—explain

Peer review:‘ (), no()

Adrenal glands (pair)

Aorta

Bone marrow smear (femur)

Bone and marrow, contralateral femur with
femorotibial joint

Buccal cavity

Brain (fore-, mid-, and hindbrain)

Cecum

Cervix

Colon

Duodenum

Esophagus

Eyes, with optic nerve

Cross lesions (including tissue masses and abnormal regional lymph nodes)
Heart

lleum

Injection site (tail)

jejunuin

Kidneys

Larynx (pharynx examined at necropsy)
Liver

Lungs with bronchi

Lymph nodes (mandibular and mesenteric})
Mammary gland (to include nipple and surrounding tissue)
Ovaries and oviduct

Pancreas

Pituitary gland

Prostate, Rectum, Salivary gland

Sciatic nerve

Seminal vesicle

Skeletal muscle

skin (abdominal; taken with mammary)
Spinal cord,
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Spleen, Stomach
Testes

Thymus,
Thyroid and,
Tongue,
Trachea,
Urinary bladder,
Uterus,

Vagina

Histopathology Results: The following dose-related effects are reported:

Goblet cell hyperplasia of the GI tract including cecum, colon, duodenum, ileum,
jejunum, rectum. 100% of rats of both sexes were affected for group 5, up to
100% of group 4 rats of both sexes for group 4, and up to 70% of group 3. These
findings were not observed on day 57.

Stomach: Dilatation is reported for 100% of male and female rats tn group 5, up
to 89% of rats of both sexes from group 4. Hyperkeratosis and hypertrophy are
reported for 100% of both male and female rats in group 5 and up to 100% of
both sexes from group 4. By day 57, these findings were not present for female
rats of any group but persisted in 40% of male rats from group 5.

Injection site reactions are reported for male rats in the higher dose groups but not
control. This finding is not reported for female rats in any dose group. Biological
significance is not clear.

Lymphoid depletion is reported for the thymus gland of 80% of male rats in group
5 and 67% from group 4, day 29. For female rats the finding 1s less pronounced,
affecting 105 in each of groups 4 and 5. These findings are not reported for day
57.

Increased follicle size and number in the thyroid is reported for males and females
in groups 4 and 5 on day 29. For males the increase was seen in 90% of group 5
and 44% for group 4. For females, 40% of group 5 and 10% of group 4. These
findings were still apparent on day 57 and had increased to 60% of female rats for
group 5.

Urinary bladder hyperplasia is reported for 100% of both males and females from
group 5, and up to 90% from group 4 on day 29. On day 57, this finding is not
reported for male rats and was presence for 25% of females in group 5.

No effect of treatment on ovary histology is reported.

Dilatation of the uterus is reported on day 29 for all treated groups (10%, 33%,
10% and 20% for groups 2, 3, 4, and 5, respectively). This effect is reported at
similar rates for all groups on day 57, including control. Biological significance
1s unknown. :

Toxicokinetics:

Samples for TK were taken according to the schedule illustrated below (table provided by
the sponsor)
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No. Animals for PK Serum Sampling

Time post-dose Subset! Main Study Recovery Total
Groups? Groups® Sampled

5 minutes A 25/2% 14719 39732

1 hour B 20/2¢ 15/1% 3d/3¢

4 hours C 20/2% 1ov19 3o/3e

8 hours D 24722 15/1% 3432

ﬂ 24 hours E _ 2912% 19718 3d/3e

'Five different subsets of animals in each dose group, inciuding the controls, were sampled as above. The
same animals in each subset were sampled 3t the same timepoints on each of the sampling days.
23 /sex/group started treatment on 02/28/95 (Day 1) and the remaining 5/sex/group started treatment on
03/01/95 (Day 1 for this subgroup).
*Started treatment on 02/28/95 (Day 1)
Anti-drug antibodies were detected only in the 300 ug/kg group at approxlmatelv 30 days
into the study. No other TK data are provided.

Study title: A 4-week repeated dose toxicity study of recombinant-human keratinocyte
growth factor (r-HuKGFd23) administered subcutaneously to rhesus monkeys followed
by a 4-week recovery period

Key study findings:

The purpose of this study was to evaluate the safety of palifermin when administered
subcutancously to rhesus monkeys at dose levels of 1, 10, 30, 100 and 300 ug/ky/day for
a period of 4 weeks, and to assess the reversibility of any toxic changes during a 4-week
recovery period. No deaths were noted during the dosing or the recovery periods. No
test article-related abnormalities were noted in clinical signs, food consumption, body
weight, ophthalmology, electrocardiogram, urinalysis, hematology or serum
biochemistry.

Numerous gross and microscopic fingings that appeared to be dose dependent were
reported. In the gross necropsy examination, thickening of the oral mucosa was present
in the 100 ug/kg group (males) and the 300 ng/kg group (both sexes), and in the

300 ug/kg group, thickening (1 female) or villous thickening (2 males, 1 female)

of the esophageal mucosa was present.

Microscopic changes in the 300 ug/kg group included acanthosis in the skin (scalp of
both sexes, skin overlying the mammary gland of 2 males and 2 females, injection site of
2 males and 1 female, gluteal of 2 males) and the mucosa (esophagus and buccal mucosa
of both sexes, tongue of alt males and 2 females, anus of 1 female). Also in the 300
ug/kg group, vesicle formation (all males and 1 female) and eosinophil infiltration (all
males and 2 females) were noted in the esophagus, and hyperkeratosis was also noted in
the scalp (2 males). Involution of the thymus was observed in both sexes of the 300
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ug/kg group, rated moderate or marked, as well as a high absolute and relative weight of
the submandibular gland. In the 100 ug/kg group, acanthosis was present in the mucosa
{esophagus of 1 male and 1 female, tongue of I male, buccal mucosa of 1 male). and the
skin overlying the mammary gland (2 males) and the injection site (1 male). The findings
of the 100 ug/kg group were of lower incidence and severity than those of the 300 ug/kg
group.

All test article-related findings present at the end of the dosing period were absent in the
recovery group.

Toxicokinetic evaluation confirmed exposure to the study drug based on detectable serum
concentrations and/or anit-drug antibody formation. The study drug was rapidly
absorbed into the systemic circulation, with peak concentrations appearing at 1 hour. No
gender-difference in drug disposition was observed. Repeat dosing resulted in an increase
in serum concentrations observed at all dose-groups beyond Day 7 of the study. The
observation was consistent with the development of circulating antibodies, which could
decrease the systemic clearance of palifermin.

From these results and under these conditions, the non-effect dose level of palifermin was
considered to be 30 ug/kg. The histologic changes present were consistent with the
pharmacological action of the test article.

Study no.:. ™ 39-26
Volume #, and page #:

Conducting Iaboratory and location: = .. ]
T . o L

Date of study initiation: 4/4/1995

GLP compliance: YES

QA report: yes ( X yno () palifermin lot # 01195A5A, placebo lot # 02085B5
Drug, lot #, and % purity: 01195A5A.

Methods

Doses: 0, 1, 10, 30, 100, 300 ug/kg/day, once daily for 4 week (total 28 doses)

Species/strain: rhesus monkey

Number/sex/group or time point (main study): See table below, 18 animals of
each sex were used for the main study, 8 animals of each sex were used for the recovery
phase of the study.

Route, formulation, volume, and infusion rate: subcutaneous

Age: males: 4-8 years

Weight: males: 5-9 kg, females: 3-7 kg

Unique study design or methodology (it any):
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Animals will be randomized into groups as follows:

Group  DoseLevel  Dose Conc.  Dose Volume Number of Animals**
Number {ug/kg/day) {mg/inl) {mifke/day) Male Female
(animal number) . {animal number)

1 O 0 0.06 I¥2( 1~ 5y 3+2{ &6~ 1Y
2 t 0.1 0.01 3 (1~13) 3 (14~16)
3 10 i 0.01 3 (17~19) 3 (20~22)
4 30 1 0.03 3+2{23~27y  3+2(28-~3D)
5 100 5 g.02 3+2{(33~37) 3+2(38-~-42)
6 300 3 0.06 3+2 (43 ~47) 3+2 {48 ~ 52)

* The excipicnt control will be administered in the same manner as ihe test anticle.
** Recovery Animals: Animal nos. 4, 5,9, 10, 26, 27, 31, 32, 36, 37, 41, 42, 48,
47, 51, 52

Results

Mortality: All animals survived to scheduled necropsy.

Clinical signs: Cageside observations were made at least three times daily during the
dosing period. During the recovery period observations were made once daily.

* No test article related clintcal signs are reported.

Body weights: Data collected once prior to study initiation, then once per week
thereafter with fina} weight taken on necropsy day.

Food consumption: Data collected daily during the dosing period and weekly thereafter.
s No effect of test article administration on food consumption are reported.

Ophthalmoscopy: Exam performed once prior to study initiation, wk 4 of the dosing
period and week 4 of the recovery period.
¢ No test article related effects are reported.

EKG: Exam performed on all animals once prior to study initiation, week 4 of the dosing
period and week 4 of the recovery period.
e No effects of test article on EKG results are reported.

Hematology: Testing battery performed prior to dosing on days 0, 6, 13 and 27 during
the dosing period and days 6 and 27 of the recovery period.
» erythrocyte count (RBC : & T2 detection method)
e leukocyte count (WBC : L 1 detection method) isolated changes in
white cell populations are reported during the dosing period by these findings are
sporadic and isolated and most likely not related to test article administration.

* Lymphocyte counts: reduced in males in group on day 6 relative to control
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e Monocyte counts: Ratios increased for female rats in groups 2, 3, 5 and 6 on day
27.
« APTT
« platelet count (electric resistance detection method): PLC values were elevated
during the dosing period relative to control for females in the 3 and 4. This effect
is inconsistent and does not appear to be dose related.
e hematocrit value ( L X _ T detection method)
e hemoglobin concentration C 1 method)
¢ mean corpuscular volume (MCV)
¢ mean corpuscuiar hemoglobin (MCH)
e mean corpuscular hemoglobin concentration (MCHC)
e reticulocytes: Reduced by 60% in groups 5 and 6 relative to control.
The findings noted above as statistically significant appeared to be transitory and
somewhat sporadic. In addition, they fell for the most part within historical normal range
for this species. Biological significance is not clear. No effects were noted at the end of
the recovery period.

Clinical chemisiry: Analyses performed on the same schedule as hematology analyses
(see above).

e Aspartate aminouansferase (AST: & 1 method)

e Alanine aminotransferase (ALT: C 3 method)

e Alkaline phosphatase (ALP: C I method)

¢ [actate dehydrogenase (LDH: C 31 assay)

e y-Glutamyl transpeptidase (y-GTP: C _ J method)
o Total bilirubin (. C 1 method)

e Total protein (— method)
s Albumin{ ~ method)

¢ Total cholesterol \ L I method)

» Triglyceride (¢ 1 method)

» Glucose (GleK € J method)

e Blood urea nitrogen (BUN: ¢ 1 method)

e Creatinine (Jaffe method)
e Uric acid (Uricase - — method)

 Inorganic phosphorus ( C 1 direct method)
e Calcium {Ca2+:L  Jmethod)

e Sodium (Na+ U 3 method)

e Potassium (K+:¢ 3 method)

¢ Chloride (Cl-: C T method)

Although some statistically significant changes were recorded during the dosing phase of
the study, they did not appear to be related to the test article administration. These
findings appeared to be transient and inconsistent. No statistically significant test article
related changes are reported for serum chemistry parameters.
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Urinalysis: Exam performed once prior to study initiation, week 4 of the dosing period
and week 4 of the recovery period. The following analyses will be performed: (Tables

supplied by the sponsor)

e No dose dependent effects on urinalysis results are reported. (a small decrease in
specific gravity was observed for female rats in group 4 but this finding does not
appear to be dose dependent as it did not occur in higher dose groups or in the

males in group 4.)

Parameter- Method Apparatus

Fresh Urne
Color Yisual
pH Test paper C 7
Glucose Test paper = !
Ketone body Test paper L g
Bilirubin Test paper L 3
Utine occult blood Test paper L 3
Urobilinogen Test paper < 3

Urine sediments

Microscopic examination of urine sediments stained
with Stemheimer-Malbin stain after centrifugation

{ — r.p.m., 5 minutes).

18- hour excreted urine analyses will be performed: urine volume, specific gravity,

protein, creatinine, sodium, potassium and chloride.

Gross pathology: Animals were euthanized on the day after the last dose of the last day
of the recovery period. Organs and tissues were examined at necropsy for gross lesions

and deformities.

e In animals sacrificed on day 29, an apparent test article related thickening of
mucosa in the oral cavity of 2 of 18 males in group 5 and 100% of all males and
females in group 6 was observed. (Rated as slight to moderate)

e Villous thickening of esophageal mucosa was noted for two males and one female

in group 6. Rated as slight to moderate.

e Thickening of mucosa of the esophagus was noted in one female in group 6.

Rated as slight.

Organ weights (specify organs weighed if not in histopath table):

The following organs were removed and weighed:
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- heart - pituitary - brain (with cerebellum and brain stem)
- pancreas - liver - thyroids (with parathyroid)

- thymus - spleen - submandibular glands

- epididymides - adrenals - lungs (with bronchus)

- ovaries - uterus - kidneys

- prostate - seminal vesicles - testes

Day 29:

Increased submandibular gland weight for for males and females in group 6.
(Relative to control: 198% for males and 109% for females.)

High absolute pituitary weights were noted for females in group 6.

Low liver weights relative to control were noted for males in groups 2 and 3.
Low lung weight relative to control were noted for females in group 6.

No differences in organ weight were observed at the end of the recovery period.

Histopathology: Adequate Battery: yes ( X ), no { )—explain

Peer review: yes( ), no( )

The following tissues were retained and examined microscopically:

heart, spleen, liver, lungs, trachea, esophagus, stomach (fundus, pylorus), kidneys, gall
bladder, uterus, ovaries, testes, epididymides, prostate, thyroids, adrenals, cerebrum,
brain stem, sciatic nerve, lacrimal gland, buccal mucosa, injection sites, thoracic aorta,
thymus, submandibular lymph node, bronchus, tongue, pancreas, small intestine
(duodenum, jejunum, ileum), large intestine (cecum, colon, rectum), anus, vagina, urinary
bladder, penis (epithelial lining of ureter), seminal vesicles, pituitary, parathyroid (if
possible), quadriceps muscle of thigh, cerebellum, lumbar spinal cord, skin (gluteal,
scalp), eye (with optic nerve), submandibular gland, mesenteric Iymph node, bones and
bone marrow (femur: bone marrow was observed as specimens without decalcifying after
fixation, and bone was observed as decalcified specimens), mammary gland (including a
cross section of the nipple and underlying breast, and two random samples of breast

parenchyma other than that near the nipple)

Acanthosis: Observed in group 6 for all animals in the esophagus, scalp and
buccal mucosa, all males and 2 females in the tongue, in the skin of the mammary
gland in 2 males and 2 females, in the skin at the injection site for 2 males and 1
female, in the gluteal skin for 2 males and 1 female, at the skin of the anus for one
female. The severity of these findings ranges from slight to marked.

Involution of the thymus gland was noted for all animals in group 6 and rated as
moderate to marked.

Slight hyperkeratosis was observed in the scalp for 2 males from group 6.
Esophageal epithelium showed slight eosinophil infiltration into the lamina
propria in ali males and 1 tfemale of group 6.

Acanthosis was observed at a lower rate and severity in group 5 in similar regions
as described for group 6.
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¢ Other histological findings were considered to be not dose related or werc
observation commonly seen in this species so could not be attributed to test article
administration.

Recovery animal histopathology: No test article related changes were observed at the
end of the recovery period.

Toxicokinetics: Blood samples for TK were collected from 3 animals/sex/group.
Samples were taken once immediately prior to the initiation of dosing; at 0, 1,2, 4, 8 and
24 hours after administration on Days 0 and 27; 1 and 24 hours after administration on
Days 6 and 18; and on Days 6 and 13 of the recovery peried.

Average serum drug concentrations were below the level of detection for groups 1, 2 and
3. Peak and overall exposure between 4 and 5 were dose proportional. Lower doses
could not be evaluated for proportionality due to the limit of quantitation.

TK resuits are illustrated in the table below, supplied by the sponsor:

Table 9.2 Toxicakinetics
Serum cancentrations and pliarmacokinetics paramaiers {meantSD)
of r-HuKGF in male and (emale Rhesus morkevs followiig
subcutancous admunistration at 300 pg/kg on Dav 0 of study
Time post-dose Scrum concenlraiions of - HuKGF
(hours) (ng/mL)
Male + Female Male Female
{n=0) (n=3) (=3
Pre-dosc 0.0010.00 0.00£0.00 0.00£0.00
1 28.7+11.0 23.8%128 33.6+8.18
Z 14.9+4 96 11.422.72 18.5£3.98
4 12.3£4.45 9.9943.84 14.6%4 .31
2 R.535£2.68 7.85+£3.06 G.25£2.65
24 3177+1.43 3.33£1.83 4,21+1.08
Time post-dose harmacokinetic parameters of -HuKGF ANOVA
{hours) {(Male vs.
Female)
tmax (1) [.0020.00 i.00£0.00 1.0040.00 NS2
AUC! 204£50.6 [76+43.5 231£46.8 NS
(ng-lvinl) '

I AUC was calculated by the trapezoidal method from O to 24 hours posi-dose
2 NS : No signiticant ditlerence (p<0.05)

Other:
Detection of anti-drug antibody levels:
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Blood samples for antibody titers were collected from all the animals once prior to the
initiation of dosing, 24 hours after administration on Days 0, 13 and 27, and on Day 27 of
the recovery period. Anti-drug antibodies were detected as early as SD13 in 100% of
animals In group6.

Study title: A preliminary 1-week repeated dose toxicity study of recombinant human
keratinocyte growth factor (r-HuK GFd23) administered subcutaneously to cynomolgus
monkeys

Key study findings:

This study was intended as a preliminary study to evaluate the toxicity of daily
subcutaneous administration of palifermin to cynomolgus monkeys for one wee. No
control group was included and no recovery data was collected. The study was not
performed under GLP conditions. Therefore, only a brief review of this study was
performed.

During the administration period, none of the animals died in any group. In the 30
and 300 ug/kg treated animals, no abnormalities were observed in the clinical signs;
however, in the 1000 ug/kg animal flushing (reddening skin) was observed over the face
and Jower belly, including the scrotum. No abnormalities were noted at any dose level, in
food consumption, body weight, urinalysis, hematology or serum biochemistry.

No abnormalities were observed in the gross pathology examination or organ
weights of any palifermin treated animals.

In microscopic evaluation, acanthosis in the scalp skin and buccal mucosa was observed
in the 300 and 1000 ug/kg treated animals, and hyperkeratosis in the scalp skin was also
observed of the 1000 ug/kg treated animals.

The NOAEL was considered to be 30 ug/kg under the conditions of this study.

Study no.:. ™~ 39-26-10

Volume #, and page #:

Conducting laboratery and location: L
Date of study initiation: 2/15/1995
GLP compliance: NO

QA report: yes{ yno( )
Drug, lot #, and % purity: palifermin lot #01195A5A

Methods
Doses: 30, 300 or 1000 ug/kg
Species/strain: male cynomolgus monkeys
Number/sex/group or time potnt (main study): 3 males used total
Route, formulation, volume, and infusion rate:
Satellite groups used for toxicokinetics or recovery: NA
Age: 3-4 years
Weight: 2-4 kg
Sampling times:
Unique study design or methodology (if any):
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Observations and times and Results
Mortality: All animals survived to scheduied sacrifice.

Clinical signs: No test article-related effects are reported except flushing of the skin over
the face, and lower belly for the one animals receiving 1000 ug/kg.

Body weights: No effects on body weight are reported.

Food consumption: No effects on food consumption are reported.

Ophthalmoscopy: Not Done.

EKG: Not Done.
Hematology: No treatment related effects are reported.

Clinical chemistry: No treatment related effects are reported.

Urinalysis: No treatment related effects are reported.

Gross pathology: No treatment related effects are reported.

Organ weights (specify organs weighed if not in histopath table): No treatment related
effects are reported.
Oregans weighed; heart. tung, kidney. liver and spleen
Histopathology: Adequate Battery: yes ( X ), no ( )—explain

Peer review: ves( ), no(X)
The only test article related finding reported is acanthosis of the skin (scalp) and buccal
mucosa seen in animals treated with either 300 ug/kg or 1000ug/kg. Other findings are
commonly observed in this species so could not be attributed to test article
administration.

Toxicokinetics: Not Done.

Other: NA

Study title: A 4-week repeated dose toxicity study of recombinant-human keratinocyte
growth factor (r-HuKGFd23) administered intravenously to thesus monkeys followed by
a 4-week recovery period. '

Key study findings:

The purpose of this study was to evaluate the potential toxic effects of IV administration
of palifermin to rhesus monkeys. Six groups of monkeys received daily iv infusions of
palifermin in doses of 0, 1, 10, 30, 100 and 300 ug/kg. Two animals from the control, 30,
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100 and 300 ug /kg groups survived 4 additional weeks after the final dose to assess
potential for recovery of any identified toxicities.

One male animal from the high dose group was euthanized moribund early in the dosing
phase of the study (SD11) after showing negative clinical signs (low food consumption,
sedation, hypothermia, prone position advancing to coma) after SD6. Examination of
that animal indicated that study drug related changes in the GI system caused reduced
food consumption followed by deteriorating body condition. This was the only death on
study.

Hematology parameters rcvealed several study drug related effects. Animals in groups 5
and 6 showed a mild decrease in the RBC count, HCT and HGB values. The HCT and
HGB values in the 30 ug/kg group were also reduced. Reticulocye counts were not
affected.

The serum biochemistry examination revealed low values in the total cholesterol, Ca+t
concentration, total protein and albumin in the 300 ug/kg group. In the 100 and 300
ug/kg groups, a high alpha-1 globulin level, or a tendency, and low inorganic phosphate
levels were also noted. These changes were rated as mild and not accompanied by
changes of the serum biochemical or pathological parameters indicating functional
disturbances of liver or kidneys. In the determination of serum amylase and lipase, mean
serum amylase levels were elevated, consistent with increased submandibular gland
weights and histological changes, and considered to be a result of the pharmacological
action of the study drug.

In the gross necropsy examination, slight or moderate thickemng or villous
thickening of the buccal mucosa in the oral cavity, tongue or esophagus was present in
the 30,100 and 300 ug/kg groups, and slight or moderate squama (scale) of the skin was
also present in the 300 ug/kg group. High absolute and relative weights of the
submandibular gland were observed in the 100 and 300 ug/kg groups. In the 300 ug/kg
group, this was accompanied by very slight hypertrophy of the acinar cells in the gland.
A pool of yellow transparent fluid (approximately 8 - 30 ml) was found in the thoracic
and/or abdominal cavity in the 100 and 300 ug/kg groups.

The microscopic analysis revealed the following findings that were thought to be
related to the pharmacological action of the test article: very slight to marked acanthosis
in the mucosa of the tongue, buccal mucosa, esophagus, scalp skin and the injection site
skin of the 30, 100 and 300 ug/kg groups and in the skin overlying the mammary gland
and the gluteal skin of the 300 ug/kg group; very slight vesicle formation in the mucosal
epithelia in the tongue of the 300 ug/kg group and in the esophagus of the 100 and 300
ug/kg groups; very slight or slight hyperkeratosis in the buccal mucosa, the skin
overlying the mammary gland, the gluteal and scalp skin of the 300 ug/kg group. and the
skin of the injection site of the 30, 100 and 300 ug/kg groups; very slight to moderate
hyperplasia of the mucous cells in the stomach of the 30, 100 and 300 ug/kg groups; and
very slight to moderate goblet cell hyperplasia in the-duodenum, ileum, cecum, colon and
rectum of the 30,100 and 300 ug/kg groups and in the jejunum of the 100 and 300 ,ug/kg
groups. Marked involution of the thymus was present in the 10, 30, 100 and 300 ug/kg
groups, and it was accompanied by low absolute and relative thymus weights in the
females of these groups.

53




Reviewer: Barbara J. Wilcox, Ph.D. BLA STN# 125103

No abnormalities related with the test article treatment were noted in the 1 ugfkg group
during the dosing period.

At the end of the recovery period, villous thickening of the tongue mucosa
(slight), hyperkeratosis of the tongue (slight} and goblet cell hyperplasia (very slight) in
the duodenum were noted histologically in 1 female out of 5 animals of the 300 ug/kg
group. All of the other findings noted during the dosing period were absent at the end of
the recovery period, suggesting reversibility.

The toxicokinetic analysis showed that serum concentration time profiles of
palifermin displayed an initial rapid decline followed by a “hump” or plateau between 1}
and 3 hours post-dose. The incidence of anti-drug antibodies increased with dose and
dosing duration. The presence of anti-drug antibodies appeared to increase palifermin
serum concentration. The pharmacokinetics appeared dose-independent throughout the
dosing period. However, interpretation after Day 13 was confounded by the presence of
antibodies. Terminal half-life was approximately 3.5 hours on Days (0 and 27. There was
no consistent difference between the serum concentration-time profiles for male and
female monkeys.

The incidence of anti-drug antibodies appeared to increase with increasing dose
from 10 ug/kg to 300 ug/kg palifermin. The apparent antibody response was not
associated with any observable adverse events throughout the study.

From the results under these conditions, the no observed adverse effect level (NOAEL) of
palifermin was considered to be 1 ug/kg, since the observations were similar to the
control in this study.

Study no.. — 39-27 (Amgen study number T-95-KGF-005)

Volume #, and page #:

Conducting laboratory and location: L

Date of study initiation: 3/22/1995

GLP compliance: Yes

QA report: yes(X)no( )

Drug, lot #, and % purity: Palifermin lot no. 01195A5A, placebo lot no. 02085B5

Methods
Doses: 0,1, 10, 30, 100 or 300 ug/kg
Species/strain: Rhesus monkeys
Number/sex/group or time point {(main study): 3/sex/group for the dosing phase,
2/sex/group for groups 1, 4, 5 and 6 for the recovery phase of the study.
Route, formulation, volume, and infusion rate: IV infusion daily for 4 weeks
Satellite groups used for toxicokinetics or recovery: Yes. See below.
Age: 4-8 years
Weight: males: 5-9 kg, females: 3-7 kg
Unique study design or methodology (if any):
Study design is illustrated in the table below, supplied by the sponsor:
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Animals il be randomized ine gioups as felows:

Group Dose Loved Deose Cone Dose Volums Munber of Amimals*~
MNumber  Qegfegaday) (nighnl} {mikgddayd dhale Female
fammal sumberd  {aamnal nutber)

1 - Q £.04 32{ - %) 31+2{ 6~ :0)
2 i G.1 0.G1 I~ 3 (14~ 16
3 10 i 0.0 3 (37—39} 3 (20~ 128)
4 30 ! 0.01 31202327 342 (28 ~ 532)
3 10 5 0.0z 3e233~27) 342 (38~ 42)
9 300 5 1310 342 (43 ~4ah) 342 (48 -3

+ The excipiunt conirel will be adminisicred indhe sime maaner as the tesi nrncie
s+ Recovery Animalst Ammalnos 4. 5.9,10, 26, 27, 31, 32, 36, 3%, 11,42, 16
47, 81,5

Observations and times Results

Mortality: One male animal in 6 was euthanized moribund on day 11 if the study. The
effects were first noted on day 6 and included sedation, hypothermia, prone position and
advanced to coma.

The serum biochemistry examination of this animal at sacrifice revealed high BUN,
creatinine and uric acid levels, high inorgantc phosphate, sodium and CI concentrations
and a low glucose level.

The pathology examination showed, acanthosis present in the tongue (marked),
esophagus (marked), buccal mucosa (very slight) and skin (scalp, slight); and slight or
moderate goblet cell hyperplasia was present in the small and large intestines (duodenum,
ileum, cecum, colon and rectum). It was concluded that, the pathological changes in the
digestive system caused the decrease of food consumption, which was followed by a
gradually deteriorating body condition. Other findings noted in the thymus (severe) and
adrenals (slight) were thought to be secondary changes relating to the deteriorating body
condition. The slight dilatation of the stomach and moderate atrophy of chief cells in the
stomach were also noted. Slight hypocellularity of the sternal bone marrow was also
noted in this animal.

Clinical signs: Performed at least 3 times per day during the dosing period: prior to
dosing, immediately after and 2-3 hours post-dosing.

e Surviving animals in the high dose group (grp 6) showed swollen lips of varying
degrees and scaling of the skin (4 males and 2 of 5 females). Skin scaling was
reported for 2 males in group 6 recovery group but resolved by the end of the
recovery phase.

e Increased salivation (slight to severe) was noted for 2 of 4 males. Resolved by the
end of the recovery phase.

e For the 100ug/kg group, 1 male of 5 showed a swollen lip (slight) during the
dosing period.
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e No clinical signs related to the study drug are reported for groups 1-4.

Body weights: Data collected once prior to study initiation, once per week thereafter and
prior to necropsy.
e Slight decreases in mean body weight are reported for males and females in group
6 during weeks 2 and 3 of the dosing phase. At week 4, the body weight
reduction relative to prestudy weight for males and females in group 6 were 1.056
kg and 0.416 kg, respectively. No test article effects were noted at the end of the
recovery phase.
e No test article related effects are reported for groups 1-5.

Food consumption: Calculated daily.

e Food consumption was severely reduced on day 5 and later for the animal that
was sacrificed moribund on day 11.

e Decreases in food consumption rated moderate to severe were noted for all group
6 animals during the middie of the dosing phase of the study (Days 6-20 for
males, days 8-11 for females). No effects were noted for any other groups.

s No effects related to the test article were noted during the recovery phase of the
study.

Ophthalmoscopy: Data collected once prior to study initiation, and once at week 4 of the
dosing phase. If any abnormalities were noted, examination was performed at the end of
the recovery phase.
» No test article effects were noted during the dosing phase of the study so this test
was not performed during the recovery phase.

EKG: Data collected once prior to study initiation, once at week 4 of the dosing phase.
If any findings were noted, the exam was to be repeated at the end of the recovery period.
» No test article related effects were noted during the dosing phase so this test was
not performed during the recovery phase.

Hematology: Data collected prior to study initiation and on day 0, 6, 13 and 27 of the
dosing phase, days 6 and 27 of the recovery phase.

e erythrocyte count (RBC : L 7 detection method)

¢ leukocyte count (WBC : C 1 detection method)

» platelet count (PLC, C 1 detection method)

» hematocrit value (HCT, T . 3 detection method)

e hemoglobin concentration (HGB, _ ~ Timethod)

¢ mean corpuscular volume (MCV)

e mean corpuscular hemoglobin (MCH)

e mean corpuscular hemoglobin concentration (MCHC)
e Reticulocyte count and differential leukocyte count

+ (Coagulation

Clinical chemistry: Data collected at the same time points as above for hematology.
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Aspartate aminotransferase (AST: c -3 method)

Alanine aminotransferase (ALT: 8 7 method)

Alkaline phosphatase (ALP: C 7 method)
Lactate dehydrogenase (LDH: T T method)

v-Glutamyl transpeptidase (y -GTP: £ J
method)

Total bilirubin T 1 method)

Total protein | ©  JImethod)

Albumin( €  method)

Total cholesterol + L. J method)
Triglyceride L T method)

Glucose (GleK . € J method)

Blood urea nitrogen (BUN: © Imethod)
Creatinine { — method)

Uric acid ( © 3 method)

Inorganic phosphorus (T 1 direct method)

Calcium (Ca: — 'method)

Sodium (Na: — method)

Potassium (K : ™ method)

Chloride (Cl : C 1 method)
Protein fractions, including A/G ratio

Urinalysis: Data collected once prior to study initiation, once at week4 of the dosing
phase and at week 4 of the recovery phase. The urine was collected 2 hours prior to
dosing, using a metabolic cage, and used for color, sedimentation rate, pH, glucose,
ketone body, bilirubin, occult blood and urobilinogen analyses. 18 hour samples were
measured for volume and specific gravity, sodium, chloride, and creatinine,
determination.

Increased volume was noted for all treatment groups with respect to prestudy
levels and control. Volume returned to prestudy levels by the end of recovery
period. Increases ranged 30%-40% but did not have a clear does relationship
among groups 2-6. Increased volume in female animals from groups 2-6 is also
observed. However, female control animals also showed an increase int volume
during the dosing period. This increase may be due to increase fluid from the
drug infusions.

Creatinine levels were reduced for groups 5 and 6 at the end of the dosing phase.
Values were higher but still reduced compared to pre-study and control levels at
the end of the recovery phase.

Sodium was reduced in group 5 and 6 male animals with respect to prestudy
levels and control values.

Chloride levels were reduced at the end of the dosing phase (relative to pre-study
values) for group 6 males but returned to normal limits by the end of the recovery
phase. Large interanimal variability is noted for these values. Biological
significance is not clear.
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Slightly increased mean protein level is reported for group 6 females during the
dosing phase but returned to baseline by the end of the recovery phase.

Gross pathology:

L]

The following gross findings are reported for the animals euthanized early in a
moribund condition: thickening of the buccal mucosa, villous thickening of the
tongue mucosa, thickening of esophageal mucosa, emaciation (not eating) small
spleen size, thymic atrophy, empty stomach and small intestine, bilateral soft
white testes, bilateral enlargement of adrenal glands.

The following findings are reported for animals euthanized after the 4-week dosing
phase:

Emaciation was noted for 2 females in group 6.

Pool of pale yellow fluid found in the thoracic cavity of one male in group6

Pool of yellow fluid in the abdominal cavities of I male in group 5, 1 male and 2

females in group 6.

Thickening of the buccal mucosa of all males and females in groups 5 and 6 and 1
male in group 4.

Thickening of the tongue mucosa in | male and 2 females of group 5, I male and

3 females of group 6.

Thickening of esobhageal mucosa of 1 male from group 4, 3 males and 2 females
of group 5 and 2 males and 3 females from group 6.

Scaling of the skin was noted in 3 females in group 6.

By the end of the recovery period only villous thickening of the tongue mucosa was
noted, suggesting recovery potential.

Organ weights (specify organs weighed if not in histopath table):
The following organs were removed at necropsy and weighed:

Heart, pancreas, thymus, epidiymides, ovaries, pituitary, liver, spleen, adrenals, uterus,
brain with brainstem and cerebellum, thyroid with parathyroid, submandibular glands,
lungs with bronchus, kidneys, prostate, testes, seminal vesicles.

Increased organ weight for the submandibular gland is reported for males and
females in groups 5 and 6. Not reported at the end of the recovery period.
Reduced thymus weight is reported for female animals in groups 2-6. (Values
reduced up to 83% for males and females in group 6. Definitely test article
related. No group differences noted at the end of the recovery period.

Increased absolute spleen weight noted for one female in group 6.

Increased absolute thyroid wetght for 1 female in group 6.

No differences were noted for the animals in group 2.

No differences in any organ weight was noted for animals sacrifieced at the end of
the recovery phase.

Histopathology: Adequate Battery: yes ( X ), no{ }—explain
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Peer review: yes{ ), no( )

A full panel of tissues was retained and prepared for histological examination for dosing
phase animals on day 29 and for recovery phase animals on day 57.
At the end of the dosing period the following observations were noted:

Tongue: acanthosis was noted in the tongue of 2 males and 2 females in group 4,
and all males and females in groups 5 and 6. The severity of this finding was very ;
slight for group 4, slight for group 5, very slight to marked for group 6. i
Very slight vesicle formation was present in the mucosal epithelia of the tongue
of I male and 1 female in group 6.

Buccal Mucosa: Acanthosis was present in the buccal mucosa of 2 males and all
females in group 4, and all males and females in groups 5 and 6. The severity of
this finding was very slight for group 4, very slight or slight for group 5, and very
slight to marked for group 6.

Very slight hyperkeratosis of the buccal mucosa was present in 2 females in group
6.

Esophagus: Acanthosis was present in the tongue of 2 males and 2 females in
group 4, and all males and females in groups 5 and 6. The severity of this finding
was reported as very slight or slight for the group 4, slight or moderate for group
5, and moderate or marked for group 6. Vesicle formation rated as very slight was
observed in the mucosal epithelia of all females in group 5 and all males and
females in group 6.

Stomach: Hyperplasia of the mucous cells was present in the stomach of 1 male
and 1 female in group 4, and all males and females in the groups 5 and 6. The
severity of this finding was rated very slight for group 4, slight for group 3 and
slight or moderate for group 6.

Small Intestine: Goblet cell hyperplasia was present in the foilowing regions: the
duodenum of 2 females in group 4, and all males and females in groups 5 and 6;
the jejunum of 1 and 2 females in group 5 and 1 female in the group 6; and the
ileum of all males and females in the groups 4, 5 and 6. The severity of these
findings was rated as very slight for the group 4, very slight or slight for group 5
and very slight, slight or moderate for group 6.

Large Intestine: Goblet cell hyperplasia was present in the following regions: the
cecum of 2 males and 1 female in the group 4, and all males and females in
groups 5 and 6, the colon of 1 male and 1 female in group 4, and all males and
females in groups 5 and 6; the rectum of all males and females in groups 4, 5 and
6. The severty of this finding was rated as very slight or slight for group 4, slight
for group 5 and slight or moderate for group 6.

Mammary Gland (nipple): Very slight acanthosis was present in the skin at the
nipple of 1 female in group 6. Very slight hyperkeratosis was present in the skin

" at the nipple of all males in group 6.

Mammary Gland (breast parenchyma): Very slight or slight acanthosis was
present in the skin overlying the mammary gland of 2 females in group 6.

Skin {gluteal): Acanthosis rated as very slight or slight was present in 1 {emale in
the group 4 and 2 females in group 6. Hyperkeratosis rated as very slight or
slight was present in all males and 1 female in group 6.
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e Skin (scalp): Acanthosis was present in 1 female in group 4, 1 male and .2 females
in the group 5 and all males and females in group 6. The severity of this finding
was rated as very slight for groups 4 and 5 and slight for group 6. Very slight or
slight hyperkeratosis was present in all males and 2 females in group 6.

+ Injection Site: Acanthosis was present in the skin of the injection site of | female
in group 4, 1 male and 1 female in group 5 and all females in group 6. The
severity of the acanthosis was rated as very slight for the group 4, very slight or
slight for group 5 and slight or moderate for group 6. Hyperkeratosis was also
observed in the skin of the injection site of 1 male in group 4, 1 male in group 5
and all males and females of group 6. The severity of the hyperkeratosis was rated
as very slight for group 5 and very slight or slight for group 6. Hemorrhage,
inflammatory cell infiltration or monenuclear cell infiltration in the subcutaneous
tissue, fibrosis in the vascular wall and crust formation were present at the
injection site. Severity and incidences of these findings appeared to be similar
among the groups, and no irritation related to the test article was observed.

¢ Thymus: Marked involution of the thymus was present in 2 males and 1 female
in group 3, | male and 2 females in group 4 and all males and females in groups 5
and 6. The remaining animals, 1 male and 2 females in group 3 and 1 male and 1
female in group 4, showed slight or moderate involution of the thymus. Very
slight to moderate involution of the thymus was also present in all males and 1
female of the control group, 2 males and | female group 2. However, the very
slight to moderate involution noted in the 1, 10 and 30 ug/kg groups was thought
to be a spontaneous change since it was noted in the control group and is
commonly observed in the Macaca monkeys of the testing facility.

e Submandibular Gland: Very slight hypertrophy of the acinar cells was present in
the submandibular gland in all males and 2 females from group 6.

¢ Sternal Bone Marrow: Very slight hypocellularity was present in 1 male from
group 6.

Other histological findings in the test article treatment groups were present in the heart,
thoracic aorta, spleen, thymus, femoral bone marrow, sternal bone marrow, mesenteric
and submandibular lymph node, lungs, pancreas, liver, kidneys, urinary bladder, testes,
epididymides, seminal vesicles, prostate, ovaries, uterus, pituitary, adrenals, thyroids,
parathyroid, eye ball (with optic nerve) and quadriceps muscle of the thigh. These
changes erther did not occur dose dependently, or were changes that are commonly
observed in Macaca monkeys of the testing facility; and therefore, were thought to be
spontaneous.

Histology of recovery animals:

The following test article-related changes were present.

» Very slight goblet cell hyperplasia in the duodenum of T female in group 6.

e Marked involution of the thymus of I male and I female of the group 5 and 1
female from group6;

¢ marked acanthosis of the tongue in 1 female from group 6.

e  Slight hypocellularity in the sternal bone marrow was present in 1 female from
group 6.

