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Disclaimer 
 
Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 203441 are owned by NPS Pharmaceuticals or are data 
for which NPS Pharmaceuticals has obtained a written right of reference. 
Any information or data necessary for approval of NDA 203441 that NPS 
Pharmaceuticals 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 reflected in the drug’s approved labeling.  Any data or information 
described or referenced below from reviews or publicly available summaries of a 
previously approved application is for descriptive purposes only and is not relied upon 
for approval of NDA 203441. 
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1 Executive Summary 

1.1 Introduction 

 
Teduglutide is a 33 amino acid peptide that differs from its natural analog, glucagon-like 
peptide-2 (GLP-2) in the substitution of alanine (in native GLP-2) for glycine at the 
second position at the N-terminus. This single amino acid substitution provides 
resistance to in vivo degradation of teduglutide by dipeptidyl protease-IV (DPP-IV) 
resulting in an extended half-life. Teduglutide is manufactured using a recombinant 
strain of Escherichia coli.  
 
Teduglutide has been shown to preserve mucosal integrity by promoting repair and 
normal growth of the intestine. Teduglutide increased villus height and crypt depth of the 
intestinal epithelium resulting in enhanced absorptive capacity of the intestine as 
demonstrated by greater absorption of fluids, electrolytes and nutrients, reduced fecal 
fluid loss, and diminished diarrhea. In addition, teduglutide accelerated intestinal 
adaptation, increased nutrient transporter activity, enhanced barrier function in the small 
intestine and decreased intestinal inflammation. These effects of teduglutide formed the 
rationale for use in patients with short bowel syndrome (SBS). Short bowel syndrome is 
characterized by the inadequate absorption of fluid and nutrients in patients who have 
undergone significant small bowel resection. This NDA was submitted to support the 
marketing approval of teduglutide for the treatment of SBS in adult patients and for the 
improvement of intestinal absorption of fluid and nutrients.  
  

1.2 Brief Discussion of Nonclinical Findings 

 
The applicant has conducted adequate nonclinical studies with teduglutide which 
included pharmacology, safety pharmacology, pharmacokinetics, acute toxicology 
studies mice, repeated dose toxicology studies in mice (14 days to 26 weeks duration), 
rats (14 day to 13 weeks duration), Cynomolgus monkeys (14 to 1 year duration), 
toxicology studies in juvenile minipigs (14 days to 90 days duration), genotoxicity 
studies (Ames test, chromosome aberration test in Chinese hamster ovary cells, in vivo 
micronucleus test in mice), reproductive toxicology studies (fertility and early embryonic 
development in rats, embryofetal development in rats and rabbits, and pre and postnatal 
development in rats), and special toxicology studies (antigenicity and local tolerance 
studies). Toxicology studies were conducted using the subcutaneous (SC) route, the 
intended clinical route of administration. 
 
In toxicology studies, teduglutide was administered subcutaneously to mice (26-week 
treatment) up to 50 mg/kg/day (about 1000 times the recommended daily human dose 
of 0.05 mg/kg), rats (13-week treatment) up to 50 mg/kg/day (about 1000 times the 
recommended daily human dose of 0.05 mg/kg), and Cynomolgus monkeys (1-year 
treatment) up to 25 mg/kg/day (about 500 times the recommended daily human dose of 
0.05 mg/kg). The lowest reported AUC (either male or female) values at the highest 
tested doses in mice (AUC0-8h of 58.5 µg.hr/mL at 50 mg/kg/day), rats (AUC0-8h of 36.7 
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µg.hr/mL at 50 mg/kg/day) and monkeys (AUC0-8h of 64.6 µg.hr/mL at 25 mg/kg/day) 
were about 250, 156 and 275 times, respectively, the human exposure (AUC0- of 0.235 
µg.hr/mL) at the proposed clinical dose of 0.05 mg/kg/day. 
 
In pivotal repeated dose toxicology studies, major treatment-related effects were related 
to the pharmacological activity of teduglutide which were seen in all species. In the 26-
week study in mice at 2, 10 and 50 mg/kg/day, major treatment-related histopathological 
changes were seen at all doses in the small and large intestine (epithelial and villus 
hypertrophy and hyperplasia), gall bladder (epithelial hypertrophy and hyperplasia 
accompanied by subacute inflammation), sternal bone marrow (myeloid hyperplasia) 
and injection site (inflammation and necrosis). In the 13-week study in rats at 10, 25 and 
50 mg/kg/day, major treatment-related histopathological changes were seen at all doses 
in the small and large intestine (mucosal hypertrophy and hyperplasia) and injection site 
(inflammation and necrosis). In the 1-year study in Cynomolgus monkeys at 1, 5 and 25 
mg/kg/day, major treatment-related histopathological changes were seen at all doses in 
the small and large intestine (mucosal hyperplasia), stomach (mucosal hyperplasia), 
pancreas (hypertrophy/hyperplasia of the pancreatic duct epithelium), liver and gall 
bladder (epithelial hypertrophy and hyperplasia of the bile duct in the liver and mucosal 
hypertrophy/hyperplasia of the gall bladder) and injection site (inflammation and 
necrosis).  
 
Teduglutide was also tested in juvenile minipigs in 14-day and 90-day toxicology studies 
up to 25 mg/kg/day (about 500 times the recommended daily human dose of 0.05 
mg/kg). In the 14-day study at 5 and 25 mg/kg/day, major treatment-related 
histopathological changes were seen at all doses in the nonglandular stomach (mucosal 
hyperplasia associated with ulceration/erosion), small and large intestinal tract 
(hyperplasia), gall bladder (mucosal hyperplasia), bile duct (mucosal hyperplasia) and 
injection site (inflammation and necrosis). In the 90-day study at 1, 5 and 25 mg/kg/day, 
major treatment-related histopathological changes were observed at all doses in the 
small intestines (minimal/slight villous hypertrophy), gall bladder (cystic mucosal 
hyperplasia at all doses), extrahepatic bile duct (cystic mucosal hyperplasia), and 
injection site (inflammation and necrosis). In the 90-day study, teduglutide increased the 
P wave, PR, QT (mid and high dose) and RR intervals at all doses in males at Week 13 
compared to respective controls. The ECG changes were predominantly seen in males; 
however, the plasma exposure (AUC) to teduglutide was higher in females than that in 
males at Week 13 at all doses. In addition, these changes were seen at only one time 
point (Week 13), in one species and the magnitude of these changes were small and 
these changes were also not dose-related. Moreover, there were no significant 
treatment-related effects on QTc (Fridericia) in either sex. The QTc values were 
comparable across all groups. Overall, these ECG changes are not meaningful and not 
toxicologically significant. 
 
Teduglutide was negative in the Ames test, in vitro chromosomal aberration test in 
Chinese hamster ovary (CHO) cells, and in vivo mouse micronucleus test. In a 2-year 
carcinogenicity study by subcutaneous route in Wistar Han rats at 3, 10 and 35 
mg/kg/day (about 60, 200 and 700 times the recommended daily human dose of 0.05 
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mg/kg, respectively), teduglutide caused statistically significant increases in the 
incidences of adenomas in the bile duct and jejunum of male rats. There were no drug 
related tumor findings in females. A 2-year mouse carcinogenicity study is ongoing. By 
virtue of its mechanism of action (intestinotrophic activity or growth promoting 
pharmacological effect) and the findings of the carcinogenicity study in rats, teduglutide 
has the potential to cause hyperplastic changes including carcinogenicity in humans.  
 