Toxicokinetics:
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Blood samples for toxicokinetic examinations were taken from three animals per sex in

each group once immediately prior to the initiation of dosing; 0, 5 min., and 0.5, 2, 4, 8

and 24 hours after administration on Days 0 and 27 of the dosing period; and 0.5 and 24
hours on Days 6 and 13 of the dosing period.

Other:

Anti-drug antibody levels: Blood sampies for antibody titers were collected from all the
animals once prior to the inttiation of dosing, 24 hours after administration on Days 0, 13
and 27, and on Day 27 of the recovery period.

Amylase and lipase levels: amylase and lipase levels were measured on 3 animals per
sex from each group from serum samples remaining after non-GLP toxicokinetic analysis
on Days 0, 1, 6, 13, 27 of the dosing period, and on Days 6 and 27 of the recovery period.
« Significant increases in log mean serum amylase values were noted for monkeys
from groups 4, 5, and 6 during the treatment period. Values were comparable to
control values by the end of the recovery phase. This finding is correlated with
increased submandibular gland weight for group 5 and 6 and hypertrophy (rated
slight) of the acinar cells of that gland in group 6 animals.
e No test article related effect was noted for serum lipase levels.

Study title: A preliminary l-week repeated dose toxicity study of recombinant human
keratinocyte growth factor (r-HuK GFd23) administered intravenously to cynomolgous
monkeys

Key study findings:

The purpose of this study was to evaluate the safety of palifermin when administered
intravenously to 3 male cynomolgus monkeys at dose levels of 30, 300 and 1000
ug/kg/day for a period of 7 consecutive days.

All animals survived to scheduled termination. No abnormalities caused by palifermin
were observed in the food consumption, body weight or hematology examinations.

At doses of 300 and 1000 ug/kg, flushing (reddening skin) was observed in the face

and lower belly including the scrotum, and later a slight swelling and abnormal scaling
were observed in these areas. In the urinalysis examination, at 300 ug/kg, a high
creatinine level was noted. In the serum biochemistry examination, at 300 and 1000
ug/kg triglyceride levels were observed.

Gross pathology examinations revealed abnormal scaling in the facial and scrotal skin of
the animals at 300 and 1000 ug/kg doses. A high relative liver weight was noted at
300ug/keg.

'The microscopic examination revealed acanthosis and hyperkeratosis in the skin (scalp,
face and scrotum) at 300 and 1000 ug/kg. Acanthosis and vacuolation of the prickle cells
were observed in the buccal mucosa at all dose levels. Vacuolation of the prickle cells in
the scrotum and mononuclear cell infiltration in dermis of the scalp skin and basal layer
of the buccal mucosa were also observed at 1000 ug/kg. Perivascular eosinophil and/or
lymphocyte infiltration in the facial subcutis was observed in the 300 and 1000 ug/kg
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treated animal. Vacuolation of the hepatocytes was observed at 300 and 1000 up/kg. The
severity of this lesion was marked at 300 ug/kg and slight at 1000 ug/kg.

From these results, the non toxic dose level was considered to be less than 30 ug/kg,
under the conditions of this study.

The animals receiving the 300 ug dose consistently showed increased toxicity relative to
the high dose animal. No dose verification of dose was included as this study was not
conducted under GLP conditions. Because the relationship to dose was consistent for
urinalysis, histopathology, and organ weights, there is some reason to question the
magnitude of exposure of these animals to the test article relative to one another.

Study no.. — 39-27-10
Volume #, and page #:

Conducting laboratory and location: t . ) 2
Date of study initiation: 2/15/1995

GLP compliance: NO

QA report: yes{ )no( X)

Drug, lot #, and % purity: Palifermin lot# 01 195A5

Methods

Doses: 30, 300 or 1000 ug/kg (no placebo control)

Species/strain: cynomolgus monkeys

Number/sex/group or time point (main study): 3 male monkeys, 1/group

Route, formuiation, volume, and infusion rate: 1V bolus infusion once daily for 7
days

Satellite groups used for toxicokinetics or recovery: NO

Age: 3-8 years

Weight: 2-4 kg

Unique study design or methodology (if any): This study was designed as a
preliminary study and included no control amimals. The design is illustrated in the table,
below, supplied by the sponsor.

Group Test Dose Level  Dose Volume  Number of Animals**
Number Article {(pg/kg/day) (mlkg/day) Male
- {animal number)
I r-HuKGFd23 30 0.006 * (1)
2 r-HuKGFd23 300 0.06 1(2)
3 r-HuKGFd23 1000 0.2 : 1{3).

Observations and times and Results
Mortality: All three animals survived to scheduled necropsy.

Clinical signs: AT least 3 times daily at cageside during the dosing period.
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e No abnormal clinical findings were reported for group 1 (30 ug/kg)

« Flushing of face and lower belly including scrotum for groups 2 and 3 (300 and
1000 ug/kg) after SD3.

e After SD 5, 300 and 1000 ug/kg animals showed scaling and slight swelling of
face and scrotum.

Body weights: Recorded prior to the study initiation, SD 1, 2, 4 and 6, then prior to
Necropsy.

¢ No abnormal findings related to body weight were reported.
Food consumption: Data recorded daily.

e No abnormal findings relating to food consumption were reported.

Ophthalmoscopy: Not Done.

EKG: Not Done.

Hematology: Data collected once pre-study, and on SD6
Standard battery will be performed.

o For the 1000 ug animal, a small reduction in HGB, HCT and RBC levels was
reported. Because the RET level was not affected, the sponsor concluded that this
finding was not of toxicological significance. However, repeat-dose studies in the
rat showed consistent reduction in RBC, HCT and HGB. In those studies the
RET levels did increase but this finding did not appear to be seen consistently in
relationship to reduced hemoglobin measures. Therefore, the reduced
hemoglobin measures may reflect a test article-related toxicity. With no placebo
animals for comparison, and such limited animal numbers biological or
toxicological significance is difficult to determine.

e A 50% reduction in absolute lymphocytes counts and small reduction in %
lymphocytes for the 300 and 1000ug doses. The 300 ug dose animals showed a
slightly larger magnitude of change.

Clinical chemistry: Data collected as for hematology.
Standard battery will be performed

* No abnormal findings at 30 ug.

» For the higher doses, increased in triglycerides was noted.

e The sponsor states that no other findings were observed. However, the data
appear to show a 50% drop in total cholesterol relative to baseline, as well as
reductions in AST, ALT, ALP and LDH. Reduced liver enzyme paramelers are
also reported in the rat repeat-dose studies.

Urinalysis: Data collected prior to study initiation, and on SD6. Collection of fresh urine
occurred 2 hours prior to dosing using a metabolic cage. Samples will be analyzed for
pH, glucose, ketone bodies, bilirubin, occult blood, urobilinogen, color and sediment.
18-sample will be analyzed for volume, specific gravity, creatinine and electrolytes
including Na, K and CL
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s No apparent treatment related effects were recorded for any animal

e Elevated creatinine was noted for the 300 ug animal. This finding was not seen in
the higher dose monkey, so was considered not to be test article related.
However, kidney findings were reported for the repeat-dose rat studies, thus,
kidney findings should be watched for effects in monkeys.

Gross pathology:
Limited necropsy on all animals performed on the day after the final dose.

e For the higher two doses abnormal scaling of the skin on face and scrotum was
noted.
e No abnormal findings are reported for the 30 ug dose.

Organ weights (specify organs weighed if not in histopath table):
Limited panel of organ removed and weighed: heart, lung (with bronchus), kidneys
(R&L), liver, spleen. Data expressed as % body eight at necropsy.

e Increased liver weight was noted at the 300 ug dose.

» No other findings are reported.

Histopathology: Adequate Battery: yes (), no{ )—explain
Peer review: yes( ), no( )
40+ tissues harvested and stored. Histological examination was performed on heart
spleen, lungs, hiver, kidneys, scalp skin, and buccal mucosa.
* Acanthosis, hyperkeratosis in skin of scalp, face and scrotum (300 and 1000 ug
groups)
e Vacuolization of the prickle cells of the scrotum (1000 ug group)
* Mononuclear cell infiltration of the dermis in scalp and buccal mucosa at the 10600
ug dose.
* Pernivascular eosinophil and/or lymphocyte infiltration of deep tissue layers of
facial skin and scalp at 300 and 1000 ug dose. (rated slight or very slight)
¢ Vacuolization of hepatocytes at 300 and 1000 ug doses, rated marked and very
slight, respectively.
» Kidney effects at the 300 ug dose: slight degeneration or tubule necrosis in
papilia, crystalline-like substance in giant celis in the renal cortex.

Toxicokinetics: Not Done.

Other:

Study title: A 3- day toxicity study of recombinant-human keratinocyte growth factor
(rHuK.GF) via intravenous administration in rhesus monkeys

Key study findings:
The purpose of this study was to evaluate the toxicity of palifermin when administered

intravenously to rhesus monkeys at dose levels of 500, 1000, 2000 and 4000 ug/kg/day
for 3 consecutive days. In this study, 2 males and 1 female were used in the control,

64




Reviewer: Barbara J. Wilcox, Ph.D. BLA STN # 125103

1000 and 4000 ug/kg groups, and 1 male and 2 females were used in the 500 and 2000
ug/kg groups.

The following changes, thought to be related to the pharmacological effect of the test
article, were observed in all test article treated groups: reddening of the facial skin in the
clinical signs examination on Day 2, and in the gross pathological examination at
necropsy on Day 3; very slight or slight acanthosis (with hyperkeratosis) in the nipple,
injection site, lip (upper), buccal mucosa and tongue, very slight acanthosis in the skin
{mammary gland) and esophagus, and very slight goblet cell hyperplasia in the small and
large intestines (ileum, cecum, colon and rectum) were noted in the histopathological
examination.

Test article related findings were revealed for urinalysis parameters that correlate with
increased organ weight for the urinary bladder as well as microscopic abnormalities.
Test article related effects on food consumption in the two high dose groups were
accompanted by low glucose values in groups 3, 4 and 5. Decrease in urine volume
noted for all groups on day 2 may have been related to reduced food intake. Test article-
related changes were observed in the mipple (mammary gland), skin (mammary gland),
injection site, lip (upper), buccal mucosa, tongue, esophagus, small intestine (ileum),
large intestine (cecum, colon, rectum), submandibular gland and urinary bladder.

Study no.: = -39-35/Amgen study # 970159
Volume #, and page #:

Conducting laberatory and location: [ o 3
Date of study initiation: 12/22/1997

GLP compliance: Yes

QA report: yes{( X )no () )

Drug, lot #, and % purity: palifermin lot# 11070967

Placebo tot# 02DD07226G6

Methods

Doses: 0, 500, 1000, 2000 and 4000 ug/kg/day (doses chosen as multiples of the
expected human clinical dose, at that time was 100 ug/kg)

Spectes/strain: rhesus monkeys

Number/sex/group or time point (main study): Group 1: control, 2 males and 1
female, group 2: 500 ug, 1 male and 2 females, group 3: 1000 ug, 2 males and | female,
group 4: 2000 ug, 1 male and 2 females, group 5: 4000 ug, 2 males and 1 female

Route, formulation, volume, and infusion rate: IV bolus Injection at rate of 2
ml/minute in a volume of 0.8 mli/kg

Satellite groups used for toxicokinetics or recovery:

Age: males 7-9 years, females 5-7 years

Weight: males: 7.54 —9.31 kg; females: 3.83- 5.88 kg

Unique study design or methodology (if any): -

Observations and times Results

Mortality:
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Clinical signs: twice daily during dosing
e Reddening of the face on day 2 in all test article-treated groups. One female in
group 2 (500 ug) did not show this finding.

Body weights: Data collected once prior to study initiation, once of SD 2 and prior to
necropsy on SD3.

Food consumption: Recorded daily
e Reduced food intake in food consumption was noted in 2 males and 1 female in
the 1000 ug group and 1 male in the 4000 ug group.

Ophthalmoscopy: Not Done

EKG: Not Done.

Hematology: Samples were collected once prior to study initiation, once prior to dosing
on SD1 and once prior to necropsy on SD3. A standard hematology testing battery was
performed including coagulation parameter.

e SD 1: low WBC for the 500 ug group,

s SD 3: high WBC count and elevated seg.neutrophils in the 1000 ug group.
These findings were not observed in the 2000 or 4000 ug group, thus biological
significance is not clear.

¢ Reduced hemoglobin measures are reported for all groups on day 1 and 3. The
sponsor attributes these findings to the effects of blood draws. However, similar
findings are noted in other repeat dose studies so biological significance can not
be discounted.

Clinical chemistry: Samples taken under the same schedule as for hematology. A
standard testing battery was performed. In addition, serum amylase, serum lipase and C-
reactive protein were assessed.
o low total cholesterol valuc in the 2000 and 4000 ug/kg groups on Day 3, and a
trend towards a decreased total cholesterol level in the 500 and 1000 ug/kg groups
¢ low glucose level in the 1000 ug/kg group on Day 3; and a low BUN in the 1000,
2000 and 4000 ug/kg groups on Day 1. Low glucose values were also noted in 1
animal in each of the 2000 and 4000 ug/kg groups on Day 3.
e No test article related effects on serum amylase are reported.
» No test article related effects on serum lipase are reported.
¢ No test article related effects on C-reactive protein are reported.

Urinalysis: Data collected prior to study initiation and once on SD2

Fresh urine was collected for 2 hours. pH, glucose, ketone body, bilirubin, urine occult
blood and urobilinogen and protein content were determined. Urine color was examined
visually. The urine sediment was examined microscopically.

The urine samples excreted over 16 hours were measured for urine volume, and specific
gravity was measured. Electrolyte concentration was analyzed including NA, K. C1. The
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total excretion volume of the urinary electrolytes was calculated from urine volume and
electrolyte concentration.

+ SD 2: reduced urine volume in all group 2 animals (500 ug).

» SD 2: Reduced Na excretion in all but one female in group 2.

» SD 2: reduced total potassium in all animals in group 2.

» SD 2: Reduced total Na excretion in 2 males and 1 female of group 3 (1000 ug), 1
male and 2 females in group 4 (2000 ug), | male and 1 female in group 5 (4000
ug)

o SD 2: reduced Na in | male and one female in group2, 2 males and 1 female in
group 3, | male and 1 female in group 4, and one male in group 5.

« SD 2: Reduced ClI concentration in I male and 1 female in group 3, | female in
group 4 and 1 male in group 5.

» 5D 2. Increased specific gravity in 1 male and 1 female in group 5.

» SD 2: Increased protein concentration in 1 male and 1 female in group 4 and 1
female in group 5.

Correlate these findings with microscopic findings under the gross pathology and
histopathological results.

Gross pathology: Animals euthanized one day after the final dose.
* Reddening of the facial skin was observed in all test article treated animals except
1 female in group 2.
* Reddening of the mucosa in the urinary bladder was observed in 1 male and 1
female from group 4, and 1 male from group 5.
* Moderate induration in the right posterior lobe of the lungs was observed in 1
male from group 5.

Organ weights (specify organs weighed if not in histopath table):
Liver, kidneys, urinary bladder, adrenals, thyroids (including parathyroids),
submandibular glands, testes, ovaries, uterus, pituitary, thymus, heart, lungs (including
bronchi), spleen, pancreas, epididymides, seminal vesicle, prostate
* High absolute and relative urinary bladder weights were noted in 1 male of the
1000 ug/kg group, and 1 male and 1 female each of the 2000 and 4000 ug/kg
groups.

Histopathology: Adequate Battery: yes (X ), no ( }—explain
Peer review: yes( ), no( }
40+ tissues saved. 30+ tissues examined histologically.

¢ Nipple (mammary gland): Very slight or slight acanthosis was present in all test
article treated animals except 1 female of the 2000 ug/kg group. Very slight
hyperkeratosis was present in all test article treated animals except 2 females from
each of the 500 and 2000 ug/kg groups.

» Skin (mammary gland): Very slight acanthosis was present in ajl test article
treated animals except 2 females from each of the 500 and 2000 ug/kg groups.

¢ Injection site: Very slight or slight acanthosis was present in all test article treated
animals. Very slight hyperkeratosis was present in 1 male of the 1000 ug/kg
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group. Hemorrhage, mononuclear cell or inflammatory cell infiltration in the
subcutaneous tissue was present at the injection site of some animals. The
severity and incidence of these findings appear to be similar among the groups,
and no irritation specific to the test article was observed.

Lip (upper): Very slight or slight acanthosis was present in the skin of all test
article treated animals except 1 male from the 1000 ug/kg group. Very slight
hyperkeratosis was present in the skin of 2 females from each of the 1000 and .
2000 ug/kg groups, and 2 males of the 4000 ug/kg group. Very slight acanthosis
was present in the mucosa of all test article treated animals. Very slight or slight
hyperkeratosis was present in the mucosa of all test article treated animals except
I female from the 1000 ug/kg group.

Buccal mucosa: Very slight acanthosis was present in all test article treated
animals. Very slight hyperkeratosis was present in all test article treated animals
except | female from the 2000 ug/kg group.

Tongue: Very slight or slight acanthosis and very slight hyperkeratosis were
present in all test article treated animals.

Esophagus: Very slight acanthosis was present in all test article treated animals
except 2 females from each of the 500 and 1000 pg/kg groups.

Small intestine (ileum): Very slight hyperplasia of goblet cells was present in all
test article treated animals.

Large intestine (cecum, colon, rectum}: Very slight hyperplasia of goblet cells
was present in the following tissues: the cecum of all test article treated animals
except 1female of the 2000 ug/kg group; the colon of all test article treated
animals except 1 female from the 1000 ug/kg group; and the rectum of all test
article treated animals except 1 male from the 2000 pg/kg group.

Submandibular gland: Very slight decrease in the number of mucous cells was
observed in 2 males and 1 female from the 4000 ug/kg group.

Pancreas: Very slight decrease in the zymogen granules in the acinar cells was
observed in 1 female from the 500 ug/kg group, 1 male and 1 female each from
the 1000 and 2000 ug/kg groups.

Urinary bladder: Very slight or slight edema in the submucosa was present in 1
from the 500 ug/kg group, 2 males and  female from the 1000 ug/kg group, 1
male and 1 female of the 2000 ug/kg group, and 2 males and 1 female from the
4000 ug/kg group. Very slight or slight hemorrhage in the submucosa was
present in 1 male the 500 ug/kg group, 2 males from the 1000 ug/kg group, 1 male
and 1 female each from the 2000 and 4000 ug/kg groups. Very slight or slight
hemorrhage in the mucosal cpithelium was present in 3 males from each of the
500, 1000 and 4000 ug/kg groups. These findings were not observed in the
control animals, thus, are most likely test article related.

Prostate: Very shight interstitial mono nuclear infiltration in 1 male from the 2000
and 4000 ug groups each.

Other histological findings in the test article treatment groups were present in the
liver, kidneys, testes, ovaries, pituitary, thyroids, parathyroid, adrenals,
submandibular giand, pancreas and lung. These changes either did not occur dose
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dependently, or were changes that are commonly observed in rhesus monkeys of
this facility. Thus, biological significance is difficult to determine.

Toxicokinetics:

Blood samples for toxicokinetics were taken from all animals once prior to study
initiation; once at 5 and 30 minutes, and once at 1, 2, 4, 8 and 24 hours after dosing on
Days 0 and 2 of the dosing period.

s Control animals showed no evidence of exposure based on serum concentrations.
¢ Intravenous administration of palifermin resulted in serum concentration-time
profiles which “plateau™ between 1 and 3 hours post-dose.

The “plateau” became less pronounced dose as the dose increased, but did not alter over
time. Serum concentrations on Day 2 were generally lower for every animal than on Day
0. Consequently, clearance and volume of distribution increased over time; terminal hal{-
life was time-independent. There were no consistent changes with dose for any of the
parameters indicating dose-linearity. However, on Day 2, serum concentrations for males
had a tendency to be higher than in females (up to 4-fold greater at 5 minutes), resulting
in increased C, (up to 5.01-fold) and AUCp.w) (up to 2.42-fold) for males when compared
to females.

Ansm ———— ————

Dosing Schema: Daily IV bolus tor 3 da"ys
Formuiation: Lvophilized Assay, ELISA{LOD: —nalmi)
Group: 2 3 4 3
Dose (y;;fkq): _ 500 1004 N 201'{} 4000
Day 0 Resulls
Parameter funits);, rdean S 1 Mean 50 |, Mean S0 Moan 80~
Gy tngimL} 2210 BE4 5510 3860 6970 $060 12400 | 3440
Vi (L) 229 0.411 1.73 0.385 2.72 1.2% 1.90 0262
tia s {Br) 3.00 0.258 218 0.448 427 2357 4903 0.401
AUCH. . {ng hefenl) 004 155 2170 43! avan 1560 8050 2150
AALIC | [ng Bred Mipgkg) 181 a0 17 0414 1,89 0,982 2401 0.528
CL. {Lihokg) 0.585 G107 Q.41 0.0802 0.620 0.271 0.525 0.158
Other:

Measurement of hepatic cytochrome P-450
* No test article related effects are reported.

Study title: An intermittent (11-day) intravenous administration toxicity study of
recombinant-human KGF (fHuKGF) in rhesus monkeys

Key study findings:
The purpose of this study is to evaluate the toxicity of r-HuKGFd23 when administered

to rhesus monkeys for two cycles of 3 consecutive dosing, days with an interval of 5 non-
dosing days. This regimen is similar to the expected clinical regimen.
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Reddening of the facial skin was observed in all animals that received the test article by
SD2.

Test-article related changes were observed in the nipple (mammary gland), skin
(mammary gland), injection site, lip (upper), palm, vagina, buccal mucosa, tongue,
esophagus, small intestine (ileum), large intestine (cecum, colon, rectum), pancreas and
urinary bladder.

Under these conditions, the no observable adverse effect level (NOAEL) for palifermin
was considered to be less than 500 ug/kg, since edema and hemorrhage in the submucosa
of the urinary bladder were present at this dose level in this study. No recovery group
was included in this study.

Study no.. — -39-36/ Amgen # 970160
Volume #, and page #:

Conducting laboratoery and location: [ 3
Date of study initiation: 12/22/1997
GLP compliance: Yes

QA report: yes(X)no ()
Drug, lot #, and % purity: palifermin lot# 11070967
Placebo lot #02D07226G6

Methods
Doses: (0, 500 ug/kg/day (group 2),.1000 vg/kg/day, (grp 3), 2000 ug/kg/day (grp
4), 4000 ug/kg/day (grp 5) These doses were chosen as multiples of the expected human
clinical dose.
Species/strain: rhesus monkeys (7 males and 8 females) 3/group
Number/sex/group or time point (main study):
Groups 1, 3, and 5: 1 male and 2 females;
Groups 2 and 4: 2 males and 1 female
Route, formulation, volume, and infusion rate: IV bolus infusion in a volume of
0.8 ml/kg and a rate of 2 ml/minute.
Satellite groups used for toxicokinetics or recovery:
Age: males: 7-10 yr, females: 5-8 years
Weight: males: 7.79 — 9.97 kg; females: 3.61-5.52 kg
Unique study design or methodology (if any):
The study design is illustrated in the table, below, supplied by the sponsor:
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STUDY DESIGN
Group Test Anticle  Concentration  Dose Level Number of Animals**
Number (mg/mL) {ng/kg/day) Male Female
1 KGF Placebo* 0 0 lor2 lor2
2 r-HuKGFd23 1.25 500 lor2 lor2
3 t-HuKGFd23 2.5 1000 lor2 lor2
4

r-HuKGFd23 b} 2000 lor2 for2

*  The control group will receive the contro! in the same manner as the test article,

** There will be at least one male and one female per group.

The study design calls for daily injections on study days 0, 1, and 2 followed by a 5-day
drug-free interval, then daily injections on days 8, 9, and 10. Necropsy was performed on
all animals on day 11.

Observations and times Results

Mortality: All animals survived to scheduled necropsy.

Clinical signs: Data collected twice daily

SD2: reddening of the facia] skin was observed in all test article treated animals
except | female from each of the 500 and 1000 ug/kg groups.
During the 5-day drug-free interval: Reddening of the facial skin persisted as
follows:

500 ug/kg group: 2 males and 1 female on SD3

1000 1 ug/kg group: 1 female on Day 3, 1 male on Day 3 and 4, and 1 female
from Day 3 through Day 5;

2000 ug/kg group: 1 female on Day 3 and 4, | male from Day 3 through Day
5, and 1 male from Day 3 through Day 6

4000 ug/kg group: 1 male and 2 females from Day 3 through day 6
No abnormalities were noted on SD 7.
During the second dosing sequence:
1000 ug/kg group: reddening of the facial skin in 1 male on day 9 and day 10, and
one female on day 10
2000 ug/kg group: reddening and scaling of the facial skin in 2 males on day 9
and day 10, and 1 female on day 10
4000 ug/kg group: reddening of the facial skin in one female on day 9 and 10;
reddening and scaling of the facial skin in I male and | female on days 9 and 10

These are expected, dose-related effects of the test article and have been observed in
other non-clinical studies. They show increased incidence and severity with increasing

dose an

No test

d dosing duration.

article related effects were noted for the 500 ug/kg group during the second

dosing sequence.
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Body weights: Data collected once prior to study initiation, SD 3, 7, 10 and prior to
necropsy.

During the first dosing sequence:

On Day 3, no test article-related changes were noted in any group.

On Day 7, a slight decrease in body weight was noted in 1 male from each of the 1000
and 2000 ug/kg groups, respectively, as compared to the pre-dosing values.

During the second dosing sequence:
No test article related effects were noted in any group on SD 10 relative to SD 7.

Food consumption: Calculated daily.

During the first dosing sequence:

On Day 2, a slight decrease (almost less than half) in food consumption relative to the
control group was noted in 1 male and 1 female of the 1000 ug/kg group, 2 males of the
2000 ug/kg group, and 1 male of the 4000 ug/kg group.

During the 5-day drug-free interval:

On Day 3, 1 male of the 1000 ug/kg group, 2 males of the 2000 ug/kg group, and 1 male
of the 4000 ug/kg group noted loss of appetite. A slight decrease in appetite was also
noted in 1 male of the 500 ug/kg group, 1 female each of the 1000 and 2000 ug/kg
groups, respectively, and 2 females of the 4000 ug/kg group. From Day 6, normal food
intake was observed for all animals. '

These data reflect a dose dependent increase in severity and incidence of food intake
reduction that persisted into the drug-free interval. The effects had resolved by SD 6 and
not subsequent effects were noted during the second dosing sequence.

No test article related effects were noted during the second dosing sequence.

Ophthalmoscopy: Not Done.

EKG: Not Done.

Hematology: Blood samples taken prior to dosing on SD 1 and 9, SD 3 and 7, and SD11

¢ erythrocyte count (L 1

* leukocyte count ( € 1

e blood platelet countr T o1

= hematocrit value — : method detection)

* hemoglobin concentration T ] method})

® mecan corpuscular volume (calculation)
e mean corpuscular hemoglobin (calculation)
¢ mean corpuscular hemoglobin concentration (calculation)
e Reticulocyte count and
¢ differential leukocyte count
¢ coagulation parameters
No treatment related effects were noted on SD1 for any group.
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Reduced lymphocyte ratio (%) in the 1000 and 2000 ug/kg groups was noted on Day 3.
but was not found in the 4000 pg/kg group.
No test article related effects were observed in any group on SD 9 or 10.

Sporadic reductions in hemoglobin parameters (RBC, HCT, HGB) were noted during the
study. These findings may have been related to blood draws. There was a concomitant

increase in RET counts which supports this conclusion.

Clinical chemistry: Samples taken under the sample schedule as for hematology.

e aspartate aminotransferase
+ alanine aminotransferase
e alkaline phosphatase

» lactate dehydrogenase

* creatine phosphokinase
e total bilirubin

e total protein

¢ albumin

» total cholesterol

e triglyceride

* phospholipid

¢ glucose

¢ blood urea nitrogen

e creatinine

* inorganic phosphorus

* calcium

e sodium

e potassium
s chloride

e Protein fractions, including A/G ratio

No test article related effects were reported for SD1.
During the 5-day drug-free interval:
* Relative to control: a high alkaline phosphatase vatue in the 2000 and 4000 ug/kg
groups on Day 3; a low total cholesterol value in all test article treated groups on
Day 3 and in the 2000 ug/kg group on Day 7.

Low glucose values were noted in 1 female of the 1000 ug/kg group and Imale of the
2000 ug/kg group on Day 3.

During the second dosing period:

The following statistically significant change was noted in comparison to the control
group: a low total cholesterol value in the 1000 and 2000 ug/kg groups on Day 9 and in
all test -article treated groups on Day 11; a low gamma globulin level in all test article
treated groups on Day 11.
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Statistical significance in comparison to the control was also noted in the following
values: a low phospholipid value in the 1000 and 2000 ug/kg groups on Day 11; a high
alpha-1 globulin level in the 500 and 2000 ug/kg groups on Day 3, and in the 500, 1000
and 2000 ug/kg groups on Day 11; a high alpha-2 globulin level in the 1000 and 4000
ug/kg groups on Day 11. However, these changes were not dependent on the dose levels.
Theretore, the changes were thought to be incidental. An increase in the AST, LDH and
CPK levels was noted in every group including the control group on Days 1 and/or 3.
These increases were concluded to have been caused by blood sampling.

Serum amvylase:

No test article related effects noted. Elevations relative to base line were noted in the 500
ug/kg group and the 2000 ug/kg group were noted. However no such effects were noted
for the 1000 or 4000 ug/kg groups so this does not appear to be dose related. Statistical
significance in comparison to the control group was also noted in the following values: a
high total amylase value in the 500 ug/kg group on Days 2, 8, 9, 10 and 11, and in the
2000 ug/kg group on Days 8 and 9; a high pancreatic amylase value in the 500 ug/kg
group on Day 10; a high salivary amylase value in the 500 ug/kg group on Days 0, | and
9, and in the 2000 ug/kg group on Days 8 and 9. However, similar changes were not
found in the 4000 ug/kg group in this study. Therefore, the above findings were
conciuded to be incidental.

Serum lipase
No test article related effects noted

C-reactive protein
No test article related effects noted. All group had apparent increases relative to baseline
for the respective group. None specific to dose.

Urinalysis: Samples taken prior to study initiation, SD2, 7, 10.

» Fresh urine was collected for 2 hours. Samples were assessed for: pH, glucose,
ketone body, bilirubin, urine occult blood, urobilinogen and urine color. The
urine sediment was examined microscopically. Protein content was assessed.

* The urine samples excreted over 16 hours were measured for urine volume and
specific gravity. The sodium, potassium and chloride levels were examined. The
total excretion volume of the urinary electrolytes was calculated from urine
volume and electrolyte concentration.

During the first dosing sequence:
Relative to the control values and baseline values, the following changes were noted on
SD2: )
» aslight decrease in urine volume in 1 male of the 2000 ug/kg group, and 2
females from the 4000 ug/kg group;
* aslight decrease in Na concentration in 2 males of the 2000 ug/kg group;
* aslight decrease in Cl concentration in 1 male each from the 2000 and 4000 ug/kg
groups;
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» aslight increase in protein concentration in 1 male and | female from the 4000
ug/kg group;
* aslight decrease in total Na+ excretion in 1 male from the 2000 ug/kg group, and
2 females from the 4000 ug/kg group;,
e aslight decrease in the total Cl excretion value in I male from the 2000 ug/kg
group, and 1 male and 1 female from the 4000 ug/kg group.
No effects were noted on SD7
During the second dosing sequence:
Relative to control and baseline data, the following effects were noted on Day 10:
» aslight decrease in urine volume in 1 male from the 2000 ug/kg group
e aslight decrease in Nat and Cl- concentration and total Na+ and Cl- exeretion
levels in 1 male from the 2000 ug/kg group;
e aslight increase tn protein concentration in 1 male from the 500 ug/kg group, and
I female from the 4000 ug/kg group

Gross pathology: Necropsy was performed on all animals on SD11 (one day after the
final dose). )
4000 ug/kg group: scale on the faciat skin in 1 male and 1 female, scale on the skin of the
hands in | male, and slight thickening of the mucosa in the urinary bladder and
enlargement of the vagina in 2 females were observed.

2000 ug/kg group: reddening of the facial skin in 2 males, scale on the facial skin in 2
males and 1 female, slight thickening and reddening of the mucosa in the urinary bladder
in 2 males were observed.

1000 ug/kg group: reddening of the facial skin in | female, and scale on the skin of the
hands in 1 male were observed.

Organ weights (specify organs weighed if not in histopath table):
e liver - kidneys
* urinary bladder - adrenals
¢ thyroids (including parathyroids) - submandibular glands
s testes - ovaries
» uferus - pituitary
e thymus - heart
e lungs (including bronchi) - spleen
* pancreas - epididymides
¢ seminal vesicle - prostate

High absolute and relative urinary bladder weights were noted in I male in the 500 ug/kg
group, I female of the 1000 ug/kg group, 2 males of the 2000 ug/kg group, and 2 females
of the 4000 ug/kg group. These findings are consistent with those of other monkey
studies and are accompanied by test article related effects on urinalysis results.

Histopathology: Adequate Battery: yes ( X ), no ( )—explain
Peer review: yes( ), no( )
* tongue - buccal mucosa
e esophagus - stomach (fundus, pylorus)
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* duodenum - jejunum

* ileum - cecum

e colon - rectum

e Jliver - kidneys

e urinary bladder - testes

* epididymides - seminal vesicle

* prostate - ovaries

® uferus - vagina

e pituitary - thyroids

e parathyroid (as much as possible) — adrenals
¢ skin (mammary gland) - mammary gland
* submandibular gland - injection site

s thymus

Nipple (mammary gland): Very slight or slight acanthosis was present in all palifermin
treated animals except 1 female of the 500 ug/kg group. Very slight or slight
hyperkeratosis was present in 1 male of the 500 ug/kg group, 1 female of the 1000 ug/kg
group, | male and 1 female of the ug/kg 2000 group, and 1 male and 2 females of the
4000 ug/kg group.

Skin (mammary gland): Very slight or slight acanthosis was present in all palifermin
treated animals except 1 female of the 500 ug/kg group. Very slight hyperkeratosis was
present in 1 male of the 2000 ug/kg group, and 1 male and 2 females of the 4000 ug/kg
group. Very slight hyperplasia of the sebaceous gland was present in all test article
treated animals except 2 males of the 500 ug/kg group.

Injection site: Very slight or slight acanthosis was present in all palifermin treated
animals. Very slight hyperkeratosis was present in 1 male and 1 female of the 1000 ug/kg
group, and all males and females of the 2000 and 4000 ug/kg groups. Very slight
hyperplasia of the sebaceous gland was present in all test article treated animals cxcept 1
male of the 500 ug/kg group. Hemorrhage, inflammatory cell infiltration or fibrosis in
the subcutaneous tissue was present at the injection site, as compared to the control
group.

Lip (upper): Very slight, slight or moderate acanthosis was present in the skin of all
palifermin treated animals. Very slight or slight hyperkeratosis was present in the skin of
all palifermin treated animals except 1 male and 1 female of the 500 ug/kg group. Very
slight hyperplasia of the sebaceous gland was observed in the skin of all palifermin
treated animals. Very shight or slight acanthosis was present in the mucosa of all test
article treated animals. Very slight or slight hyperkeratosis was present in the mucosa of
all test article treated animals.

Palm: Very slight, slight or moderate acanthosis was present in the skin of all test article
treated animals. Very slight or slight hyperkeratosis was present in the skin of all test
article treated animals.

Vagina: Slight acanthosis was present in all test article treated female animals except 1
female of the 500 ug/kg group.
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Buccal mucosa: Very slight acanthosis was present in all palifermin treated animals. Very
slight or slight hyperkeratosis was present in all palifermin treated animals.

Tongue: Very slight acanthosis was present in all test article treated animals.
Very slight or slight hyperkeratosis was present in ali test article treated animals except 1
male of the 500 ug/kg group.

Esophagus: Very slight acanthosis was present in all palifermin treated animals.

Very slight or slight hyperkeratosis was present in | male and 1 female from each of the
500 and 2000 ug/kg group. 1 female of the 1000 ug/kg group, and all male and females of
the 4000 ug/kg group.

Small intestine (ileum): Very slight hyperplasia of the goblet cells was present in all test
article treated animals.

¢ Large intestine (cecum, colon, rectum): Very slight hyperplasia of the goblet cells
was present in the following tissues: the cecum of all test article treated animals
except I male of the 4000 ug/kg group; the colon and the rectum of all test article
treated animals.

e Pancreas: Very slight decrease in the zymogen granules in the acinar cells was
observed in 2 females of the 1000 ug/kg group, 1 male and ! female of the 2000
ug/kg group, and 1 female of the 4000 vg/kg group.

¢ Unnary bladder: Very slight or slight edema in the submucosa was present in 1
male and 1 female of the 500 ug/kg group, 2 females of the 1000 ug/kg group, 2
males and 1 female of the 2000 ug/kg group, and 1 male of the 4000 ug/kg group.
Moderate edema in the submucosa was present in 2 females of the 4000 ug/kg
group. Very slight hemorrhage in the submucosa was present in 1 male and 1
female of the 500 ug/kg group, 1 male of the 2000 ug/kg group, and 1 female of
the 4000 ug/kg group.

» Hemorrhage, inflammatory cell infiltration or fibrosis in the subcutancous tissue
was present at the injection site, as compared to the control group. The severity
and incidence of these findings werc thought to be similar among the groups, and
no irritation related to the test article was observed.

Other histopathological findings in the test article treatment groups were present in the
liver, kidneys, testes, seminal vesicle, prostate, pituitary, thyroids, parathyroid, adrenals,
stomach, duodenum, submandibular gland and pancreas.

These changes either did not appear to be dose dependent, or were changes that are
commonly observed in rhesus monkeys seen historically at the testing factility; and
therefore, were thought to be spontaneous.

Cytochrome P-450 assay: No effects related to palifermin administration were noted.

Toxicokinetics:

The toxicokinétics were dose-linear between doses of 500 and 4000 ug/kg, as

assessed byAUC and t 1/2. However, upon multiple dosing, exposure decreased with
time (60 to 78% by Day 10), distribution volume had a tendency to increase and terminal
half-life remained constant. Male monkeys tended to have higher serum concentrations
than female monkeys resulting in 1.01 - to 2.36-fold increase in AUC(0-00). Intravenous
administration of palifermin resulted in serum concentration-time profiles which
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displayed plateau between 1 and 3 hours post-dose, with a terminal half-life of 3 to 4
hours. No antibodies were detected in any of the monkeys by Day 11 and none of the
control animals appeared to have been dosed with study drug.

Wn-Lite GLF. Yas Bioanalyticdl GLP: Yuy

rHuKGF (Lot #110708807 and 2400F5), Placabo: {Lat 2

£$2D07226GE), Reconslitulion Sctuiion [Lot # DZ007226G64)

Study Design:
Tast Compournds:

Dosing Schema: Wholus: Bay 0,1, 2,8, 9 and 10

Formutation. Lycphilized ___Assey; EUISA{LOG: — ng/ml)
Groug: 2 { 3 4 5

Dlose (eafag) 550 1030 2000 L0020

Day 2 Results ? ]

Parametar Jusds) Mean @ 5B mean ! s Hiean 50 Meen 50
Ca (ngmL] FRECTT] 184D § 601G | 1SE0 | 96TO | 2083 | 12mDd | 63D
Vi frolikgpl 307G l 1IEE | 14a0 459 1860 3 2300 1o
fuge i) 384 0287 | 3as | oodts | 402 LRES 355 | o816
AUCp , o (g TATL) W0 | 178 2050 far] 4210 767 7883 EN
NAUC.,in0 himLlpghgy | 216 | 0251 | 208 ! bz | 2w | eaa | 1o | orme
CL {mbheieg) podry | o824 497 | 02 285 5.3 551 225

Samples taken prior to initiation of dosing, 5 and 30 minutes, 1, 2, 4, 8 and 14 hours after
dosing on SD 0, 2 and 10. In addition, samples were taken 5 minutes post-dose on SD §
and 9.

Other:

Anti-drug antibody detection: Samples taken prior to study initiation and on SD11. No

anti-drug antibodies were detected in any animal on dayl1. Itis not clear how valuable
these data are sine the sensitivity of the detection assay may not be sufficiently sensitive
and there may be a masking effect from test article still in circulation. However, with a
half-life of 3-4 hours, sufficient drug should have been cleared in the 24 hours between

the final dose and sampling for antibodies.

Study title: A 7-day intravenous and subcutaneous toxicity study of rHuKGF in rats

Key study findings:

Possible toxic and pharmacological cffects of palifermin were evaluated in this 7-day
study in rats. The test article was administered by intravenous injection to one group and
by subcutaneous injection to another group once daily for seven consecutive days.

A dosage level of 1.0 mg/kg/day and a dose volume of 0.2 ml/kg were used for both
groups. Each group consisted of three male and three female Sprague Dawley rats. For
comparative purposes, a concuirent control group of identical design received the control
article by intravenous injection on a comparable regimen at a volume of

0.2 ml/kg. The rats were observed for signs of overt toxicity, and effects on body weight,
food consumption and clinical pathology parameters. Complete necropsies were
performed on all animals, and the brain, liver and pancreas were weighed. The liver and
pancreas from all animals were examined microscopically.

Survival, clinical condition and body weights were unaffected by treatment with
rHuKGF.
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Study no.: = -120072/amgen study # 100148
Volume #, and page #:

Conducting laboratory and location: = 3
C 3

Date of study initiation: 4/14/1998

GLP compliance: YES

QA report: yes{( X )no( )
Drug, lot #, and % purity: palifermin iot # 24006M7A
Diluent lot# 02D07226G6A
Placebo lot # 02D07226G6
Methods
Doses: 1 mg/kg daily for 7 days by either SC or IV route
Species/strain: Sprague Dawley rat — CD@BR
Number/sex/group or time point (main study):
Route, formulation, volume, and infusion rate: IV and SC
Satellite groups used for toxicokinetics or recovery:
Age: 6-7 weeks of age

Weight:
Unique study design or methodology (if any):
Dosage
Group Dosage Level  Volume Number of Animals
Number_ _Treaiment Route | _ (mg/kp/day) (midkg}, Males Females
1 rHuKGF Placeho V! 0 0.2 3 3
2 rHuKGF Ay 1.0 0.2 3 3
3 rHuKGF sCr 1.0 0.2 3 3

' = Intravenou$ via ail vein
* = Subcutaneous in the scapular area

Observations and times Results

Mortality: Observations made twice daily. All animals survived to scheduled necropsy.
Clinical signs: Evaluation will be performed daily prior to dosing and 1-2 hours post-
dosing. No remarkable clinical findings attributable to test article administration were

noted.

All animals received a detailed physical examination weekly, beginhing one week prior
to dosing, on the day of randomization and just prior to the scheduled necropsy.

Body weights:
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Individual body weights will be recorded weekly, beginning one week prior to test article
administration, on Day 0, 2 and 6 and a fasted body weight just prior to the scheduled
necropsy on Day 7.

» All groups gained weight through the study. No effects on body weight or body
weight gain attributable to test article administration were noted. A trend toward
lower rate of weight gain was possibly present for the group receiving test article
by IV administration but this finding did not reach statistical significance.
(Example: total weight gain for each group for males: 37, 21 and 32 grams for
control, ['V dosing and SC dosing groups, respectively.

Food consumption:
Individual food consumption will be determined weekly, beginning one week prior to test
article administration and twice during the week of dosing.

e Slightly reduced food consumption was noted for the IV dosed group relative to
controls and SC dosed group. These findings did not reach statistical
significance.

Ophthalmoscopy: Not Done

EKG: Not Done
Hematology: Not Done.

Clinical chemistry:

Blood samples were collected during the pretest week, on Study Day 3 and on Study Day
7. The animals will be fasted overnight prior sample collection.

The following clinical pathology parameters were evaluated:

e Serum Amylase: No significant effects of the test article administration were
noted for the male ainmals. However, there appears to be a trend toward
increased amylase levels for both the treated groups with, perhaps, a greater
magnitude for the IV dosed group over the course of the study, as would be
expected. In female animals, there was a significant, dose related increase
inserum amylase on both SD3 and SD7 for both treated groups.

e C-Reactive protein: Values for the treated groups were significantly higher than
control values at baseline. Therefore, all values for test days were also greater
than control. For each treated group, there appears to be an increase in levels on
both SD3 and SD7 relative to the respective baseline values, but no difference
between treatment groups.

» Glucagon: Hormone levels appeared to slightly higher for the treated groups
relative to control but this finding did not achieve statistical significance. The
magnitude of increase may be slightly greater for the IV dosed group.

* Insulin: hormone levels were significantly lower for the treated groups relative to
control. This finding could have been related to food consumption. For females
in the IV dosed group, higher insulin levels are noted. (the mean value for the
group is 3X that of control, but not statistically significant.

» Serum Lipase: Significantly higher lipase levels detected for the IV dosed group
on SD3 and SD7 relative to control and baseline value. Elevated serum lipase
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was also noted for the SC dosed group on SD3 and SD7 relative to control and
baseline. The magnitude of the increase for the SC group was greater than that of
the IV dosed group. On SD7 the serum lipase value for the IV dosed group was
2.3 X greater than baseline value; the value on SD7 for the SC dosed group was
3.6 X the baseline for that group.

Urinalysis: Not Done.

Gross pathology:
A complete necropsy will be conducted on all animals.
Necropsy included examination of the external surface, all orifices and the cranial,
thoracic, abdominal and pelvic cavities including viscera. At the time of necropsy, the
following tissues and organs will be collected and placed in 10% neutral buffered
formalin (except as noted):

e Adrenais (2)

e Aorta
¢ Bone with marrow
s [emur

e Bone marrow smear’

* Buccal mucosa

* Brain: forebrain, midbrain, hindbrain

* Eyes with optic nerve (2)

= Gastrointestinal tract: esophagus, stomach, duodenum, jejunum, ileum, cecum,
Colon, Rectum

e Heart

e Kidneys (2)

¢ Harderian gland

* Lacrimal glands

¢ Liver (sections of two lobes)

* Lungs (including bronchi, fixed by inflation with fixative)

¢ Lymph node, mesenteric

¢ submandibular

¢ Mammary gland (females only)

e Ovaries with oviducts (2)

¢ Pancreas

* Peripheral nerve (sciatic)

e Pituitary

¢ Prostate

» Salivary glands [submaxillary (2)]

¢ Seminal vesicles (2)

¢ Skeletal muscle (vastis medialis)

+ Skin
e Spinal cord: cervical, midthoracic, lumbar
e Spleen
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e Testes with epididymides (2)

e Thymus

¢ Thyroids [with parathyroids

o if present (2)I

e ‘Tongue

e Trachea

¢ Urinary bladder

* Uterus with vagina

e All gross lesions (when possible)
¢ Injection Site

Organ weights (specify organs weighed if not in histopath table):

The following organs from all animals at scheduled and unscheduled necropsies will be
weighed: :
e Brain
» Liver: slightly enlarged for both males and females, statistically significant for the
female of both dose groups. Relative to bodyweight the increased liver weight
was significant for both
e Pancreas
Organ to body weight and organ to brain weight ratios will be calculated. The organ
weights at the unscheduled necropsies were excluded from statistical analyses.

Histopathology: Adequate Battery: yes ( ), no ( )—explain

Peer review: yes{ ), no( )
Representative sections of the liver and pancreas from all animals will be processed,
sectioned and stained with hematoxylin and eosin. Microscopic examination of these
sections was conducted on all animals. Examination was planned to be extended to other
organs or tissues if deemed necessary (by amendment).

* Increased liver weight is correlated with microscopic finding of ductal
hyperplasia, rated minimal, for both treated groups relative to control. The finding
appears to be of slightly greater magnitude for the IV dosed group.

¢ Ductal hyperplasia (interlobular and intrainsular), rated minimal to mild, is
reported for the pancreas for both treated groups.

Toxicokinetics: Not Done.

6.6.6.4 Genetic toxicology
Genetic toxicology testing is not usually required for biological therapeutic products.
Therefore, only a brief review of the studies submitted with this BLA will be included.
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Study title: Mutagenicity test with recombinant human keratinocyte growth factor in
Salmonella-escherichia coli/mammalian-microchromosome reverse mutation assay
preincubation method with a confirmatory assay

Key findings:

The results of the Salmonella - Escherichia coli/Mammalian-Microchromosome
Reverse Mutation Assay, Preincubation Method With a Confirmatory Assay, indicate
that, under the conditions of this study, in both an initial and confirmatory assay, the test
article, Recombinant Human Keratinocyte Growth Factor (rHuK GF, palifermin),
did not cause a positive increase in the number of revertants per plate of any of the tester
strains either in the presence or absence of microsomal enzymes prepared from
AroclorTM-induced rat liver (§9).

Study no.: 17686-0-422R/Amgen study # 960041

Volume #, and page #:

Conducting laboratory and location: C ) 3
Date of study initiation: 6/27/1996
GLP compliance: Yes

QA reports: yes (X ) no( )
Drug, lot #, and % purity:

Study title: In vitro mammalian cytogenetic test

Key findings:

‘The test article, Recombinant-Human Keratinocyte Growth Factor (r-HuK GF), was
tested in the chromosome aberration assay using Chinese hamster ovary cells. The assay
was performed in two phases. The first phase, the initial chromosome aberration assay,
was conducted to establish the dose range for testing and to evaluate the clastogenic
potential of the test article. The second phase, the independent repeat chromosome
aberration assay, was performed to confirm the test system response to the test article
seen in the initial assay. Both phases were conducted in the absence and presence of
metabolic activation.

Dose levels of 15, 50, 150 and 500 pg/ml were selected for microscopic analysis in both
the non-activated and S9-activated studies. No statistically significant increases in
chromosome aberrations, relative to the solvent control group, were observed in the non-
activated test system or in the S9-activated test system at any dose level evaluated.

An independent repeat chromosome aberration assay was conducted in the absence and
presence of an Aroclor-induced S9 metabolic activation system at dose levels of 63, 125,
250 and 500 pg/ml. There was no toxicity observed (at least 50% cell growth inhibition)
at any of the dose levels tested in the non-activated or $9-activated studies regardless of
cell harvest time. No statistically significant increases in structural chromosome
aberrations were observed in either the non-activated or S9-activated studies, regardless
of dose level or harvest time. No statistically significant increases in numerical
chromosome aberrations were observed in either the non-activated or S9-activated studies
at the 44 hour harvest time, regardless of dose level.
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Based on the findings of this study, Recombinant-Human Keratinocyte Growth Factor
(r-HuK GF) was concluded to be negative for the induction of structural and numenical
chromosome aberrations in the in vitro mammalian cytogenetics test.

Study no.: G95BS11.336

Yolume #, and page #:

Conducting laboratory and location: £ 3
Date of study initiation: 10/31/1995

GLP compliance: Yes, also performed in compliance with EC

guidelines

QA reports: ves(X) no( )
Drug, lot #, and % purity: palifermin lot# 01195B5C and 05035M35 (with and without
histidine,

Placebo lot # 04105D5, 1115515

Study title: Salmonella/Escherichia coli plate incorporation mutagenicity assay with a
confirmatory assay

Key findings:

The purpose of this study was to evaluate the mutagenic potential of the palifermin by
measuring its ability to induce reverse mutations at selected loci of several strains of
Salmonella typhimurium and one strain of . coli in the presence and absence of S9
activation.

In the preliminary toxicity assay, the maximum dose tested for E. coli was 5000 ug
r-HuKGF per plate. The maximum dose tested for Salmonella was 2500 ug r-
HuKGF per plate. Neither precipitate nor appreciable toxicity was observed with
both E. coli and Salmonella. Based on the findings of the toxicity assay, the
maximum dose plated in the mutagenicity assay for both E. coli and Salmonetla was
5000 ug r-HuK.GF per plate.

Under the conditions of this study, test article Recombinant Human Keratinocyte
Growth Factor (r-HuK GF) was concluded to be negative in the Salmonella/Escherichia
coh Mutagenicity Assay with a Confirmatory Assay. Although a positive response was
observed in a single experiment, it was not reproducible in two other independent
experiments. Thercfore, the non-reproducible response does not meet the regulatory
requirement for reproducibility and 1s concluded to be negative.

Study no.: G95BS11.502001/Amgen study# T-95-KGF-010

Volume #, and page #:
Conducting laboratory and location: £ 1
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Date of study initiation: [1/15/1995
GLP compliance: YES

QA reports: yes( X ) no( )

Drug, lot #, and % purity:

Study title: CHO/HGPT mutation assay with confirmation

Key findings:

The purpose of this study was to evaluate the mutagenic potential of the test article based
on quantitation of forward mutations at the hypoxanthine-guanine phosphoribosyl
transferase (HGPRT) locus of Chinese hamster ovary (CHO) cells.

All criteria for a valid study were met as described in the protocol. The results of the
CHO/HGPRT Mutation Assay indicate that, under the conditions of this study,
Recombinant Human Keiatinocyte Growth Factor (r-HuK GF) did not cause a
positive response in the non-activated and $9-activated systems and was concluded to
be negative.

Study no.: G95BS11.782001/Amgen study # T-95-KGF-008

Volume #, and page #:

Conducting laboratory and location: L _ 1
Date of study initiation: 10/25/1995
GLP compliance:

QA reports: yes{ ) no( )
Drug, lot #, and % purity: placebo lot#04105d5
Palifermin lot# code 95BS11

Study title: Micronuclecus genetic assay in mice

Key findings:

The purpose of this study was to assess the clastogenic potential of a test article to
increase the incidence of micronucleated polychromatic erythrocytes in bone marrow of
male and female mice.

The fest article, Recombinant Human Keratinocyte Growth Factor

(r-HuK GF, palifermin), was tested in the mouse micronucleus assay. The assay was
performed in two phases. The first phase, designed to set dose levels for the definitive
study, consisted of a pilot assay. In the second phase, the micronucleus study, the
potential of the test article to increase the incidence of micronucleated polychromatic
erythrocytes in bone marrow of male and female mice was evaluated. In both phases of
the study, test and control articles were administered in a constant volume of 20 mli/kg
body weight by a single intraperitoneal injection. In the micronucleus assay, male and
female mice were dosed with 25, 50 or 100 mg/kg body weight of Recombinant Human
Keratinocyte Growth Factor (r-HuK GF). No mortality or clinical signs were observed in
any male or female mice in the micronucleus study. Slight reductions (up to 27%) in the
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ratio of polychromatic erythrocytes to total erythrocytes were observed in some of the
test article-treated groups relative to the respective vehicle controls.

No significant increase in micronucleated polychromatic erythrocytes in test article-
treated groups relative to the respective vehicle control group was observed in male or
female mice at 24, 48 or 72 hours after dose administration. The results of the assay
indicate that under the conditions described in this report, Recombinant Human
Keratinocyte Growth Factor (r-HuK GF) did not induce a significant increase in
micronucleated pelychromatic erythrocytes in either male or female mice. Recombinant
Human Keratinocyte Growth Factor (r-HuK GF) was concluded to be negative in the
mouse micronucieus assay.

Study no.: G95BS11.122/Amgen study # T-95-KGF-006

Volume #, and page #:

Conducting laboratery and location: C

Date of study initiation: 8/04/1995

GLP compliance:

QA reports: yes( ) no( )

Drug, lot #, and % purity: palifermin lot# 01195B5C
Placebo lot# (02095B5, 04105D5

Number Mice Per Sex Used
For Bonc Marrow Collection

Number Mice After Dose Administration

Per, Sex Dosed 24 hr 48 hr 72 hr
vchicle Control I5 b 3 3
Low test dose (25 mgrkg) 15 5 5 3
Mid test dose (50 mg/kg) 15 5 5 3
High test dose (100 mg/kg) 15 5 5 5
CP, 60 ma/ky 5 3

2.6.6.5 Carcinogenicity

Study title: Screen of tumor cell lines for expression of KGFR mRNA

Study number: 00-188

Conducting laboratory and location: Amgen, Inc.
Date of study initiation: not stated, completion date 1s 9/29/2000
GLP compliance: No

QA report: yes( ) no(X)
Drug, lot #, and % purity:

Summary:

As part of an investigation of the effect of rtHuKGF on proliferation of human tumor cell
lines (Amgen study no. 100928, see below), expression of KGF receptor (KGFR) in
Iysates of these same cell lines was examined using an RNase protection assay (RPA).
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BRALB/MK, a mouse keratinocyte cell line that was used as a positive control for KGF-
induced cell proliferation, was also tested for KGFR expression.

Eleven cell lines tested were found to express the KGFR mRNA: NCI-322M, T-47D,
SEETS5, CaCo2, DLD-1, HCC-116, HT-29, KM-12, KM20L2 and BatbivK .

Study title: The effects of -HuK GF on the proliferation rates of 41 human tumor cell

lines
Study number: Amgen number 100928, — number A068.1

Conducting laboratory and location: C 3
L. _ ) 1

Date of study initiation: 6/1/2000

GLP compliance: Yes

QA report: yes (X ) no( )
Drug, lot #, and % purity: palifermin lot # 24010C9, placebo lot # 24-07D9

Key study findngs:

This study was undertaken to determine the effects of palifermin on a panel of human
tumor cell lines consisting of 13 lung, 11 colon, 10 mammary, 3 leukemia, 3 prostate, and
[ tongue tumor type. One normal mouse keratinocyte cell line, BALBMK, was also
included in the tested lines. Beginning on Day 0, the cell lines were cultured with the test
article at various concentrations (0, 10, 100, 1,000, 10,000, 100,000 ng/mL) and the
controls included placebo treated and untreated cells. On Days 2 and 5, cells were treated
with 3H-thymidine and analyzed to measure 3H-thymidine incorporation.

The major finding of this study was that treatment at the highest level of
palifermin (100,000 ng/mL) decreased the incorporation of tritiated thymidine, which
indicates either fewer cells present or fewer cells synthesizing DNA and may indicate a
cytotoxic effect. There is evidence that the test article-induced proliferation at one or
more lower concentrations in cell lines DU 145 (prostate) , NCI-H82 (lung), NCI-H322M
(lung), EKVX (lung), KM20L2 (colon) DLD-1 (colon}, HCC-2998 (colon), HT-29
(colon), T47D (mammary), B (mammary), and OFSOMCA-1 (mammary). This
effect was not of great magnitude, representing a 30%-100% increase in tritiated
thymidine incorporation.

Further studies were carried out (See study # 00-188, above) to determine whether
mRNA fro KGFR 1s expressed in these cell lines. Of the cell lines studied in 100928,
T47D, HT-29, KM20L2, DLD-1, EKVX, NCI-322M, HCC-2998 (low) were shown to
express mRNA for KGFR under study #00-188.

Tumor cell lines used are illustrated in the following table, supplied by the sponsor:
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Cell Line __Tumor Tvpe __Histology

A-427 Lung Carcinoma

A-549 Lung Carcinoma

EXVX Lung Adenocarcinoma
HOP-62 Lung Carcinoma

LX-1 Lung Not Applicable
NCI-H23 Lung Large Cell Adenocarcinoma
NCI-H249 Lung Small Cell Carcinoma
NCI-H322M Lung Small Celi Carcinoma
NCI-H358M Lung Mixed Cell Carcinoma
NCI-H460 Lung Large Cell Carcinoma
NCI-H522 Lung Large Cell Adenocarcinoma
NCI-H69 Lung Small Cell Carcinoma
NCI-H§2 Lung Small Cell Carcinoma
BT-474 Mammary Ductal Carcinoma
BT-54% Mammary Carcinoma

Hs 5787 Mammary Ductal Carcinoma
MCF7 Mammary Adenocarcinoma
MDA-MB-231 Mammary Adenocareinoma
MDA-MB-435 Mammary Adenocarcinoma
MX-1 Mammary Carcinoma

T-47D Mammary Ductal Carcinoma
UISO-BCA-1 Mammary Adenocarcinoma
ZR-75-1 Mammary Ductal Carcinoma
CCRF CEM Leukemia T-Cell Lymphoblastic
H1L-60 Leukemia Promyelocytic

Ks562 Leukemia Chronic Myelogenous
DU 145 Prostate Carcinoma

LNCaP Prostate Adcnocarcinoma
PC-3 Prostate Carcinoma

SCC-15 Tongue Squamous Cell Carcinoma
COLO 205 Colon Adenocarcinoma
COLO 320DM Colon Adenocarcinoma
Caco-2 Colon Adenocarcinoma
DLD-1 Colon Adenocarcinoma
HCC-2998 Colon Carcinoma

HCT 116 Colon Carcinoma

HCT-15 Colon Adenocareinoma
HT-29 Colon - Adenocarcinoma
KM12 Colon Carcinoma

KM201.2 Colon Adenocarcinoma
SW-620 Colon Adenocarcinoma

Mouse cell lines tested:
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Cellline TumorType _ Histology

BALB/MK Normal ~ Keratinocyte

Study title: Effect of intermittent tHu K.GF on growth of subcutaneous DU-145. HT-29,
T 1. UISO-BCA-1, and EK VX xenografts in athymic mice

Key study findings:

This series of non-GLP preclinical studies was designed to evaluate the effects of
palifermin on the growth of a variety of subcutaneously implanted human tumor
xenografts in athymic nude mice. Various human cancer cell lines were implanted
subcutaneously into male athymic nude mice. Groups of mice with each tumor type were
treated with 0, 150, 500, 1500 or 4000 ug/kg, 1V, of palifermin for a series of treatment
eycles (three days treatment followed by 4 days off treatment). Tumor volumes were
calculated for each dose group of each tumor type and vehicle control. The time to two
tumor volume doublings was calculated for each dose group for each tumor type and
compared to that of the relevant control group. The resuits showed growth of one tumor
cell line to be significantly enhanced by palifermin treatment. However, choice of cell
lines and other factors make use of the data as predictor of tumor promotion potential of
palifermin in humans questionable.

Evaluation of tumor findings and adequacy of model: One tumor type L 3
showed a statistically significant growth enhancement in a dose dependent manner when
exposed to increasing doses of palifermin. However, at lcast one additional experiment
appeared to show a dose dependent increase in tumor growth (see results using T

1 below). In that case, the sponsor states that statistical
analysis did not show significance. Some of the tumor types appeared to be inhibited by
palifermin at the higher doses. The sponsor interprets this phenomenon as supporting the
lack of test article related effect because a continued dose-related growth enhancement is
not seen. This may be a pre-mature conclusion. No toxicokinetics were performed for
this study so actual systemic levels or exposure could be determined. In addition, no
positive control was run for any cell line, although each experiment verified drug activity
using stomach size enhancement relative to control as a biomarker. It 1s not clear that all
of the cell lines examined express functional KGFR, nor is there any way to determine
receptor occupancy. Also, groups of mice were small (20 for control groups, 10 for each
treatment group) and a large incidence of animal death was encountered 1n many groups,
including controlgroups. Therefore, use of these data to predict potential for tumor
promotion in humans is questionable. -

Study no.: 100930 AMG-4, AMG-5, AMG-6, AMG-7, AMG-8, AMG-10
Veolume #, and page #: :

Conducting laboratory and location: T 1
Date of study initiation:

GLP compliance:
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QA report: yes( ) no( )
Drug, lot #, and % purity:
CAC concurrence:

Methods

Doses: 0, 150, 500, 1500, or 4000 ug/kg

Basis of dose selection (MTD, MFD, AUC etc.):

Species/strain: male athymic nude mice

Number/sex/group (main study): Control group: 20 mice, all dose groups:
10/group

Route, formulation, volume: IV via tail vein, 0.05 ml/10 gm body weight

Frequency of dosing: Regimen consisted of 3 daily IV injections fotlowed by 4
days with no treatment, dosing cycle repeated until 2 volume doublings were achieved.

Satellite groups used for toxicokinetics or special groups: NA

Age: 6 weeks

Study design: Mice were implanted subcutaneously with tumor fragments grown
from each cell line. For each tumor type, the implanted tumor fragments were allowed to
grow to a pre-specified tumor size prior to initiation of treatment. Treatment cycles as
described above, were carried out for varying numbers of cycles depending tumor
volume doubling time. One to three volume doublings are commonly used I this type of
study for detection of tumor growth delay.
The tumor volume doubling time of the various groups was determined as the median
doubling time of the individual tumors within the group, and this was used to calculate a
“T - C”value. The T-C value is calculated as the difference in doubling time between the
control group and each treatment group. Results are expressed in number of days of
difference in time to a pre-specified number of volume doublings between each dose
group and control for tumor type.

Observation times and Results

Mortality: Observed daily. Multiple animal deaths were noted for all dose groups for
each experiment, including control groups.

Clinical signs: Observations recorded daily

Body weights: recorded twice weekly, tumors measured twice weekly during each
treatment cycle.

No toxicokinetics was performed for these studies.

Gross pathology: Limited necropsy was performed at the end of each study. Asa
biomarker of exposure to palifermin, the stomach was removed and weighed. Individual
mice were euthanized when tumor weights exceeded 4000 mg.

Tumor growth results:

o EKVX tumors: T-C values of -4.0, 2.7, -1.8 and 13 days were reported for the
150, 500, 1500 and 4,000 ug dose groups, respectively. These results indicated
that, at the higher concentration, palifermin may have had an inhibitory effect on
growth of this tumor type. Expected dose related increase in stomach weight was
observed, confirming biological activity of the test article.
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¢ UISO-BCA-1 tumors: T-C values of -1.9, -4.4, 0.7 and 2.6 days were reported for
for the 150, 500, 1500 and 4000 ug groups, respectively. Statistical analysis
indicated that palifermin treatment had no significant effect on tumor growth.
Stomach weights showed the expected dose-dependent increase confirming
exposure to, and biological activity of the test article.

e L 3 tumors: T-C values of -2.4, -4.6, -4.0 and -5.0 days were reported for
the 150, 500, 1500 and 400ug dose groups, respectively. The sponsor reported
that statistical analysis indicated that palifermin treatment had no effect on tumor
growth. Stomach weights increased in a dose dependent pattern, as expected.

e U 3 tumors: T-C values of -1.9, -2.2, -2.9 and -3.0 were reported for the 150,
500, 1500 and 4000 ug dose groups, respectively. Statistical analysis indicated
that palifermin exposure had a significant tumor promoting effect for this tumor
type.

* HT-29 tumors: T-C values of -3.6, -7.8, 3.1 and 2.6 days were reported for the
150, 500, 1500 and 4000 ug dose groups, respectively. Statistical analysis
indicated that there was no effect of palifermin treatment on tumor growth.
However, the increase in growth for the lower doses is seen with other such celi-
line originated tumors. The sponsor concludes that, because the increase in
growth was not continued in a dose dependent manner at the higher doses, that the
increase in growth at the 500 ug dose level was not test article related. This
conclusion may be premature. Receptor occupancy was not evaluated so a
saturation level could have been reached at the high doses.

¢ DU-145 tumor: T-C values of -0.9, -1.8, 0.6 and -0.3 days were reported for the
150, 500, 1500 and 4000 ug dose groups, respectively. Statistical analysis
suggests that palifermin had no effect on tumor growth rate. This tumor cell line
did not test positive for KGFR under 00-188.

2.6.6.6 Reproductive and developmental toxicology

Fertility and early embryonic development
Study title: Intravenous fertility and general reproductive toxicity study of recombinant
human keratinocyte growth factor (r-HuK GF) in rats

Key study findings:

The purpose of this study was to test for toxic effects/disturbances resulting from
palifermin treatment of Srprague Dawley male and female rats before cohabitation,
through mating and implantation. This study was designed to address ICH Harmonised
Tripartite Guideline stages A and B of the reproductive process to detect effects on the
estrous cycle, tubal transport, implantation, and development of pre-implantation stages
of the embryos of female rats and permit detection of functional effects (e.g., effects on
libido or epididymal sperm maturation) that may not be recognized in histological
examinations of male rat reproductive organs.

A dose of 100 ug/kg/day of palifermin did not affect mating or fertility. However, effects
on body weights in male and female rats, clinical observations, increased food
consumption and increased epididymides weights were seen in all dose groups. There
fore, a NOAEL could not be identified. Higher doses produced clinical signs and
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affected body weights, food consumption, organ weights in at least one sex. Adverse
effects on male and female reproductive performance and the number and viability of the
offspring occurred at the 300 and 1000 ug/kg/day doses.

Dose-dependent histopathological alterations were observed in the reproductive organs of
the high dose group male rats. These included hyperplasia of the tubular epithelium of
the epididymides in all rats in this group, and necrotic germ cells (10/25) and/or
hypospermia within the epididymal tubules (3/5, two of which were the moribund
sacrifices). Signs of reduced secretory activity were observed in the seminal vesicles
(21/24) and prostate (17/24) of nearly all the high dosage group rats, and four rats in this
group had muitifocal or diffuse testicular degeneration, one of which was moribund
sacrificed.

The fertility index (number of pregnancies/number of rats that mated: 48%) and the
number of pregnant rats/number of rats in cohabitation (44%) were significantly reduced
in the 1000 ug/kg/day dosage group, relative control (100%).

The 300 and 1000 ug/kg/day dosage groups had significant reductions (ranging from
approximately 16% to 27%; in cauda epididymal sperm counts and concentrations,
relative to control. Sperm motility was unaffected by dosages of the test article as high as
1000 ug/kg/day.

Estrous cycling: the average number of days in cohabitation before mating and mating
incidences were unaffected by dosages of the test article as high as 1000 ug/kg/day.

The number of pregnant rats per rats in cohabitation were significantly reduced in the
1000 ug/kg/day dose group, relative to control. The 1000 ug/kg/day dose group also had
significant reductions in the litter averages for corpora lutea and implantations.

embryo deaths evident as significant increases in the litter averages for nonviable
embryos and percent nonviable embryos, significant reductions in the litter averages for
viable embryos and litter sizes (the sum of viable and nonviable embryos) and increases

\
\
|
|
\
1
The 300 and 1000 ug/kg/day dosages of the test article were associated with increases in
in the number of dams with nonviable embryos.

Study no.: 19901-012/Amgen number T-095-KGF
Yolume #, and page #:

Conducting laboratory and location: L 1
C 7 3
Date of study initiation: 4/23/1996
GLP compliance: Yes
QA reports: yes (X )no ()
Drug, lot #, and % purity: palifermin lot #05035E5A
Placebo lot #11155L5
Methods

Doses: 0, 100, 300 or 1000 ug/kg/day
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Species/strain: Sprague/Dawley rats: male 89days old, female: 66 days old

Number/sex/group: 25/sex/group

Route, formulation, volume, and infusion rate: IV injection in a volume of
Iml/kg

Satellite groups used for toxicokinetics:

Study design:
The test article, palifermin, or control article, r-HuK GF Placebo, was administered via
intravenous injection once daily to these male and female rats 28 and 15 days,
respectively, before a 21-day cohabitation period. Daily injection continued through
cohabitation until the day before scheduled sacrifice (male rats) or day 7 of presumed
gestation.

Dosage Dosage Numberef  Concentration Assigned Numbers
Group {unfkg/day) rats par aex {mafmb) Male Rats Female Rats
i CiControlArticle(Piacebol] 25 Y 51 - 25 901~ 925
h 160 25 01 826 - B50 926 - 950
it 300 25 0.3 B51 - 875 951 975
v 1000 25 10 876 - 900 §76 - 1600

Parameters and endpoints evaluated:
The rats were observed for viability at least twice each day of the study. The rats were
also examined for clinical observations of effects of the test article, abortions, and
premature deliveries before and once daily after dosing. These observations were also
conducted daily during the postdosing period for female rats.
Body weights were recorded daily during the dosing period and postdosing period
(female rats) and at sacrifice. Food consumption values were recorded weekly to
cohabitation (all rats), weekly until sacrifice (male rats) and on DGs 0, 7, 8 and 13
(female rats). Estrous cycling was evaluated by examination of vaginal cytology for 14
days before the initiation of dosage and then for another 14 days, beginning with the first
day after injection. Evaluation of the vaginal cytology continued during the cohabitation
period until spermatozoa were observed in a smear of the vaginal contents or a copulatory
plug was observed in situ (DG 0).
Male rats were euthanized on the day after cohabitation ended. Gross necropsy was
performed. The right testis, left testis, left epididymis (whole and cauda), right
epididymis, seminal vesicles (with and without fluid), prostate, kidneys (paired weights)
and liver were excised, weighed and appropriate sections were retained. Cauda
epididymal sperm count, viability and motility were evaluated, and the testes,
epididymides, prostate and seminal vesicles of each male rat were examined
microscopically.

All surviving female rats were sacrificed on DG13, and a gross necropsy of the thoracic,
abdominal and pelvic viscera was performed. The liver and kidneys (paired) of each rat
were excised and weighed. The kidneys, liver and ovaries of each rat were retained. The
number of corpora lutea in each ovary was recorded. The uterus of each rat was excised
and examined for pregnancy, number and distribution of implantations and viable and
nonviable embryos. Placentae were evaluated for abnormalities in size, color or shape.

Results
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Mortality:
e 2 male rats from the 1000 ug group were euthanized moribund on SD 43. One

additional male rat from the 1000 ug group was found dead on SD 46.
e 2 female rats from the 300 ug/kg group were euthanized moribund or found dead.

Clinical signs:
» Dose-dependent increases in the numbers of male rats with adverse clinical

observations occurred in all groups administered the test article, as compared with
the control group values. The onset of effects was time- and dose-dependent,
generally first observed after at least one week of dosage, and included
ungroomed coat and chromorhinorrhea (100, 300 and 1000 ug/kg/day dose
groups); red perinasal substance, red swollen right ear (generally the location of
the eartag), and a mass at the ear-tag (300 and 1000 ug/kg/day dose groups);
swollen red scaly nose, swollen forepaws and hindpaws, excess salivation,
swollen ocular membranes, moist discolored fur, labored breathing, rales, soft or
liquid feces, chromodactyorrhea, multiple red areas on the neck, axilla, chest
and/or inguinal area, skin lesions on the forelimb or hindpaw, swollen red and/or
scaly scrotum and prepuce, a mass on the head or tail, coldness to touch, and a red
perioral substance, lacrimation and coldness to touch (1000 ug/kg/day dose
group).
The 1000 ug/kg/day dose of the test article caused significant increases in the number of
female rats with chromorhinorrhea and ungroomed coat during the precohabitation
period. During gestation, chromorhinorrhea occurred in increased or significantly
increased numbers of female rats in the 300 and 1000 ug/kg/day dose groups.
Significantly increased numbers of 1000 ug/kg/day dose group female rats also had
ungroomed coat, swollen, red ear and/or a mass at the eat-tag.

Body weight:

For the male rats: the 100 and 300 ug/kg/day dose groups had significant increases in
body weight gains on SD1 to 8; the 1000 ug/kg/day dose group had significantly reduced
welght gain during this interval, refative to Control. After the first week of treatment, the
100 and 300 ug/kg/day dose groups generally had body weight gains similar to or slightly
higher than the control group values, whereas the 1000 ug/kg/day dose group had larger
reductions in body weight gains. Body weight gains for the precohabitation period
(calculated as SD1 to 28) were significantly increased (16%) in the 100 ug/kg/day dose
group, tended to be increased (10%) in the 300 ug/kg/day dose group, and were
significantly reduced (66%) in the 1000 ug/kg/day dose group. Body wetght gain for the
entire dosing period was increased 9% in the 100 ug/kg/day dose group, 3% for the 300
ug/kg/day dose group and was significantly reduced (89%) in the 1000 ug/kg/day dose
group. Average body weights were significantly reduced in the 1000 ug/kg/day dose
group beginning on day 8 of the study. Average body weights in the 100 and 300
ug/kg/day dose groups were comparable to the control group values.

Female rats in the 100, 300 and 1000 ug/kg/day dose groups had significant increases in
body weight gains on SD1 to 8, the first week of treatment. The 1000 ug/kg/day dose
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group tended to have reduced body weight gain on SD8 to 15. Reflecting these cffects of
the test article, body weights were significantly increased in the 300 and 1000 ug/kg/day
dose groups on DS 8 and in the 300 ug/kg/day dosage group on DS 15, and body weight
gains for the entire precohabitation period were increased (ranging from approximately
80% to 140%) in all groups that received the test article, although the value was
significant only for the 300 ug/kg/day dose group.

As the result of increased weight gains in female rats in all groups administered the test
article during the precohabitation period, maternal body weights were significantly
increased on day of gestation (DG) 0 in the 100, 300 and 1000 ug/kg/day dose groups, as
compared with the control group value. Although body weights in the test article-
administered groups continued to be higher than in the control group throughout the
gestation period, and were generally significantly increased in the 300 and 1000
ug/kg/day dose groups, significant reductions in body weight gains in the 100, 300 and
1000 ug/kg/day dose groups on DGs 8 to 13 resulted in only small differences in
maternal body weights after DG 10. The reductions in maternal body weight gains in the
300 and 100 ug/kg/day dose groups were associated with increased resorption of the
conceptuses in these dosage groups.

Food consumption:

Absolute (g/day) and relative (g/kg/day) feed consumption values were significantly
reduced in the 1000 ug/kg/day dose group on days 1 to 8§ of the study. Though the
differences between the control and high dose groups in absolute feed consumption
diminished in the subsequent weeks, these values were still significantly reduced in the
high dose group in the cumulative intervals of SD1 to 28 and SD 1 to 56. In contrast,
these values were generally significantly increased in the 100 and 300 ug/kg/day dose
groups, which reflected the increases in body weight gains in these groups.

Absolute (g/day) and relative (g/kg/day) feed consumption values were significantly
reduced in the 1000 ug/kg/day dosage group on SD 1 to 8, but tended to be slightly
increased, as compared with the control group values, on SD8 to 15. As a result, only the
relative feed consumption value for the 1000 ug/kg/day dose group was significantly
reduced for the entire precohabitation period. A significant reduction in the relative feed
consumption value for the 100 ug/kg/day dose group on SD1 to 15 was considered
unrelated to the test article because the value was not dose-dependent.

|

Necropsy:
Significantly increased numbers of 300 and 1000 ug/kg/day dose group male rats had a

small thymus, and this observation also occurred in two 100 ug/kg/day dose group rats.
The 300 and 1000 ug/kg/day dose group rats also had significantly increased incidences
of a thickened stomach wall with a white substance present on the fundic and/or cardiac
regions. Significant numbers of the 1000 ug/kg/day dose male rats had a small prostate
and/or flaccid seminal vesicles.

Organ weights:
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The 100, 300 and 1000 ug/kg/day dosage groups had significant, dose-dependent
increases (ranging from approximately 10% to 50% of the control) in ratios of organ
weight to terminal body weight in the left and right epididymides, liver and paired
kidneys. The absolute weights of these organs were also significantly increased in the
100 and 300 ug/kg/day dose groups. Absolute and relative weights of the seminal
vesicles with fluid were significantly reduced in the 300 (approximately 10%) and 1000
(approximately 55% for the absolute value and 40% for the relative value) ug/kg/day
dose groups. Changes in the weights of seminal vesicles without fluid were smaller in
magnitude, and only the value for the absolute weight in the high dose group was
statistically significant. Prostate weights, both absolute and relative, were significantly
reduced (approximately 40% and 20%, respectively) in the high dose group. The
absolute weights of both the left and right testis were significantly reduced in the 1000
ug/kg/day dose group. However, the ratios of the weight of either testis to terminal body
weight were significantly increased.

Histopathology:

Dose-dependent histopathological alterations were observed in the reproductive organs of
the high dose group male rats. These included hyperplasia of the tubular epithelium of
the epididymides in all rats in this group, and necrotic germ cells (10/25) and/or
hypospermia within the epididymal tubules (3/5, two of which were the moribund
sacrifices). Signs of reduced secretory activity were observed in the seminal vesicles
(21/24) and prostate (17/24) of nearly all the high dosage group rats, and four rats in this
group had muitifocal or diffuse testicular degeneration, one of which was moribund
sacrificed.

Fertility parameters (mating/fertility index, corpora lutea, preimplantation loss, ete.):

» The fertility index (number of pregnancies/number of rats that mated: 48%) and
the number of pregnant rats/number of rats in cohabitation (44%) were
significantly reduced in the 1000 ug/kg/day dosage group, relative control
(100%).

* The 300 and 1000 ug/kg/day dosage groups had significant reductions (ranging
from approximately 16% to 27%; in cauda epididymal sperm counts and
concentrations, relative to control. Sperm motility was unaffected by dosages of
the test article as high as 1000 ug/kg/day.