In the subcutaneous fertility and early embryonic development study in rats at 2, 10 and 
50 mg/kg/day, teduglutide did not show any adverse effects on early embryonic 
development or fertility parameters up to 50 mg/kg/day (about 1000 times the 
recommended daily human dose of 0.05 mg/kg). In the subcutaneous embryofetal 
development study in rats at 2, 10 and 50 mg/kg/day, teduglutide was not teratogenic 
up to 50 mg/kg/day (about 1000 times the recommended daily human dose of 0.05 
mg/kg). In the subcutaneous embryofetal development study in rabbits at 2, 10 and 50 
mg/kg/day, teduglutide was not teratogenic up to 50 mg/kg/day (about 1000 times the 
recommended daily human dose of 0.05 mg/kg). In the subcutaneous pre and postnatal 
development study in rats at 10, 25 and 50 mg/kg/day, teduglutide did not show any 
significant adverse effect on pre and postnatal development up to 50 mg/kg/day (about 
1000 times the recommended daily human dose of 0.05 mg/kg). 
 
Overall, nonclinical safety of teduglutide has been adequately tested in several 
toxicology studies. Nonclinical studies conducted with teduglutide provide adequate 
assurance of safety and support its proposed use at the intended therapeutic dosage 
and in accordance with the proposed product labeling. However, by virtue of its 
mechanism of action (intestinotrophic activity or growth promoting pharmacological 
effect) and the findings of the carcinogenicity study in rats, teduglutide has the potential 
to cause hyperplastic changes including carcinogenicity in humans. 
 

1.3 Recommendations 

1.3.1 Approvability 

From a nonclinical standpoint, this NDA is recommended for approval. 

1.3.2 Additional Non Clinical Recommendations 

None 

1.3.3 Labeling 

The draft labeling of Gattex conforms to the content and format of labeling for human 
prescription drugs under 21CFR201.57(b)(1). However, the following changes are 
recommended. 
 
8.1 Pregnancy 
 
Applicant’s Version: 
 
8.1 Pregnancy  
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Pregnancy Category B- two
there are no adequate and well-controlled studies in pregnant women.

Because animal reproduction studies are not always predictive of human response, "M"

should be used during pregnancy only if clearly needed.

Evaluation: The text is not in accordance with 21 CFR 201 .57(c)(9)(i)(A)(2). The

pregnancy category B is acceptable. However, the text should be modified as

recommended below to reflect the dose. In addition, the findings of the pre and

postnatal development study in rats should be incorporated in this section.

Recommended Version:

8.1 Pregnancy

Pregnancy Category B

Reproduction studies with teduglutide have been performed in pregnant rats at

subcutaneous doses up to 50 mglkglday (about 1000 times the recommended daily

human dose of 0.05 mglkg) and in rabbits at subcutaneous doses up to 50 mglkglday

(about 1000 times the recommended daily human dose of 0.05 mglkg). These studies

did not reveal any evidence of impaired fertility or harm to the fetus due to teduglutide. A

pre and postnatal development study in rats showed no evidence of any adverse effect

on pre and postnatal development at subcutaneous doses up to 50 mglkglday (about

1000 times the recommended daily human dose of 0.05 mglkg). There are, however, no

adequate and well—controlled studies in pregnant women. Because animal reproduction

studies are not always predictive of human response, teduglutide should be used during

pregnancy only if clearly needed.

8.3. Nursing Mothers

Applicant’s Version:

8.3 Nursing Mothers

(b) (4) (5) (4)
It is unknown whether is excreted in human milk.

concentration in milk was m" of the plasma concentration following a single
SC injection of 25 mg/kg. M" The use of
GA TTEX during nursing should be avoided.

Evaluation: The text is in not accordance with 21 CFR 201.57(c)(9)(iii) 8.3. Since

teduglutide is excreted through breast milk and teduglutide has tumorigenic potential,

the text should be modified as follows as per the CFR.

Recommended Version:
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8.3 Nursing Mothers 
 
It is unknown whether teduglutide is excreted in human milk. Teduglutide is excreted in 
the milk of lactating rats and the highest concentration in the milk was 2.9% of the 
plasma concentration following a single subcutaneous injection of 25 mg/kg. Because 
many drugs are excreted in human milk and because of the potential for serious 
adverse reactions to nursing infants from teduglutide and because of the potential for 
tumorigenicity shown for teduglutide in rats, a decision should be made whether to 
discontinue nursing or to discontinue the drug, taking into account the importance of the 
drug to the mother. 
 
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 
 
Applicant’s Version: 
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 
 

 
Evaluation: The format is in accordance with 21CFR 201.57(c)(14)(i) 13.1.  However, 
the text should be modified as proposed below to reflect the findings of the rat 
carcinogenicity study. 
 
Recommended Version:   
 
13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 
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In a 2-year carcinogenicity study in Wistar Han rats at subcutaneous doses of 3, 10 and 
35 mg/kg/day (about 60, 200 and 700 times the recommended daily human dose of 
0.05 mg/kg, respectively), teduglutide caused statistically significant increases in the 
incidences of adenomas in the bile duct and jejunum of male rats. 
 
Teduglutide was negative in the Ames test, chromosomal aberration test in Chinese 
hamster ovary cells, and in vivo mouse micronucleus assay. 
 
Teduglutide at subcutaneous doses up to 50 mg/kg/day (about 1000 times the 
recommended daily human dose of 0.05 mg/kg) was found to have no adverse effect on 
fertility and reproductive performance of male and female rats. 
 
 
 

2 Drug Information 

2.1 Drug 

CAS Registry Number: 197922-42-2 
 
Generic Name: Teduglutide  
 
Code Name: ALX-0600 
 
Chemical Name: L-histidyl-L-glycyl-L-aspartyl-L-glycyl-L-seryl-L-phenylalanyl-L-seryl-L-
aspartyl-L-glutamyl-L-methionyl-L-asparaginyl-Lthreonyl-L-isoleucyl-L-leucyl-L-aspartyl-
L-asparaginyl-L-leucyl-L-alanyl-L-alanyl-L-arginyl-L-aspartyl-L-phenylalanyl-Lisoleucyl- 
L-asparaginyl-L-tryptophanyl-L-leucyl-L-isoleucyl-Lglutaminyl-L-threonyl-L-lysyl-L-
isoleucyl-L-threonyl-L-aspartic acid 
 
Molecular Formula/Molecular Weight: C164H252N44O55S/3752 Daltons 
 

Reference ID: 3169353
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Structure or Biochemical Description: Teduglutide is an analog of naturally occurring 
human GLP-2, a peptide secreted by L cells of the distal intestine. Like GLP-2, 
teduglutide is 33 amino acids in length with an amino acid substitution of alanine by 
glycine at the second position of the N-terminus of GLP-2. The structure of teduglutide 
is shown below (from page 2 of Section 2.3.S.1 of the electronic submission). 
Teduglutide was manufactured using a recombinant strain of Escherichia coli.  
 