¢ Estrous cycling: the average number of days in cohabitation before mating and
mating incidences were unaffected by dosages of the test article as high as 1000
ug/kg/day.

The number of pregnant rats per rats in cohabitation were significantly reduced in the
1000 ug/kg/day dose group, relative to control. The 1000 ug/kg/day dose group also had
significant reductions in the litter averages for corpora lutea and implantations.

The 300 and 1000 ug/kg/day dose of the test article were associated with increases in
embryo deaths evident as significant increases in the litter averages for nonviable
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embryos and percent nonviable embryos, significant reductions in the litter averages for
viable embryos and litter sizes (the sum of viable and nonviable embryos) and increases
in the number of dams with nonviable embryos.

Embryofetal development

Study title: An intravenous rabbit developmental toxicity study with rHUKGF

Key study findings:

This study was designed to determine the matemal and developmental toxicity, including
the teratogenic potential, of tHuUKGF in New Zealand White rabbits. The study consisted
of 3 treatment groups and | placebo control group (22 time-mated female rabbits/group).
Animals were treated from day 6 to day 18 of gestation. Observations of does included
clinical signs, gestation body weights, and food consumption. Animals were
euthanatized on gestation day 29 (GD29) and subjected to a necropsy. Gravid uterine
weights were recorded. The total number of corpora lutea, uterine implantations, early
and late resorptions, viable and nonviable fetuses, and the sex and individual body
weights of fetuses were recorded. All fetuses were examined for external, visceral
(microdissection), and sketetal malformations and developmental variations.
Approximately one-half of the fetuses in each litter were decapitated, and the heads were
fixed and head sections were evaluated under a dissecting microscope.

The TK component was comprised of 3 treatment groups (same dose levels as in the
main study) and 1 placebo control group (3 timed pregnant female rabbits/group). Blood
was collected from the TK animals on GD6 and GD18§ at 8 time points: predose, 5
minutes, 30 minutes, and 1, 4, 6, 8, and 24 hours postdosing. Following the last blood
collection on GDD19, the TK animals were euthanized. Pregnancy status and the total
number of corpora lutea and uterine implantations (distinguished as viable fetuses and
early resorptions) were recorded, and the carcasses were discarded. Drug concentrations
were measured using a validated enzyme-linked immunoabsorbent assay (ELISA) with a
lower limit of quantification of ‘T Jing/mL. Toxicokinetic parameters were
estimated using noncompartmental analysis.

All treated animals in the developmental study and TK component survived to
scheduled euthanasia. One control animal in the developmental study died during the
study (GD15). Pregnancy rates in the developmental study were 90.9%, 100%, 95.5%,
and 90.9% in the control, 5, 60, and 150 ug/kg/day groups, respectively. One female in
each of the 60 and 150 ug/kg/day groups aborted. Four animals in the 150 ug/kg/day
group that was euthanatized on GD29 did not have grossly visible uterine implants
(fetuses or resorptions) and were confirmed pregnant solely on the basis of stained foci in
utero. There were 19, 22, 20, and 15 litters with viable fetuses for evaluation on GD29 in
the control, 5, 60, and150 ug/kg/day groups, respectively. In the TK study segment,
pregnancy rates were 100% in all groups.
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No effect of treatment at the 5 ug/kg/day dose level was evident from clinical
examinations, gestational parameters (body weight, body weight gain, and food
consumption), or macroscopic findings.

Clinical findings seen at the 60 and/or 150 ug/kg/day dose levels and considered
related to treatment included ocular discharge (clear), swelling around eye(s), swollen
lips, swollen ear(s), white material around eye (s), ears discolored red, and skin
discolored about eye(s). More animals at these dose levels showed reduced fecal output
(feces few/absent) and soft stool. Animals at the 60 and 150 ug/kg/day dose levels also
gained less weight and were eating less during the treatment period. No effect of
treatment at the 5 and 60 ug/kg/day dose levels was evident from uterine implantation
data and fetal sex distribution. Fetal body weights, distinguished by sex and for both
sexes combined, in these groups were slightly lower than control. At the 150 ug/kg/day
dose level, there was an increase in postimplantation loss and a corresponding decrease in
litter size (viable fetuses/doe). No effect of treatment was evident from fetal sex ratios,
but fetal body weights were about 15% lower than controls. Dose-related increases on
the incidence of some common developmental variations (e.g., small gallbladder, bent
hyoid arch) were observed. The sponsor did not consider the abnormalities top be
toxicologically meaningful because they were seen at relatively low incidence and are
common malformations in this species. However, they appeared to be dose dependent
and a dose related effect of palifermin cannot be ignored in this basis. In this intravenous
rabbit developmental toxicity study with rHuK GF, the No-Observable-Adverse-Liffect-
Level (NOAEL) for maternal toxicity was 5 ug/kg/day. This was based on clinical signs,
lower maternal body weight gain, and reduced food consumption during the treatment
period at dose levels of 60 ug/kg/day and above. The NOAEL for developmental toxicity
was considered 60 ug/kg/day based on increased postimplantation loss, smaller litter size,
and lower fetal body weights at the 150 ug/kg/day dose level, which was the highest dose
level evaluated.

Study no.: Amgen #529-048, — "# 101728
Volume #, and page #:
Conducting laboratory and location: L

Date of study initiation: 7/16/01

GLP compliance: Yes

QA reports: yes( X )no( )

Drug, lot #, and % purity: tHuKGF lot # 24010J0, vehicle lot # A0104270000

Methods

Doses: 0, 5, 60 and 150 ug/kg/day

Species/strain: New Zealand White rabbits, 5-8 months

Number/sex/group: 3 treatment groups and 1 placebo group, 22 time-mated
females per group

Route, formulation, volume, and infusion rate: IV injection via ear vein, single
dose per day in a volume of 0.3 mi/kg

Satellite groups used for toxicokinetics: See Table, below.

Study design: Study design is illustrated in the table provided by the sponsor:
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4, STUDY DESIGN
INITIAL (N}
tHuKGF NOMINAL DOSED CESAREAN
DOSE (TARGET) DALY SECTION/ MICROSCOPIC
TREATMENT LEVEL CONCENTRATION (DAY 8- NECRUPSY PATHOLOGY
DAY 18) (DAY 29)
GROUP e/ Ug/m) B F F
! 0 0 22 22 AR,
“2 3 16.7 22 2 AR.
3 60 200 22 22 AR
1 150 500 2 2 AR
5 0 0 3 2 -
6 5 16.7 3 2 -
7 0 200 3 3
8 150 300 3 2 -
A.R. = As Required: Study Director decision in consultation with the
Sponsor.
* ~ TK animals will be ewthanized and pregnancy statis determined after
the last blood collection or Gestation Day 19.
Parameters and endpoints evaluated:

» Cageside and detailed observations made on all rabbits twice daily. On days 6-
29, each main study rabbit given a detailed physical exam.

* Body weights: Weights were recorded on gestation days 0, 6,9, 12, 15, 19, 21,
25 and 29. TK animals will be weighed on the same dates but will not be
analyzed as will those from the main study. TK animal weights will be used for
adjustment of dose volumes to the most recent body weight.

* Food consumption: Recorded daily for main study animals only.

» Mortality/moribundity: Daily.

* Abortion/premature delivery: Females showing signs of abortion earlier than 24
hour prior to scheduled necropsy will be subjected to necropsy and uterine
examinations. Females showing signs of premature delivery within 24 hours of
scheduled sacrifice will be euthanized and necropsied.

Results

Mortality: All treated does survived to scheduled sacrifice. One control animal died
suddenly due to unknown causes.

Clinical signs:

A dose dependent increase in observed swelling around the eyes of the does in the
high dose group accompanied by clear or white ocular discharge. 230
observations in 20 animals for the left eye and 229 observations in 20 animals for
the right eye in the high dose group. For the 60 ug/kg group, the same
observations were noted 69 times in 11 left eyes and 74 observations for the right
eye in 12 animals. No such observations were reported for either the low dose or
control groups. A similar pattern is reported for the eye discharge with no
observations in the low or control groups, 22-26 observations in 7 animals for the
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mid dose group and 75 ebservations for 15 animals in the high dose groups for
each eye.
¢ Lip swelling 1s reported showing a similar dose dependent relationship. No
observations reported for the control and low dose group, 19 observations in 3
animals in the mid dose group and 83 observations in 15 animals in the high dose
group.
» Incidence of soft feces occurred in all dose groups including control but showed a
dose related in crease in incidence
* A dose related increase in pelage and skin findings was noted: hair absent, hair
discolored. Such findings are consistent with previously reported findings in rat
toxicity studies.
Body weight: All groups of amimals are reported to gain weight over time during the
study. However, animals in the high dose group gained less rapidly than controls and
mean group weight was significantly less that control at all time points after day 12. This
appears to be study drug administration related and may correlate with the swollen lip
observation noted above. Calculation of body weight change values for each interval
shows a trend toward reduced weight gain in the treated animals with increasing
frequency over the dose groups (reported differences in the calculated values most often
noted for the high dose group.)

Food consumption: The dose dependent reduction in weight gain is correlated with a
dose dependent reduction in food consumption over the course of the study. It is clear
that the treated animals ate less than controls with severity increasing with the dose of the
study drug.

Toxicokinetics:

Blood will be collected from the TK rabbits (Groups 5-8) at 8 time points on cach of 2
days: predose, 5 minutes, 30 minutes, 1 hour, 4 hours, 6 hours, 8 hours, and 24 hours
postdose, following the first dose on Gestation Day 6 and the last dose on Gestation Day
18. When thelast sample is collected on Gestation Day 19, the TX animais will be
euthanized. The abdominal cavity was opened and the pregnancy status determined and
number of implants distinguished as viable and nonviable fetuses and resorption
recorded. The animal’s carcass was then discarded with no further evaluations.

Results are summarized in the table below, provided by the sponsor:
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The sponsor suggests that the accumulation observed after multiple doses may be due to

formation of anti-drug antibodies. Such antibodies were detected after GD 18 in a
previous study in which animals were dosed daily with doses ranging from 15 ug/kg to

500 ug/kg.

Necropsy:
Does:

* No differences among groups were noted in number of animals pregnant.

e A slightly higher rate of abortion was reported for the high and mid dose groups

(1 for each high and mid dose groups, 0 for the low and control groups)
accompanied by a lower number of does with viable fetuses in the high dose
group. (15 for group 4, 20 for group 3, 22 for group 2 and 19 for group 1)

» A dose dependent swelling around the eyes, lip and ears was noted in treated
groups compared to controls. Eye redness and swelling was accompanied by

discharge in the high dose group.
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Fertility parameters (mating/fertilitv index. corpora lutea, preimplantation loss, etc.):

No differences in corpora lutea, implantation sites, fetal sex ratio, or
preimplantation loss were noted among groups.

A small reduction compared to control was noted for the number of viable fetuses
in the high dose group.

Post implantation loss showed a dose dependent increase across the treated groups
reaching statistical significance for the high dose group (3.13% for control, 39.75
% for the high dose group).

The number of total resorptions was significantly higher in the high dose group
and the trend toward increased resorptions is noted in a dose dependent manner
across all treated groups. The increase in resorptions appears to be accounted for
~ by a significant increase in early resorption for the high dose group plus a trend
for increase in late absorptions in the high dose group.

Gravid uterine weight was significantly lower in the mid and high dose groups
compared to control but, when adjusted to body weight the difference was lost.
However, when adjusted to weight change from day 0 a significant reduction is
noted across treated groups in a dose dependent manner.

Fetal weight showed a significant reduction across treatment groups in a cose
dependent manner.

A slight increase in abnormatl flexure of the forelimbs was noted for the mid and
high dose groups (one fetus for each dose group, 0 for the low and control groups)
A slight increase in abnormal head shape is reported for groups 3 and 4, one fetus
for group 4 and 2 fetuses from one litter for group 3, O for the low dose group and
control.

One fetus in the high dose group showed abnormal hind limb flexure with 0 for
each of the other dose groups.

Gall bladder abnormalities showed an apparent dose dependent increase across
groups: absent gall bladder noted in one fetus in group 3 and 2 fetuses in group 4,
small gall bladder also showed an increase across groups in a dose dependent
manner {number of affected fetuses was 12, 3, 7 and 8 for control, low, mid and
high dose, respectively.) The biological significance of these findings is not clear.
An increased number of fetuses from group 3 showed lateral ventricle and third
ventricle hydrocephaly. This finding was not noted in the high dose group. The
biological significance of this finding is not known. This group did receive an
erroneously large dose {85ug) at one of the dosing timepoints but this amount was
still substantially lower than the high dose. ,

Eye lens was absent in 2 fetuses in the high dose group with 0 noted for the other
dose groups.

A small, dose dependent increase in skull malformations and hyoid bone
malformations is noted. The sponsor does not consider these findings to be of
significance so does not include them as evidence of toxicity.

Comparison of total malformations among groups shows no significant difference
between groups. However, the total number of “variations” shows a dose
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dependent increase across treated groups. The definitions of “malformations and
“variations” are key to this interpretation.

Study title: A dose range finding study of the effects of tHuKGF administered
intravenously on embryo/fetal development and toxicokinetics in rabbits.

Key study findings:

The objective of the study was to determine dosage levels to be evaluated in a definitive
embryo/fetal development study in rabbits. This study was not performed under GLP
conditions.

The selected route of administration was intravenous (via marginal ear vein) since this is
the intended route of clinical administration for the human. The New Zealand White
rabbit, was selected as appropriate based on the availability of historical control data and
susceptibility to known developmental toxicants. The test article was administered to
four groups of five artificially inseminated New Zealand White rabbits once daily from
gestation days 6 through 18. Doses of palifermin administered were 15, 50, 150 and 500
ug/kg/day administered in volumes of 0.3, 0.1, 0.3 and 0.1 ml/kg, respectively. A
concurrent control group composed of five artificially inseminated females received the
vehicle on a comparable regimen at 0.3 ml/kg. The route of administration was
intravenous (via the marginal ear vein). Clinical observations, body weights and food
consumption were recorded. On gestation day 29, a laparohysterectomy was performed
on all surviving animals. The uteri and ovaries were examined and the numbers of
fetuses, early and late resorptions, total implantations and corpora lutea were recorded.
Mean gravid uterine weights and net body weight changes were calculated for each
group. Fetuses were weighed and examined for external malformations and variations.
Blood samples were obtained from all animals during the pretest period and at selected
intervals for analysis of antibody response and palifermin concentration in the maternal
plasma. An additional dose group containing five artificially inseminated rabbits was
selected for the satellite pharmacokinetic phase. The dose for this group was 500
ug/kg/day administered in volume of 0.1 ml/kg. Maternal and fetal blood samples and
amniotic fluid samples were drawn from one animal each at selected intervals on
gestation day 18 (the only day of dosing for this group) and 19 for analysis of study drug
concentration.

In the 500 ug/kg/day group, one female each died on gestation days 20 and 22;
these mortalities were assumed to be treatment-related. Clinical observations noted for
the two females that died included rocking, lurching or swaying while ambulating, brown
matting on the hindlimbs and forelimbs and/or red mucoid feces and were observed on
gestation days 20 or 21. No remarkable internal findings were observed at necropsy and
the cause of death for both females was not determined.

One female in the 15 ug/kg/day group aborted on gestation day 21. Spontaneous
abortions are not uncommon in this species and strain. No abortions were observed in the
lower dose groups. Therefore, the abortion in the 15 ug/kg/day group was not considered
to be related to test article administration. All other females survived to the scheduled
necropsy on gestation day 29. Treatment-related clinical observations included
hypoactivity, labored respiration, lacrimation, salivation, various ocular findings {white
ocular discharge, everted, reddened, and/or swollen eyelids, conjunctiva, and/or
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nictitating membrane), clear nasal discharge, various excreta-related findings (soft stool,
small feces and decreased defecation), clear matting around the nose, mouth and
forelimbs, hair loss around the eyes, reddened and swollen ears, brown material and/or
red staining on the tail and reddened and/or swollen mouth area. Mean body weight
losses or reduced mean body weight gains and reductions in food consumption occurred
in the 150 and 500 ug/kg/day groups throughout the treatment period. Body weight data
and food consumption in the 15 and 50 ug/kg/day groups were unaffected by treatment
with the test article. Both surviving gravid females in the 500 ug/kg/day group had
entirely resorbed litters (all early resorptions). An increase in postimplantation loss and a
corresponding decrease in viable litter size were also noted in the 150 ug/kg/day group.
Intrauterine growth and survival in the 15 and 50 ug/kg/day groups were unaffected by
treatment with the test article. The external malformations and developmental variations
observed In the treated groups were considered to be spontaneous in origin and not
related to test article administration.
Deficiencies in sampling time and dosing precluded complete pharmacokinetic analysis.
An initial estimate of a terminal half-life of rHuKGF in pregnant rabbits of 3.27 hours
was obtained. No evidence of transplacental transfer was observed, based on rHuK GF
levels being below the limit of detection of the assay in amniotic fluid and fetal serum.
Intravenous administration of doses ranging from 15 to 500 ug/kg resulted in detectable
antibody formation as early as gestation day 12, with most rabbits positive by gestation
day 18. The incidence of antibody formation was similar across dose groups. The control
group was sero-negative. Since pharmacokinetic satellite animals were only dosed once,
no correlation between antibody results and pharmacokinetic analysis could be drawn.
In conclusion, materal toxicity was manifested by mortalities at a dose level of
500 ug/kg/day, inhibition of body weight gain and food consumption at dose levels
of 150 and 500 ug/kg/day and by changes in the clinical condition of the animals at all
treated dose levels. Developmental toxicity was exhibited by an increase in prenatal
mortality (early resorptions) in the 150 and 500 ug/kg/day group.
In the presence of lethality and/or deficits in body weight gain and food intake in the
females, maternal toxicity may possibly have contributed to the observed developmental
toxicity, but it is not conclusive within the scope of this study. No developmental toxicity
was noted at dose levels of 15 and 50 ug/kg/day. Based upon the results of the study, a
dose of 150 ug/kg would be selected as the high dose in a definitive developmental
toxicity study of rHuK GF in rabbits.

Study no.: — 120063/ Amgen study # 970021
Volume #, and page #:

Conducting laboratery and lecation: L _ 1
Date of study initiation: 4/30/1997

GLP compliance: NO

QA reports: yes( )no( )

Drug, lot #, and % purity: Palifermin fot #1101226A6B

Placebo lot # 02D07226G6

Methods
Doses: 0, 15, 50, 150 and 500 ug/kg/day
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Species/strain: New Zealand white rabbits

Number/sex/group: 5 presumed pregnant females/group

Route, formulation, volume, and infusion rate: 1V injection via the marginal ear
vein as a single daily dose on GD 6 through 18. (one female, #23394, received two doses

of 50 ug on GDI18.
Satellite groups used for toxicokinetics:
Study design:
Dosage Dosage Dosage Number
Group Test Level Concentration Volume of
ﬁyﬁlﬁr Substance (nglke/day) m {mifke) Females
Vehicle Control® 0 03 5
2 rHuKGF i5 ﬁD 0.3 5
3 tHuKGF 30 500 0.1 5
4 rHuKGF 150 560 0.3 5
5 THuKGF 300 5000 0.1 5
&° rHuKGF 500 5600 0.1 5

? = tHuKGF placcbo
®= Satellite pharmacokinetic group dosed on gestation day 18 only

Appears This Way
On Originat
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Acclimation Period

Random Computer Assignment
of Rabbits (0 Treatment Groups

1

Artificial Insemination; Five
Females/Group

l

Daily Clinical Observations;
Body Weights and Food Consumption
Recorded at Appropriate [ntervals

Test and Control Article Administration;
Five Females/Group Treated Daily from
Gestation Davs 6-18

Toxicokinetic Satetlite Group

Gross Necropsies Performed on
Animals That Died or Aborted

{5 Females) Dosed on
CGestation Day 18

Laparchystercciomies

Results

Mortality: Two deaths of pregnant dams in the 500 ug dose group occurred during the
study: one on GD20 and one on GD22. One female in the 15 ug dose group aborted on

GD21.

Performed on Gestation Day 29

External Fatal Morphological Examination

Clinical signs: Clinical signs of the dams assessed twice daily.

* All animals in the 15, 50, 150 and 500 ug/kg/day groups had a clear nasal

discharge.

* Findings for all treated dose levels included clear matting around the nose,
reddened and swollen conjunctiva and decreased defecation.
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Clinical signs noted at dose levels of 50, 150 and 500 ug/kg/day consisted of
various ocular findings (lacrimation, swollen eyelids, reddened and swollen
nictitating membranes}, reddened and swollen ears and small feces.

The 150 and 500 ug/kg/day group animals also had clear matting on the
forelimbs, brown matting on the tail, everted eyelids and reddened and swollen
mouths.

Clinical signs noted only in the 500 ug/kg/day group included hypoactivity, red
staining on the tail, labored respiration and salivation.

Body weight: Maternal body wetghts collected on GD 0, 6-19, 24, 29. Gravid uterine
weight and net body weight change were calculated.

For the 500 ug dose group, mean body weight losses were noted throughout the
treatment period. During the post-treatment period (gestation days 19-29), mean
body weight gain for the two surviving gravid females in the 500 ug/kg/day group
was greatly increased relative to control. Statistically significant decreases in
mean body weights were noted in the 500 ug/kg/day group for gestation days 17-
19. A greatly reduced mean gravid uterine weight was observed in this group
when compared to the control group value; both surviving gravid females in this
group had entirely resorbed litters. Mean net body weight and net body weight
gatn in the 500 ug/kg/day group were comparable to the control group values.

In the 150 vg/kg/day group, mean body weight losses or reduced mean body
weight gain were noted during gestation days 6-9, 9-12, 12-19 and 6-19 relative to
control. During the post-treatment period (gestation days 19-29), mean body
weight gain in this group was greatly increased relative to control. Gravid uterine
weight in the 150 ug/kg/day group was slightly reduced when compared to the
control group value; the difference was not statistically significant. Mean body
weights, net body weight and net body weight gain in the 150 ug/kg/day group
were comparable to the control group values.

No test article effects were noted for the 15 and 50 ug/kg dose groups.

Food consumption: Recorded daily from GDO through GD 29

For the 500 ug group, food consumption was reduced during the treatment period.
During the post-treatment period (gestation days 19-29), food consumption in the
two surviving gravid females in this group was comparable to that in the control
group.

In the 150 ug/kg/day group, food consumption was slightly reduced during
gestation days 6-9 and 9-12; the differences from the control group during
gestation days 9-12 were statistically significant. During the remainder of the
treatment period (gestation days 12-19), food consumption in this group
continued to be reduced when compared to that in the control group; the
differences were statistically significant. When the overall treatment period
(gestation days 6-19) was evaluated, statistically significant decreases in food
consumption were noted in this group when relative to control. During gestation
days 19-29, food consumption in the 150 ug/kg/day group was slightly greater
relative to control group; the differences were statistically significant.
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» No effects of the test article were noted for the 15 and 50 ug/kg groups.

Toxicokinetics:
Blood samples (approximately 1 ml) were to be collected from all animals
{Groups 1-5) during the pretest period, at 5 minutes, 30 minutes, 1, 6 and 24 hours
following dosing on gestation days 6, 12 and 18.
¢ Due to sampling time and dosing errors only the data from group 6 (500ug) were
surtable for TK analysis. All animals in the group had quantifiable levels of
palifermin on GD 18. Terminal half-life in pregnant rabbits was estimated at 3.27
hours. No evidence of transplacental transfer of test article since no detectable
levels was found in the fetal serum and amniotic fluid.
¢ Intravenous administration of doses ranging from 0 to 500 ug/kg of rHuKGF to
pregnant rabbits (GD 6 to 18) resulted in detectable antibody formation as early as
gestation day 12 (after six doses). Most rabbits were positive for antibodies by
GD 18. The incidence of antibody formation was similar across rtHuK GF dose
groups. The animals in the control group appeared to be sero-negative throughout
the course of the study.

Necropsy:
In the 500 ug/kg/day group, two females died on gestation days 20 and 22, respectively.

At necropsy, one had green fluid contents in the stomach, the other was macroscopically
normal. Both of the females that died had entirely resorbed litters (all early resorptions).
In addition, one female i the 15 ug/kg/day group aborted one early resorption on
gestation day 21. This female had an accessory spleen and dark red lungs (all lobes) at
IECropsy.

At the scheduled necropsy on gestation day 29, no test article-related internal findings
were noted. One female each in the control, 15 and 50 ug/kg/day groups had accessory
spleens. Two control group females and one 500 ug/kg/day group female had cystic
oviducts. All other females were macroscopically normal.

Fertility parameters and fetal malformationsc(mating/fertility index, corpora lutea,
preimplantation loss, etc.):

* Increase in early resorptions. 500 ug/kg dose group

» Postimplantation loss in the two surviving gravid females in the 500 ug/kg/day
group was excessive (100% per litter) relative to control (3.8% per litter). Both
gravid females in the 500 ug/kg/day group had entirely resorbed litters (all early
resorptions). The mean numbers of corpora Jutea and implantation sites in this
group were comparable to the control group values.

* Postimplantation loss (all early resorptions) was also increased in the 150
ug/kg/day group (44.9% per litter) when compared to the control group value and
the maximum value in the { 3 historical control data (25.3% per litter). The
difference in early resorptions from the concurrent control group was statistically
significant. This increase was primarily due to one female with an entirely
resorbed litter. A corresponding decrease in viable litter size was noted in the 150
ug/kg/day group (55.1% per litter) when relative to control group value (96.2%
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per litter). The difference was not statistically significant. Mean fetal body weight
and the mean numbers of corpora lutea and implantation sites in the 150
ug/kg/day group were comparable to the control group values.
e No test article related effects were noted for the 15 or 50 ug/kg dose group.
Fetal morphological data
The numbers of fetuses (litters) available for morphological evaluation were
37(5), 19(3), 38(5), 14(2) and 0(0} in the control, 15, 50, 150 and 500 ug/kg/day groups,
respectively. Malformations were observed in 0(0), I{1), 2(2), 0(0) and 0(0) fetuses
(litters) in these same respective dose groups. In the 50 ugkg/day group, one fetus had
microcephaly and exencephaly (without an open eyelid). One fetus in this same dose
group had an umbilical herniation of the intestine, cleft palate and a narrow pectoral
region. One fetus in the 15 ug/kg/day group had an omphalocele. This fetus also had the
only external developmental variation observed in this study (disseminated subcutaneous
hemorrhages). All of the observed malformations in this study (cleft palate, narrow
pectoral region, microcephaly, umbilical hemiation of the intestine, exencephaly and
omphalocele) have also been observed in the test factlity historical control data. Since the
malformations were previously observed 1in the historical control data and occurred in the
15 and 50 ug/kg/day groups only while none were observed in the 150 and 500 ug/kg/day
groups, these findings were considered to be spontaneous in origin.

Study title: A study of the effects of rHuKGF administered intravenously on
embryo/fetal development in rats

Key study findings:

The objective of the study was to determine the potential of the test article, rHuKGF, to
induce developmental toxicity after maternal exposure during the critical period of
organogenesis, to characterize maternal toxicity at the exposure levels tested, and to
determine a NOAEL (no observed adverse effect level) for maternal toxicity and
developmental toxicity.

The potential maternal toxicity and developmental toxicity of rHuKGF were evaluated.
The test article was admimstered to three groups of 25 bred Sprague Dawley rats once
daily from gestation days 6 through 17. Doses were 100, 300, and 1000 ug/kg/day
administered at a dose volume of 0.2 ml/kg. A concurrent control group composed of 25
bred females received the vehicle on a comparable regimen at 0.2 ml/kg. The route of
administration was intravenous (via a caudal tail vein}. Clinical observations, body
weights, and food consumption were recorded. Blood samples were obtained from a
caudal vein from 18, 22, 25, and 25 females in the control, 100, 300, and 1000 ug/kg/day
groups, respectively, on gestation days 0 or 6 for analysis of seroreactivity. On gestation
day 20, a laparohysterectomy was performed on all animals. Blood was collected from
the vena cava of all animals for evaluation of serum chemistry parameters. The liver from
all animals was weighed and sections preserved. Selected specimens of mammary gland
tissue were obtained and examined microscopically. The uteri and ovaries were examined
and the numbers of fetuses, early and late resorptions, total implantations, and corpora
lutea were recorded. Mean gravid uterine weights and net body weight changes were
calculated for each group. Fetuses were weighed, sexed, and examined for external, soft
tissue, and skeletal malformations and variations.
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All animals survived to the scheduled necropsy on gestation day 20.

Treatment-related clinical findings were observed at a dose level of 1000 ug/kg/day and
included swollen and firm mammary tissue in the pectoral and inguinal area. In all

tHuK GF treatment groups, a mean body weight loss occuired on gestation day 6-7.
Reduced mean body weight gains were noted in the 1000 ug/kg/day group during
gestation days 12-18 and 18-20. Mean gravid uterine weight in the 1000 ug/kg/day group
was reduced. Therefore, the reduced body weight gain late in gestation in the 1000
ug/kg/day group was attributed to the delayed fetal development, rather than maternal
toxicity. Mean body weight gains in the rHuKGF treatment groups were either
comparable to or greater than the control groups for all other test periods. Mean net body
weight gains in all treatment groups were comparable to the control group value. Food
consumption in all treatment groups was reduced on gestation day 6-7. In the 1000
ug/keg/day group, food consumption on gestation days 7-8 and 6-9 continued to decrease,
and the overall treatment period(gestation days 6- 18) was reduced.

The incidence of seroreactivity for females in the control group was 7/25 (28%) on
gestatton day 20. This was not substantially different than the incidences of seroreactivity
in the 100 and 300 ug/kg/day groups of 28% and 36%, respectively, and was higher than
the 8% incidence in the 1000 ug/kg/day group. These findings suggest that daily tHuK GF
treatment did not result in increased seroreactivity in this experiment.

Dose-related increased serum levels of protein, albumin and globulin were observed in
the 100, 300, and 1000 ug/kg/day groups while a decrease in A/G ratio was noted in the
1000 ug/kg/day group. A decrease in cholesterol level was also noted in all treatment
groups.

At necropsy, test article-related internal findings were noted in the 1000
ug/kg/day group and included enlarged mammary tissue (inguinal, urogenital, thoracic,
and/or abdominal) and thickened stomachs. Microscopically, a dose-related increase in
hyperplasia of the mammary gland was observed in the 100, 300, and 1000 ug/kg/day
groups while mammary gland ductal hyperplasia was also noted in the 1000 ug/kg/day
group. Dose-related increases in mean liver weights were noted for all treated groups.
Although the serum chemistry, necrepsy, and microscopic findings were considered to be
test article-related, these effects would not be unexpected in view of the pharmacologic
activity of the test article.

In the 1000 ug/kg/day group, mean fetal body weight was decreased and
postimplantation loss was increased. Intrauterine growth and survival were unaffected by
test article administration at dose levels of 100 and 300 ug/kg/day. Fetal malformations
were noted for one fetus each in the control and 1000 ug/kg/day groups and were
considered to be spontaneous in origin. Increased and/or decreased incidences of several
skeletal variants occurred in the 1000 ug/kg/day group. These consisted of a decreased
incidence ossified cervical centrum no. 1, and increased incidences of unossified
stemebrae nos. 5 and/or 6, and unossified stemebrae nos. 1, 2, 3, and/or 4. These
variations were attributed to the intrauterine growth retardation (reduced fetal body
weights) observed in the 1000 ug/kg/day group.

Based on the results of this study, the NOAEL (no-observed-adverse-effect level)
for maternal endpoints was considered to be less than 100 ug/kg/day and a dose level of
300 ug/kg/day was considered to be the NOAEL (no-observed-adverse-effect level)
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for developmental toxicity of rHuK GF in rats.

Study ne.: — 120065/ Amgen # 970132
Volume #, and page #:

Conducting laboratory and location: T 3
Date of study initiation: 12/29/1997

GLP compliance: YES

QA reports: yes (X )no ()

Drug, lot #, and % purity: palifermin lot #1107096D7

Placebo lot#02D07226G6

Methods
Doses: 0, 100, 300, 1000 ug/kg/day
Species/strain: female Sprague/Dawley rats, approximatety 70 days old
Number/sex/group: 25
Route, formulation, volume, and infusion rate: IV admin in a volume of (0.2

ml/kg
Satellite groups used for toxicokinetics:
Study design:
Dosage Dosage Dosage  Number
Group Test Level Concentration Volume of
Number Article {uglkolday) (ne/mh {ml’ke) Females
] Vehicle Control® 0 0 0.2 25
2 I luKGF 100 500 0.2 25
3 rHuKGF 300 1500 0.2 25
4 rHuKGF 1000 5000 0.2 25
*riuK.GF placebo
Appears This Way

On Original
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Acchmation Period

¥

Untreated Females Paired
With Untreated Resident Males

|

Animals Observed Daily;
Body Weights and Food Consumption
Recorded at Appropriate Intervals
|
25 Mated Females/Group
{1-4) Treated Once Daily
From Gestation Days 6-17

L

Maternal Blood Samples Collected
on Gestation Davs Gand 6
for Determination of Seroreactivity

|

Laparohysizrectomies Performed on Gestation Day 20
Blood Collection for Serum Chemistry Bvaluation and for
Determination of Seroreactivity;

Liver and Gravid Uterine Weights Recorded:
Micrescopic Examination of Selested Tissues

|
Fetal Weighis Recorded: External
Fetal Morphological Examination
Followed by Fresh Dissection

|

Heads from One-ilalt of the Heads from One-Hal{ of the

Fetuses in Each Group Fetuses in Each Group
Sectioned for Soft Tissue Examined by a Mid Coronal Slice

g
!

! J

All Feral Carcasses Prepared
and S1ained for Skeletal
Examtnation

Results

Mortality (dams): All animals survived to scheduled necropsy.
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Clinical signs (dams): Observations were made twice daily. Detailed observations were
made from GDO to GD20 prior to dosing.

Body weight (dams): Data collected on SDO and daily from GD6- GD20. Gravid uterine
weight was collected and net body weight (the day 20 body weight exclusive of the
weight of the uterus and contents) and net body weight change (the day 0-20 body weight
change exclusive of the weight of the uterus and contents) were calculated and presented
for each gravid female at the scheduled laparohysterectomy.

* All animals gained weight during the study. However, animals receiving 1000
ug/kg gained slower and showed significantly smaller weight gain over the course
of the study relative to control and other treatment groups.

¢ Gravid uterine weights for the 1000 ug/kg group were significantly smaller than
those of the other groups.

Food consumption {(dams):

Individual maternal food consumption was recorded on GDOand GD6-GD20 (daily).
Food intake was calculated as g/animal/day and g/kg/day for corresponding body weight
change intervals.

* In general, a dose dependent reduction in food intake was noted relative to
control. These findings reached statistical significance for the 1000 ug/kg group
several days (but not every day) over the course of the study. These data arc
correlated with reduced over all body weight at the end of the study and reduction
in weight gain for the 1000 ug/kg group.

Toxicokinetics:

Blood samples were obtained from 18, 22, 25, and 2.5 females in the control, 100, 300,
and 1000 ug/kg/day groups, respectively, on gestation day 0 or 6 (prior to dosing) for
determination of seroreactivity. Blood samples were also obtained from all females
(25/group) on gestation day 20 for determination of seroreactivity.

Clinical pathology: Blood samples for clinical pathology evaluation were taken from the
vena cava of all maternal anumnals, at the time of necropsy, on gestation day
20.
Albumin: A dose dependent increase in albumin relative to control was noted for all
treatment groups (5.3 for 1the 1000 ug/kg group versus 4.0 for control)
» Total Protein: A dose dependent TPR was noted for all treated groups relative to
control,
* Globulin: A significant and dose dependent increase in globulin for the 300 and
1000 ug group was noted (3.1 for the 100 ug/kg group versus 1.9 for control).
» A/G Ratio reduced for the 1000 ug/kg group relative to control
e Total Cholesterol: total cholesterol was reduced for all treated groups relative to
control
These findings are consistent with serum chemistry results from other rat studies.

Gross pathology:
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Significantly increased liver weights were observed of the 300 and 1000 ug/kg groups.
This finding is consistent with results from other rat toxicity studies.

Histopathology:
o Mammary gland: minimal glandular hyperplasia was observed for all treated
animals. Increases in incidence and severity are noted with increasing dose.

¢ Mammary ductal hyperplasia is also noted for the 1000 ug/kg group only.

Terminal and necroscopic evaluations:C-section data (implantation sites, pre- and post-
implantation loss, etc.): _
The number of corpora lutea on each ovary was recorded. The trimmed uterus was
weighed and opened, and the number and location of all fetuses, early and late
resorptions and the total number of implantation sites were recorded. The placentae were
also examined. The individual uterine distribution was documented using the following
procedure. All implantation sites, including resorptions, were numbered in consecutive
order beginning with the left distal uterine horn, noting the position of the cervix, and
continuing from the proximal to distal right uterine horn. The liver from each female was
weighed. Sections of each liver were preserved in 10% neutral buffered formalin. In
addition, a section of mammary gland (where enlargement was observed
macroscopically) was obtained

e Increased early resorptions for the 1000 ug/kg group (40 versus 20 in ctrl.)
Increased post-implantation loss: 20 for control, 42 for 100 ug group.
Slightly fewer corpora lutea
Slightly fewer implantation sites
Fewer viable fetuses. (94.5% for control vs. 86.2% for high dose group.
Significant reduction in fetal weight for both male and female fetuses.

T & & @

Offspring (malformations, variations, etc.):
¢ A small increase of micropthalmia was reported for the 1000 ug/kg group (0 for
control, and groups 2 and 3, 0.3 incidences /litter for the high dose group.
¢ A small increase in unossified sternebrae was noted for the high dose group. This
finding was also observed in 22 of 327 fetuses in the control group versus 64 of
309 fetuses in the high dose group.

Study title: A dose range finding study of the effects of rHuK GF administered
intravenously on embryo/fetal development and toxicokinetics in rats.

Key study findings:

This study was not conducted under GLP conditions. The objective of the study was to
determine dosage levels of the test article to be evaluated in a definitive embryo-fetal
development study in rats. The selected route of administration was intravenous (via a
caudal vein) since this is the intended route of clinical administration for the human. The
animal model, the Sprague/Dawley rat, was selected as an appropriate model based on
the availability of historical control data and susceptibility to known developmental
toxicants.
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In the developmental toxicity phase, the test article was administered to four groups of
six bred SD rats once daily from gestation days 6 through 19. Doses were 15, 50, 150
and 500 ug/kg/day administered at dose volumes 0f 0.3, 0.1, 0.3 and 0.1 ml/kg,
respectively. A concurrent coutrol group composed of six bred females received the
vehicle on a comparable regimen at 0.3 ml/kg. The route of administration was
intravenous {via a caudal vein}. Clinical observations, body weights and food
consumption were recorded. On gestation day 20, a laparohysterectomy was performed
on all animals. The uteri and ovaries were examined and the numbers of fetuses, early
and late resorptions, total implantations and corpora lutea were recorded. Mean gravid
uterine weights and net body weight changes were calculated for each group. Fetuses
were weighed, examined for external malformations and variations, and discarded. In the
pharmacokinetic phase, one control group and four treated groups of identical design to
those in the developmental toxicity phase were administered the control or test article on
a comparable regimen. Blood samples were obtained from all animals (Groups 1-5) prior
to dose administration on gestation day 6 and at selected intervals on gestation days 6, 12
and 19 for analysis of antibody response and rHuKGF concentration in the maternal
serum. At the direction of the sponsor, the antibody samples were neither aliquoted nor
analyzed due to high variability in serum volumes and color. An additional dose group
(Group 6) containing six bred rats was selected for the satellite pharmacokinetic phase.
The dose for this group was 500 ug/kg/day administered at a dose volume of 0.1 mi/kg on
gestation day 19. Maternal and fetal blood samples were drawn from all surviving
animals at selected intervals on gestation day 19 (Group 6) or from all animals on
gestation day 20 (Groups |-5) for analysis of rHuKGF concentration.

All animals survived to the scheduled laparohysterectomy on gestation day 19 or
20; no test article-related internal findings were observed in the developmental phase at
any dose level. No clinical signs of toxicity were noted in the treated groups. Body
weight and food consumption data in the 15, 50, 150 and 500 ug/kg/day groups were
unaffected by test article administration. A reduced mean gravid uterine weight in the
500 ug/kg/day group was attributed to the reduced mean fetal body weight observed in
this group.