 
 

 
 
Pharmacologic Class: Glucagon-like-peptide-2 (GLP-2) receptor agonist 
 

2.2 Relevant IND/s, NDA/s, and DMF/s 

1. IND 58,213 (ALX-0600, NPS Pharmaceuticals) 

2.3 Drug Formulation 

Teduglutide for injection is supplied in a sterile, single-use 3-mL, USP Type I glass vial 
containing 5 mg of teduglutide as a white lyophilized powder. The lyophilized powder is 
intended for reconstitution with 0.5 mL of sterile Water for Injection, USP immediately 
before administration by subcutaneous injection. The reconstituted product is a clear, 
colorless to light straw-colored solution (10 mg/mL), which also contains the following 
excipients:  sodium phosphate,  L-histidine, and  mannitol. The 
reconstituted solution has a pH of approximately 7.4. The composition of the drug 
product is shown below (from page 1 of 2.3.P.1). 
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Table 2.3.P.l—1: Composition of Teduglutide for Injection

 

  

Name of Ingredients  Quantity per Vial 

   

  
  

Teduglutide Drug Active Ingredient NPS ill-hOlLSe standard 5 mgSubstance ~ -

. . . (0(4)
L-Hisudnie USP 3.88 mg

Mannitol

 

Monobasic Sodium

Phosphate. h/Ionohyth'ate  

Dibasic Sodium

Phosphate. Heptahydrate

 
Water for Injection USP

 
(I!) (4)
 

N'PS = NPS Pharmaceuticals: USP = United States Pharmacooeia: NF = National Formularv (b) (0

2.4 Comments on Novel Excipients

The excipients used in the manufacture of teduglutide for injection are all compendial.

The quality standard for each excipient is shown in the table (from page 1 of Section

2.3.P.4 of the electronic submission) below. No novel excipients were used in the

manufacture of the drug product.

Table 2.3.P.4—1: Specifications for Teduglutide for Injection Excipients

Excipients Quality Standard

L-I-Iistidine 

‘ Mannitol 

Monobasic Sodium Phosphate. Monohydratc 
Dibasic Sodium Phosphate. Heptahydtate

Water for Injection ‘ USP

2.5 Comments on Impurities/Degradants of Concern

The potential process and product-related impurities in the teduglutide drug substance

(DS) were controlled as per the lntemational Conference on Harmonization (ICH)

guideline Q6B: Product-related impurities and Process—related impurities. The major

product-related impurities have a lower biological activity than teduglutide. The

biological activities of the minor impurities were not determined. Product-related

impurities could arise by chemical or physical degradation of teduglutide, molecular

1 1
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rearrangement such as truncation, isomerization, incorporation of incorrect amino acids

during biosynthesis or incomplete post-translational processing.

The release specifications for the OS are shown in the following table (from page 4 of

Section 3.2.R.3.P of the submission). Impurity A and B are teduglutide-related impurity

and related in sequence to teduglutide molecule (parent drug) and the specifications are

acceptable from a nonclinical standpoint. Impurity A “m
, not more than (NMT) 0""; “M", NMT

(hm. (hm) and (mo NMT

(m4); (m4) lllMT(5)“). 00(4)

’ NMT (m4); (m4), NMT
"M"; unspecified impurity, NMT "M; Total impurity, NMT "’""] and B "M"

t, NMT “M"; "M Impurity, NMT M") were
considered qualified based on calculated exposure in toxicology studies.

1 2
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Table 3.2.R.3.P—2: Teduglutide Drug Substance Release Specification

'

(0 -ANP-GLP-1005) colored ' .-

Vtsml

QC-ANP-GLP—5006 Themfiontimofmetemghmde
peakcmeqaondstoflmofflne
standardpreparafionasob‘ainedin
the

QC-ANP-GLP—Zl l0

_ANP-GLP—5011
@—”mam“

_QC”mm”1°(RP HPLC) 
1 3
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Table 3.2.R.3.P-2: Teduglutide Drug Substance Release Specification

  
mA-mwmmmw-mmimM-mmm

RP=nlfimeP-MC=MMWWW
‘ Tenedonlylnleue
‘Coelmmgmmues

The following table (from page 2 of 3.2.8.3.2) shows the potential product-related

impurities.

Table 3.2.5.3.2-1: Potential Product-Related Impurities for 'l'eduglutlde

 
The majority of the product-related impurities have been identified to be truncated forms

of the peptide. Fifteen principal impurities have been identified in the drug substance.

Several of these peaks were co-eluted with other impurities and were quantified as a

group of impurities. Good Laboratory Practice (GLP) compliant toxicology studies

ranging from 14 days to one year in duration have been conducted in multiple species.

14
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The following table (from page 104 of Section 2.6.6 of the submission) shows impurity

profiles for the drug product used in the majority of these toxicology studies.

Table 27 Levels of Principal Impurities in Drug Product Batches I'sed in Repeat

Dose Toxicology Studies

Species Dura- NOAEI. Impurity (‘3 3)
mm (mgikg’ (m4)

day)

Mouse 26 25 ‘60

weeksI

Rat 14 50

days"

Rat 14 days 50

Rat l 3 50
weeks

Monkey 52 5
weeks

Human‘ P3 0.05‘I
studies

' Animals dosed with 15 mg'kg.l“day for 2 weeks and SO mgrkglday for the duration of the study.
b Study comparing multiple strains ofrats.
‘ The highest value for each individual impurity that was measured in drug product batches used in all of the

Phase 3 clinical studies.

d Clinical dose.
P3 = Phase 3.

As shown in the above table, impurity profiles for drug substance used in the majority of

these toxicology studies have been determined and margins of exposure (MOE) based

upon individual impurity exposure (AUC) at the no-observable-adverse—effect level

(NOAEL) in animals relative to human exposure (AUC) at the therapeutic dose (0.05

mg/kg/day) of the commercial drug product have been calculated. Based upon the

calculated MOE, the impurities were considered to be qualified from a nonclinical

standpoint. Similarly, MOE based upon release specifications for each of the principal

impurities identified in the drug substance relative to human exposure were determined

and the calculated ratios support the release specifications from the nonclinical

perspective. The following tables (from page 105 of Section 2.6.6 of the submission)

show the release specifications and margins of exposure based on AUC comparisons

for principal impurities.

1 5
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Table 29 Release Specifications for Principal Impurities in Drug Substance and

Drug Product

Release Specification (NMT 95)

 
NMT=NotmoretlIarL

Table 28 Margins of Exposure (Animal to Human Ratio) for Principal Impurities

in Drug Product Batches

MOE 1m

 
 

tion

Mouse 26

weeks

Rat l4days'

Rat l4days
Rat 13

weeks

Mmkey 52
weeks

'Studycmatingmnlt'plestninsofmts.

Similarly, MOE based upon release specifieafions for each of the principal impurifies

identified in me drug product (DP) relative to human exposure (AUC) were determined.

The following table (from page 106 of Section 2.6.6 of the submission) shows the MOE

(animal to human AUC ratio) for principal impurities based on release specifications for

drug product.

1 6
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Table 30 Margins of Exposure (Animal to Human Ratio) for Principal Impurities

Based on Release Specifications for Drug Product

Species Duration MOE by Impurity
(5)“)

Mouse 26 weeks

Rat 14 days3

Rat 14 days

Rat 13 weeks

Monkey 52 weeks

' Study comparing multiple strains of rats.

From a nonclinical standpoint, these margins of exposure calculated from the toxicology

studies adequately support the proposed release specifications.