The reduced mean fetal body weight in the 500 vg/kg/day group was the only
effect on intrauterine growth and survival in the treated groups. The only fetal
malformation observed was an umbilical hemiation of the intestine in one 150 ug/kg/day
group fetus, which was not considered to be test article-related. No external
developmental variations were noted in fetuses in this study. Because the fetal blood
samples in the pharmacokinetic phase were destroyed prior to analysis, the
pharmacokinetic phase of this study was repeated in another study. Under the conditions
of this range-finding study, no maternal toxicity was observed at any dose level.
Developmental toxicity was exhibited at a dose level of 500 ug/kg/day by reduced fetal
body weights. No developmental toxicity was observed at dose levels of 15, 50, or 150
ug/kg/day. Based on the results of this study, doses of 100, 300, and 1000 ug/kg/day were
selected for a definitive development toxicity study of rHuKGF in rats.

Study no.: — 120067

Volume #, and page #:
Conducting laboratoery and location: L i
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Date of study initiation:

GLP compliance: NO
QA reports: yes( })no( )
Drug, lot #, and % purity: Palifermin lot #1107096D7

Placebo lot # 02D07226G6

Methods

Doses: 0, 15, 50, 150, 500 ug/kg/day

Species/strain: Sprague-Dawley rats

Number/sex/group: 6

Route, formulation, volume, and infusion rate: administration by bolus IV
injection as a single dose daily from GD6 to GD19

Satellite groups used for toxicokinetics: 6/group

Study design:
Nueber of Femsles
Dosage Dosags Doiags  Developmentsl
Group Test Lewed Concrpimation Vlume Toxicplogy Pharmacokinsfic
1 Wehicle b 0 (UK 3 6
Comgnod’

2 iHuKGF I3 50 0.3 [ ]
3 rHuKGF U 303 0.1 6 G
4 rHuKGF 150 S0 i3 & b
5 rHaKGF 500 5000 al & 3]
& el GF S 3000 a1 - 6

* 2 rHuKGF placebo
¥ = SurcHite animals received the Righest dase on gestation day 19 only.

Appears This Way
On QOriginal
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r Acclimation Period J
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Untreated Femades Paired with
Unteriped Residen Mades

Animals Obscrved Daity:
Hody Weiglts and Food Consnmpuon Recorded f)
at Appropriate Intervals Ssf PO s
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an

6 Femoles PPes Dose Group
Treated Datly from Ciestation
Dy 6.19

Lapmahysteractnimics
Perfonned on Gestation
Pay Worl0

i Exiernal Fewl
! Manvphalopicat

Examination

Results

Mortality (dams): All dams survived to scheduled necropsy.

Clinical signs (dams): Observations made twice daily. Observations were recorded prior
to dosing throughout the treatment period.
o No effect of test article was noted for any group

Body weight (dams):

gestation days 0 and 6-20 (daily). A group mean body weight was calculated

for each of these days. Mean body weight changes were calculated for each
corresponding interval and also for gestation days 6-9, 9-12, 12-20, 6-20 and

0-20.

Gravid uterine weight was collected and net body weight (the day 20 body weight
exclusive of the weight of the uterus and contents) and net body weight change (the day
0-20 body weight change exclusive of the weight of the uterus and contents) and net body
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weight change (the day 0-20 body weight change exctusive of the weight of the uterus
and contents) were calculated and presented for each gravid female at the scheduled

laparchysterectomy.

Mean body weights and body weight gains in the 15, 50, 150 and 500 ug/kg/day groups
were unaffected by test article administration throughout the study. The only statistically
significant difference from the control group was an increased mean body weight gain in
the 500 ug/kg/day group during gestation days 8-9. Mean net body weights, net body
welght gains and gravid uterine weights in the treated groups were comparable to the
control group values with the following exception. Mean gravid uterine weight in the
500 ug/kg/day group was slightly lower than the control group value, although the
difference was not statistically significant.

Food consumption (dams):

Individual maternal food consumption was recorded on gestation days 0

and 6-20 (daily). Food intake was calculated as g/animal/day and g/kg/day

for corresponding body weight change intervals.

No effects of test article were noted except for a significant decrease for the 500 ug group
during the period from GD11-12.

Toxicokinetics: No data included in this report.

Gross pathology:

All females were euthanized by carbon dioxide inhalation on gestation day 19 or 20. For
females in the developinental phase, the thoracic, abdominal, and pelvic cavities were
opened by a ventral midline incision and the contents were examined. In all instances, the
post mortem findings were correlated with the ante mortem clinical findings, and any
abnormalities were recorded. The uterus and ovaries were excised. The number of
corpora lutea on each ovary was recorded. The trimmed uterus was weighed and opened,
and the number and location of all fetuses, early and late resorptions and the total number
of implantation sites were recorded. The placentae were also examined. Findings were
recorded as either developmental variations (alterations in anatomic structure that are
considered to have no significant biological effect on animal health or body conformity,
representing slight deviations from normal) or malformations (those structural anomalies
that alter general body conformity, disrupt or interfere with body function or may be
incompatible with life). Each fetus was weighed, sexed, euthanized by an intrathoracic
injection of sodium pentobarbital and discarded, with the following exceptions. Fetuses
with malformations and/or developmental variations were preserved in an appropriate
fixative at the discretion of the study director. Crown-rump measurements were recorded
for late resorptions, if present, and the tissues were discarded.

Terminal and necroscopic evaluations;C-section data (implantation sites, pre- and post-
implantation loss. etc.):

Mean fetal body weight in the 500 ug/kg/day group (2.9 grams) was reduced when
compared to the control group value (3.5 grams) and to the minimum mean value in the
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~— historical control data (3.3 grams). The difference from the concurrent control group
value was statistically significant. Mean fetal body weights in the 15, 50 and 150
ug/kg/day groups were comparable to the control group value. Other intrauterine
parameters in the treated groups were unaffected by test article administration.
Postimplantation losses, viable litter sizes, fetal sex ratios and the mean numbers of
corpora lutea and implantation sites in the treated groups were similar to the control
group values. None of the differences was statistically significant,

Offspring (malformations, variations, etc.):

The numbers of fetuses(litters) available for external morphological
evaluation were 79(6), 70(5), 86(6), 76(6) and 78(6) in the control, 15, 50, 150
| and 500 ug/kg/day groups, respectively. One fetus in the 150 ug/kg/day group had an
| umbilical herniation of the intestine. Since this malformation was not observed in the 500
ug/kg/day group and was observed similarly in the ~~ historical control data, this
finding was not considered to be test article-related. No other external malformations
were observed. No external developmental variations were noted in fetuses in this study.
|

Study title: A study of the effects of rtHuK GF administered intravenously in pregnant
rats

Key study findings:

This study was not conducted under GLP conditions. The purpose of the study was 1) to
determnine whether the test article is transferred transplacentally after maternal exposure
at various stages of organogenesis, 2) to provide information on the maternal blood serum
levels and to compare to blood serum profiles from general toxicity studies performed
with rHuK GF and 3) to evaluate for potential antibody response.

‘ Study no.: — 120070/ Amgen study # 970138
Volume #, and page #:

Conducting laboratory and location: L 1
Date of study initiation: 10/29/1997

GLP compliance: NO

QA reports: yes{ )no (X)

Drug, lot #, and % purity: palifermin lot# 1107096D7

Placebo lot # 02D07226G6A

Methods
Doses: 0, 50, 100, 300 or 1000 ug/kg/day
Species/strain: Sprague-Dawley rats
Number/sex/group:
Route, formulation, volume, and infusion rate: 1V in a volume of 0.1 or 0.2 mi/kg
Satellite groups used for toxicokinetics:
Study design:
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Acchimation Period

Untreated Females Pairved
with Untreated Resident Males

Animals Observed Daily;
Body Weights Recorded at
Appropriate Intervals

6 Females Per Dose
Group Treated Daily From
Gestation Days 6-19

Maternal Blood Samples Collected
on Gestation Days 6, 12 and 19

Laparohysterectomics
Performed on Gestation Day 20

Fetal Boady Weights Recorded
\
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Dosage Dosage Dosage  Number

Group Test Level  Concentration Volume of
Number Substance. _{pg/kg/day)  _(pglml) _(mlke) _ Females

1 rHuKGF placebo 0 0 0.2 4]

2 rHuKGF 50 500 0.1 6

3 rHuKGF 100 500 0.2 6

4 tHuKGF 300 1500 0.2 6

5 rHuKGF 1000 5000 0.2 6

Parameters and endpoints evaluated:

Results

Mortality (dams): All animals survived to scheduled necropsy

Clinical signs (dams):

Treatment-related clinical findings observed at the daily examinations included apparent
mammary masses (classified as enlargements of the mammary tissue at necropsy) in the
abdominal and thoracic areas of 3/6 and 6/6 females in the 300 and 1000 ug/kg/day
groups, respectively. These findings were first observed on gestation days 15 and 13 in
these same respective groups and continued to be observed through gestation day 20.
Unkempt appearance was also noted for 5/6 females in the 1000 ug/kg/day group
between gestation days 13 and 20. No other treatment-related clinical findings were
observed at any dose level. A slightly increased incidence of red material around the nose
was observed in the 1000 ug/kg/day group; however, the finding was observed
sporadically throughout the treatment period and was generally limited to single
occurrences for each animal.

Body weight (dams):

Dose-related increases in mean body weight gain were observed in the 300 and 1000
ug/kg/day groups during gestation days 6-9; the difference between the control and 1000
ug/kg/day group values was statistically significant. In all treated groups, mean body
weight gains were increased for the remainder of the study [gestation days 9-12,

12-20 and 6-20 (overall treatment period)] and mean body weights were increased during
the latter part of gestation relative to control; the increases in the 50, 100 and 1000
ug/kg/day groups were slight, while those in the 300 ug/kg/day group were often

" statistically significant. However, the values in the control group during these intervals

were atypically low (due to one female that had only one viable fetus and did not gain as
much weight as the females with normal-sized litters). In view of this and in the absence
of a dose response, the slight increases for the 50, 100 and 1000 ug/kg/day groups during
gestation days 9-12, 12-20 and 6-20 were not attributed to treatment. The significance of
the increases in the 300 ug/kg/day group during these intervals is uncertain due to the
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absence of similar increases in the high dose group. Further confounding interpretation of
these data, slight mean body weight losses or lower-than-expected mean body weight
gains were observed in all groups, including the control group, following each scheduled
blood collection interval (gestation days 6-7, 12-13 and 19-20). Mean net body weight
gains (the day 0-20 body weight change exclusive of the weight of the uterus and
contents) in the 300 and 1000 ug/kg/day groups were significantly increased relative to
the control group. Mean net body weight gains in the 50 and 100 ug/kg/day groups and
mean net body weights and gravid uterine weights in all treated groups were unaffected
by test article administration.

Toxicokinetics:

Analyses of pharmacokinetic data suggest that tHuKGF does not accumulate in pregnant
rats and that there may be reduced exposure with daily administration. Analyses of fetal
serum and amniotic fluid indicated negligible placental transfer of THUKGF when
administered at a single dose of 1000 ug/kg to pregnant rats.

Appears This Way
On Criginal
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BLA STN # 125103

Dosing Scheme:

Daily TV for 14 days (Gestation Days 6 through 19); Group é: Single IV
Dose on Gestation Day 19 Only,

Lot Number(s): 02D07226G6 (placcbo), 1107096D7 (6 mg lyophilized powder per vial}
Formulation: Lyaphilized
Group 2 3 4 5
Daily 1V Dose {ughks) 50 100 300 10007
Swudy Day 19G° 129G 158G 19G
Parameter Mean £ SDn=6) | Mean£5D{n=6) | Mean £ SDn=6) | Mean = 5D ¢n=6)
AUC, . sonomee 90,6 £ 61.9 101 £55.0 1070 % 817 2660 3 4590
ALC, s 105176 772489 361 % 261 120+ 3831
AUC, . .00 180 £78.1 118+ 59.0 466 £ 126 13104 1060
Accumuiation Ratro, Day 189G 245 +£390 1.3520.810 | 0A4BD£0.140 | 09971 0.645
G - Day of Gesiavion
M {50 sHUKGF Senvm Concuntrayens: Swinmary:
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Upon muliipie dose, intravenous injections of 50,
100, 300 or {000 peke rTHUKGF to pregnant rats,
afl animals had quantifiable lavels of THUKGF on
Days 6G, 126 and 19G. Animals in the control
croup showed no evidence of dosing. The
vanability of tHUKGF scrum concentrations in
eiach group on each sampling day was very high,
resulling in highly variable AUC values. There
was 1o consistent patiern in terms of
accumulation, however, these data suggest that
1HuKGF does not accumalate in pregnans rats and
there may be reduced exposure with daily
sdministration. The conzentrations appeared 1o be
luwer than anticipated, hased on non-pregnamt
rats. Anaiysis of fetal scrum and amniotic fluid
samples indicated neghgible placemal transfer of
tHulKGF when adminisicred intravenously at a
singhk dose of 1000 pe/ke 1o pregnant rats.

Gross pathology:

At the scheduled necropsy on gestation day 20, enlarged mammary tissue (inguinal,
urogenital, thoracic and/or abdominal areas) was observed in 4/6 and 6/6 females in the
300 and 1000 ug/kg/day groups, respectively. In these same respective groups, one and
five females had thickened stomachs. Enlarged placentae (6-14 sites/dam) were noted for
two, one and two females in the 100, 300 and 1000 ug/kg/day groups, respectively. The
only other internal finding in the treated groups was an intussusception in the jejunum of
one female in the 1000 ug/kg/day group. In the control group, one female had a thickened
vagina (portion adjacent to the cervix) with dark red contents.
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Terminal and necroscopic evaluations:C-section data (implantation sites, pre- and post-
implantation loss. etc.):

Offspring (malformations, variations. etc.):

Mean fetal body weight in the 1000 pg/kg/day group (3.3 grams) was reduced relative to
control group value (4.2 grams) and was equivalent to the minimum mean value in the
=~ historical control data (3.3 grams); the difference from the concurrent control group
value was statistically significant at. Mean fetal body weights in the 50, 100 and 300
ug/kg/day groups were comparable to the control group value. Other intrauterine
parameters in the treated groups were unaffected by test article administration.
Postimplantation losses, viable litter sizes, fetal sex ratios and the mean numbers of
corpora lutea and implantation sites in the treated groups were similar to the control
group values. None of the differences were statistically significant.

Prenatal and postnatal development
Segment three studies were not submitted for this BLA

2.6.6.7 Local tolerance

Study title: Acute intravenous, subcutaneous, and intramuscular irritation of rHuK GF in
rabbits

Key study findings:

The objective of this study is to determine the irritation potential of recombinant human
keratinocyte growth factor ({HUKGF) following a single intravenous (IV), single
subcutaneous (SC), and single intramuscular (IM) injection in rabbits. The study was
conducted under required standards forthe EU {L ]

The only clinical sign noted in rabbits treated with a total dose of 7,500 pg rHHuKGF
(2500 ug rHuK.GF by each of three different injection routes) was a reddening of the
eyelid 48 hr and up to seven days after treatment.

At 48 hr after intravenous injection with 2500 ug rHuK GF, the local irritability response
was greater than that of the placebo-dosed group, but less than that of the 0.425% acetic
acid- dose group. By 14 days after intravenous injection with tHuKGF, the local
irritability response was comparable to that of the placebo-dosed group. At 48 hr and 14
days after intramuscular or subcutancous injection with rHuK GF, the local irritability
response for each of these routes of administration was comparable to that of the placebo-
dosed group.

Study no.: — study # M079-95/Amgen study # T-95-KGF-014
Volume #, and page #:

Conducting laboratory and location: [ 3
Date of study initiation: 12/1/1995
GLP compliance: NO

QA reports: yes{ ) no( )
Drug, lot #, and % purity: palifermin lot # 01195B5C
Placebo lot # 02095B5
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Methods
Doses: 0 or 2500 ug
Animals: New Zealand white rabbits, young adult, 2-4 kg in weight, 3/sex/group

Study design:
The design of this study is illustrate in the table below, supplied by the sponsor:

Dose Levels and Number of Animais:

No. of Animals?

Group Treatment Male Female
1 Placebo 1 1
2 2,500 ug 3 3
3 0.425% & 1.7% 1 1
Acetic Acid (Positive Control)

*Each rabbit is treated IV, SC, and IM.

Results:

All animals survived to scheduled necropsy. All animals gained weight during the study.
Reduced food intake was noted for some animals, both male and female in the palifermin
treated group on SD 3 (35-43% lower, relative to control).

Immediately after intravenous injection, the ™ for placebo and rHuK GF-treated
animals was 0.33 (I/3 had a score of |- slight- for erythema) and 0.40 (400 had a score of
I for erythema), respectively. Edema was not observed in any of these animals, and
erythema was not noted in any of the animals in these two groups at any of the
subsequent timepoints.

Immediately after injection of 0.425% or 1.7% acetic acid intravenously, both rabbits had
moderate erythema (score of 3) at both injection sites (0.425% and 1.7%). The response
to the 0.425% injection thereafter, however, appeared to be more severe than that of the
1.7% injection in both rabbits. Erythema at the 1.7% injection site for both rabbits was
reduced (score of 1) at 0.5 hr after injection until scheduled sacrifice at Day 3 (one rabbit)
or until Day 6 (second rabbit), when the site appeared normal. Erythema at the 0.425%
injection site increased in severity by 4 hr post-injection (score of 4: severe) in one rabbit;
the erythema remained severe through Day 7 and decreased in severity through Day 11,
and appeared normal on Day 12. Erythema at the 0.425% injection site of the second
(female) rabbit decreased in severity by 0.5 hr post-injection (slight) and was well-
defined through sacrifice on Day 3. Edema was not observed at any timepoint in these
two animals. No erythema or edema could be discerned grossly upon visual inspection
and palpation of the subcutaneous and intramuscular injection sites of any of the animals
in any of the treatment groups at any timepoint after injection.
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Histopathologic evaluation was performed on tissues from all injection sites for all
rabbits from all dose groups at each sacrifice time and on the eyelid/conjunctival tissue
from placebo control and tHuK GF-treated animals from each sacrifice time.

No microscopic changes were observed in the eyelid/conjunctival tissue of rabbits
sacrificed 48 hr (Day 3) and 14 days (Day 15) after treatment with rtHuKGF.

At 48 hr after intravenous and intramuscular injection with 2500 ug of rHuK GF,
treatment-related alterations were characterized by minimal to mild hemorrhage, cellular
infiltration of predominantly mononuclear cells, and/or edema ulceration of the skin was
observed in one animal 48 hr after intravascular injection. At 14 days after injection, sites
of injection of 2500 ug rHuK GF into the subcutis, muscle, or vein were comparable to
placebo-injected sites and were essentially normal. The single intramuscular change
present in one rabbit 14 days after injection with tHuKGF was composed predominantly
of heterophils, and may indicate an inadvertent, focal site infection.

At 48 hr post-injection, the tntravenous sites of 3/4 (75%) rabbits receiving rHuK GF had
total local 1rmitability grades greater than the placebo-dosed group, but less than the
irritability response of the intravenous sites injected with the lower (0.425%)
concentration of acetic acid. At 48 hr post-injection, 2/4 (50%) of the muscie sites
receiving rHuK GF had local irritability grades greater than the 0.425% acetic acid-dosed
group, but less than the irritability response of the 1.7% acetic acid-dosed group. At 14
days after injection with rHuKGF, only the intramuscular site of one rabbit had an
irritability response greater than that of the placebo- treated group; however, this
represented a cellular infiltration microscopically and was thought to be indicative of a
minor local infection rather than treatment with rHuKGF. Subcutaneous sites injected
with rHuK GF were comparable to those of the placebo-dosed group at 48 hr and 14 days
after treatment.

2.6.6.8 Special toxicology studies

Study title: An antigenicity study of recombinant human keratinocyte growth factor
using guinea pigs, mice and rats.

Key study findings:

The purpose of this study is to evaluate the antigenicity of palifermin using guinea pigs,
mice and rats. To sensitize the guinea pigs, 100 and 1000 ug/kg of r-HuK GFd23 were
administered intravenously five times weekly, and 1000 ug/kg of r-HuKGFd23 was also
administered subcutaneously with Freund’s complete adjuvant once weekly. To sensitize
the mice, 100 and 1000 ug/kg of r- HUKGFd23 were administered intravenously five
times weekly, and 1000 ug/kg of r- HuKGFd23 was administered intraperitoneally with
3% aluminium hydroxide gel once weekly. KGF Final Placebo was administered
intravenously five times weekly as the excipient control, and ovalbumin with adjuvanit
was administered subcutancously to guinea pigs and intraperitoneally to mice once
weekly as the positive control. The administration period was scheduled for 3 weeks.
However, due to the unexpected death of one guinea pig administered 1000 ug/kg of -
HuKGFd23 intravenously, the administration was terminated after the first administration
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in the third week for all remaining animals in this group. All other groups recerved
administrations as scheduled.

o All actively r-HuK GFd23 sensitized guinea pigs showed positive responses
(grade 3 to 4) in the active systemic anaphylaxis response test after the
intravenous challenge with 5000 ug/animal of r-HuKGFd23.

» All guinea pigs passively sensitized with sera from the actively r-HuKGFd23
sensitized guinea pigs showed positive responses (titer x16 to 264) in the 4-hour
passive cutaneous anaphylaxis response test after the intravenous challenge with
5000 ug/animal of r-HuKGFd23.

e The rats passively sensitized with sera from mice actively sensitized with 100 and
1000 ug/kg of r-HuKGFd23 alone showed negative responses in the 48-hour
passive subcutaneous anaphylaxis response test after the intravenous challenge
with 5000 ug/animal of r-HuKGFd23. Only one rat passively sensitized with sera
from mice sensitized with 1000 ug/kg of r-HuK.GFd23 plus adjuvant showed
weak positive responses (titer x 4).

¢ The animals sensitized with the excipient control showed negative responses in all
tests. The animals sensitized with the positive control, showed positive responses
in all tests.

e The results of this study indicate that palifermin could produce anaphylactic
responses in guinea pigs and mice and weakly in rats.

Study no.: = -39-30/Amgen #960099
Volume #, and page #:

Conducting laboratory and location: f. 3
Date of study initiation: 8/28/1996
GLP compliance: Yes
QA reports: yes(X) no( )
Drug, lot #, and % purity: palifermin lot # 1101226A6B
Placebo lot # 02D07226G6
Methods
Doses:
Animals: Male Hartley guinea pigs,

Male BALB/c mice
Male Sprague/Dawley rats.

Hemolytic potential:

Five study reports are included with this BLA that address the hemolytic potential of
palifermin experimental animals (rat, rhesus monkey, human blood, rat blood).

The study numbers are: 100336, 100483, 100541, 101120

Key study findings:
The results of the assays indicate that under the conditions described in this report, 1-
HuKGF did not induce a hemolytic index greater than 5% using rat and human blood
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substrate. It was concluded that the test articles were negative for inducing hemolysis in
rat and human blood under the conditions of testing.

Therefore, based on the data from these studies, although the undiluted new formulation
palifermin \ ~ mg/ml) and undiluted new formulation palifermin placebo were
hemolytic in rat blood, neither placebo (new formulation palifermin placebo and
palifermin placebo) nor new formulation rHuK GF were hemolytic in human whole blood
at the concentrations tested.

2.6.6.9 Discussion and Conclusions

The results of the toxicology studies showed that, at high doses, palifermin exposure may
result in severe toxicities. Most of the effects can be attributed to exaggerations of the
pharmacological activity of the molecule. In addition, most of the toxicities appear to be
reversible. However, the pathological findings in the kidney, liver and thyroid in rats
treated daily for 28 days with high doses of palifermin did not resolve completely,
suggesting that irreversible damage may occur at high doses and long durations. The
liver, kidney and thyroid findings were not observed in any monkey study. The toxicities
found in monkeys receiving doses of up to 300 ug/kg/day for 28 days (IV or SC)
appeared to be less severe than those observed in the rats at high doses. The findings
observed in the monkeys at the highest doses and longest duration also appeared to be
largely reversible. The treatment duration and desing recommended for human use under
the conditions proposed in this BL A are significantly less than those that produced the
toxicities in animals. Furthermore, the toxicities observed in the animal studies can be
monitored for in humans to avoid unreasonable risk

2.6.6.10 Tables and Figures

2.6.7 TOXICOLOGY TABULATED SUMMARY

Ap
OnS T 1
ofig,'n ol Qy
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Test Article: Recombinant Human Kera:in-o-cyte Growth Factor (rHuKGF)

Location
Species and  Method o Duration GLP
Type of Bukly Steain Administraton o Dosing 00828 {ugkg) Comptiance  Testing Fasrdty Study Mo Vo Page
Single-dose Sprague- Imravenaus Actte 100, 300, 1650, Yes T-05-KGF.0f2
Toxewy Dawley Ras 2000, 10003 30000 (MUO77-55)
Sprague-  Suboulansdus  Acule ¢, 100. 360. 1400, Yes T 95 KGF-032
Dawley Rat B300, 10000, 30000 {M078-95;
Rhasus Infravenous Acutg 10060, 36000 Yes ARCSE
Konkay / — - i)
Repeat-dose Ay Inraventas T Daypsr O 10068 15000, Ne 101623
Tomsty NCI-f Wesk for 25000, 50600
Wouse £ ‘Moaks
Adhwyreec Intravenous  3Davsper . 5000 13069 No 00529
Ot Week for 25002 5000G
Wouse 6 Neeks
Spragpiee Inlfavenxs 7?7 0ays 0,10 Yes 108148
Dawley Rat  guneutansous - 120072}
For Single-Dose and Repeat-Dose Toxicily, the hahest NQAEL 1 undertned
Test Article: Recombinant Human Iiémiinocyte Growih Factor [rHUKGF})
Locaton
Species and Method of Dreston GLP
Type of S:udy Sbrain Aderrpistranon  of Dosing Dosas fughgr Compligres  Testing Facily Siudy No. Vol Page
Repeatl-dose Sprague- Inlravenous 28 Oays 9 30 100 200, Yes - TOEKGF-002
Toxicsly (cont.}  Dewley Rat 000 MO18-953
Sprague.  Submdanecus 28 Days 0. 20, 100, 200, Yas TA5KGF.C01
Bawioy Ral 1000 (W015.95)
Rhesus ArRventus I0ays D50 1300 2000 ves 8703158
Workey SO0 / e 3F 35}
Cynomolgus  inraventus 7 Days 306 300 1000 [ / - 82710
Konkey
Riwesus mdrpvencus 13 Days 0,500, 1900 2000 Yes £70160
Workey 4000 - 33-26)
Rhasus intravencus 23 Days 0.1, 96, 3¢ 00 Yes T-95-KGF-OG3
Morkey 300 TO3%2R
For Single-Licse ana Repest-Tose Toxgily. the highest NOAEL © unceiinad
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Test Ardcle: Recombinant Human Keratinocyte Growth Faclor (rHUKGF)
Location
Species and  Melhodo!  Duration  Doses {ughkg or GLP
Type of Siukty Stram Adminisiration  of Deging urls shown) Compliante  Testng Facidy Siudy No vel.  Page
Repeat-iose  Cynomoigus  Subcutaneou 7 Days 20. 200 1900 2] B 33-26-10
Toxcily foenly  Monkey 3
Riesus Subculanecu  ZEDays 0.1, 1030 100, Yes | e 3926
Monkey s 300
Gemtovcity Sahrenalla Plate 160, 3331000 ‘Yas THEKGF-L0
typhercurier  InCHOfECrElion 3333, 3000 {GO56S1 1. 502001
Egcnerncha ufifptate ¥
cohi
Sahimenatia Plate 50. 100, 250, 500, Yes 050041
typhérmurn  incomeration 000, 2500, 5060 (17688.0.422R]
Eschericrva pgiplate
cch
Chiress Meda 100, 200 200, Yes 1-95-KGF-0C8
Hanpelar incrpotation 00 50O pegind, B9S85 11.782001
Ovary Cetls )
For Smgie-Dose and Bepeat-Oose Toxcdy, the feghast MOAEL 15 wicenined
Test Article: Recombinant Human Keratinocyte Growth Factor {rHUKGF)
Location
Species and  Method of Curation  Doses {ugfy or GLP
Type of Sludy Sitem Admimstation  of Dosnrg wiits showni  Compliance  Tesling Facsity Stucly Ho. Vi Page
Genotoxaty Churess Madia B3, 125,252 500 Yes . TO5-KGF-007
itont} Hamster  Incorporation =gl 4 {GOSES 11.336)
Creary Colis
ICR Mowse  raperiloneal  Srgle 25000, 50600, Yes T-86-KGF-006
Oase’ 100060 (G958811.122)
Repioucive and  Sorsgue- “HAveRGUS b &0, 306 {0t Ye§ / T L66.KGF 015
Develsomental Saviey Sat (19016012
Toxigity ,"
!
Spragus-  Yravencus 14 0ays .15 50130, Ho : GT0055
Tawey Ral 166518} 560 WR-120057)
Sorzque ravenous HEBays 0. 50 100 00 No 870133
Cavcey Rat {GH-G18) 100 120070}
Spragua SRIAVENCUS 12 Cays ¢ 100, 300, 1000 Yes 970132
Dawiey Rat 186-G17} W1 20065}

:Sa:nohrxg tines al 74 46 or 72 nours afier dosng

” Blales were dosag {1 28 days pror and through cohabilakdn females were dosed for 15 days pror 13 cohabitahion theough gestatian day 7.

G — gestalior tay
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Jest Article: Recombinant Human Keratinotyle Growth Factor ((HuRGF}

Lecaton
Sonecies anv? sdefhod of Duwraticn  Doses {ugkg or aLp
Type of Sludy Slran Admnsiralion  of Dosng  wnits showny  Compliance Tesbng Feoilily Study Mo Wob  Page
Reproduttve aryd Ko R AverGus 12 Days 0,15 50150 Mo 970021
Developmental Zgatard {G6-G18} oC } Wh-120063)
Toxicty icent d Whele Fabbd Fi
Hew eYtavercus 13 Days C. 5, 88, 150 Yes 728
Zeatang +35-G18) {528-048)
Whie Ratiet
Local Tolerarce Merw inrayencus, t Cay e o) Yes TH5KGF-014
Zaatand  Subodaneous. . (#4079-85)
YWhate fabb U owramuseular ‘
Cirer Toxioty Herl 2y Inravenous 21 Days 100, 1000 Yes DEO0RD
Studes . Gunea Mgs,  Subtutanecus, W 23 30
Aotigeracty Mice, Rats  indrapefilonas o
Other Toxiairy Sprage- la vite 4 Hours 3.1 510 Yeg 100336
Studes - Other Dawley Rat. oy 3 (GREAWTO 100
Rhasus
Monzey,
Huridn
Sprag.e- In aatro 4 Hours JUOT. 15000 Mo 100433
Dasley Rat RafmL / (AA12MB 106G,
)
O - gesiahon cay
Test Article: Recombinamt Human Keratinocyte Growth Factar {rHuKGF)
Locaton
Spenes and  Mathod ot Duration  Dotes {uQRs or GLP
LT vhe of Study Strant Admeastrans of Dosing uNILs sho Compkance  Tasiow Faclly Study No. Yo  Page
Other Toxtily Sprague. I vl 4 Hows  80x. 300x dhutiors 5] 100541
Sldés - Dmer  Dawiey Ral ( {AA14YM_ 10D,
‘corteued) Hugran -
Sprame Irs vitror 25 2 5100 wghml Yes 101120
Tiawrey Ral Kenles FI2EXAZ1.002}
Fumran
Huran - I vitrd 5Cays 010100 1030, N Amgen. e . 162101
Tuhar 24 AZubsbon 16000 120000 Treasand Qaks.
Lines el CA. 154
Hyman - It vitro 5 days 0,10, 109 1610, Yas 100928
Taerw Cadl nCubakon 10000, 100000 {ADB8.1)
Lines ngfel
Human « I o - Mo Amgen. Inc, 00188
Tuner Cail - neubaton Thousand Oaks
Litrzs CA USA
Athy e Imirgvencys 5 Waeks 0 150, 500 1500, Ne 100530 AMG-4
Nuga ¥ice 403 {
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Test Ardicle: Recombinant Human kéraﬁnocyle Growth Factor [rHuKGE)

Locaton
Soeciesanc Methodof  Ourabon GLP
Typa of Sty Strain Sdrémsiraton of Dasag Doses (pgkgt Comphance  Tesling Fazeity Study No. Vol  Page
CArer Toxecity Aty Inrasarous 8 Weeks O 150, 500, 15300 Ko 100930 AMG-5
Studies . Other  Nude Mice AC0S
iContnead;
Athyee ravencus 5 Weeks G 750500, 15¢0 Ke 100630 AMG 6
Muce Mics 4002
Alitynec dntEeencus 8 Weeks 4150, 500, 1503, o 00 AMG.7
heace Mica 40060
Aty travenous 5 Yveeks O 150 590 1500, o 100630 AMG.2
Feade e 4000
Athyrrec ntravencus B Weeks O 150 500, 15C0. hio 10092C AMG-
HNuce Mics . 4000 10
Athyrre Infremencus 3 YWesks 150 539, 1500, Ke Amgen e RZ002053
Hude Mice 4003 Thousand (aks.
CAUSA

OVERALL CONCLUSIONS AND RECOMMENDATIONS

Conclusions:

The results of the toxicology studies showed that, at high doses, palifermin exposure may
result in severe toxicities. Most of the effects can be attributed to exaggerations of the
pharmacological activity of the molecule. In addition, most of the toxicities appear to be
reversible. However, the pathological findings in the kidney, liver and thyroid in rats
treated daily for 28 days with high doses of palifermin did not resolve completely,
suggesting that irreversible damage may occur at high doses and long durations. The
liver, kidney and thyroid findings were not observed in any monkey study. The toxicities
found in monkeys receiving doses of up to 300 ug/kg/day for 28 days (IV or SC)
appeared to be less severe than those observed in the rats at high doses. The findings
observed in the monkeys at the highest doses and longest duration also appeared to be
largely reversible. The treatment duration and dosing recommended for human use under
the conditions proposed in this BLA are significantly less than those that produced the
toxicities in animals. Furthermore, the toxicities observed in the animal studies can be
monitored for in humans to avoid unreasonable risk

Unresolved toxicology issues (if any):
Palifermin may have a tumor promoting effect on non-hemotological malignancies.
Further non-clinical studies to assess this risk are recommended and have been addressed

in a post-marketing commitment.

Suggested labeling:
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CARCINOGENESIS, MUTAGENESIS, IMPAIRMENT OF FERTILITY

Carcinogenicity: The carcinogenic potential of palifermin has not been evaluated in
long-term animal studies.

Mutagenicity: No clastogenic or mutagenic effects of palifermin were obse:ved in the
Ames or human chromosomal aberration assays; however, suchstudies are generally not
informative for biological products.

Impairment of Fertility: When palifermin was administered intravenously daily to
male and female rats prior to and during mating, reproductive performance, fertility, and
sperm assessment parameters were not affected at doses up to 100 meg/kg/day. Systemic
toxicity (clinical signs of toxicity and/or body weight effects), decreased epididymal
sperm counts, and increased post-implantation loss were observed at doses = 300
mcg/kg/day (5-fold higher than the recommended human dose). Increased pre-
implantation loss and a decreased fertility index were observed at a palifermin dose of
1,000 meg/kg/day.

PREGNANCY CATEGORY C

[TRADE NAME™] has been shown to be embryotoxic in rabbits and rats when given in
doses that are 2.5 and 8 times the human dose, respectively.

Increased post-implantation loss and decreased fetal body weights were observed when
palifermin was administered to pregnant rabbits from days 6 to 18 of gestation at IV
doses = 150 mcg/kg/day (2.5-fold higher than the recommended human dose). However,
treatment with these doses was also associated with maternal toxicity (clinical signs and
reductions in body weight gain/food consumption). No evidence of developmental
toxicity was observed in rabbits at doses up to 60 mcg/kg/day.

Increased post-implantation loss, decreased fetal body weight, and/or increased skeletal
variations were observed when palifermin was administered to pregnant rats from days 6
to 17 or 19 of gestation at IV doses > 500 mcg/kg/day (> 8-fold higher than the
recommended human dose). Treatment with these doses was also frequently associated
with maternal toxicity (clinical signs and body weight effects). No evidence of
developmental toxicity was observed in rats at doses up to 300 mcg/kg/day.

There are no adequate and weil-controlled studies in pregnant women. {TRADE
NAME™] should be used during pregnancy only if the potential benefit to the mother
justifies the potential risk to the fetus.

Signatures (optional):
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II.

EXECUTIVE SUMMARY

Recommendations

A. Recommendation on approvability
Palifermin 1s recommended for approval.

B. Recommendation for nonclinical studies
No additional nonclinical studies are needed at this time.

C. Recommendations on labeling
No recommendations at this time.

Summary of nonclinical findings
A. Brief overview of nonclinical findings

Pharmacodynamic studies were conducted in mice and rats. These studies
demonstrated that palifermin promoted epithelial cell regeneration in the salivary
gland, tongue, esophagus and gastrointestinal tract when given before and/or after
cytotoxic therapy. The enhancement of epithelial cell proliferation was shown by
increased BrdU incorporation into cells, Ki67 immunostaining and increased
target tissue(s) thickness.

The pharmacokinetics of palifermin in mice, rats, wethers and monkeys were
linear and dose dependent. Terminal half-life in all these species was 1-3 hours.
There was no accumulation of product (i.e., no increase in systemic exposure)
with multiple dosing up to 7 days. The serum profile of palifermin in the monkey
was different from the rodent; there was a plateau or “hump” effect 1-4 hours
after intravenously (IV) dosing in the monkey. This effect was attributed to
redistribution subsequent to rapid intravascular absorption. (The plateau effect is
also seen in humans.) When given IV, volume of distribution was 50-100 ml/kg
in rats, 1000-5000 ml/kg in monkeys and 2300-4000 ml/kg in wethers suggesting
extensive extravascular exposure in larger species. Clearance averaged 50-165
ml/hr/kg, 450-1770 ml/hr/kg, and 800-1000 ml/hr/kg in the rat, monkey, and
wether, respectively, with IV administration.

Absorption, distribution, metabolism and excretion studies demonstrated that
palifermin was primarily metabolized and excreted by the kidney. A rat model
showed minimal first-pass extraction of the product by the liver. In wethers, 45%
of palifermin was absorbed by the lymphatic system after subcutaneously (SC)
administration. Twenty-four hours after a radioactive IV injection of palifermin
there was no significant accumulation in rodent tissues. Tissues with highest
uptake of radioactive product over 24 hours were adrenal glands, intestine,
kidneys, liver, ovaries, spleen, stomach, and trachea.
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B. Pharmacologic activity

The product, palifermin, stimulates the growth of epithelial cells by binding to the
keratinocyte growth factor (KGF) receptor. This receptor is found in a wide
variety of tissues. KGF is a member of the fibroblast growth factor (FGF) family
(specificaily, FGF-7). Endogenous KGF is synthesized and released by
fibroblasts and other mesenchymal cells. Endogenous KGF promotes epithelial
cell healing subsequent to injury.

C. Nonclinical safety issues relevant to clinical use

It is not known if the product will enhance the growth of existing tumors, promote
the growth of new tumors or protect tumors against cytotoxic therapies.

2.6 PHARMACOLOGY/TOXICOLOGY REVIEW

2.6.1 INTRODUCTION AND DRUG HISTORY

NDA number: 125103/0

Sequence number/date/type of submission: STN BLA #125103/0, May 14, 2004
Information to sponsor: Yes ( ) No (X)

Sponsor and/or agent: Amgen, Inc.

Manufacturer for drug substance: Amgen, Inc.

Reviewer name: Anita M. O’Connor, Ph.D.