2.6 Proposed Clinical Population and Dosing Regimen

Gattex® is indicated for the following:
0 Treatment of adult patients with Short Bowel Syndrome (SBS)

0 Improvement of intestinal absorption of fluid and nutrients

The recommended once daily dose is 0.05 mg/kg by subcutaneous injection, alternating

sites between 1 of the 4 quadrants of the abdomen, or into alternating thighs or

alternating arms.

2.7 Regulatory Background

The following are the major regulatory milestones.

1. The pre-IND 58,213 meeting dated October 20, 1998 (FDA meeting minutes

dated October 20, 1998)

2. End of Phase 2 (EOP2) meeting dated October 6, 2003 (FDA meeting minutes

dated November 5, 2003)

3. Telecon to discuss pre-clinical program on December 19, 2003 (FDA meeting

minutes dated January 16, 2004)

4. Type C meeting to discuss clinical pharmacokinetics package on June 6, 2006

(FDA meeting minutes dated July 7, 2006)

5. Type C meeting to discuss statistical and regulatory issues on January 23, 2007

(FDA meeting minutes dated February 12, 2007)

1 7
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6. Type C meeting to discuss development plan on January 18, 2008 (FDA meeting 
minutes dated January 25, 2008) 

7. Type B Pre-NDA meeting on July 14, 2008 (FDA meeting minutes dated August 
19, 2008) 

8. Pre-NDA Chemistry Manufacturing and Control (CMC) meeting on October 19, 
2010 (FDA meeting minutes dated November 30, 2010) 

9. Type B Pre-NDA meeting to discuss content and format of the NDA on April 25, 
2011 (FDA meeting minutes dated May 23, 2011) 

 

3 Studies Submitted 

3.1 Studies Reviewed  

The following studies were reviewed as shown in the table below. 
 
STUDY STUDY/REPORT NO. REVIEW PAGE #
PHARMACOLOGY****** 20 
ABSORPTION, DISTRIBUTION, METABOLISM AND EXCRETION 49 
ABSORPTION 49 
Bioavailability of teduglutide following IV and SC 
administration to rabbits 

7203-105* 50 

Bioavailability of teduglutide following IV and SC 
administration to Cynomolgus monkeys 

7203-106* 52 

Bioavailability of teduglutide following IV and SC 
administration to mice 

7203-107* 51 

Pharmacokinetic study in juvenile minipigs 51170* 53 
Comparative study in Wistar and SD rats following 
single SC injection 

800759 58 

Pharmacokinetic study after single IV or SC bolus 
dose of teduglutide to male SD rats 

10101-R****** 59 

DISTRIBUTION 61 
Lacteal excretion and placental transfer of 
teduglutide following administration of SC doses to 
lactating rats and pregnant rabbits 

7203-104* 61 

Determination of teduglutide concentration in 
cerebrospinal fluid and plasma following SC bolus 
doses to male SD rats 

10102-R****** 64 

TOXICOLOGY 65 
Acute 65 
Mice 65 
Single, SC 88614****** 66 
Subacute/Subchronic/Chronic 66 
Mouse 66 
14-Day, SC 88617****** 67 
1-Month, SC 88730 70 
90-Day, SC 0470MN12.001* 76 
26-Week, SC 7203-112* 81 
Rat 86 
14-Day, SC 02-2776*** 87 
14-Day, SC, Wistar Han, Fischer-344 and SD rats 800869**** 91 
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13-Week, SC, with Dietary optimization 800069*** 99 
Minipig 108 
14-Day, SC, Juvenile 51153* 109 
90-Day, SC, Juvenile 66585 115 
Cynomolgus Monkey 129 
3-Day, SC 88616 130 
14-Day, SC 88619****** 130 
1-Month, SC 88729****** 133 
13-Week, SC 7203-100** 138 
12-Month, SC 1368-100* 153 
GENOTOXICITY  169 
Ames test 88665****** 170 
Chromosome aberration test in Chinese hamster 
ovary (CHO) cells 

88666****** 172 

In vivo micronucleus test in mice, SC AA65WK.112.BTL* 175 
CARCINOGENICITY 179 
Rat, 2-Year, SC 80070***** 180 
REPRODUCTIVE TOXICITY 212 
Rat 212 
Segment I, SC 98357* 213 
Segment II, SC 7203-117* 215 
Segment III, SC XGW00008* 224 
Rabbits 219 
Segment II, SC WIL-487001* 220 
SPECIAL TOXICOLOGY STUDIES 233 
Acute IV/perivenous/intraarterial tolerance study in 
rabbits 

7203-101** 233 

13-Day, SC 6852-175 235 
Hemolytic potential and blood compatibility study 7203-102** 238 
Induction of delayed hypersensitivity response 0711XA27.001****** 239 
Immunogenicity study in New Zealand white rabbit 47063****** 241 
Exploratory mechanistic toxicology study in 
Cynomolgus monkey on potential increase of CRP 

519157 242 

 
*: Reports reviewed under IND 58,213 (pharmacology review dated December 19, 
2006) 
**: Reports reviewed under IND 58,213 (pharmacology review dated April 1, 2004) 
***: Reports reviewed under IND 58,213 (pharmacology review dated December 5, 
2003) 
****: Reports reviewed under IND 58,213 (pharmacology review dated June 16, 2005) 
*****: Report reviewed under IND 58,213 (pharmacology review dated October 14, 
2008) 
******: Reports reviewed under IND 58,213 (pharmacology review dated May 24, 2002) 
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3.2 Studies Not Reviewed  

Analytical methods and validation reports submitted in Section 4.2.2.1 of the submission 
were not reviewed. 

3.3 Previous Reviews Referenced 

1. Pharmacology review of IND 58,213 dated May 24, 2002 
2. Pharmacology review of IND 58,213 dated December 5, 2003 
3. Pharmacology review of IND 58,213 dated April 01, 2004 
4. Pharmacology review of IND 58,213 dated June 16, 2005 
5. Pharmacology review of IND 58,213 dated December 19, 2006 
6. Pharmacology review of IND 58,213 dated October 14, 2008 

 
Above reviews of IND 58,213 were incorporated in the appropriate sections of this 
review. 

4 Pharmacology 

4.1 Primary Pharmacology 

Review of primary pharmacology studies are incorporated below from the pharmacology 
review of IND 58,213 dated May 24, 2002. 
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ALX—O600, a 33 amino acid peptide differs from natural GLP—2 in

the substitution of a glycine molecule for alanine molecule at

position 2, is a recombinant analog of human regulatory gut

glucagon—like peptide-2 (GLP-2). ALX-DGOO synthesized from E.
coli   
 

 

was

 proposed to be used in the present trial. Because of its

resemblance to GLP-2, sponsor speculated that ALX-0600 could

exert an intestinotrophic effect (increase in diameter, weight

and hyperplasia of intestine, DNA and protein concentrations)

and proposed the present clinical study. The preclinical

pharmacology studies submitted with the present application are
reviewed here.