Division name: Division of Therapeutic Biological Internal Medicine Products
HFD #: 108

Review completion date: November 1, 2004

Drug:
Trade name: Kepivance®
Generic name: palifermin
Code name: rHuKGF
Chemical name: keratinocyte growth factor
CAS registry number: 162394-19-6
Molecular formula/molecular weight: 16277.8 daltons (theoretical based on the
140 amino acid composition); structure is similar to other fibroblast growth
factors (FGF) L Yidentical to endogenous
keratinocyte growth factor (KGF) except for the first 23 N-terminal amino acids
that are deleted in rHuK.GF
Structure: (as supplied by sponsor)
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Figure 1. Amino Acid Sequence of Palifermin

[

\—

Relevant INDs/NDAs/DMFs: IND
Drug elass: Growth Factor
Intended clinical population: Mucositis in hematologic oncology patients

Clinical formulation: The product is a sterile lyophilized — : containing 6.25 mg of

palifermin per 5 mL single use vial. Other ingredients are mannitol (50 mg/vial), sucrose

(25 mg/vial), L-histidine (1.94 mg/vial), polysorbate 20 (.13 mg/vial) -
- 1

Route of administration: Intravenous: 60 pg/kg administered as an intravenous bolus
injection for 3 consecutive days prior to the initiation of high dose cytotoxic conditioning
therapy, and 3 consecutive days immediately following peripheral blood stem cell
(PBSC) infusion for a total of 6 doses.

Disclaimer: Tabular and graphical information are constructed by the reviewer unless
cited otherwise.
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Data reliance : Except as specifically 1dentified below, all data and information
discussed below and necessary for approval of BLA 125103 are owned by Amgen or are
data for which Amgen has obtained a written right of reference. Any information or data
necessary for approval of BLA 125103 that Amgen does not own or have a written right
to reference constitutes one of the following: (1) published literature, or (2) a prior FDA
finding of safety or effectiveness for a listed drug, as described in the drug’s approved
labeling. Any data or information described or referenced below from a previously
approved application that Amgen does not own (or from FDA reviews or summaries of a
previously approved application) is for descriptive purposes only and is not relied upon
for approval of BLA 125103.

Studies reviewed within this submission:
Pharmacodynamics, pharmacology, pharmacokinetics, drug interactions

Studies not reviewed within this submission:
All studies in the toxicology section of the BLA

2.6.2 PHARMACOLOGY

2.6.2.1 Brief summary

Pharmacodynamic studies were conducted mainly in mice and rats. These studies
demonstrated that palifermin promoted epithelial cell regeneration in the salivary gland,
tongue, esophagus and gastrointestinal tract when given before and/or after cytotoxic
therapy. The enhancement of epithelial cell proliferation was shown by increased BrdU
incorporation into cells, Ki67 immunostaining and increased target tissue(s) thickness.

2.6.2.2 Primary pharmacodynamics
Mechanism of action:

Keratinocyte growth factor is a member of the FGF family. Its receptor is expressed
ubiquitously. Endogenous KGF is believed to promote epithelial cell proliferation.

Drug activity related to proposed indication;

The proposed indication is .

‘ i
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Study No. Study Title Route & Dose Model | Results
R2Z003131 Effect of 3 Days of SC SCA0.0.1,03,100r3.0 Rat Linear dose-related treatment
rHuKGF Administration | mg/kg of tHuKGF for 3 effect on salivary gland weight
on Salivary Gland consecutive days and proliferation of acinar cells
Weight and BrdU of the salivary gland
Incorporation in Normal
Male Rats
R2003146 Effect of the SC SC/3.0 mg/kg tHUKGF Rat Treatment with 3.0 mg/kg
Administration of 1} Control {no radiation, no completely reversed the
rHuKGF in Protecting tHuKGF); radiation injury to the salivary
the Rat Parotid Salivary | 2} 25 GY X-ray no gland; giving the drug post
Gland From the Acute rHuKGF; radiation or pre and post
Effects of Radiation 3} 25 GY X-ray rHuKGF radiation exposure {groups 4, 5)
Induced Injury days -3 to -1I; increased sahvary gland
4325 GY X-ray rHuKGF restoration of function to a
days | to 2; greater extent than when the
5) 25 GY with rHuKGF drug was given before radiation
days —3 to -1 and
days [ to2
R2003159 The effect of the SC 8C/3.0 mg/kg rtHUKGF Rat Groups 3 and 6 were similar to
administration of 3 1) Normat rat without controls for the following
mg/kg of rHuKGF administration; variables: salivary gland flow
rHuKGF in protecting 2} 15 GY X-ray no rate, salivary amylase, and
the rat parotid and rHuKGF; salivary protein. It is not clear
submandibular 3) 15 GY X-ray rHuKGF why group 4 did not respond to
salivary glands from the | days -3 to -1; treatment. Giving the drug 26
| chronic effects of 4} 15 GY X-ray rHuUKGF weeks post radiation had no
: radiation days 1 and 2; beneficial effect (group 5)
induced injury 5} 15 GY with rtHuKGF 26
weeks post irradiation
6) 15 GY x-ray, pre and
post rtHuKGF treatment
on days —3 to -1 and
days 1 and 2;
7) Sentinel group, without
rHuK GF, animals were
harvested at 1, 2, 3, 4,
5, and 6 months
R2003308 Effects of rHuKGF on Route not clear from Mouse KGF pretreated mice had
the Epithelium of the report/5.0 mg/kg of rtHuKGF significantly greater epidermal
Gastrointestinal Tract of | Mice received BEAM _thickness of the tongue and
Mice Treated With Low | therapy (BCNU, etoposide, jejunum mucosal thickness than
Dose BEAM cytosine arabinoside and vehicle treated mice; weight
Combination melphalan) for 6 days and loss was less in KGF treated
Chemotherapy in Mice pretreated with vehicle or 5.0 mice
mg/kg of rtHUKGF for 3 days
R2003309 An Exploratory Study of | Route not clear from Mouse The medivm and high dose
the Effects of rHuKGF report/5.0 mg/ke of rHUKGF BEAM treated mice did not
on the BEAM Mice given a combination survive past day 7. Treating
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Study No. Study Title Route & Dose Model | Results
Combination of BCNU, etoposide, cytosine mice pre BEAM and pre & post
Chemotherapy in Mice arabinoside and melphalan BEAM increased body weight
(BEAM) at 3 different levels significantly compared to
(high, medium, low) for 6 controls. Mortality was 66% in
days and 5.0 mg/kg rHuKGF the low dose BEAM group and
either pre treatment {days -2, 20% or less in alt of the
-1,0), onday 7, 8 and 9 or rHuKGF treated groups (P<.01)
days-2,-1,0,7,8and 9
R2003233 The Effect of tHUKGF SC/5.0.1,0.5, or 0.1 me/ke Mouse Treatment with 5.0 mg/kg but
Dosed at 5 mg/kg, | rHuKGF given after a single not any of the lower doses
mg/kg, 0.5 mg/kg, or 0.1 | dose of 12 GY, 2 hours after significantly increased the
mg/kg on Epithelium in | irradiation and continued epithelial thickness of the
the Oral Mucosa in datly for 3 days tongue, buccal mucosa, upper
BDF1 Mice Givena palate, and esophageatl tissues.
Single Dose of 12 GY
Radiation
R2003234 The Effect of 5 mg/kg SC/5.0 mg/kg tHUKGF or Mouse Greatest increase in epithelial
tHuKGF forup to 4 saline for 2, 3, 4, or 5 daily thickness was seen in the
Days Treatment in the doses before 12 GY of total tongue and upper palate after 3
Epithelium of the Oral body rradiation days of KGF treatment. For
Mucosa in BDF1 Mice epithelial thickness of the
Given a Single Dose of buccal cavity the most
12 GY Total beneficial treatment was 1 day
Body Irradiation of KGF treatment (i.e., data
were not in agreement). For
esophageal tissue, epithelial
thickness was significantly
increased at all dosing time
points
R2003235 Effect of rtHuK GF SC/5.0 mg/kg rtHuKGF Mouse Tongue and esophageal
Mucosa in Mice Given 4 | Mice were divided into 12 epithelial thickness increased
GY Radiation Over 4 treatment groups of 5 mice with rHuK GF freatment in a
Days per group and given 4 days of time related trend over the four
4 GY radiation followed by days of treatment (p<.0001);
either 2, 3,4, or 5 buccal mucosa epithelial
doses of tHUKGF at 5.0 thickness increased compared
mg/kg. Two hours prior to to controls by day 2 (p<.0001)
harvest, mice were given and reached a plateau at day 2;
their last dose of either upper palate epithelial thickness
rHuKGF cr increased compared to controls
saline control. Mice were in a time related trend through
harvested 5 hours post last day 3 at which point it reached
dose of KGF. a plateau (p<.0001). Cellular
| proliferation also increased
‘ with treatment through day 2
and then decreased to control
levels on day 3 and 4 (p<.0001)
R2003285 Effect of rtHuKGF Pre SC/5.0 mp/kg rtHUKGF on Mouse Only dosing with rtHuKGF
and Post 5 FU days -2, -1, 0, or days 5, 6, 7. prior to chemotherapy enabled
Chemotherapy On days 0, 1, 2, 3 the animals mice to minimize weight loss
Treatment in a Mouse were injected [P with 50 after 5-FU administration.
Model of Intestinal mg/kg 5-FU. The control Water and food consumption
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Study No. Study Title Route & Daose Model | Results
Mucositis group received 5-FU only were higher in the pre dosed

plus SC saline injections on group also (p<.001), Survival

days -2, -1, 0. was significantly higher in this
group as opposed to the group
dosed with THuK GF after
chemotherapy that survived
only marginally better than
controls. When crypt and villus
meastres of duodenum tissue
were evaluated after H&E
staining, both crypt and villus
measures were significantly
increased by rHuK GF treatment
after 2-3 days of treatment
{p<.001).

R20063289 Early Scheduling of SC/5 mg/kg tHUKGF Mouse Body weights were
rHuKGF Pretreatment in | Mice were injected with significantly increased
a Mouse 5 FU Mucositis | rHuKGF 5 mg/kg days for compared with controls with all
Model three consecutive days rHuK GF treatments; more

starting at either day -6, -5, -4 improvement was seen with the
or -2. Additional groups were multiple SC dosing schedule
given 15 or 30 mg/kg compared to a single equivalent
rHuKGF, 30 mg/kg IV dose. Also, the schedule of
pegylated rHUKGF or 30 SC dosing with multiple doses
mg/kg pegylated BDNF [V of rHuKGF prior to 5-FU

as a negative pegylated therapy significantly improved
protein control on day -2, A survival compared to controls
control group was given and a single equivalent IV dose
saline SC days -2, -1, 0. The of rHuKGF.

animals were injected TP with

60 mg/kg 5-FU on days 1, 2,

3,4.

R2003238 Effect of rtHUKGF, SC/5.0 mg/ke riHuKGF Mouse RHuKGF significantly
Cisplatin, and 5 FU on BIDF1 mice were pre-dosed increased epithelial thickness of
Epithelium of the Oral with rHuUKGF on days -2 to 1 the tongue compared to
Mucosa in BDFI Mice for three days prior to controls (p<.0001). Cellular
Given 3 GY Radiation chemotherapy and radiation. proliferation as measured by

On day 1, the mice were Ki67 immunostaining was
given Cisplatin (10 mg/kg [P) increased on day 1 (p<.0001)
followed by administration of and on day 6 as measured by
5-FU (40 mg/kg TP) one hour BrdU incorporation {p<.0001).
tater. Two hours after Esophagus thickness was
Cisplatin injection, mice increased on days | and 6

were exposed to 5 GY {(p<.0001); cellular proliferation
gamma irradiation to the as measured by Ki67 and BrdU
head and neck. On days 2 was correspondingly increased
through 4, mice were given on days I and 6 compared to
3-FU (40 mg/kg) and controls (p<.0001). There was
irradiated with 5 GY one an increase in the weights of
hour later. On day 5, mice liver and intestine in rHuK GF
were exposed to 5 GY treated mice (p<.05). Glucose,
gamma frradiation and cholesterol, triglycerides, blood
treated with tHuKGF 5 hours urea nitrogen, alkaline
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Study Title

Route & Dose

Result '

later.

phosphatase, and amylase were
measured in mice sacrificed on
day | {prior to chemotherapy
and radiation), day 6 and 8.
Amylase and triglycerides were
significantly increased in
rHuKGF treated mice on day 1
compared to controls. Alkaline
phosphatase was significantly
decreased on day ! compared to
controls (p<.03)

R2003239 Effect of rHuKGF, SC/5.0 mg/kg rHUKGF Mouse RHuKGF increased epithelial
Cisplatin, and 5 FU on Female BDF1 mice were thickness {p<.0001) in both
Epithelium of the Oral divided into six groups. veniral and dorsal tongue with
Mucosa in BDF1 Mice Groups were pre-dosed with both treatment schedules.
Given 5 GY Radiation rHuK GF or saline for three Cellular proliferation was

days prior to chemotherapy increased with both treatment
and radiation on days -2 to 0 schedules as measured by the
or days -4 to -2. On day 1, Ki67 immunostaining

the mice were given Cisplatin technique. Liver and salivary
(10 mg/kg IP) followed by gland weight were significantly
administration of 5-FU (40 increased with the -2 1o 0 day
mg/kg) one hour later. Two treatment group relative to
hours after Cisplatin conirols and the —4 to -2
injection, mice were exposed treatment group (p<.0001). All
to 5 GY locoregional gamia rHuKGF treated groups had a
irradiation to the head and greater rate of body weight
neck. On days 1 through 4, recovery after chemotherapy
mice were given 5-FU (40 compared to controls. Overall
mg/kg IP) and irradiated with survival was improved with

3 GY one hour later. On day both treated groups compared
53, mice in groups 3 and 6 to saline controls, however, the
were similarly exposed to 5 -2 to 0 day group had ~20-30%
GY gamma irradiation and greater survival compared to
treated with THuK.GF 5 hours the —4 to -2 day treated group.
later. Mice in groups 1

through 3 were evaluated for

survival. Mice in groups 4

through 6 were sacrificed on

day 8.

R2003236 Effect of rtHuKGF in SC/5.0 me/kg rHuUKGF Mouse Epithelial thickness of the
Normal and Irradiated BDF! mice were divided into tongue was increased over
BDFI Mice 7 dose groups of 5 mice per controls (p<.05) with 2-4 days

group. Group 1 received 5
mg/kg rHuKGF on day -2 to
4 and no radiation. Group 2
received no rHuKGF
treatment or radiation. Group
3 received 12 GY with 5
mg/kg of rTHuKGF given as a
pre and post treatment on
days -2 to 4. Group 4
received 12 GY treated with

of product administration
(groups 3, 5, 7). Epithelial
thickness of the palate and
esophagus was increased in
groups 3 and 7 (p<.05,
p<.0001, respectively). Buccal
mucosa was not affected by
treatment with palifermin.
Epithelial thickness of the
upper aerodigestive tract

10
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Study

Study Title

Route & Dose

Maodel

Results

0.9% NaClon day-2 to 4.
Group 5 received 12 GY
with 5 mg/kg rHuKGF given
on pre treatment days -2 to 0.
Group 6 received 12 GY
with 5 mg/kg tHuKGF given
on day -1 only. Group 7 was
given 12 GY and given 5
mg/kg of tHuK GF post
treatment on days 0 to 4. X-
ray treatment was given on
day 0.

{tongue, buccal cavity, palate,
esophagus) were increased by
(pooled) KGF treatment
(p<.0001). The product caused
BrdU labeled cells to increase
in group 7 (p<.0001). KGF
improved small intestinal crypt
survival in mice given 12 GY
in ali treated groups compared
to controls (p<.0001)

Aerodigestive Tract and
Small Intestine in BDF1
Mice

treatment groups of 5 mice
per group and treated with
9% NaCl SC for 3, 5 or 6
days or rTHuKGF 5 mg/kg
from 1 to & days. A group of
normal mice were also
included. Tongue, esophagus,
and small intestine were
collected and examined for
epithelial thickness, Ki67

R2003273 Effect of tHuKGF on the | SC/5.0 mg/ke tHUKGF Mouse Epithelial thickness of the
Oral Cavity and Small BDF1 mice were divided into tongue and oral cavity
Intestine in Normal and | 7 dose groups of 5 mice per increased with rHuKGF
Irradiated BDFI Mice group. Group 1 received no treatment (p<.0001) compared

rHuKGF treatment or to controls. Only two days of
radiation. Group 2 received treatment increased epithelial
irradiation only. Group 3 thickness of the tongue only
received wradiation and {p<.0001). Esophageal
rHuKGF given as a pre and thickness was increased with [-
post treatment on days -2 to 4 days of treatment (p<.0001).
4. Group 4 received BrdU labeled epithelial celis of
irradiation and rHuKGF on the esophagus were increased
day -1. Group 35 received with 4 days of treatment
irradiation and rHuKGF (p<.0001). Small intestinal
given on days -2 to 0. Group crypt survival was improved in
6 received irradiation and all treated groups (p<.0001})
rHuKGF given on day 0. compared to controls.

Group 7 was given

irradiation and rHuKGF post

treatment on days 0 to 4.

Total body irradiation (12

GY X-ray treatment) was

administered on day 0. On

day 4, two hours prior to

harvest, mice were given

their last injection of either

rHuKGF or (.9% NaCl.

R2003274 Effect of rHuKGF on SC/5.0 mg/keg tHUKGF Mouse The dorsal thickness of the
Epithelium of the Upper | mice were divided into 10 tongue tripled in a time-

dependent trend with 6 days of
product treatment (p<.0001).
The thickness of the ventral
tongue surface doubled and
reached a plateau at 3 days
{p<.0001). Proliferation of the
tongue doubled and plateaued
within 3 days of treatment
(p<.05). The thickness of the
esophagus increased 30%

11
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Study No.

Study Title

Route & Dose

Model

TR

Results

immunostaining area, and
BrdU labeling.

within 3 days and reached a
plateau (p<..0001). Total
intestinal weight increased 30%
within 3 days, mainly due to the
increase in duodenum and
Jejunum weight (to a lesser
extent), (p<.0001)

R2003303

Effect of rHuKGF on
Mouse Tongue
Ulceration Following
Chemotherapy and
Radiation

SC/5.0 mg/kg rHuKGF
Chemotherapy

was comprised of daily
injections of cDDP {1 mg/kg
per injection) and 5-FU (30
mg/kg/ per injection) on days
0-3 or days 7-10. The

drugs were administered 30
minutes prior to irradiation.
The mice were given
fractionated irradiation
locally to the

snout as 5 daily fractions of 3
Gy on days 0-4 and 7-11.
Recombinant HuKGF was
given as 5 mg/kg SC daily
doses before, during, or after
radiotherapy. Graded test
doses of radiation were given
to an area of the ventral
tongue on day 14. The graded
test doses were used to
calculate the EDS0 which is
the dose of radiation
required to induce a mucosal
ulceration in 50% of the
mice. The EDS0 was used as
the endpoint representing
radiation tolerance in
mucosal tissue.

Mouse

A statistically significant
(p<.003) reduction in the
ulceration of mouse tongue
exposed to radiation and
chemotherapy occurred when
the product was given:

1} days-2,+4,+11

2) days +4, +11

3) days+d4, +it, +18

4) days -2, +4,+11,+18

There was no statistically
signiftcant (p<.17) effect of the
product on tongue ulceration
when it was given only on days
2, +4.

2.6.2.3 Secondary pharmacodynamics

R2003171

Effects of Pre-
Treatment With a
Singte High IV
Dose of tHUKGF
on CPT-11 Induced

IV/30 mg/ke tHuK GF

Two separate experiments
were performed. The first
had 13 rats per arm while the
second had 15 rats per arm.

The product had no effect on survival or
body weight but it improved mean diarrhea
score and incidence in rats that did survive
the chemotherapy (p<.06, p<.0001,
respectively).

12
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Diarrhea in Rat

One group was given a 30.0
mg/kg dose of rHuKGF IV 3
days prior to chemotherapy
with 300 mg/kg CPT-11. The
second group was given
CPT-11 alone. Rats were
followed for 15 days post-

chemotherapy.
R2003227 | Effects of SC/5.0 mg/kg rHUKGF Mouse | rHuKGF improved body weight loss
Pretreatment With | Mice recetved CPT-11 at recovery after chemotherapy; there was no
a Subcutaneous either 200 mg/kg or 250 consistent effect on improvement of
Dose of rHuKGF mg/kg IP for 4 days starting survival rate in the rHuKGF treated
From CPT-11 on day 0. Recombinant animals
Induced Weight HuKGF was given as a SC
Loss and Mortality | pre-treatment on days -2, -1
in Mice and day 0 or as an early pre-
treatment on days -4, -3, -2
prior to chemotherapy.
R2003228 Effects of SC/30.0 mg/kg rHUKGF Rat Survival rate was improved ~40% in rats
Pretreatment With | Rats were divided into three given rHUKGF prior to chemotherapy
a Single High groups. Group 1 was given {p<.01); body weight loss and diarthea
Subcutaneous Dose | saline IP on day 0. Group 2 were also improved in rHuKGF treated
of rHuKGF on received 325 mg/kg CPT-11 rats; peak time of diarrhea effects were
CPT-11 Induced IP on day 0. The third group postponed and scores were lower due to
Diarrhea in Rat received 30 mg/kg rHUKGF test article
SC on day -1 prior to CPT-11
IP on day 0.
R2003231 Effect of SC/5.0 mg/kg rHUKGF Mouse | No protective effects of pre treatment with
Pretreatrnent of Female BDF1 mice were or without rIMuGCSF on radiation injury.
KGF on Life divided into four
Expectancy of groups. Groups were pre-
Mice Irradiated dosed with rHuK GF or saline
With 12 Gy for three days (-3 to -1) prior
Irradiation to radiation. On day I, mice
were exposed to {2 Gy total
body irradiation and two
groups subsequently post
treated with rHHuK GF and
rMuGCSF on days 2 through
6.
R2003232 Effect of Crypt SC/5.0 me/ke rHuKGF Mouse | Mice treated with rHuKGF had a

Survival in Mice
Irradiated With 12
Gy and Given
Autologous BMT

Female BDF! mice were
divided into two

groups. Groups were pre-
dosed with rtHuK GF or saline
for 3 days prior to total body
radiation. On day 1, the mice

significant increase in the number of BrdU
labeled crypts (p<.0001) in the duodenum,
jejunum, and ileumn. Total small intestine
wet weight was also increased in the

THuK GF group compared to controls
(p<.0003)

13
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were given an autologous
BMT. Mice were sacrificed
on day 4. The effects of
rHuKGF on crypt survival, as
measured by counts of BrdU-
labeled crypts, and intestinal
weight were examined.

R2003237 | Effects of KGF on | SC/5.0 mg/kg tHuKGF Mouse | Mice treated with rHuKGF had less weight
Survival Using 3 Female BDF1 mice were loss than control groups. The only
Doses of divided into six groups. difference in the survival curves for the 3
Irradiation Groups were pre-dosed with treated groups was for the group that

rHuKGF or saline for three received 13 GY, in this group survival
days (-2 to 0) prior to increased relative to controls by 14.7 vs.
radiation. On day 1, mice 10.6 days (p<.0125).

were exposed with 11 GY, 12

GY, or 13 GY radiation. On

day 2, mice were given a

BMT. Mice were evaluated

for changes in body weight

and survival.

R2003305 Effect of rHUKGF | SC/5.0 g/kg/day rHUKGF Mouse | Pre treatment with tHuKGF improved
on Weight and Animals were retreated with survival 60% in both
Survival in Mice rHuKGF on day -3, -2,-1. methotrexate/radiation groups; weight loss
Treated With a On day 0, mice were given a was also improved in both groups given
Combination of single IV dose of 150 or 300 rHuK GF
Methotrexate and mg/kg methotrexate. One
Radiation hour later mice were

irradiated with 6 Gy total
body irradiation. Mice were
weighed daily for 12 days.

R2003306 | Effect of rtHuKGF | SC/5.0 mg/kg/day rHuKGF Mouse | Treatment with rHluKGF reduced the
on Weight in Mice | Animals were pretreated with severity of weight loss due to
Following tHuKGF on day -3, -2, -1. chemotherapy
Cyclophosphamide | On day 0, mice were
Treatment irradiated with a single dose
Combined With of 5 Gy and injected with a
Cisplatin or single dose
Irradiation of 200 or 400 mg/ke

cyclophosphamide (CP). CP
was given immediately after
irradiation. Mice were
weighed daily until day 10
and then again at day 13.

R2003148 | Effects of rHuKGF | 8C/5.0 mg/kp rHUKGF Mouse | To summarize all 8 studies in this report,
Treatment on the Animals were randomized rHuKGF improved survival in 4/8 studies;
Survival of Mice into groups of 10 or 15 there was no clear beneficial effect of
Irradiated With 12 | mice/group. The rHuKGF rHuGCSF or tHuKGF.

14
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GY Followed by
Transplantation
With Bone Marrow
or Peripheral Blood
Progenitor Cells

(5.0 mg/kg/day) or rtHuGCSF
(100 ug/kg/day) were
administered once daily SC.
The mice were irradiated
with 12 GY. Mice receiving
injections of rHuUKG¥ as a
pretreatment received them
on day -2, -1 and 0.
Irradiation of the mice
occurred on day 1, and the
transplants were performed
on day 2. Post treatments of
rHuKGF were administered
on day 3, 4 and 5 and
rHuGCSF was administered
as a single daily injection for
7 days beginning on day 3. In
each experiment there

was a control group that
received only saline as a pre
and/or post treatment,

BMT Procedure: Female
BDF1 mice were cuthanized
by cervical dislocation, the
fernurs taken and flushed
with RPMI 1640 plus 1%
fetal bovine serum. The
suspension was centrifuged at
110¢ rpm for seven minutes,
the supernatant aspirated and
the cells washed twice with
PBS and fetal bovine serum.
The celis were counted with a
hemacytometer, diluted in
PBS with 1% mouse serum
and injected IV into
trradiated mice at a dose of
2x106 cells/mouse.

PBC Procedure: Male BDF1
mice were implanted with
subcutaneous osmotic pumps
that delivered rHuGCSF at a
dose of 200 pg/kg/day. Five
to 7 days after pump
implantation, blood was
collected into EDTA coated
tubes by cardiac puncture.
Bleod from all mice was
combined and layered onto
an. — gradient

and spun at 2500 rpm for 45

Appears This Way
On Original
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minutes. The cells were

collected, washed twice in
PBS, counted and diluted in
PBS and injected 1V into
female irradiated BDF1 mice
at a dose of 10x10°
cells/mouse.

Bowel Disease

T cells isolated from donor
CB6F1 mice (a cross
between C57BL/6 x
BALB/c). During the course
of the trial, the animals were
weighed twice weekly and
were observed for clinical
signs of illness. The animals
were not treated until they
had lost 10% of their original
starting weight. At this point,
they were regularly treated
with tHuK GF or vehicle
control.

R2003194 | The Effects ofthe | SC/1.0 and 3.0 mg/kg Mouse | Survival benefit, body weight loss, and
Administration of | THuKGF diarrhea were improved with both
rHuKGF in the Female SJL/L mice aged 8- rHuKGF treatments; the large intestines
DSS Mouse Model | 10 weeks were used for this were more histologically normal in the
of Inflammatory study. For disease induction, treated mice. In general, more
Bowel Disease mice were given 4% DSS ad improvement was seen with the 3.0 versus

libitum as drinking water. the 1.0 mg/kg group for all variables
rHuK GF was administered evaluated

by SC injection at doses of

1.0 or 3.0 mg/kg in both

preventative and therapeutic

regimens over the course of

the study.

R2003147 | The Effects of IP/3.0 mg/kg rtHUKGF 3 Mouse | The intestines of rHuKGF treated mice
rHuKGF in the times a week for 7 weeks were less inflamed and histologically had a
CD45RB Colitis like disease was more normal appearance than control
Immunologic induced in 18 C.B-17 SCID animals; smaller sm:clll intestines were also
Transfer Modelof | ... by injection of semi- evnd.ent in treated mice. There was more
Inflammatory syngeneic DA4+CD45RBMS" proliferation of the squamous epithelium

of the esophagus and the livers were larger
in treated mice.

2.6.2.4 Safety pharmacology

The sponsor conducted a general safety study in mice, rats and rhesus monkeys (i.e.,
study SNBL 39-32/Amgen Study Number 960100, “ A GENERAL PHARMACOLOGY
STUDY OF RECOMBINANT-HUMAN KERATINOCYTE GROWTH FACTOR (rHUKGFd23™)
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960100

A General
Pharmacology Study
of Recombinant-
Human Keratinocyte
Growth Factor

IV/0.5, 5.0, 50.0
mg/kg tHuKGF

mice

rats
rhesus
monkeys

No adverse effects observed for any of the
species tested.

General effects: No effects

Neurological effects: No effects

Cardiovascular effects: No effects

Pulmonary effects: No effects

Renal effects: Not evaluated

Gastrointestinal effects: No effects

Abuse liability:

Other:

2.6.2.5 Pharmacodynamic drug interactions

2.6.3 PHARM

5
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Rhesus Macaque
Model of Lethal
Irradiation and
Bone Marrow

were divided into 5
groups: (1) control,

(2) 100 pg/ke/day
rHuKGF pre

IH-95-KGF-002 Exploratory Drug SC/5m da Mouse | Mu-GCSF caused white blood
Interaction Study of | rHuKGF and .10 cells to increase 2-3 times the
Recombinant mg/ke Mu-GCSF mean value of the untreated
Human All treatment mice after chemotherapy and
Keratinocyte groups increase mean absolute spleen
Growth Factor received daily SC weight; body weights were
{rHuKGF) given injections of 50 improved in cytokine treated
prophylactically in | mg/kg of 5-FU mice
a 5-Fluorouracii with either
/Murine rHuK GF alone-

Granulocyte {pretreatment

Colony Stimulating | only), iMuG-CSF

Factor (Mu-GCSF) | alone-{post

Murine Model of treatment only} or

Chemotherapy both cytekines (pre
and post 5-FU).

R2003172 Pathology Report: | SC/5m da Mouse | In this study the expected
Exploratory Drug rHuKGF gastrointestinal and/or hepatic
Interaction Study of | 80 male mice lesions in a majority of mice
rHuKGF Given were divided into 5 did not occur (due to
Prophylactically in | groups of 20. chemotherapy). Weight loss
a 5-fluorouracil/ Group 1 received also did not occur as a result of
MuGCSF Murine | 5-FU and chemotherapy. Survival was
Mode! of rMuGCSF. Group also high. Thus, the pathologic
Chemotherapy 2 was pretreated findings are not interpretable.
(Toxicology with rHuKGF
Study No. [H-95- followed by 5-FU
KGF-002) chemotherapy with

rMuGCSF
treatment. Group 3
received only 5-
FU chemaotherapy.
Group 4 received
rHuKGF
pretreatment
followed by 5-FU
chemotherapy. An
additional 5 mice
(group 5) served as
untreated controls.

R2003173 Effects of rHuKGF | IV/100_300 Rhesus | There were no statistically
Pre-and Post pe/kg/day Monkey | significant differences in stool
Treatment With rHuKGF scores, oral gastric
and Eighteen young - interventions, liquid intake,
Without rHuGCSF | adult male rhesus body weight changes and
Post Treatment ina | macaques clinical chemistries in any

treated group compared to
controls. RHuGCSF improved
neutrophil counts in group 5
compared to group 4 starting
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Transplant

pL.

radiation (days -3
2,-1), (3) 300
ng/kg/day
rHuKGF¥ pre
radiation , (4) 360
nglkg/day
rHuK GF pre and
post radiation
(3.4,5), and (5)
300 pg/kg/day
rHuKGF pre and
post radiation and
10 pg/kg/day
rHuGCSF starting
on day 1 after
radiation and
continuing until
the absolute
neutrophil counts
were over 3000

around day 5 post radiation
treatment. Histopathology
changes were due to radiation
damage. There was a
suggestion of reduced diarrhea
in the fHuKGF treated groups.
No beneficial effects on the
epithelial tissues were found
upon necropsy.

2.64 PHARMACOLOGY TABULATED SUMMARY (AS SUPPLIED BY

) Y/
Table 2.6.3.2. Safety Pharmacology OQ/
Gender
Omgan Systems Kethod of Doses* #nd No. GLP Shrdy
Evaluated Species/Strain Administration {wgkg or as show) Per Group Howaworthy Findings Compliance Number
Cenval nervous  @RCD-1{ICRY mce  Intravencus 500, 5000, 50000 &M rHUKGFd23 had no eflect on Yes 960100
system CriWistar rats general bahavior in mice. o 2932}
rHuKGFd23 had o eftedt on
the bocomaior activily or
thiopentsHntuced sleep, nor
any anskpesic, anticomvusive
of procomeuisive activity in
mice.
rHuXGFd23 had na effect on
body temperaturs in rats.
Autonomic Guinea pigs In vitro S:i0%5x10%, 5x10®  16M ftotal)  rHUKGFHZ3 had no efiect on
nervous system gl the spofanecus movements
and smcot of the isolated guinea pig
muscla ileur, 2nd there were o
effects on acetyizholing-,
kistsmine-. or banunt
chipride~-indaced cantractions
at aty concentration.
Respimlory and  Rhesus menkeys Intravenocs 500, 5000, 50000 I (total)  rHeGFA23 had no effect on
cardiovascular tve respiratory of
cardiovascaudar sysiems, of on
the electrerardicgrams in
monkeys.
{Continued}

* Singe cose unless speified otherwise
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Table 2.6.3.2. Safety Pharmacology (Continued)

Gender
Organ Systems Mehod of Doses” and No. GLP Study
Evaluated Bpecies/Sirgin Administration gk Per Group Hoteworthy Findings Comnpliance Number
Gastointestnal @ CO-1CR} mica Intravenous 500. 503, 50000 6M FHYKGFA23 had no effsct on Yes 960100
intestinat transpost of charcoat g 39-32)
inwice.
Renaf - Water o Mstar rals Intravenous 500. 500, 50002 6M 5000: statistically significan!
and matsbake decreases in coacaniration of
slectolyles Na" and CF and total excretion
of Na’
50000 statislically significant
decreassas in urinary
concentrations of elactrofyles.
These changes wera thought
to be related to 8 shght
increase n urinany valume,

* Single dose uniess specifiad otherwise

2.6.4 PHARMACOKINETICS/TOXICOKINETICS

2.6.4.1 Brief summary

The pharmacokinetics of palifermin in mice, rats, wethers and monkeys were linear and
dose dependent. Terminal half-life in all these species was 1-3 hours. There was no
accumulation of product (i.e., no increase in systemic exposure) with multiple dosing up
to 7 days. The serum profile of palifermin in the monkey was different from the rodent;
there was a plateau or “hump” effect 1-4 hours after IV dosing in the monkey. This
effect was attributed to redistribution subsequent to rapid intravascular absorption. (The
plateau effect is also seen in humans.) When given IV, volume of distribution was 50-
100 ml/kg in rats, 1000-5000 ml/kg in monkeys and 2300-4000 ml/kg in wethers
suggesting extensive extravascular exposure in larger species. Clearance averaged 50-165
ml/hr/kg, 450-1770 mi/hr/kg, and 800-1000 mVhr/kg in the rat, monkey, and wether,
respectively, with IV administration.

Absorption, distribution, metabolism and excretion studies demonstrated that palifermin
was primarily metabolized and excreted by the kidney. A rat model showed minimal
first-pass extraction of the product by the liver. In wethers, 45% of palifermin was
absorbed by the lymphatic system after subcutaneously (SC) administration. Twenty-
four hours after a radioactive IV injection of palifermin there was no significant
accumulation in rodent tissues. Tissues with highest uptake of radioactive product over
24 hours were adrenal glands, intestine, kidneys, liver, ovaries, spleen, stomach, and
trachea.

2.6.4.2 Methods of Analysis

2.6.4.3 Absorption

Study title: A Dose-Range Pharmacokinetic Study of Recombinant Human Keratinocyte
Growth Factor (riTuKGF) Following Intravenous and Subcutaneous
Administration in Sprague-Dawley Rats
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Study no.: KGF. 114

Facility: Amgen, Inc.

Date of study: December 29, 1995

GLP: (No)

Dose & Formulation: 3000, 1000, 300, 100, 30, and 10 ug/kg via intravenous
and subcutaneous routes

Animals: Male Sprague-Dawley rats

Protocol: Rats were administered rHuK GF on two days of dosing, separated by
48 hours between the two doses. On the first day, rHuK GF was administered at
dose levels of 3000, 1000, 300, 100, 30, and 10 ug/kg via intravenous and
subcutaneous routes. Two days later, the animals were administered the same
dose, but by the alternate route. Serial blood samples were collected up to 24
hours postdose on both days and an additional blood sample was taken at 48 hours
for hematocrit determination.

Appears This Way
On Origingy

21




Reviewer: Anita M. O’Connor, Ph.D.

STN 125103/0

11/4/200410:50 AM

RESULTS: There were no sequence effects, therefore the data were pooled.
Pharmacokinetic parameters, as supplied by the sponsor, are:

-~  Table 2.
Pharmacokinetic Paramerers of rHuXGF Pollowing Inravenous and Subcutaneous Administraticn ia the
Rar (Mean = 8D, 8 = 4)
Dose Levels Gag/kg)
Paramecors 3000 1000 300 100 3¢ ‘10
£V dosing
AUC (ngtimal} 60300 = 783016600 + 3970} 60«0 2 732 | 1860 2 183] 519 £351 | 158 = 20
CL (k) S04 =615 | 500 ;_-545? 502 £ 614 |54.2 & S.40] 3H0 2 411 | 64.7 & 105
Ve (mbikg) 4305457 | 450 2902 [ 318 &£ 206 |45 £ 8.15] @35 £ 409 | 9.5 & 189
AUMG (ogeh®amly | 53400 & 3380§ 12300 £ 3290 | 5090 = 1200 | 1640 = 200§ <06 =703 | 113+ 34
MET 086 2006 | 0.4 £0.07 ] 0.85 £0.15 §0.88 x 002} 075 £ 000 | 071 + 0.3
V gy (LK) 43.2 2663 | 450 435 [ 415 =209 J47.6 = 3.48] 439 £ 336 | 26.0 = 726
Gpted @ 0.602 D.485 0602 0.634 0.476 o329
Yz ) 2.98 z.¢ NDP ND Mz ND
5C dosing
tmax (B 14320483 ] 1.0 2000 § 100 2000 ({133 =0.58] 106 =00 | 100 = 000
Cyoax (ogfral.) MO E 901 | 1030 2239 | 192 £ 701 |401 2 626] 601 2243 J 095 x O7S
AUC (ng-hml) EE400 £ 3530] 170 = 1360 | 5922258 | 123 =377 120 =729 { L.t = 1.23
CLA tmL/tvkg) - 297 & 83.7 322 = 106 ] 672415 | 868 = 258 | 2090 = 3850 5854 £ §540
F (% dase} 195 & s.&!‘ 06287 | 104273 ]| 67224 | 24216 | 07zo0a
12 () 0.485 0543 0.121 a.274 MO ND
t1s2.3 (b} 0.672 0.775 1.76 .7 ND ND
1724 (R) 1.0 3.2t [ o] N D ]
* HalfJife estinmates determined by curve-fliting of the Iverage concenioatidn ata (o o 4)
B OND: tet decermined )
Best Possible Copy
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Scrum concentration of rHuKGE (ng/mlL.)

Time {hours)
*

e

-y

Serum concentration {mean+/-SD, r=4) of tHuKGF following intravenous
doses at 16, 30, 100, 300, 1000, and 3000 pg/kg in rats. Solid line represents
curve-fit of the data.
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Serum concentration of THUKGF (ng/mL)

Time (hours)

Serum concentration (mean+/-SD, ne=4) of tHUKGF following subcutaneous
doses at 10, 30, 100, 300, 1000, and 3000 pug/kg in rats. Solid line represents
curve-fit of the data. Curve-fit was not performed for the 10 and 30 pg/kg due
to insufficient data above the quantification limit.
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CL. (mL/M/g) ar Vss (ml/kg)

‘e FIGURE 3
30 I Average CL = 564 mL/b/kg

o l }
A ddy
S-S JO SO S

ol | /! 1

Average Vss = 447 mLkg o
20 - ® Vss
0 [T | P i 2 H 1
1 30 100 300 1000 3000
N Dose (ig/kg) .

Values of CL and Vss, as a function of the dose level, following
intravenous administration of rHuKGF in the rat (mean-SD, n=1)
Dotted lines represent averzge values over the mnge of doses.
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FIGURE S

T

® Intrivenous
Q Subcutaneous

AUC,, =1.19* Dose "%

1000

100
AUC,_ =-132* Dose

AUC of rHeKGF (ng*h/mlL.)