Primer! Pharmacologz

1. Mechanism of Action: ALX—0600 and GLP-2 caused the

stimulation and proliferation of epithelial cells in a regulated

manner and, found to increase the crypt-to-villus height,

mucosal mass and consequently absorptive surface area of

intestines. GLP-2 hormone was demonstrated to act through a

cell-surface G-protein coupled receptor and was responsible for

the stimulation of CAMP production in cells and expressing GLP—2

receptors (GLP-ZR; —. ALX—0600 was shown to act by
GLP-ZR expression in stomach, small intestines and large

intestines. It exhibited intestinotrophic effects in vitro and

in vivo studies. Sponsor claimed that cDNA cloning and

functional characterization of human and rat GLP-Z receptors

showed that these receptors were -simi1ar in their amino

acids sequence. One of the genomic DNA clones from human GLP-2R

gene was similar to—and
was thought to be a genetic factor in inherited bowel disease.
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6. Regglation of Biological Activity of GLP-2 in Vivo by

Digeptidzl Peptidase IV (DPP IV): Rat GLP-2 at the dose of 5 or
50 ug/day (in 2 divided daily doses) in Fishers 344 rats for 10

days produced intestinotrophic effects. The enzyme deficient rat

serum showed expected effects of GLP-2 but when native rat GLP—2

incubated with human placental DPP-IV, only little effect was

seen. This lack of effect was attributed to rapid inactivation

of GLP-2 by DPP-IV. When it was administered in the mouse, an

increase in height of mucosal epithelium as well as small bowel

weight was observed. GLP-2 when incubated with serum from DPP-

IV deficient rats, a significant increase in the

intestinotrophic effect was reported showing that the effect was

DPP-IV mediated and had limited intestinotrophic effect.

7. Direct Effects of GLP-2 and ALx-OGOO on Epithelial Functions
in CD-l Mice: In CD-1 mice subcutaneous injection of either 0, 5

ug GLP—2 or ALX-0600 was administered for 10 days. On day 11,

the animals were weighed, sacrificed, and entire small intestine

(pylorus to cecum) was removed. The intestines flushed of its

materials, washed, dried and weighed. Jejunal segments were

excised for morphology by light microscopy and electron

microscopy. GLP-2 and ALX-0600 produced a significant (p<0.001)

increase in total weight of mucosal weight by 33 and 50%

respectively and, protein contents in mucosal scrapings by 59.2

and 65.7% respectively. Total mucosal and villus height were

larger by 25 and 35% in mice treated with GLP-2 and ALX—OGOO,

respectively. The crypt depth was not affected in animals given

any of these agents. The crypt ratio was significantly

increased (p<0.05). The electron microscopy examination
revealed that GLP-2 or ALX-0600 treatment doubled microvillus

length of the enterocytes. ALX-0600 treatment produced similar

but only more intense effects on intestinal morphology and

entercytic morphology (See following table taken from sponsor’s

submission vol 1:5, pp 274):
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Table I. Effect of GLP-2 and .-\I..\'-060() treatment on mucosa! and

emerucytic morphology

Truatment Mucosu‘l Villus Crypt Microvillus Enterocy1e EmerocyleHeiht Lenth' Denth' Lenth2 Width Len- th‘

“ 553-33 I «:31 = "-_
GLP-2 816-: 36' 688 128'

All measurements are express-3d as pm.
Values represent means . SEM

 
I light Ifilcroscopy. n -= 7-?! mice Her group

elector) microscopy, In 20 outsmart-s purgroup
u<-D.05 ccmparcd to PBS treated :crrrol mice
3:. 0.05 norrparcz' to GLP 2 treated mice

9

8. Intestinal Res ones to Growth Factors Administered alone or

in Combination with Human (61 2) Gluca on—Like Pe tide—2: CD-1

mice were treated with a peptide alone, i.e., GLP-2 (2.5 ug) ,

ALX-OSOO (2.5 ug), IGF-l (40 ug), hGH (25 ug), LRIGF-l (25 ug or

40 ug), IGF—II (40 ug), EGF (1 mg) administered twice daily for

10 to 14 days. In other groups of animals, ALX-OSOO was

administered with one of these peptides. The greatest increase
in the small bowel mass was seen in rats treated with ALX-OSOO.

Large bowel mass was increased more in animals included in
combination of ALX—O6OO with IGF—l or LR-IGF-l or hGH treatment

groups. Villus height in proximal and distal jejunum and large
bowel was seen in mice treated with ALX-OGOO alone. ALX-0600 in

combination with growth hormones exerted non—specific

intestinotrophic effects.

 

 

9. Pharmacological Effects of Subcutaneous Injection of ALX-

0600 for 14 Days in Mice, Rats, Dogs and Monkeys:

a. Mice: The intestinotrophic effects of ALX-06OO were

pronounced and dose dependent from 1.25 to 2.5 ug/kg, sc doses.

The effect was greater in mouse small intestine (40 to 50%) than

in the colon (EDm = 1.28 ug/day). A plateau was reached within
2 weeks of administration. In order to evaluate the doses and

regimen which could maintain the increased small intestine

weight, a group of mice was given dose escalating treatment of

0, 0.625, 1.25, 2.5 or 5.0 ug/day ALX0600. The lowest dose was

escalated to next higher dose every second day of the study.

The second group was given 5 ug ALX0600 every two days for 14

days. An increase of 71% was seen in small intestines weight
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lntestinotrophic Effects of Teduglutide in Dogs (PH02-003) 
 
The objective of this study was to evaluate the intestinotrophic effects of daily 
teduglutide treatment for 10 days in the gastrointestinal tract (GIT) of adult Beagle dogs. 
In this study, adult male and female dogs were administered by once daily SC injection 
of saline (vehicle) or teduglutide at 0.3 mg/kg or 1.0 mg/kg for 10 days. Intestinotrophic 
responses were measured as increased tissue weight and morphological parameters. 
 
Small intestinal weight was significantly increased at both doses. Stomach weight 
tended to increase at 1 mg/kg when compared to vehicle controls, but the increase was 
not statistically significant. Colon weight was not significantly different between groups. 
Small intestinal length tended to increase at both doses of teduglutide. Mucosal 
thickness significantly increased in the duodenum and jejunum at 0.3 mg/kg or 1 mg/kg 
and significantly increased in the stomach pylorus and colon at 1 mg/kg. Mucosal 
thickness in the stomach (fundus) was similar in all groups. Villus height significantly 
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increased in the jejunum at both doses and in the stomach (fundus) at 1 mg/kg. There 
were less pronounced increases in villus height in the stomach pylorus and duodenum 
at both doses. Crypt depth significantly increased in the duodenum at both doses and 
significantly increased in the stomach only at 1 mg/kg. There were no significant 
differences in crypt depth in the jejunum or stomach fundus. No intestinotrophic effects 
(mucosal thickness, villus height, crypt depth) were observed in the ileum of teduglutide 
treated animals. Overall, teduglutide caused increase in small intestinal weight, mucosal 
thickness of the jejunum and duodenum, villus height and crypt depth in the duodenum 
and stomach at both tested doses.  
 
Effects of Teduglutide on Small Intestinal Epithelium Following Irradiation  
(PH03-001) 
 
The objective of the study was to examine the potential protective effects of teduglutide 
following cytotoxic exposure to irradiation in the normal small intestinal epithelium of BDF1 
male mice. The level of protection was determined by the number of stem cells in the crypt 
that survived as measured by the crypt microcolony assay. Protection was demonstrated by 
a shift to the right in the survival curve and an increased protection factor at a given dose. 
Relative to exposure to irradiation, several teduglutide pre-treatment and post-treatment 
regimens were tested (0.2 to 1.6 mg/kg BID) as shown in the table (from page 4 of the 
report) below. 
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Administration of teduglutide (0.2 mg/kg BID) for 6 or 14 days prior to exposure ranging 
from 12 to 15 Gy -radiation significantly increased crypt stem cell survival in BDF1 mice 
compared to vehicle controls. The levels of protection (protection factor) ranged from 1.0 
(no effect at the lowest radiation dose of 11 Gy) to 2.2 (at 15 Gy). A protection factor of 2.0 
meant two-fold more crypts survived a given dose of radiation if the treatment with 
teduglutide precedes the radiation. Administration of teduglutide (0.2 mg/kg BID) for 6 days 
prior and 4 days following irradiation doses ranging from 11 to 16 Gy significantly increased 
stem cell survival, with a protection factor ranging between 1.2 and 1.6 compared to the 
saline treated group. Administration of teduglutide (0.2 mg/kg BID) for 4 days following the 
doses of radiation ranging from 11 to 16 Gy did not increase crypt stem cell survival when 
compared to the saline treated group. 
 