10

i 10 100 1000

o= Dose (ug/kg)

Rzgmssion?a’a!ysis of AUC vs. dase level of rtHuKGF, following
subcutaneduls administration in the rat (mean+/-5D, n=4)

Absorption was dose dependent. Terminal half-lives were both approximately 3 hours
with both the TV and SC administration. The volume of distribution in the rat is smaller
than the blood volume of a rat (40-50 mi/kg versus 65 ml/kg, respectively). Clearance
averaged 56 ml/h/kg across all IV doses. The characteristic “hump” seen in serum
concentration profiles in humans and monkeys given the product intravenously is not
evident in Figure 2 (above, supplied by sponsor).

CONCLUSIONS: The pharmacokinetics of the product in the rat show substantially less
extracellular distribution into the blood and tissues compared to monkeys and humans.
Terminal half-life was similar to that of the monkey. Dose dependent absorption (dose
linear kinetics) was similar to the monkey with the exception of lack of a plateau effect 1-
4 hours after rapid absorption seen in the monkey model.

Study title: Pharmacokinetic Evaluation of Five Forms of rHuKGF Following a Single
Bolus Intravenous Injection in Male Sprague-Dawley Rats
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Study no.: KGF.251/PK97023

Facility: Amgen, Inc.

Date of study: April 15, 1997

GLP: (No)

Dose & Formulation: Five different forms of rHuKGF; some forms were
pegylated; doses were either 1.0 mg/kg or 0.1 mg/kg as a single [V bolus injection
Animals: Male Sprague-Dawley rats

Protocol: Parallel design, single IV injection of test article with pharmacokinetics
followed for 72 hours

RESULTS: Data were highly vanable and difficult to interpret.

CONCLUSIONS: No differences in most pharmacokinetic parameters of the five
different product forms because of variability between mean estimates of pK parameters
except for (decreased) clearance and (increased) volume of distribution caused by
pegylation of 3/5 of the products tested.

Study title;: Comparison of the Pharmacokinetics of rHuKGF in Two Different
Formulations (0.0055% Tween, pH 7.0 versus 0.01% Tween, pH 6.5) in Male Sprague-
Dawley Rats

Study no.: 100378

Facility: Amgen, Inc.

Date of study: February 8, 1999

GLP: (No)

Dose & Formulation: 0.3 mg/kg of 2 formulations by TV

Animals: Male Sprague-Dawley Rats

Protocol: Rats were divided into 2 cohorts (n=6/cohort) and each rat received
one formulation of rHuKGF (0.3 mg/kg) on Day 1 and the alternate formulation,
via the same route and same dose, on Day 3. The formulations were investigated
in a two-period crossover design with a 48 hour washout period. Blood samples
were collected pre-dose and at frequent time intervals post-dose from all animals.
Following IV bolus dosing, the individual profiles from all rats were generally
quantifiable to 4 hours post-dose.
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RESULTS: The pharmacokinetics of both formulations, as supplied by the sponsor is:

Table 2: Mean (SD) Non-Comparmental Parameters® for Original {0.0055% Tween,
pH 7.0) and New {0.01% Tween, pH 6.5} Formulations for rHuKGF Following IV
Administration 0.3 mg/kg to Male Rats

Parameter |Units Original Formulation New Formulation
Mean SO Mean SD
C, ngfml 3200 485 3660 589
Ve mk/kg 95.4 14.2 83.6 12.7
AUC gy ng hrimlL 2200 337 2260 205
AUC . [nghr/mL 2220 344 2280 210
Vs mk/kg 108 10.3 102 6.21
b2 hr 0.573 0.0501 0.591 0.0562
CL ml/hr/kg 138 19.6 133 12.7

Numbers rounded to three significant figures

Volume of distribution was approximately 100 ml/kg (i.e., higher than the blood volume
in the rat of 65 mi/kg). This suggests 100% distribution into the extracellular volume and
some extravascular distribution. Half-life was roughly .6 hours and clearance was
approximately 135 ml/kg/hour.

CONCLUSIONS: No pharmacokinetic differences were evident between the two
formulations. The data do not agree the half-life data in other studies that showed a half-
life of ~ 3 hours. This could be an error in the sponsor’s report.

Study title: A Crossover Bioavailability and Multiple-Dose Pharmacokinetic Study with
Recombinant Human Keratinocyte Growth Factor (rtHuKGF) in Rhesus Monkeys

Study no.: = 950345AM

Facility: L 3

Date of study: June 5, 1995

GLP : (No)

Dose & Formulation: 30 and 300 ug/kg, intravenous and subcutaneous
Animals: Twelve rhesus monkeys

Protocol: The protocol is a combination of a single and repeat dose
pharmacokinetic study. On day 1 of the study 12 monkeys received a single dose
of product at 30 or 300 ug/kg by either SC or IV administration. Following a 3
day washout period the animals were dosed daily from day 4 to day 10 with the
same dose but the alternate route of administration. Serum blood samples were
collected on days 1, 4 and 10. Trough samples were collected datly from day 5 to
day 10.
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RESULTS: Absorption was dose dependent. Using the [V route clearance was roughly
400 ml/h/kg and volume of distribution was 900-1200 ml/kg. Serum concentrations of
rHuK GF initially declined and then plateaued at 1-2 hours after administration. This

effect was more pronounced using the IV route as compared to the SC route, and at
higher doses. The terminal half-life was roughly 3 hours. No accumulation of product
occurred. No antibodies to the product were detected.

Table 2.
Pharmacokinetlc Parameters of rHuKGF in Rhesus Monkeys, Following Intravenous and
Subcutaneous Administrations at 30 ug/kg and 300 nghkg®

Farametors . intravanous

30 kg 300 polkg
AUC {ngsh/imb) 71.3 + 8.98 762 + 209
L. (mlAvkg) 426 * 558 414 * 94.0
Weg (MLKG) 873 * 388 1220 * 336
MET (h} 2.00 * .66 3.0 * 0.81
Ve (mb/kg) 118 + 65.8 105 * 40.9
Paramaters Subcutaneous

30 po/kg 300 parkg
Amax (N} 017 t .00 0.17 x 0.00
ey (AQ/ML} 0.69 + 0.58 35.0 S 22.8
IAUC (nghmL} NGC® + NC 134 £ 532
3 . NC + NC 0.18 + Q.07
F Mean « S0, n=6
P NC: Not calcuiated. Serum concentrations were below the quantification limit.

Appears This Way
On Original
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Figure 1

The effects of sequence of intravenous and subcutaneous adntinistration on senun concentradens of
tHuKGF. Rhesus monkeys were administercd cirher the intravenous dose FV-SC) or the subcutaneons dose
(SC-IV) first (mean+SD.n=2).
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Table 3. Comparison of AGC for Male and Female Rhesus
Monkeys Receiving Intravenous or Subcutaneous

Administration of yfBuKGF
AUC {ngehvmL}
Dase and Route Femnate Male ANOVA
0 ugike. ive 643 £ 907 748£7.59 Ns¢
300 pgkg. iv* 678 £ 108 932 £313 NS
360 pgfkg. st 1254675 166 +21.8 NS

* 1 = 4 for males, n = 2 for females

11 = 7 for males, n = & for femates

© NS: Mot suatistically signiftcant af p <003
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CONCLUSIONS: The pharmacokinetics of the product in monkeys has a higher
volume of distribution and the serum concentration profile is markedly different than rats.
The “hump” or plateau effect is not seen in the serum concentration profile of the rat.
Distribution is markedly higher in the monkey compared to the rat. There was no
accumulation of product.
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Study title: Pharmacokinetic Study of rHuKGF Following Intravenous Administration to
Female Nu/Nu Mice

Study no.: 101827

Facility: Amgen, Inc.

Date of study: January 22, 2002

GLP: (No)

Dose & Formulation: .5, 4, 15, 25 mg/kg as a single or multiple dose
intravenously

Animals: Two hundred forty female Nw/Nu (athymic) mice

Protocol: Exploratory pharmacokinetic study; 6 treatment groups; animals in
groups 1 to 4 received a single bolus IV administration of .5, 4, 15, or 25 mg/kg
rHuKGF (n = 42/group). Animals in groups 5 and 6 received daily bolus IV
administrations of .5 and 4 mg/kg rHuKGF, respectively, for 3 consccutive days
(n = 36/group).

Appears This Way
On Original
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Table 8-1. PK Parameters in Nu/Nu (athymic nude)} Mice After Single and Multiple
{V Administrations of rHuKGF

Dose Clrserved
Group Crmax AUCq., AUCp2y AUCka CL Yag

(mgika) ing/ml}  nghimly  (nghimb} {ng-hvmly (mblhkg! imLkg)

Single Administration {Day 1)

NA 2450 5360
WA NA 381 1860

Multiple Administration (Day 3)

Mean HA NA NA NA 2540 5640 2.23 260 NA

sD MA NA NA MA 1 279 0.278 9.360 NA
Cinax = RKaximum Concentration
AUCw.y = Areaunder serum concentration-ine curva from time O to infinity
AllCwoay = Areaunder serum concentration-time curve from time 0 to 24 hours postdose
AUCies = Area under sarum concentration-time curve fromtims O to 3 howrs postdose
CL = Serum clearance after IV administration ‘

MRT = Klean residence time

Vs = Volume of distribution at stsady state

s = Tenminat half-life

AR = Accumulption ratic = AUCa 28402 AUC 02880
NA = Not applicable

Note: Numbers are reportad to 3 significant figures. The AUC:a 24; being slightly higher than AUC . for the
(.5-mokg dose group s an artifact of sefing the non-quantifiable levels at the end of the sampling period to
zem in the Winbonlin analysis. Back-extrapolation to time zero was not possible. thus the observed Cha
rather than Co was reported.

The percent of AUC.; that was attributed 10 AUCks was 99.4%, 05.5%. 05.6%. and 86.2% for the 0.5-.
4-, 15-. and 25-mgkg dose groups. respactively.

RESULTS: For the single IV route of administration absorption was dose dependent.
Clearance was 2000-3000 ml/kg/hour. Half-life was especially variable and ranged from
1 to 33 hours. For the multiple dose route of administration, clearance was in the same
range as the single dose route {(~2400-2700 mV/hr/kg) and absorption was dose dependent.
Volumes of distribution were in the same range for the IV and SC administrations
(~3700-5800 ml/kg). Half-life averaged 2.23 hours for the multiple dose group.

CONCLUSIONS: The pharmacokinetics of single versus multiple IV dosing in the
mouse was similar.

Study title: A Pilot Pharmacokinetic Study of lodine-125-]abeled Recombinant Human
Keratinocyte Growth Factor (tHuK GF) Following Intravenous and Subcutaneous
Administration in Sprague-Dawley Rats :
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Study no.: KGF. 165

Facility: Amgen, Inc.

Date of study: December 29, 1995

GLP: (No)

Dose & Formulation: rHuKGF at 300 pg/kg, containing ** [ -THuKGI
Animals: Male Sprague-Dawley rats

Protocol: Pilot study; male Sprague-Dawley rats were administered a single
intravenous or subcutaneous dose of rHuKGF at 300 pg/kg, containing '*°1 -
rHuKGF. The serum concentrations of total radioactivity, acid-precipitable
radioactivity, and rlluK GF were determined at selected time-points within 24
hours postdose.

RESULTS: Between .5 and 2 hours after IV infusion rHuKGF is rapidly degraded and

at 8 hours it is not detectable. The subcutaneous data suggest that only 15% of the
product is intact 8 hours after administration.

Appears This Way
On Origingl
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Table 1.
Serum Concentrations of Total Radioactivity, Acid-precipitable Radioactivity, and
rHuKGF in the Rat Following Intravenocus or Subcutancous Administration at 300 pg/kg
Time (A) (B) (<) % acid- % Intact
(hours) Total Acid- Serum precipitable | protein
radioactivity precipitable rHuKGF {BY(A) (CY(B)
{ngEg/mL) radioactivity |concentrations x 100% x 100%
{ngEq/mL) (ng/wl}
intravencus
administration
0.0167 6160+24.7 6270£147 62061834 10242.17 98.9+11.0
0.5 2780208 27101234 2980639 97.3£1.39 1124310
737463.6 485+63.1 3834132 €5.8+1.37 77.2%18.3
8 228£12.3 43.0£0.52 BQL 18.9£1.08 NC
24 53.2%13.5 3.8941.30 BQL 7.2240.94 NC
Subcutaneous
administration
0.167 6374373 27.6124.5 27.247.15* 3414245 | 67.5421"
0.5 130+48.8 20.1£363 77.9£1.53% 63.742.93 70.240.11*
2 1974224 98.149.70 66.0£17.4 50.5349.57 66.6+12.2
182+15.7 40.5£8.69 5.77:0.97 22.243.99 14,543.24
24 83.9+7.92 13.6£7.83 BQL 15.848.60 NC
BQL: Below the guantification limit — ng/mL)
NC: Not calculated
* n=2; sample for animal 170 was not included in the calculation due to non-determinable tHUKGF
concantrations

CONCLUSIONS: Palifermin is rapidly degraded after both [V and SC infusion in the.

rat.

2.6.4.4 Distribution

Study title: Excretion, Tissue Distribution and Mass Balance of a Radiolabeled Test

Article in Rats after Intravenous Administration

Study no.: 529-028/96060
Facility: L
Date of study: August 1, 1996
GLP: (Yes)
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Dose & Formulation: 26.5 uCi/mL of ['*I}-KGF in a

volume of 0.792 mL/kg intravenously; final dose was 300 ug/kg and ~ 21 uCi/kg
Animals: 12 male and 12 female Sprague-Dawley rats

Protocol: The dose solution was administered once by intravenous injection into
a lateral tail vein at a body weight adjusted dosage. The rats were observed twice
daily for mortality, morbidity and signs of toxicity following administration and
samples were collected for up to 24 hours after dose administration. Urine and
feces were collected from separate groups of 3 rats per sex at 30 minutcs, 2 hours,
8 hours, and 24 hours post dose. After the final excreta collection, each rat was
anesthetized by carbon dioxide inhalation, and 1 to 2 ml of blood was collected
via cardiac puncture and separated to obtain whole blood, serum, and plasma.
Two samples of serum were collected per animal. Rats were euthanized and
protocol-specified organs were weighed, homogenized in isotonic saline, and
reweighed.

RESULTS: Acid precipitable radioactivity was highest in the blood at 2 hours. Major
early tissue sites of acid precipitable radioactivity were the thyroid, adrenal glands,
spleen, liver, kidneys and ovaries (.5 hour). By 8 hours the product is cleared by the
kidneys, and high amounts of radioactivity were found in the trachea and thyroid (only).
Radioactivity was negligible in all organs at 24 hours except for the thyroid. Only the
thyroid gland appeared to accumulate the radicactivity that was attributed to free
radiolabelled iodide.

CONCLUSIONS: No significant accumulation of KGF in the tissues. The product is
eliminated mainly by the kidneys.

Study title: Excretion, Tissue Distribution and Mass Balance of a Radiolabeled Test
Article 1n Rats after Subcutaneous Administration

Study no.: 529-025/95010

Facility: € 1

Date of study: July 27, 1995

GLP: (not clear-there is a quality assurance statement but no GLP statement)
Dose & Formulation: Single, mid-dorsal subcutaneous injection of prepared test
article containing approximately 5-10 uCi of 1231 labeled KGF in a volume of 0.6
ml/kg

Animals: Thirteen male and twelve female Sprague-Dawley rats

Protocol: Each rat was observed once daily for mortality, morbidity and signs of
toxicity. Samples of urine, feces and cage rinses were collected at protocol-
specified intervals. Blood was collected via cardiac puncture prior to euthanasia
after the last sample collection interval. Blood samples were processed to obtain
whole blood, serum and plasma. All rats then were euthanized by carbon dioxide
asphyxiation. Protocol-designated tissues were collected at necropsy. Each organ
was welghed and homogenized in isotonic saline on ice. The final weight of the
homogenate then was recorded. Duplicate aliquots of homogenized tissue were
analyzed for total radioactivity, and where possible, additional aliquots were taken
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and analyzed for acid-precipitable radioactivity. The concentration of
radioactivity (total and acid-precipitable) in whole blood, serum, plasma, urine,
feces, the residual carcass and rinses also was determined.

RESULTS: Acid precipitable radioactivity was highest in the blood at 8 hours.
Radioactivity concentrations in the tissues mimicked those in the previous study in terms
of target organs. Maximum tissue concentrations were observed at 8 hours post dosing
and highest percent radioactivity was seen in trachea, stomach, thyroid, small intestines,
liver and kidneys. After 24 hours 70% and 4% of the dose were excreted by the kidneys
and feces, respectively.

CONCLUSIONS: No accumulation of radioactivity in any organ besides the thyroid.
The kidney is the major pathway of excretion.

2.6.4.5 Metabolism

Study title: Evaluation of the First-Pass Hepatic Elimination in Rats of N823
Recombinant Human Keratinocyte Growth Factor (N823 r-HuKGF) by Using the
Accelerated Infusion Technique

Study ne.: Amgen Pharmacokinetics Study: KGF.265; Amgen Pharmacokinetics
Report: PK97140

Facility: Amgen, Inc.

Date of study: October 31, 1997

GLP: (No)

Dose & Formulation: The initial infusion rate, 0.14 ml/hour increased over the 3
hour infusion period to a final value of 0.76 ml/hour. Each animal received a total
of 1.40 mL of the 0.04 mg/ml infusate,

Animals: Eight rats

Protocol: Group | (n=4) and group 2 (n=4) were infused via the femoral and
hepatic portal vein, respectively.

RESULTS: This was a preliminary study. First pass extraction by the liver was
estimated to be 20-30% based on Cpyx and AUC (see table below supplied by sponsor).
However, this result was not exactly repeatable when a second experiment conducted
(see study 100478).
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Figure 2. Naive-Pooted Serum Concentration-Time Profiles Following Accelerated
Infusion of N623rHuKGF for 3 hours to Male Rats (logarithmic y-axis)

CONCLUSIONS: There was a suggestion of slight first pass extraction by the liver (20-
30% based on Cnay and AUC), the liver did not appear to be the major organ of
elimination for tHuKGF.

Study title: Evaluation of the First-Pass Hepatic Elimination in Rats of Recombinant
Human Keratinocyte Growth Factor (fHuKGF) by Using the Accelerated Infusion
Technique

Study no.: 100478

Facility: Amgen, Inc.
Date of study: Final report is dated June 10, 1999
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GLP : (No)

Dose & Formulation: All rats were infused for 3 hours at a rate that increased
linearly from an initial value of 0.14 ml/hour to 0.76 ml/hour; total volume was
1.40 ml with a concentration of 0.04 mg/ml infusate.
Animals: Four Sprague-Dawley rats per group
Protocol: This study repeats study PK97140. The objective is the same as the
previous study: to evaluate the contribution of the liver to overall clearance of the
product. The pharmacokinetics of rHuKGF was studied in rats by infusing the
protein via the femoral vein (group 1) and hepatic portal vein (group 2). All rats
were infused for 3 hours at a rate that increased linearly from an inttial value of
0.14 ml/hour to 0.76 ml/hour; total volume infused was 1.40 mi. Serum samples
were collected in a sparse sampling design during the infusion period and up to 4
hours after stopping the infusion (total of 7 hours).

RESULTS: The concentration of endogenous KGF in the serum was below the limit of
detection so serum samples were not corrected for baseline values. The pharmacokinetic
mean group values are shown in Table 3 below, as supplied by the sponsor. For all

variables, except Cias the ratio of the portal:femoral mean pharmacokinetic estimate was

approximately 1.

Table 3: Non-Compartmental Parameters Estimated Following Accelerated
Infusion of rHuKGF to Rats in Groups 1 (via femorai vein) and Group 2 (via hepatic

portal vein)
Parameter Units Group {Route) Ratic®

Group 1: Group 2:

{Femoral} {Hepatic Portail)
Tora nr 298 3.08 1.03
Coree lngsme 458 571 1.22
Tan hr 7 7 1.00
it ng/mi 4.00 218 0541
AUCH. 7 ng hrfml 638 a6b 1.04
AUCH. g brimi 641 867 1.04
{MRTen Ay 1.55 145 0.934
b ! 116 1.28 1.10
[tz hr 0.568 0.543 8907

? Rafio estimated as FontalFemaral
* Numbers rounded to 3 significant figures
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—a— Group 1. Femora Vein infusion
—a— Graup 2 Hepatic Porfal Vein infusion
Infusion Stopped
L0 {

HukGF Serum Concantration {ng/ml)

CONCLUSIONS: The liver is not a major organ of elimination for tHuKGF upon first

pass ex

2.6.4.6

2.6.4.7

2.6.4.8

Study title: Determination of Pharmacokinetics of rHuKGF in Male BDF-1 Mice
Following Single and Multiple Doses

K]
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traction in rats.

Excretion
Pharmacokinetic drug interactions

Other Pharmacokinetic Studies

Study no.: 100123

Facility: Amgen, Inc.

Date of study: April 29, 1999

GLP: (No)

Dose & Formulation: 1 or 3 daily single IV doses of 300, 1500, 5000 or 15000
ug/kg

Animals: BDF-1 Mice

Protocol: Male mice (n=179) were randomly assigned to 9 groups, with 3 mice
in Group 1 (control group) and 22 mice in all other groups. Animals received
rHuK GF at doses of 300, 1500, 5000 or 15000 ug/kg as either a single IV dose on
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Day 1 (Groups 2, 4, 6, and 8§, respectively), or as 3 once daily IV doses (Groups 3,

5, 7 and 9, respectively). Serum samples for pharmacokinetic analysis were

collected by terminal sacrifice on Day 1 or Day 3 from 2 mice per group up to 24

hours post-dose. All pharmacokinetic analyses were conducted with n=2 per

timepoint.

RESULTS: There were no changes in body weights due to treatment. The variability
was too great to make meaningful comparisons between the pharmacokinetics of a single
dose versus 3 daily doses less than 15000 ug/kg. Pharmacokinetic parameters for groups

8 and 9 are shown in the table below, as supplied by the sponsor:

Non-Compartmental Parameters Estimated on Days 1 and 3 Following IV
Administration of rHuKGF to Groups 8 and 9 (15000 ug/kg)

Dose: 15000 pgﬁg
Parameter’ Units Day 1 Day3 Ratio of
(Group 8) (Group 9) Day 3: Dayl
Co ng/mL 12100 10800 0.891
AUG@o. . ng hi/mL 6930 7320 1.06
Vs mlskg 3660 4920 1.35
1 hr 4.10 2.64 0.645
CL mL/hrikg 2160 2050 0.947

* estimated using nalve-averaged data with n=2 per timepoint
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The pharmacokinetics of a single dose versus 3 daily doses appeared similar (see
preceding figure and table supplied by sponsor).

CONCLUSIONS: The pharmacokinetics of tHuK GF was similar at the highest dose

(15000 ug/kg) at both single and triple (daily) TV doses. There was no accumulation.
Variability between animals was high at all doses.
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Study title: A Pharmacokinetic Study of Recombinant Human Keratinocyte Girowth
Factor (rfHuKGF) in Bilaterally-Nephrectomized and Sham-Operated Sprague-Dawley

Rats

Study ne.: KGF.104

Facility: Amgen, Inc.

Date of study: December 29, 1995
GLP: (No)
Dose & Formulation: 300 ug/kg by IV
Animals: Male Sprague-Dawley rats
Protocol: Male Sprague-Dawley rats were administered intravenous doses of
300 ug/kg on days | and 3 of the study. Day 1 doses served as the normal
controls for both groups of animals. On day 3, a subgroup of the animals were
bilaterally-nephrectomized and the remaining animals were sham-operated.
Both the day 1 single dose animals and the sham-operated animals served as
controls for the nephrectomized animals. Serial blood samples were obtained
during a 48-hour period following both day 1 and day 3 dosing.

Group | Number of | Dose tHuKGF Dose Day 1 Day 3
animals | (ug/kg) | Conc.in | Volume
solution | (mlL/kg)
(pg/mi)
] 5 IvV-300 500 0.6 Control | Nephrectomized
2 5 IvV-300 500 0.6 Control Sham
Appears This Way
On Criginal

43




Reviewer: Anita M. O’Connor, Ph.D,

STN 125103/0

11/4/200410:50 AM

RESULTS: The pharmacokinetic data from this study are presented in the following

table, as supplied by the sponsor:

" Table 2.”
Pharmacokinetic Parameters of rHuKGF in Nephrectomized and Sham-operated Rats,
Following Intravenous Adrninistration at 300 ug/kg
Group 1 Day 1 Day 3 ANOVA
{control) (nephrectomized)
AUCq.24 (ng-b/mL) 1930 + 503 4090 + 1210 p < Q.05
CL {(mL/h/kg) 165 % 42.7 78.7 + 24.5 p < Q.03
AUMCy.24 (ng*h%inL) 966 + 43} 2800 + 1620 p = 0.066
Vg (mL/kg) 76.4 + 8.13 494 + 12.1 p = 0.061
MRT (h) 0.48 * 0.10 0.65 0.18 p <005
V2 (mlkg) 73.3 347 N/ab
4y fz,aa (h) 0.286 0.430 Nia
ti2,p% (hy 1.77 2.70 N/A
Group 2 ’ Dayt Day 3
(controb) (sham-operated)
AUCq, 24 (ng*lvmL}) 2040 + 502 1940 + 224 N/A
CL (mL/Wkg) 151 * 372 156 * 18.0 N/a
AUMCpoq(ghZmly | 1190 £ st | 813 &£ 107 N/A
Vg (mlrkg) 839 + 442 0.1 + 7.59 N/A
MRT (h) 0.57 A 0.11 0.45 + .00 NA
VA (mlkg) 57.9 64.6 N/A
U, o () 0.251 0.225 NA
iy pt ) 1.04 137 N/A
A Caleulated from the average serum concentration data; therefore, no standard deviation was
calculated. ]
b N/A: No statistical comparison was performed.
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CONCLUSIONS: The absorption, clearance, and distribution data in this experiment
suggest that the kidney is a major site of distribution and clearance of rHuKGF in the rat.
The clearance and absorption figures indicate that 50% of the product is cleared by the
kidneys. The volume of distribution data suggests that in a normal rat the volume of
distribution is equal to bloed volume (~65 ml/kg); in the nephrectomized rat the volume
of distribution is 40% lower, suggesting 40% distribution to the kidney.

Study title: A Pilot Comparative Pharmacokinetic Study of Three Forms of Human
Keratinocyte Growth Factor (rHuKGF) in Rhesus Monkeys

Study no.: PK97077

Facility: T 3

Date of study: April 8, 1998

GLP: (No)

Dose & Formulation: 100 ug/kg or 300 ug/kg of either N823 rHuKGF {Group
1), 20K Mono-PEG N823 rHuKGF (Group 2) or 20K Mono-PEG N816 rHuKGF
(Group 3} intravenously

Animals: Nine rhesus monkeys

Protocol: The study used 3 forms of rHuKGF, two forms were pegylated (group
2, 3) and one was not (group 1). Monkeys were dosed intravenously on day 1 and
day 4 of the experiment. Each group was comprised of 1 male and 2 females.
Serum samples for pharmacokinetic analyses were collected up to 72 hours post
dosing on both dosing days. Serum samples for antibody analysis were collected
pre dosing on day 1 and on day 14. The study design, as supplied by the sponsor,
is in Table 1 (below).

RESULTS: See Table 5 below, as supplied by the sponsor. None of the animals had
detectable endogenous serum levels of KGF so the sponsor did not correct the
pharmacokinetic data for baseline values. Clearance and half-lives were similar after the
day 1 and day 4 doses (1.12 and 1.77 L/hr/kg, and 3 and 2.5 hours, respectively), for the
nonpegylated form of the product. (Note: The units for clearance are L/hr/kg, not
ml/hr/kg as reported in the table above.} The pharmacokinetic parameters of the
pegylated forms of the product used in group 2 and 3 had characteristic longer half-lives
(~8-10 hours); clearance was 5-10 times slower for the pegylated forms of the product.
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Table 5: Mean Non-Compartmental Parameters Estimated on Days | and 4 Following
Single Dose IV Administration of N623rHuKGF, 20K Mono-PEG N523 rHuKGF and
20K Mono-PEG N§16 rHuKGF on Day | (100 g/kg) and Day 4 (300 pg/kg)

{(n = 3 per group per day)’

Parameter Units N&23 rHuKGF| 20K Mono- 20K Mono-
PEG N$23 PEG Nil6
rHuKGF rHuKGF
Day 1
C, ag/mL 1610 1780 1550
AUC, ng hrimi, 89.0 612 320
nAUC, {ng he/mLy(ugkeg) 0.890 6.72 3.20
L the 3.07 8.36 16.9
CL ml/hrfkg 1.12 .15t 0.316
v, mlikg 268 2.06 3.63
Day 4
C, ng/ml. 1380 3740 2140
AUC, ng hr/mL 176 1660 866
nAUC, (ng he/mLY(ng/kg) 0.588 5.54 2.89
s hr 2.52 8.13 10.4
CL mL/hrikg L7 0.184 0.34%
v mi/kg 5 2.37 4.10

*Antinal RS604F (Group 3) not analyzed on Day 4
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The serum profile for groups 1, 2, 3 is shown in the following sets of figures, as supplied
by the sponsor:

—6— Group | (NB23 rHUKGF)
~&— Group 2 (20K Mono-PEG N§23 rHuKGF)
=& Group 3 (20K Mono-PECG NS16 tHuKGF)

Day 1: 100 ug/kp Day 4: 300 pglkg

10000
1000
100

HuXGF Scrum Concentration (ng/ml)

T T — e . P ——— A
0 12 4 36 4 6D 012 2% 36 48 6 T2
Time [rom dose (hours)
Figure 1. Mean (SD) Serum Concentration-Time Profiles on Days | (100 pg/kg) and 4
(300 pg/ke) Following Single Dose IV Administration of N323rHuKGF, 20K Mono-PEC

N523 tHuKGF and 20K Mono-PEG N&16 rHuKGF to Rhesus Monkeys in Groups 1, 2
and 3, Respectively.
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—8— Group T (N623 rHuKGF) Day }
—&— Group I {N323 rHuKGF) Day 4
-—&— Group 2 (20K Mono-PEG N&23 sBuKGF} Day |
—d&— Group 2 (20X Mono-PEG N3823 rHuKGF} Day 4
—&— Group 3 (20K Mono-PEG N316 rtHuKGF) Day 1
—8— Group 3 (20K Mono-PEG N5i6 tHuKGF} Day ¢

oly

ot %

0.01 5

0.001 4

Dose-Normalized rHuKGF Serurn Concentration (ng/mlLy(ng/kg)

Time trom dose (hours)

Figure 2. Mean (8D) Dose-Normalized Serum Concentration-Time Profiles on Days }
(100 pg/kg) and 4 (300 pg/kg) Following Single Dose IV Administration of N§23
rHuKGF, 20K Mono-PEG N823 rHuKGF and 20K Mono-PEG N316 rHuKGF to Rhesus
Monkeys in Groups 1, 2 and 3, Respectively.

Between 1 and 4 hours after dosing there is a plateau effect, with all forms of the product.
This was also seen in another rhesus monkey study submitted (see = 950345).

CONCLUSIONS: There was no accumulation of product at the doses tested. There is a
plateau effect (i.e., a redistribution phase) between | and 4 hours after dosing.

Study title: A Pharmacokinetic Study of Recombinant Human Keratinocyte Growth
Factor (rHuKGF) in Male Sprague-Dawley Rats Following Multiple Subcutaneous Doses

Study no.: KGF.153

Facility: Amgen, Inc.

Date of study: December 29, 1995
GLP: (No)
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Dose & Formulation: 30 or 300 ug/kg/day daily subcutancously for 7 days
Animals: Twelve male Sprague-Dawley rats

Protocol: Rats were dosed subcutaneously with rtHuKGF at either 300 or 30
ug/kg/day for 7 days. Serial blood samples were obtained following the day 1 and
day 7 dosing. Trough blood samples were taken prior to dosing on each day. An
additional blood sample was obtained at 4 hours post dose on day 3 and day 5.

RESULTS: The serum concentration profiles for animals dosed with 30 ug/kg/day of
product were below the quantification limit. The pharmacokinetic parameters for day 1
and day 7 were similar, suggesting no accumulation of product with repeated
subcutaneous dosing. (See table 2 and figure 2 below, as supplied by sponsor.)

Table 2.

Comparison of Pharmacokinetic
Parameters of rHuKGF on Day 1 and Day 7,
Following Multiple Subcutaneous Dosing
at 300 mg/kg/day

Pharmacokinetic Day 1 Day 7
Parameters (n = 5) (n=3)
tmax (H) 1.0+ 0.0 0.83 = 0.29
Crax (NQ/mML) 272 + 13.8 276 + 59
AUC (ngeh/mL) 806 = 76.4 889 + 457
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FIGURE 2

O Day | (n=5}
@& Day7(n=3)

Serum Concentration of rHuK.GF (ng/mL)

¢ M
12 15 0 24
Time ¢h)

Comparison of serum concentralion profiles following the first (Day 1) and the
last (Day 7) dose in animals receiving daily subcutaneous doses of rHuKGF
at 300 ug/kg/day (mean+/-SD). ‘

When the data were fit to a two-compartment model with first order kinetics the 3 half-
lives obtained were 0.50, 0.79, and 3.4 hours.

CONCLUSIONS: No accumulation of product with subcutaneous dosing; the terminal
half-life was approximately 3.4 hours.

Study title: Pilot Single Dose Subcutaneous Pharmacokinetic Study of KGF in Male

L

1 Wethers Sheep

Study no.: 101264
Facility: L

Date of study: April 16, 2001
GLP: (No)
Dese & Formulation: 0.15 mg/kg as a single subcutaneous dose
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Animals: 1 wether (castrated male sheep)
Protocol: Pilot study; blood samples were taken at .5 through 36 hours after
dosing

RESULTS:
Tabie 2. Serum Concentration (pg/mL) Time Profile of KGF Following Singie Dose
SC Administration of 0.15 mg/kg to Male Sheep {Animal #9)

Day | Time {(hr) | Concentration (pg/miL)

5 —
8.5

1
1.5
2

2.5

10
12
24
38
QNS = Quatity not sufficient

% 20 N R e S YN W W A W EE VT G R e
OOy W

Table 3. Non Compartmental Pharmacokinetic Parameters of KGF in Male Sheep

Following Single Dose SC Administration of 0.15 mg/kg
Parameter Units Estimate
tnax hr 2.5
Crnax pg/mL 3090
Tast hr 10
Crast pgfmL 309
Fa hr ™ 0.168
t1 22 hr 4. 1 3
AUC({M) pg*hffml. 17000
AUCp..) pg*hrimL 21500
AUCp..yD pg hriml/(pg/kg) 0.0001
AUC%extrap % AUC 21.0
Vz/F mLikg 41600
CiF mL/hi/kg 6980
AUMC . pg*hrehe/mL 143000
AUMC Y earap % AUMC 50.4
MR T 0. hr 6.66
CONCLUSIONS: None; see study 102241 for a similar study using more than 1 wether.
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Study title: Bioavailability and Lymphatic Absorption of Palifermin (rfHuKGF} After
Subcutaneous Administration to Sheep

Study no.: 102241
Facility: [

3

Date of study: Final report is dated January 14, 2004, not clear when the study
was actually done '
GLP: (No)

Dose & Formulation: 37.5, 150 ug/kg

Animals: Seventeen wethers

Protocol:
Dose Lymph Collection time

Group | Route (ug/kg) | N collection points

I Bolus 5C 150 5 No 0 —48 hours (blood)
interdigital space of
hind leg)

2 Bolus 5C 150 5 Yes (cannula in 0-—48 hours {blood)
(interdigital space the efferent duct | 0—24 hours (Ilymph)
of hind leg) of the popliteal

lymph node)
3 IV (jugular) 375 5 No 0—24 hours (blood)
4 IV (jugular) 150 2 No 0—48 hours (blood)
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Table 5.2. Mean (8D} Non-Compartmental Parameter Estimates® of palifermin in

50 AM

Serum of Male Sheep Foliowing Single-Dose SC Administration

Group i Group Il {?;? 0?::?;%
Parameter Units

Mean SD Mean SD Mean 5D

Tovax hr 1.5%° (0.5-4) 0.5™* ©5-8)F 1% | (05-1.8°
Corne pgimL 6990 5360 3450 1456 NAZ NA
tymz hr 5.3¢ 0.5 4.8° 0.4 4 ¢ 0.5
CUF ml/hrikg 3110 616 6320 1890 NA NA
MR Ty hr 8.4° 1.2 7.6° 0.8 8.0° 1.0
F % Dose 35.7 8.1 17.9 41 NA &A

*Roundad ta three significant figures "Madian value, “Range. “Not applicable. "Rounded to two significant figures

Table 8.3. Mean (SD) Subcutaneous Absorption Parameters of palifermin in Male

Sheep Following Single-Dose Administration of 150 ug/kyg

Group t Group I
Parameter Units {SC Control} {SC Peripheral)

Mean 18] Mean Sb
A) Cumulative o 2
Lymph Recovery % dose NA NA 145 8.42
8) Non-Lymphatic
Recavery % dose NA NA 17.9 NA
C) Total SC o
Recovery { = A+B) % dose 35,7 NA 32.4 NA
D) % SC Dose s
Absorbed via e "“é’jgfed NA NA 44.8 NA
Lymphatics (= AJ/C)

NA = Not Applicanle. "Group 1. bicavaiability {F)
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Table 8.4. Mean (SD) Non-Compartmental Parameter Estimates® of palifermin in
Serum of Male Sheep Following Single-Dose IV Administration

Group it Group IV “;;3;:‘ Itlli‘ ::‘;w
Parameter Units

Mean SD Mean sD Mean SD

Troax he 0.017° NA®4 0.7 NA®¢ 0.07° NAS ¢
Cinax pg/mL 387000 | 145000 | 1040000 | 433000 NA NA
Lz he 2.7* 04 3.3° 0.6 28° 0.5
cL mi/hr/kg 789 154 1080 170 NA NA
MATe.) hr 3.0° 04 a7t 0.1 3.2° 05
Ves mlfkg 2330 470 4010 540 2810 930
F % Dose 100 NA 100 NA 100 NA

*Rounded to three signilicant figures; "Median vadue; “Range; "Not Appiicabla; *Rounded to two significant figures

RESULTS: The SC parameter estimates (groups | and 2) data do not agree with the
exception of half-life that was approximately 4-5 hours; differences in SC
pharmacokinetic parameters were probably due to the lymph collection, and animal
variability. For the IV groups the pharmacokinetic data were dose linear. Absorption
was dose dependent and terminal half-life was roughly 3 hours. The volume of
distribution was 2810-4000 ml/kg or substantially higher than blood volume (~75 ml/kg)
suggesting distribution to tissues. Clearance was §00-1000 ml/hr/kg.

CONCLUSIONS: The IV pharmacokinetic parameters are similar to those seen in the
monkey. A slight “hump” or plateau was seen in the product’s IV serum profile (i.e.,
similar to the monkey and human profile). Approximately 45% of the SC dose was
absorbed by the lymphatic system.