Overall, exposure to teduglutide significantly increased the levels of crypt survival and 
provided modest protection to the small intestine following high doses of radiation. A 
maximum of two-fold more crypts survived a given dose of radiation if treatment with 
teduglutide preceded the radiation. No significant differences were observed between 6 day 
and 14 day pre-treatment paradigms. There was no significant improvement in the levels of 
protection if teduglutide was continued following the dose of radiation (during the crypt 
regeneration phase). Teduglutide given only following irradiation provided no protection 
against intestinal irradiation damage. 
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Effect of Teduglutide on Intestinal Permeability in a TNBS-induced Ileitis 
Guinea Pig Model (PH04-002) 
 
The objective of this study was to examine the potential therapeutic effects of teduglutide in 
a Guinea pig 2,4,6-trinitrobenzenesulfonic acid (TNBS)-induced ileitis model. Ethanol was 
administered to increase permeability of the small intestinal epithelium, which allowed 
TNBS (as a hapten) to gain access to the submucosa. A chronic inflammatory response 
was subsequently observed within the wall of the intestine that mimicked the characteristics 
of human Crohn's disease. Baseline permeability was determined at Day -7 and Day -3, 
prior to TNBS exposure. Inflammation was induced on Day 0 in the ileum of the Guinea pigs 
by a single intra-ileal injection of TNBS (40 mg/mL in 10% ethanol). Animals were allowed 
to recover, and randomized to receive either teduglutide or vehicle (phosphate buffered 
saline) by SC injection (0.1 mg/kg, BID for 18 days) following TNBS exposure. Gastric and 
small intestinal permeability were assessed on Days 3, 7, 10, 14 and 18 post-treatment.  
 
Administration of TNBS increased the small intestinal permeability, as determined by an 
increase in the lactulose:mannitol ratio. Teduglutide significantly accelerated the reversal of 
increased intestinal permeability to baseline levels by Day 7. A further reduction below 
baseline in intestinal permeability was observed in animals treated at Day 10. Vehicle-
treated animals returned to baseline permeability by Day 14. Gastric permeability, as 
measured by sucrose excretion, was unaffected by TNBS. No significant changes in 
gastric permeability were observed by treatment with teduglutide. These results 
indicated that teduglutide did not reduce maximal increased TNBS-induced small 
intestinal permeability. However, teduglutide appeared to accelerate the reversal of 
TNBS-induced increased small intestinal permeability. 
 
A 14-Day Comparative Pharmacology Study of Teduglutide Administered by 
Continuous Intravenous Infusion or Subcutaneous Injection in Female Rats  
(PH04-024) 
 
Methods: The objective of this study was to compare the effects of teduglutide on the 
gastrointestinal tract in female rats following administration by continuous IV infusion (at 0.5 
or 2.0 mg/kg/day) or twice daily SC injection (0.5 mg/kg/day) for 14 consecutive days. The 
following parameters were evaluated: clinical signs, body weight, food consumption, 
pharmacokinetics, macroscopy, small and large intestine weight and length and 
histopathology of the small and large intestine. The following table (from page 1 of the study 
report) shows the study design. 
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Results: There were no mortality and treatment-related clinical signs.  There were 
occasional reductions in daily food intake with a consequent reduction in overall body 
weight gain following the SC route of administration. Both routes of administration were 
associated with statistically significant increases in intestinal weights (small intestine: 125%, 
115% and 188% of control in Groups 2, 3 and 4, respectively; large intestine: 135%, 133% 
and 120% of control in Groups 2, 3 and 4, respectively), length (small intestine: 117%, 
114% and 107% of control in Groups 2, 3 and 4, respectively; large intestine: 107%, 114% 
and 104% of control in Groups 2, 3 and 4, respectively) and thickness. Histopathology 
findings included treatment-related mucosal hyperplasia in the small intestine at 0.5 
mg/kg/day IV and in the small and large intestines at 2 mg/g/day IV or 0.5 mg/kg/day SC. 
This change was characterized by an elongation of the villi and/or crypts lined by high 
columnar and basophilic epithelial cells, with an increased number of mitotic figures in the 
crypts. Mucosal hyperplasia was seen in all segments of the small intestine (duodenum, 
jejunum, and ileum) of all treated animals. This change was more prominent in the proximal 
small intestine (duodenum and jejunum) with both SC and IV routes of administration. There 
was a dose-related increase of the duodenal and jejunal mucosal hyperplasia following IV 
administration. There were no apparent differences of mucosal hyperplasia in the small or 
large intestines between SC and IV groups at the same dosage. Mucosal hyperplasia 
correlated with the thickening of the intestinal wall seen at necropsy. Minimal cecal and 
colonic mucosal hyperplasia without increased mitotic activity was seen in some animals at 
2 mg/kg/day IV and in one animal at 0.5 mg/kg/day SC. This change correlated with the 
thickening of the wall seen grossly in the cecum. The following table (from page 15 of the 
report) shows the incidences of mucosal hyperplasia. 
 

 
 
The IV route of administration appeared to cause a greater response on intestinal weight at 
0.5 mg/kg/day than the same dosage given SC.  At 0.5 mg/kg/day IV, there was significant 
increase in small intestinal length compared to the control group. In addition, a tendency 
towards increased small intestinal length at 2.0 mg/kg/day IV and 0.5 mg/kg/day SC 
injection was observed. Similarly, a tendency towards increased large intestinal length in 
animals from all groups was observed compared to the control group. 
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The steady-state plasma concentration of teduglutide at 0.5 mg/kg/day IV was 40.2 ng/mL 
on Day 2 and 50 ng/mL on Day 14. The steady-state plasma concentration of teduglutide at 
2.0 mg/kg/day IV was 154 ng/mL on Day 2, while no teduglutide exposure was observed on 
Day 14. The total daily exposure (AUC) to teduglutide was higher in the IV group (AUC0-  
965-1200 ng.hr/mL) than in the group receiving the same dose of 0.5 mg/kg/day teduglutide 
by SC injection (AUC0-  297-384 ng.hr/mL). The following table (from page 10 of the PK 
report) shows the PK data. 
 

 
 
In conclusion, both routes of administration were associated with greater intestinal weights 
and intestinal wall thickening, and caused intestinal mucosal hyperplasia. The IV route 
appeared to cause a greater response on intestinal weight at 0.5 mg/kg/day than the same 
dosage given SC.  
 