2.6.4.9 Discussion and Conclusions 0O
7
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2.6.4.10 Tables and figures to include comparative TK summary

2.6.5 PHARMACOKINETICS TABULATED SUMMARY (AS SUPPLIED BY

SPONSOR)
Tabie 2.6.5.3. Pharmacokinetics: Absorption After a Single Dose
Test Article: Palifermin
Fonmudaton. Mean PK Parameters
Stucy Wehicle and Dose Tra Crw  hize AUGsze AUGS. L V. F
No Spedes  Sex (N} Divert  Sample wgkg b ogimi I Wil ngehomt  miATs % Vo. P
]
1 * it ” £
100123 Mouse 2ramepont) AB Serum 15000V KD 12100° 410 650 €330 250 2860 ND
101827"  Mouse® F (3imepeinty A C Serum 50CHY ND BDE 108 475 173 7880 4850 NO
Nouss® F{3limepoinl]  AD Serum 240001V ND 4350 330 1510 1540 2610 8020 MO
Mouse® F(3timeponl)  AD Serum IE0OGIV ND  85%0 156 8370 8450 2330 4680 ND
Mouse® F(Mimeponty A D Serum 25000 MO 26300 155 12400 12500 2000 3680 MO
KGF 114 Rat M {4 hE Serum 121V ND OND ND 158 ND 647 480 ND
Ral [EELH AE Serum 3V ND ND ND 519 ND 580 43 NO
Ral M {4} AE Serum 100V MDD ND ND 1889 ND 342 4786 ND
Ral M dy AE Serum MON ND  ND  ND 6040 HD 512 £t5 N
, Aat Mid AE Serum 1000V KD ND  281° 18600 KD 619 450 ND
a1 1 (4 AE Seryn 300G1Y ND NO  298° 863060 ND 4 22 KD
BL | M () AE Serum 10SC 100 0% NO 124 HND g890° ND 07
2al B4} AE  Ssum 20SC 105 601 WD 12D ND  409G' ND 24
Ral M4 AE  Sewn 'NSC 133 401 ND 123 ND 868" ND 67
Rat (4] AE Serym J008C {100 182 ND 562 ND 792 NO 104
Rat M (4} AE Serum 1000SC 100 1030 321 3370 ND krL ND 208
Rt W t4; AE Sorum 30008C 113 3420 3607 11400 NOG 20 ND 195
KGF.153  Ral kA 15 AE Serun 3DOSC 100 272 34 806 ND ND NG WD
100078 Ral MG} G Serum JCOW ND 22000 2573 200" 2% 128 W0E ND
Ral M {6} H Seum 200N RO 6% 050t w0t 2280 133 W2 ND
Sea feclnoles on (e nexl page
Table 2.6.5.3. Pharmacokinetics: Absorption Atter a Single Dose {Continued}
Yest Article: Palifermin
Formusation, Tean PR Paramaiers
Study Wahicla and Dage T,.m Coar U120 AUCsz¢ AUCs.  CL Ve
Hao. Species Sex jMi Dihent Somple  ugikg @mt tw_ngehiimi mm mUhrﬁg M % Vol Page
[l CSO0E5A Nankey M id) F (21 AF Senam SV 304 ND 713 877 ND
Monkey H(.‘Z; 3 AF Senum 3001 GOG 3220 762 414" 122" ND
Monkey M {4 F D AF Serum  305C 017 06% ND N ND ND  MD ND
Monkey M{Z).F(«:] AF Serum  JCO5C 047 350 HD 134 ND ND KD 18
20030192 Human M (13). F (3] 5 Sanan 50V ND 891" 450 132 134 464 2310 WD
950189 Human M {1G) F 3] AD Seturn 60y ND 851" 402 597 723 1630 4220 ND
20010182  Human M(7)L F B! | Senmm 80NV ND 512° 487 378 w 1730° 53207 ND
Asgay: ELISA
Fepting Condiion. Standard teed. Mice and rats' ad bbllum 2ccess 10 food and water. Monkeys. Jood approprale for their slze and age/ 2d ixium
access o water

{AFonmadation  Palifanmen was supplied as tyophilizad powder. The powder was reconstituted with different vehidles and further diuiet with different
diluents. (See Tabla 2.8.5.17 for sddbonal delsils j
{ByVehicte, Reconstitution sclution - CAuent. Phasphate bulfered salne (PB3)
(CVehicls. Sterila water - Diuem Placsbo
(D)Vehicle Slerilawatar Cot-nne finna
(Ejvenicie. Sterde walar .
(F)vehicie. Reconslilution sarsticn . Civent Piacabo

(G armudnatinn | et~ = hoyder comanng L_
{H)Femmulaton Fulir ot ¢ o

Dguent. 1
{1} Formuiaton. * ] Citsert. Nane

ND = Mot Determined
. PK after singhe dose presented hera. PK alter :epealed dote presented 0 the appropaate Lable.

© Ay Dy (houSe
‘cuF
® yatl.ife estimates detarmmed by cueve-filing of the average concentralion data.
t AUC,,. whera t = tintie of tas? quaniifiadle concentration.

n=0
" AUCo. ard ALIMCe. were used for comprianon of CL and V.
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Table 2.6.5.4. Pharmacokinetics: Absorption After Repeated Doses
Test Article: Pafifermin

Formiianon. Maan PI Pargmnatars
Stugy Vehicle ang Dose  Toa Guaw har AUCaa  AUG. cL Va AR
No.  Species  Sox (M Divenl  Sample wafigidsy he  ngiml b nghwml noebeml mifvfig mifkg Vel Paga
[N 15000 1V - N
00123 Mouse oo A B Seum e HD 10800° 264 7270 7320 2050 4920 NO
: F 500 1V
01827 Mouse” e oy AC Sarum  ge.. G50 915 234 208 208 2400 5340 119
s F 4000V
HOuse o poing A0 Seram ol BSO 1020 286 1650 1500 2670 5440 0550
KGF.A53  Ral M AE  Seum 732"@9; 083 276 KD BEO  ND ND ND 106

Assay ELISA

Feedng Condibor Standard f2ed. Mice. rals. and shoep: af iditum ateess to food and waler. Monkeys food aporopnate for suze and age/ad kbitum
accass 10 waler.

{AFormudation. Pakfermn was suppliad a8 jyophulized powder. The poveder was reconstituted with differerntt vehicies and further déuted with different
diuents, (See Table 2.8 517 for addwonat details.}

{B)Vehidle: Reconstiution sofution - Divent: Phosphate buffered saline (PBS)

{CWehicia: Stérile watar - Déuent Platebo

{D)Vehicie' Sterile water Thifant dinna 1 .

{Elehicla Stanle water

{FiVetusie Retpnctihminn sndidion - Dduent MHacebo

0y Formuiaton: - [ 1 - Duvent None

ND = Not Beterminas

MR = Not Reportas

:Amxm'ac Tt M ouse

:H-odgldn s Drsease and Non-Hodghun s Lymphoma patients before Hame Transpiantation
n=1

® KUC,, where 1 = tme of last guantfiebie concendration

Appears This Way
On Criginal

56




Reviewer: Anita M. O’ Connor, Ph.D.

STN 125103/0

11/4/200410:50 AM

Fable 2.6.5.4. Fharmaconinetics: Absorption After Repeated Doses {Continued)
Test Article: Palifermin

Study

9534540

Formulation, $san PK Parameters

Vehicle and 0088 T Cow lz, AUC. AUG., CL Ve AR

N, Species  Sex () Divent Sample _pofegiday N ppimi b ngeheiml ngeheimil mimhikg ad kg Yol Page
W ModeyMQLF1)  AF  Seum 3OV NO ND ND 700 ND MO ND 069
Monkey M {4 F(2)  AF Seum Gl ND MO ND 27 ND  ND  ND 048
Mokey M. F @ AF soum 305 1 o oW 3w KD ND OB
060189 fuman® M(TIF (3]  AD Sewm L,V ND 42° 363 687 60§ 1220 4730 ND
20010182 Human 3 (7)F (6} t seum (% ND 80" A7 426 AR NR NR 106

Assay. ELISA

Feading Condition: Slandard feed. Mice, rats, and sheep ad Ebitum access to food and water. Morkeys. food appropriate for size and aga/ad lbitum

access 1o waler.

(AJFomuston. Paidermin was suppled as ivophitzed powder. Tha powder was recanstituted with different vehicles and further diuted with different
thlents. [See Table 2 6 5.17 for sddidonal detals.)
{BVehicle. Rosonsaaion solution - Duuent Phosphata bufferad satne {PES)
{CiVehicie: Sterila water - Diluend; Placebo
(Divehige. Fanta watar - Piliaant Mrwas

{EiVehicie:

{F)Yenide: Recrmattanan soltinse - Diuent. Piacabo

{1) Foemmd ation:

WD = Not Datarmnwea
NR = Not Reported
:Nhymc Nudiy Mouse

* Hodgkin's Diseass and Non-HOUQKIN's Lymphoma patients before hame transpiantation.

‘=12

* AU, where | = bme of ias! quantfiablg concentraton
See toxcokinetic resulls {Sect:on 2.8.7) for additional description of mudliple dess PR in the nondiivcal speces

Table 2.6.5.5a. Pharmacokinetics: Organ Distribution
Test Article: Patifermin; Study Number: @ 529-028

'J-D-laem None

Study No. P 529-028 (PKG060)

Maan * SD Totai Radinactivity [ng E¢g)

Mean ¥ 50 koid Precipitable Radisaciiily (ng Eq/g)

Study Cesign Tigsue 0.5 be* 2ht 8 hr 24w 0.5 " 2 hv* gk 24 he
Rat - M(3) Fi3} per Biood 1802186  242:24.3 2172368 335830 | 124174 3652171 1502343 264:635
ume point - Serum W3 449 2684191 2263404 405:548 | 108:203 5720772 339:504  173:560
R"""’“‘d'f" Plasma 32407 2T4+236 22736 4101002 | 109:164 637905 3IB2:706  17B:5M
Ummgﬁ - Bram 1245152 1231126 BST=1.03 233:056 | 6455271 61620535 30720572 1570754
21 .Cikg (V) Eves 130:396  154:253 1015234 142:248 | 946:378 1D0s187 £9.0:343 B 2135
Feading conditon - ; 35100 2 3AT00C + 306000+ 38200 328KQ: 791000+
Ad iititum Thyredd 50831 Torgng 1010C0 sgon | 119982 pp 95100 52400
Non-ratic-labeiod Pancreas 237:357  283:498 125218 135250 | 173¢336  191:416  7TB4=219 A5 2M
Fomredation. tesemeric
Lysphfzsdponder WP 6502170 1182100 9B5:200 1472308 | 4442121 739:163 5294148  B62:161
:%tbn Adrenal Glands 2470 + 750 100G 2 55.5 113+ 173 125+281 1810 x 524 825> 690 8312152 102+ 254
solution Prustary BBO: 444 773121 1294555 172142 | 657 r385°  SATr 416 4519-179 574+ 169"
Diyeat: Piacebo Thymus STE:117 9201192 9921488 163103 | 3573672 S4A(9B B28:395 115:890
Method Tongue BBB+174 145:855 1291:=212 13812549 | 640:136 958:808 B835:800 1£4:438
Carmama courding .

Trachea 2885120 15601482 382012¢00 654:837 | I71:820  1380:481 3440:205C 554820
Escphagus 834+ 167  170:192  180:457 335:108° | 37.7:376 568:238 642:1B8 154 :549°
Spieen 1239:322  TII675 1267184 21.0+341 | 1060288  565:B14 BEE-119  153:285
MNA = Not avaitzhle, Ackd p VRS not pi d for theses tssuas.
2
=5
* ned
‘=3

? =2, SD not reported when m<3
* n=1. 5D not reported when n=3
* Mate ey

* Ferale oty
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Tabie 2.6.5.5a, Pharmacokinetics: Organ Bistribution {Contined)
Test Article: Palifermin; Study Number: i 529-028

Study Ho._(fff 528-028 (PK9606T,)

Mean = 5D Totad Racicacivty (ng Fo/g) Mean 5 SD Ackt Precipitable Radioactivity (ng Fqig;
Shody Design Tissue G.5 he* e B hr 24 hr 05 hr 2hr 8 hr 24t
Heant 168 r 55.1 211 =122 133+197 183 = 2.50 BB.3 + 28.2 851 =113 AT2: 818 8.71 « £.84
Lungs 483 :763 MO 352 967 + 1990 242+736 2265 . 82 138198 M7 129 116 :3.71
Lever 3B0x 228  {3B0=145 1792220 238:378 | 26840187  1340:13% 128: 118 235:290
Kidnays kikHEH | 2130 1 208 37 07 347 +572 2280 + 352 15243 : 163 153+34.7 18t:252
Bladder 121 333 256 £ 9.0 3BL205 4434778 | 5701288 Bi15:158 B85 S5:471 116:517
Stomach 348 » 165 1380+316 12202388 2331108 £761 510 552 = 147 312788 B2E-235

Smal Intestine 245+ 377 434 : 528 3524519  482:219 1612359 24017 8 147 = 304 174753
Large Intesting 134 2 213 193z 18.8 1232 150 16.2+204 | 9861183 $22:125% S4.1:138 853:076%

""‘;ﬁ:ﬂ‘;‘f‘“ 378:841 415:047 370:724 S567:108 | 267:826 244:488 206:363 3030808
Muscie 456 + 754 660~356 532708 7332186 M2+577 3492303 250: 336 186« G046

Bona (Femni) 1312116 146:145 1282206 365¢11.0 | 695:78% £40:824 579:822 242:67%

Carcass 7601667 1041625 843+113 207:612 | 5492905 817:24F 6132375 1£0. 45t

Prostate 5307 143° 125¢ 140 2872116 a18° 532° 3024362 58420727

Epididyrrns ' 82.0* 115* B30:700 18.3:208 440 615 4721605 101:18%

Testes' T 4557 89.0” 927:137 183« 118 254" 340* 230-362 &47:0963

A = Nol avaiiahid. Acid precipiation was not performed for these ssues.

* =5

* nad

“n=3

1 n=2: SO not reponed when n<3
* =1, SD not reparted when n<3
* Male only

? Femaie only

‘table 2.6.5.5a. Pharmacokinetics: Organ Distribution {Continued)
_Test Article: Palifermin; Study Number: Al 529-628

Strdy No. !529—028 (PRIEOEE)
Tissue Mean + S0 Total Radioactivity (ng Eglg) Mean + SD Acid Pracipitabls Radioactivity (ng Eg/gy
Siugy Dasign 0.5 h* 2 he* Bhr 24 hr 0.5 hr 2h 8 hr 24 hr
Injection Sie 276 + 104 527« 219 080+ 1270 187 =691 NA A NA MNA
Skin 12015  254:13% 300533 948159 NA NA MA NA
Cuaxies” 1230 = 601 878 & 135 2632 488 207 =153 | 9154483 647 + 122 153 + 177 128 - D.428
Utenrs? 152+ 764 225 :3.51 200=510 17.7:152 ] 101:647 154:884 130+ 335 130:D710
"gmm'"“‘,’ D4:872 313560  206:403 367 :6586 NA NA NA NA
NA » Not avafable. Ackd precipitation vas not pedomned for these Bseues.
.
ne5
* g
=3

“ n2: 5D not reporied when n<3
£ =1, SD not repodiad vhen n<d,
" Mok only

? Femals onty

Appears This Way
On Oiriginal
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Table 2.6.5.5b. Pharmacokinetics: Organ Distribution

Test Article: Palifermin; Study Number: Wi 520-025

Study No. @R 529025 (PKA5010)
Tt Mean = SO Total Racioadtivly (ng Eq'g) Mean & 50 Ackd Precigiiabie Radioacivity (ng Eqig
Study Design 25ty n Bhr b oshr 2t B he Z4hr
Rat- M) F 3F Biood 1312260  297:150 4301224 8332631 | 94652168 215:146 3381237  650£495
per time poirt iy Serrm 857:239 1812338 2212177 6274789 | 268805 429:117 500:133 2291305
m)_' Plasma 780:239 MB:BOO 216108  62510.42 15:03 £858 46B:134° 426:216 152:303°
. H L3 . *
g?&::m - Brain 21750753 35010548 317-0408 100:000 | pimy s e A
m r:““"'“m - Eves 800:290 ZI0:=484 278248 7471147 06?;?12! 29750637 3620571 $.4520.349
;‘NM‘“ Thyroid 2423924 15101 1070 ‘26‘%* e NS me NS 31400*
Lyophiized powsd¥?  pancpeas 1575787 2802616 200:3B0 &67¢137 | 2631164 586:145 S520:166 1.38:0.54
ek, ton lymphNodes | 7502251 177:266 2902358 667137 NG 1574100 447+100 106 +0.383
sohution AdonalGlands | 1055394  337:824 1282445 233:0518 | 6792337 285:762¢ S05:295  SEA:
Diuent: Placebo :
Method. Liuid Heart 1333413 262:456 293:350 867:121 | 360113 621:0860 536:131 27940610
sciaiation Lungs 1504555 323:535 39B:f47  108z147 | 206+170° 439:373 624:000 2440546
counting Trachsa 2432624 1802590 206:300 6333582 | 165:542 G76+461 1941285 5122665

NA » Not avarable. ADd precipitation was npt perfonned for these tissues.
NC = Not calcifated due io negative vakue for aciki precipitable otal sampie CPM.

NS = insuficient sample 1o afiquol.
* =g

b

“na3

9 ne2; §0 nol reporied when n<3.
* nui; S0 nof reported when n<3

¥ thale onty

? Female onfy

Mote: One animal had an unscheduled necropsy : = > hours postdase. Da'a nol shown,

Table 2.6.5.5b. Pharmacokinetics: Organ Distribution (Continued}
Test Article: Palifermin; Study Number: @B525-025

Siwdy No. @K 579025 (PRGSHIb]
Tiasue Mean + SD Total Radloactivity {ng Eg/g) Mean + SD Acid Precipitatde Radicactvity ing Eqig)
Sty Design 0.9 2l 8hr 24 G5 hr 2t B 21w
Trver DLiI  T0ZIi7T BIBI1Z4  NT-157 | BAz10Z 6582138 212:709 300747
Kidneys 5535198  150£202 995:1L0 2105278 | 324130 9312197 I75:100  523:1.03
Spleen 1282841 6351862 427:500 100303 | 216+634 3881791 150:380 020
Tongue 110£390 2382601 350:528 947:271 | 17940608 3022126 2912106 253 : 180"
Esopbagus | 4332185 1184422 187:301 7502327 | ‘gepp 2221287 389:279% 448.279
Somach | 722:202 2441824 5292117 W6.225 | 9312327 2504981 615:131 153563
Gmalintestne | 228671 B50417.0 1104144 233:459 | 440:184 1394300 175-309 393-0763
Lageintestine | 0674307 246+458 335:629 9502138 | 206122 695:0752 7SB:122° 3.04:0.517
Urnary Bladdar | 667$327 205:+723 2684646 Q175674 | 0627* a9 ars.oem 95
. . 0707 - 0387
Adpose Tissus | 6331288 987:197 112184 450:t76 | 087 Ne s b
Buscle 733:288 125:226 1372175 367: 103 | 1362197 i43:  ygp.osre 08007
A3e2 SR 67 £ H el 0704 60 6.130°
Bone(Femu) | B17s285 203:339 2522223 667:137 |192:05%6 503:0808 5B0:10t 2230524

NA = Not available. Acxd precipation was not performed for frese Essues.
NC = Not calculated due o negative value for acid precipitable lotat sample DPW

NS = (nsufficient sample 1o afiquol
2 p=5

* p=d

° az3y

* n=2: 50 not reported when n<3.
* m=1; SO not reperted when n<3.
! Male only

R Famate only

Note; One aninat had 2n vAscheduted necropsy al=—— hours posidose. Data not shown
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Tabte 2.6.5.5b. Pharmacokinetics: Organ Distribution {Continued)
Test Article: Palifermin; Stedy Number: JJl529-025

Study No. il 529-025 (PKI5010}
Tiasue Mean + 50 Tolal Radioadivily (ng E5/g) Mean + 5D Acid Precigitable Radioadlivity (ng Eg/g)
Sudy Design aShr 2w Bhr b1 6.5 hr 2h Bhr 241
Rgam;;sq 207:985 383164 IILS5H  517:008 | 7912622 154:796" 105:433 1.36+0.550
, 0.342 + G664 z .
Prostate 400+900 8674183 7+ 18 46710577 0259 0.168 1.89+0.213 1.0t
Testes' 667:153 160173 3331155 167:0577 e 0218°  149:0569  aaot
Lherus ® 20.7:89 263+643 413757 11.7+473 422+132 35T~ 167 580 ¢ 1.84 138:125
Ovanes * TOD:265 217:924 23T7:322 5.33:2.22 234" 917-341 569:0956 0.608*
L a .
P T00+285 240 353 2458 8.5 NA NA NA NA
Irpection Site 2900528 2140:770 795 £ 229 1241137 NA NA NA NA
Skin H10+410 4282271 4881 4t} 16.8 = 6.49 KA NA NA NA
NA = Mot avaidable. Acid pracistation was not performed for these Hisuss.
NC = Not calculafed due to negative vake for acid precipiable todal sample DPM.
NS = Insedfcient sample 1o afiquot.
*nn5
¥ pnd
)
2 paZ; S0 not reposted when n<3.
* nay; SD not rapovied when ned.
* Mals
? Female only
Note: One aninal had an unschedaled naciopsy at Wi posidose. Data nof shown,
Table 2.8.5.8. Pharmacokinetics: Other Distribution
Test Article: Palifarmin
Budy No..  KGF 165 R
Type of Shudy:  Pilot PK study of 'Habaled rHUKGF ing IV and 5C in Sprague-Dawey ratg
FormulatonVenide/Citluent  Non-radip-labeled - Lyophilized porwdesRenanstittion solution (sierie water and 0.004% Tween "28)Placeso
Sex (N): M (3) M3
Cose (Route): 30G ugkg, 2.3 x 107 cpavky (V) 300 pgfkg. 2.3 « 107 cpvkg {50)
Radionuciide: b =
Sample: Seum Serum
Malhod: ELISA, Garmma counting ELiSA, Gamma courding
Mean Serum Concentrations
5C
Tume {hoursy: Q0167 05 2 3 24 0.167 05 2 a 24
I‘:‘:; Radoactviy i Ealm) | gipn 2780 707 228 53z | 637 130 a7 182 839
Acid-precipilable Radioacywty
p §270 2710 486 430 389 278 01 98 1 08 1386
(ng Eqimi} = (8]
Serum Palfermin - " — f— -
c tions {ngirL) = C} 62056 2080 283 BOL BQL 272 28] €50 577 BGL
% Acid-Precipilable
= (BUAKI00% 102 973 6§58 18.9 122 341 687 50.5 222 158
< Intact Protein = - ge . = A o
{CHBI100% 969 112 772 NC MC &7 5 702 656 45 N

BQL = Below the quanuficabon imit = *ng/mL)

NC = Nol calculated
a2

60

STN 125103/0




Reviewer: Anita M. O’Connor, Ph.D. STN 125103/0
11/4/200410:50 AM

Table 2.6.5.9. Pharmacokinetics: Metabolism In Vive
Test Articla: Palifermin

Fomuiation, Mea PK Paramoters
Vebicie and D038 Ty  Cow  hz: AUCezs  ACoc [5:8 Ve

Ho. Specizs Sax (M) Diuent Samgle uwg M ngimi b ngehormt agrhomd miMuikg miskg % Vol Pagt
Rat M (147 AcC Serum N?,. 298 458 0598 63 641 NO  HD

livepaint]
Rat L AC Sanum 308 571 054 865° 631 ND ND
timepoint}
(1)
tirmepaint)
My AB Senm 307 778 G540 1090°  ND NO  ND

Rat trnepoint)
AEEay. ELISA
Feeding Condtion: Siandard feed. Rats: ad Ibinm access 1o food and water.
Formetanon: Dalerrin was supphed o3 ophiized powder. The povwler was reconstituted with diferent vehicies and hurther dikated with difierent divenls. (See
‘table 2.6.5.47 for additionsl detais)
(B)Vehicls: Reconstiution solution - Disent Phosphate uffered salae {PBS)
¢Cvenicie: Sisfile water - Diluent Plateto
ND = Nod Deteqrined
Sairavenops via Fernond Vi diusion fncreasing from .14 mi/ fr to 0.78 miite) given over 3 tr
Matravenous vis Hepaiic Partal Vein: Infusion (increasing fom 0.14 mi/ b to 0.76 miflw} given pver 3hr
Moo
Cas

KGF 263

{PIO7 140) AB Serum 208 924 1556° ND NO HD

Rat

Table 2.6.5.13, Pharmacokinetics: Excretion
Test Article: Palifermin

Study No. ~— 525-028 (PKIE060) Study No.~— 526-025 (PKI561D)
Species. Rat Ral
Sex (N} M{3) F(3) per Gme poutt M{3) F{3) per fime point
Feeding Condition: Add Rbitum Ad Bbituny
Formulatien’ Nansadiolabeded - Lyophifized powder! Non-radiotabeled « Lyophilized powded!
Wehicke/Diuent. Recensfution scluiionFlacebo Reconstitution soiutiovPlacabo
Method of Admmnistration: L7 sC
Dosa: 300 kg 21 uCikg 300 gy 5-10 pCikg
Assay {Analyte): Gamma counting {1} Licpsid scintiftation countag (1)
% Dozs’ % Dose®
Tune: Q5 2hr Bhr 24 hr BShr 2ty 8 hr 24 hr
Excretion Route
Uine + Bizdder Contenis” o3 0.43 97t 31.02° 0.25 192 12.35% 54 82
Feces + lpstinat Conterts” 065 247 4.45 219 978 198 S04 292
Cage Rinse™ poa 434 &57 1448 803 04t 263 1408
Tissua
Biood 340 470 435 06T 2488 603 10.2¢4 192
Tissue 726 5338 4511 1547 843 2859 42.96 1926
Carcass %96 12.89 10.67 277 10.09 16.37 572 254
Injection Ske ND ND ND ND 181.15 09 28.25 £.86
Tola? 8674 04.22 84.87 7029 12467 11898 117.18 101.47
NO = Not getenmined
“%, Dose based on talal radioaciivity
¥ Collaction from time zero to time Fsted.
‘lnsnm;sz%zs,%dmdoacﬁvadnsumredhhmemmSt.mmZAhmm:dum The arid precipitabie radioactivity 4 n the unine
was 35.4 1% of Wotal radiosctivity found in the urine. The resulting adminislered radi ity o it urine as acid-precipilabe radicactivily aver & 24-hour

pariod was 11% (0.3102 “ D.3541).
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Table 2.6.5.16a, Pharmacokinetics: Other
Test Article: Palifermin; Study No.. KGF.104

Stucty Mo : KGF 104
Type of Study. A pharmacolinetic stady of tHUKGF (paflearin) i blataraly-oepd wzad and s, Darhied Sprague-Daatey rata
Dose {Route}: G uyihg IV} on day 1 and day 3
Speciey” Spraque-Damey Rais
Day 1 doses of palifermin served as the normat controls Jor both groups of asimats, On day 3, mits were eilher nephreciomized or
i sham-operxted, then dosed with palfecmun.
Formulation. Mean PK Pacametars .
Sex Vehicte and Post Tum Coovme hne AUCuo.24 AUCy 3 Va F
GIoup Procadure {N} Diusent Sample  ugg Br___nofml h wmmmmx
1 Conteol o AE Seram  ON MND  ND 1T 450 ND %3 64 ND
1 Naphreciomized (l:} AE Serun MOV ND ND 275 4080 NO T8.7 494 NO
2 Contrl & AE Serum 300N ND  ND TO4® 2040 ND 156 89 WO
2 Sham-Operaied {% AE Serum 3001 ND ND 1.3 1540 ND 156 A ND
Assay ELISA
Feeding Condition: Standerd fead. Ad Bbitem scoess 1o food and water.
{AFommuiatar. Palilermin wa3 supclind as lyophlized powder. The sowcer was ituted with different vehicles and furiher diuted with differant cilusras. (Ses
Tabie 2.8.5 17 for accitional Setafls.)
(EjVehicie: Siatile water and 0.004%Tween 20 sohstion - Dikieat Dulbeccs's PAS wiihout taltium dhloride and magnesizm chiotides
ND = Not Determined
* Halt-iife estimates detenmined by curve-filting of the average condsnlyation data.
Tabte 2.6.5.16b, Pharmacokinetics: Other
Test Aticte: Palifermin; Study No.: KGF.251
Biudy Ho.:  KGF.251 (PKST023}
Type of Prarracckisetic erguation of lour modtled forms of FHUKGE and unmodifiad tHulIGF (8423 iHuKGE = paiiferrin) following a single boliss
Suty: intravenous njection i mule Sprague-Dawley rals.
Dose Group 1 1000 rgkg (V) unmodifled (HuKGF (N23 MuKGF = pefifermin)
(Routs). {Only Groug 1 recelvad pakfermin, Only polifermin dats are presenied hera )
Speces: Sprague-Dasdey Raw
Kethod: Each of the Fua loans of thKGF {1 forn rHUKGFIgroup) was administered 10 Sprague-Dawiey rats; 2 rats per group.
Forruiation, Uean PK Pamosisrs
Vehick: and Dose Tam Ce bigs AUC, » AUy, cL Vo F
Geoup Sex (N) Ditsent Samgle g he ngimi 1] neehitenl ngehemi. mibhokg mfkg %
1 M {2} A F Senam 1000 ¥ ND 10600 145 430 T440 137 132 ND

Assay: ELISA

Feading Condition: Standard feed. Food appropdate for size and age! s Roftun acces & water.

{A)Formuiation. Patiermin was supotied as fyophidzed powder. Tha powder wad reconsstuted with different vehicias and further diutad with Sfferen dRuents. (See
Table 2.6 5.17 for additionat detats.}

N = Noi Determined
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Tabts 2.6.5.16¢. Pharmacokinetics: Other
Test Article: Pafiformin; Study No.: PKBZO7T7

Stady No.. PKO7OTT
Type of Study. A pliot conmgarative PX sudy of two moded forms of HuKGF and unmodiied rHUKGT (NA23 (HUKGF = paliferming in Rhesus monkeys
Houiey 100 ok {IV)-day 1 5nd 300 pg'g (WV)-dity 4 Jor sach of two mociied Fotris of HUKGF and unmodified rHUKGF (NA23 rHuKGF = paliferin
Dose (Route). {Osdy Groutp 1 recaived pakfermin. Only paifenéa deta are prasenied here )
Species Rhesus monkeys
rethod: Each of the thees forns of (HUKGE was d % Rhesus mankeys at dose Jeveis of 100 »gfg on day 1 and 300 xgkg on day 4, sach
: Qroup was comprised of 1 mals and 2 females.
Fomiation, Tioan LK Dwmmeters
Study Vehicke and P o Mot AlCgn . Va T
Group Day  Sexth) Ciueni Sample ughg o ngimil, hr ngrhert, gt mimitkg  mbhkg %
1 1 ‘:Eg AF Seum 100N ND  WMO 307 858 80 120 269 ND
A
1 4 “:g; AF Seum 300V ND 1380 252 an ) 1770 50 ND
Asaay. ELIGA

Feeding Condition: Standard fesd, Food appropriate for ther size and age’ ad ibium scces o waler,

{AJFormulation: Palifenmio was supplied a5 fynphifized powder. The powder was reconsiitad with fifferent vehicles and further Sluted with different dilusnts. (See
Table 2.8.5.17 for additional details.)

(FiVehicte: Reconstiution solution - Diluent. Placebo

ND @ Not Deternined

Table 2.8.5.16d. Pharmacokinetics: Other
Test Article: Palifermin; Study No.: 101284

Stwdy Mo 101264
Type of Sludy A plol single Sose Sutcutansotss pharmacokinedc susdy of KGF (paklesmin) in male merino wethers sheep
Dese {Route): 15D ughg (50)
Speciea: wethers sheep
Meothod: Prarmacokinetic seium sampies wene coliacied folowing dose administration.
Formwtadon, Mean PK Paramalers
Veficls and Dose Tean Comn [ AUCo, AUCa., CuUF Ve F
Sex (M} Crsent Sampis g hr ngiml N ngrhrimt nag-hrirnl raLheg A %
Ml Ad Serum 158 SC 25 308 443 17.0 25 6380 ND ND
Assay: ELISA

Feeding Condition: Stendarg feed. Ad libitunm 800858 ke food and water.
(AFonmutation. Pailermin vas supplied as iyophilized powder. The powdsr was reconsBiuted with diffarent vehicles and lurther diluted with different clueras. {See

Table 2.8.5 17 for addtienal details.}
(Avehicie: Reconstitution solusion - Diuent: None
HD = Mot Datermined
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Table 2.8.6.162. Phamacokinetics: Other
Test Article: Palifermin; Study No.: 102241

Shudy ha: 1uze41
Type of Bioavaifbity and lrghatic absorption of rHuKGE {paifermin) after subcutaneous admunisyation 12 shesp.
Study:
Cose Groups 1 and 20 150 pgfkg (ST}, Group 3: 37.5 ugg (VY Group 4. 150 pghgy BV
(Routs}.
Species: b weshers sheep
) Pharmacokinedic serum samples were coliacied foliowing doss administraion. Additionally, pedphers lymph was coflected continudusly from sheep
- in Group 2.
Fommisaton Mean PX Parsmstens
Vahicie and Dose T Coan tay AUCas ALy cL Via F
Group Sex (N) Diuent Sample  uokg hr gl hr Rgrhriml nohdml  milwg mikg %
1 N {5) A Servm 150 5C 15 5.99 53 489 500 3o ND 365
2 M {5) A4 Serum  150SC 65" 345 45 245 251 s320° ND 18
3 M {5 AF Serum TSNV o7 87T 27 474 49.2 789 330 ND
4 M {2} A, 5 Serum 190V 0.0 1040° 3.3 148 140 1080 4014 ND
Assay ELISA

Faeding Condition: Stancand feed. Ad bilum access b food and weler.

{A)Formutation: Palfermin wos sapeied 83 lycohlized powder. The pawder was reconstibisted with differenat vehicles and further diuted with differont JRuenis. (See
Table 28.5.17 kor additional datails )

{FivVehicie: Reconsliution solution - Diluent Placebo

{JVehicke: Reconstitution sohstion - Dlent; None

ND » Not Detemyined

* Median values reported.

*CUF

“Co

2.6.6 TOXICOLOGY

2.6.6.1 Overall toxicology summary

App €ars

General toxicology: OI'J Ori ; ?,;S WQy
qal

Genetic toxicology:

Carcinogenicity:

Reproductive toxicology:

Special toxicology:

2.6.6.2 Single-dose toxicity
2.6.6.3 Repeat-dose toxicity
Study title:

Key study findings:

Study no.:

Yolume #, and page #:

Conducting laboratory and location:
Date of study initiation:

64




Reviewer: Anita M. O’ Connor, Ph.D. STN 125103/0

11/4/200410:50 AM

GLP compliance:

QA report: yes( )no( )
Drug, lot #, and % purity:

Methods
Doses:
Species/strain:
Number/sex/group or time point (main study):
Route, formulation, volume, and infusion rate:
Satellite groups used for toxicokinetics or recovery:
Age:
Weight:
Sampling times:
Unique study design or methodology (if any):

Observations and times: (these parameters can be captured separately here or
described in connection with each endpoint under the results section.

Mortality:
Clinical signs:

Body weights:
Food consumption:

Ophthalmoscopy:

EKG:

Hematology:

Clinical chemisiry:

Urinalysis:

Gross pathology:

Organ weights (specify organs weighed if not in histopath table):

Histopathology: Adequate Battery: yes ( ), no ( }—explain
Peer review: yes( ), no( )

Results
Mortality;
Clinical signs:

Body weights:

Food consumption:

Ophthalmoscopy:

EKG:
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Hematology:

Clinical chemistry:

Urinalysis:

(Gross pathology:

Organ weights (specify organs weighed if not in histopath table):

Histopathology: Adequate Battery: yes( ), no ( }—explain
yes (), no( )

Peer review:

Toxicokinetics:

Other:

Histopathology inventory (optional)

Study

Species

Adrenals

Aorta

Bone Marrow smear

Bone (femur)

Brain

Cecum

Cervix

Colon

Duodenum

Epididymis

Esophagus

Eye

Fallopian tube

Gall bladder

nGross lesions

iHarderian gland

lH1eart

Tleum

{njection site

Jejunum

Kidneys

Lachrymal gland

Larynx

Liver

Eungs
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Lymph nodes, cervical
Lymph nodes
mandibular
Lymph nodes,
mesenteric
Mammary Gland
Nasal cavity
Optic nerves
Ovaries
Pancreas
Parathyroid
Peripheral nerve
Pharynx
Pituitary
Prostate

Rectum
Salivary gland
Sciatic nerve
Seminal vesicles
Skeletal muscle
Skin

Spinal cord
Spleen

Sternurn
Stomach

Testes

Thymus
Thyroid

Tongue

Trachea
Urinary bladder
Uterus

Vagina

Zymbal gland

X, histopathology performed
*, organ weight obtained

2.6.6.4 Genetic toxicology

Study title:

Key findings:

Study no.:

Volume #, and page #:

Conducting laboratory and location:

Date of study initiation:
GLP compliance:
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QA reports: yes( ) no( )
Drug, lot #, and % purity:

Methods

Strains/species/cell line:

Doses used in definitive study:

Basis of dose selection:

Negative controls:

Positive controls:

Incubation and sampling times:

Results

Study validity (comment on replicates, counting method, criteria for positive results,

etc.):

Study outcome:

2.6.6.5 Carcinogenicity
Study title:

Key study findings:

Adeguacy of the carcinogenicity study and appropriateness of the test model:

Evaluation of tumor findings:

Study no.:

Volume #, and page #:

Conducting laboratory and location:
Date of study initiation:

GLP compliance:

QA report: yes( ) no( )

Drug, lot #, and % purity:

CAC concurrence:

Methods
Doses:

Basis of dose selection (MTD, MFD, AUC etce.):

68
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Number/sex/group (main study):

Route, formulation, volume:

Frequency of dosing:

Satellite groups used for toxicokinetics or special groups:
Age:

Animal housing:

Restriction paradigm for dietary restriction studies:
Drug stability/homogeneity:

Dual controls employed:

Interim sacrifices:

Deviations from original study protocol:

Observation times

Mortality:

Clinical signs:

Body weights:

Food consumption:

Histopathology: Peer review: yes( ), no( )
Toxicokinetics:

Results
Mortality:

Clinical signs:

Body weights:

Food consumption:

Gross pathology:

Histopathology:

Non-neoplastic:

Neoplastic:

Toxicokinetics:

2.6.6.6 Reproductive and developmental toxicology

Fertility and early embryonic development

Study title:
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Key study findings:

Study no.:

Volume #, and page #:

Conducting laboratory and location:
Date of study initiation:

GLP compliance:

QA reports: yes{ )no( )

Drug, lot #, and % purity:

Methods
Doses:
Species/strain:
Number/sex/group:
Route, formulation, volume, and infusion rate:
Satellite groups used for toxicokinetics:
Study design:
Parameters and endpoints evaluated:

Results
Mortality:
Clinical signs:

Body weight:

Food consumption:

Toxicokinetics:

Necropsy:

Fertility parameters (mating/fertility index, corpora lutea, preimplantation loss, etc.):

Embryofetal development
Study title:
Key study findings:
Study no.:
Volume #, and page #:

Conducting laboratory and location:
Date of study initiation:
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GLP compliance:
QA reports: yes{ )no( )
Drug, lot #, and % purity:

Methods
Doses:
Species/strain:
Number/sex/group:
Route, formulation, volume, and infusion rate:
Satellite groups used for toxicokinetics:
Study design:
Parameters and endpoints evaluated:

Results

Mortality (dams):

Clinical signs (dams):

Body weight (dams):

Food consumption (dams):

Toxicokinetics:

Terminal and necroscopic evaluations:C-section data (implantation sites, pre- and post-
implantation loss, etc.):

OQffspring (malformations, variations, etc.):

Prenatal and postnatal development
Study title:
Key study findings:

Study no.:

Volume #, and page #:

Conducting laboratory and location:
Date of study initiation:

GLP compliance:

QA reports: yes{ yno( )

Drug, lot #, and % purity:
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Methods
Doses:
Species/strain:
Number/sex/group:

Route, formulation, volume, and infusion rate:

Satellite groups used for toxicokinetics:

Study design:

Parameters and endpoints evaluated:

Results
Fy_in-life:
Fp necropsy:

F; physical development:

F) behavioral evaluation:

F, reproduction:

F, findings:

2.6.6.7 Local tolerance

2.6.6.8 Special toxicology studies
Study title:

Key study findings:

Study no.:
Volume #, and page #:

Conducting laboratory and location:

Date of study initiation:
GLP compliance:

QA reports: yes( ) no( )
Drug, lot #, and % purity:
Formulation/vehicle:

Methods
Doses:

Study design:
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Results:
2.6.6.9 Discussion and Conclusions
2.6.6.10 Tables and Figures

2.6.7 TOXICOLOGY TABULATED SUMMARY

[pivotal studies pertinent to the primary indication and core pharmacology studies relevant to the
primary pharmacodynamic effect, as available and as provided by the sponsor]

OVERALL CONCLUSIONS AND RECOMMENDATIONS

Conclusions:
Unresolved toxicology issues (if any):
Recommendations:

Suggested labeling:

Signatures (optional): ( %

Reviewer Signature @7\7&,\ ‘

Supervisor Signature 2%‘"%42; / gz 4 725@{ /Concurrence Yes L~ No

APPENDIX/ATTACHMENTS
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