A 14-Day Comparative Study on the Effects of Teduglutide Administered by 
Continuous Subcutaneous Infusion or Subcutaneous Injection on the 
Gastrointestinal Tract (GIT) of the Female Rat (SP06-008-0600) 
 
Methods: The objective of this non-GLP exploratory study was to compare the effects of 
teduglutide on the GIT in female rats following administration by continuous SC infusion at 
0.5, 2.0 or 10 mg/kg/day or once or twice daily SC injection at 0.5 mg/kg/day or 0.25 mg/kg 
twice daily for 14 consecutive days. The following parameters were examined: clinical signs, 
body weight, food consumption, pharmacokinetics, macroscopy, small and large intestine 
weight and length and histopathology of the small and large intestine. The study design is 
shown below (from page 14 of the report). 
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Results: There were no mortalities or treatment-related clinical signs during the study. Food 
consumption was reduced occasionally at 2.0 or 10 mg/kg/day by SC infusion and at 0.5 
mg/kg/day by SC injection compared to controls. However the body weight was unaffected 
by the treatment. The administration of teduglutide by SC continuous infusion caused an 
increase in the weight and length of the small intestine and weight of the large intestine 
at 0.5, 2.0 or 10 mg/kg/day. The mean percent increases of the weights were higher in 
the small intestine when compared with the large intestine. Histopathology findings 
included minimal to moderate mucosal hyperplasia of the small intestine at all doses by 
SC infusion associated with thickening of the duodenum, jejunum and ileum. Minimal to 
slight mucosal hyperplasia was also noted in the large intestine of most animals at 2.0 
or 10 mg/kg/day. The administration of teduglutide by SC injection (once or twice daily) 
at a dose of 0.5 mg/kg/day caused an increase in the weight of the small intestine that 
was more pronounced following twice daily treatment. A trend toward an increase of the 
mean length of the small intestine was noted in animals treated once or twice daily. 
These changes were not noted in the large intestine. Minimal to slight mucosal 
hyperplasia of the small intestine was noted following twice daily treatment, but this 
finding was observed in the large intestine after both once or twice daily treatment. 
Macroscopic thickening of the gastrointestinal wall was not observed. There were more 
pronounced increases in the small intestine weight and length, thickening of the small 
intestine and a higher incidence of mucosal hyperplasia in the duodenum, jejunum and 
ileum in animals treated by SC infusion. The following table (from page 29 of the report) 
shows the incidences of mucosal hyperplasia. 
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The average daily exposure (AUC) was similar for both QD and BID dosing regimens. 
Peak exposure (Cmax) was dose proportional between the 0.25 and 0.5 mg/kg. The 
pharmacokinetics of the QD and BID dosing regimens were comparable. The PK 
parameters are shown in the following table (from page 110 of the report). 
 

 
 

Reference ID: 3169353



NDA 203441   Tamal K. Chakraborti, Ph.D. 
 

37 

In conclusion, In female rats, the effect of teduglutide on GIT was more prominent when 
the drug was administered by continuous SC infusion than by SC injection. There were 
higher incidences of mucosal hyperplasia following continuous SC infusion compared to 
SC injection.   
 
Teduglutide Inhibits Contractility in the Colon (SP08-002-0600) 
 
The present ex vivo study examined the effects of teduglutide and a variety of GLP-2 
analogues on spontaneous contractility of rodent colon. In this study, segments of colon 
were first equilibrated for 60 min. After stabilization, GLP-2 analogues were added to 
the organ bath at concentrations range of 10-9 M to 10-6 M for 5 to 10 minutes. Tissues 
were washed for 1 hour between each experiment, until spontaneous basal contractility 
was restored. The data were calculated and expressed as percentage response relative 
to basal levels. This study also examined the cAMP accumulation using 293-EBNA cells 
stably expressing the rat GLP-2R (rGLP-2R). 
 
Teduglutide and GLP-2 inhibited contractility of the colon with an IC50 of 4.9 nM and 
13.5 nM, respectively. GLP-2(3-33), the primary degradation product of GLP-2, blocked 
the inhibitory effects of teduglutide and GLP-2. In the presence of 10 µM GLP-2(3-33), 
teduglutide and GLP-2 inhibited colon contractility with an IC50 of 59.9 nM and 142.7 
nM, respectively. The rank order of potency of GLP-2 peptide analogues [hGLP(I-33), 
[Thr insertion]hGLP-2(1-34), Ac-rGLP2(1-33) and [Arg-l]rGLP-2(l-33)] was similar for 
peptide-induced increases in cAMP levels in 293-EBNA cells expressing the rGLP-2R. 
Overall, the results of this study demonstrated the ability of teduglutide and GLP-2 to 
inhibit contractility of the rat colon. 
 
 
Effects of Teduglutide on Motor Activity in the Canine Gastrointestinal Tract 
(SP09-001-0600)  
 
The objective of this study was to examine the effects of teduglutide on motor activity in 
the anesthetized canine (n = 6) GIT segments (antrum, jejunum and ileum or ileal 
segments). In this study, teduglutide was administered to the perfused segments of the 
GIT with or without electrical field stimulation (EFS).    
  
Teduglutide (0.1 to 100 µg) caused concentration-dependent excitation during EFS 
followed by inhibition, with the most prominent activity occurring in the jejunum and 
ileum compared to the antrum. In the absence of EFS (i.e., lack of spontaneous basal 
tone), teduglutide administration only elicited an excitatory effect, but not an inhibitory 
effect. In isolated ileal segments, teduglutide (300 nM) produced a contraction prior to 
EFS and enhanced the response to EFS. Cessation of teduglutide administration 
decreased the responses to EFS. In addition, teduglutide further enhanced tetrodoxin 
(TTX)-induced myogenic activity. These results suggested that teduglutide-mediated 
excitatory and inhibitory responses on the motor activity of the canine GIT may be 
caused due to its actions on the neurons.  
 

Reference ID: 3169353



NDA 203441   Tamal K. Chakraborti, Ph.D. 
 

38 

Intestinotrophic Effects of Teduglutide in Ferrets (SP10-001-0600) 
 
The objective of this study was to evaluate the efficacy of teduglutide in stimulating 
intestinotrophic activity in female ferrets. In this study, two parameters were evaluated, 
which included intestinal weight and mucosal thickness. Female ferrets (n = 4/group) 
were administered SC teduglutide (0.1 to 0.5 mg/kg BID) or vehicle 0.1% TFA 
(trifluoroacetic acid/water) for 10 days. An additional group of 4 ferrets was treated with 
teduglutide at 0.5 mg/kg BID for 20 days.  Plasma samples were collected for the 
detection of intact residual GLP-2 or teduglutide following the last dose and with 18 
hours of fasting. After administration of the last dose of teduglutide or vehicle control, 
the ferrets were fasted for approximately 18 hours, euthanized and then sacrificed for 
necropsy. The small and large intestine were removed and weighed. Crypt and villus 
height were measured for sections of proximal jejunum, distal jejunum, distal ileum and 
colon.  
 
Teduglutide increased the absolute and relative intestinal weight in a dose-related 
manner. The mean increases in relative intestine weight compared to the vehicle control 
were 22.9% and 39.4% at 0.10 and 0.5 mg/kg BID, respectively. When a 0.5 mg/kg BID 
group was dosed for 20 days, the increase in relative intestinal weight compared to the 
vehicle controls ranged from 39% to 44%. Statistically significant increases in small 
intestinal and colonic mucosal thickness were also seen at 0.5 mg/kg BID at Day 10 and 
Day 20. The following tables (from page 10 and 11 of the report) show the intestinal 
weights and thickness following teduglutide administrations. 
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Plasma GLP-2 levels were minimal and there were no statistically significant differences 
in GLP-2 levels between the dose groups. There was no apparent accumulation of 
teduglutide in the plasma after a twice daily treatment at 0.5 mg/kg for 20 days.  
 
 
The Effects of Teduglutide on Small and Large Intestinal Adaptation in a Neonatal 
Piglet Model of Short Bowel Syndrome (SP10-002-0600) 
 
The aim of this study was to assess the adaptive role of teduglutide in a neonatal piglet 
model of SBS and to determine if teduglutide and partial enteral nutrition (PEN) have 
any synergistic effect in treating intestinal injury in infants. The neonatal piglet model 
was chosen for the following reasons: the 2-day old piglet undergoes a period of rapid 
growth and development; a piglet can double its body weight within a week of birth 
which represents approximately 4 to 5 months of growth in a human infant; and pig’s 
GIT has several digestive, absorptive and metabolic similarities to humans (Morgan W, 
Yardley J, et al., 1987, Total Parenteral Nutrition and Intestinal Development: A 
Neonatal Model. J Ped Surg, 22:541-545; Stoddart RW and Widdowson EM, 1976, 
Changes in the Organs of Pigs in Response to Feeding for the First 24 h after Birth. III. 
Fluorescence Histochemistry of the Carbohydrates of the Intestine, Biol Neonate, 9:18-
27). The acute 4 h and 48 h time points were selected to assess immediate adaptive 
changes occurring in the intestine. The chronic 7-day time point was selected to assess 
long term developmental changes. These time points have been established in the 
literature as a means to identify potential dysregulation between structural and 
functional adaptations (Bartholome AL, Albin DM et al., 2004, Supplementation of Total 
Parenteral Nutrition with Butyrate acutely increase structural Aspects of Intestinal 
Adaptation after an 80% Jejunal Resection in Neonatal Piglets, JPEN, 28:210-222). The 
chronic time point was considered relevant as more than one complete turnover of an 
entire crypt-villus structure can occur (Thompson J and Sudan D, 2008, Intestinal 
Lengthening for Short Bowel Syndrome. Adv Surg, 42:49-61) during this time. 
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In this study, structural and functional adaptations of the residual intestine were 
quantified in neonatal piglets (body weight 1.57 to 1.59 kg) following an 80% jejuno-ileal 
resection, randomized to the following four groups: 1) TPN (total parenteral nutrition), 2) 
80% PN + 20% enteral nutrition (PEN), 3) TPN with teduglutide, or 4) PEN with 
teduglutide. Teduglutide was administered at 1 mg/kg/day in 35 mM sodium phosphate 
(dibasic), 50 mM D-histidine in 3% w/v D-mannitol buffer and was delivered via the 
central line. At 4 hours, 48 hours or 7 days following surgery, tissues were harvested for 
the analysis of intestinal structural (segment weight and length for small and large 
intestine including villus height and crypt depth) and functional indices (nutrient 
transport). The following diagram shows the study design (from page 11 of the study 
report). 
 

                                  
teduglutide treatment, PEN feeding, and the combination of teduglutide administration 
and PEN feeding resulted in significant improvements in crypt-villus architecture in the 
small intestine. Teduglutide increased villus height by 20% in the duodenum, 20% in the 
jejunum, and 12% in the ileum, irrespective of the time point and route of administration. 
Teduglutide and PEN showed synergistic effect as villus height was numerically 
greatest in this group at all time points. Teduglutide increased crypt depth in the ileum 
and colon, when compared to vehicle-treated groups. Similar to effects observed on 
villus height, crypt depth was numerically greatest at 7-day for both teduglutide and 
PEN group. Functionally, duodenal, jejunal and ileal glucose transport and jejunal 
glutamine transport was increased at 4 h post resection, regardless of route of 
administration. Based on these findings, teduglutide appeared to cause improvements 
in structural and transient functional aspects of the neonatal pig intestine following 
surgery. When teduglutide and PEN were co-administered, the combination appears to 
have synergistic effect on villus height. 
 
6-Week Study of the Effects of Mid-Small Bowel Resection on the 
Gastrointestinal Tract in Cynomolgus Monkeys (XGW00006) 
 
Methods: The objective of this study was to determine the relationship between clinical 
findings, influence on body weight, hematology, and clinical chemistry parameters to the 
morphological changes in the GIT of Cynomolgus monkeys following surgical mid-small 
bowel resection. The relationship between the histological observations and citrulline 
levels (an amino acid produced by enterocytes as a biomarker of a reduced enterocyte 
mass; Crenn P, Coudray-Lucas C, Thuillier F, et al., 2000, Postabsorptive Plasma 
Citrulline Concentration is a Marker of Absorptive Enterocyte Mass and Intestinal 
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Failure in Humans, Gastroenterology,119:1496-505; Jeppesen PB, Gilroy R, et al., 
2011, Randomised Placebo-Controlled Trial of teduglutide in Reducing Parenteral 
Nutrition and/or Intravenous Fluid Requirements in Patients with Short Bowel 
Syndrome, Gut, 60:902-914) was also examined. In this study, Cynomolgus monkeys (n 
= 8/sex, 2.4 to 4.0 years of age for the males and 2.6 to 3.8 years of age for the 
females, and weighing 2.2 to 3.8 kg for the males and 2.4 to 2.9 kg for the females at 
Week -1 of the study) were assigned to groups as shown in the table below (from page 
13 of the report). 
 

 
 
Animals underwent either no surgical treatment (Group 1) or a surgical mid-small bowel 
resection (Group 2) on Day 1. The animals were observed for mortality and morbidity 
(twice daily), clinical signs (once daily) and body weight (Week -1 and weekly 
thereafter). Blood samples were collected for clinical pathology, including serum 
chemistry and hematology (prior to surgery and on Days 2, 4, 8, 15, 28, and prior to 
necropsy). Blood samples were also collected for GLP-2 and citrulline analyses 
(prestudy and on Days 2, 4, 8, 15, and 28). Group 1 animals were released to the 
Testing Facility animal colony after the final data were collected on Day 37 or 35. Six 
animals from Group 2 (3 per sex) were euthanized on Day 30, and the remaining 6 
animals from Group 2 (3 per sex) were euthanized on Day 37, 36, 35, or 32. At 
termination, a full necropsy was conducted on all Group 2 animals sacrificed on Day 30, 
and select tissues were collected for histopathology.  
 
Results: Treatment-related clinical signs in Group 2 animals included emesis (3 of 12 
animals), watery feces (9 of 12 animals), and low food consumption (7 of 12 animals). 
These were most prevalent in the first 11 days following surgery, and recovered in most 
animals within two weeks. One male (# 2003) had a distended abdomen on Day 25. In 
Group 2, loss of body weight during the first 2 weeks post-surgery was considered as 
the result of the mid-small bowel resection. In addition, there were significant surgery-
related reductions in phosphorus and cholesterol as well as mild reductions in albumin 
and gamma glutamyltransferase (GGT) that persisted through Day 28. Surgery 
associated changes in hematology changes included reductions in red blood cell counts 
on Day 8, hemoglobin on Days 8 and 15, and hematocrit on Day 8 compared to control. 
Prior to resection, mean plasma citrulline levels were approximately 75 µM. By the 
second day after resection, citrulline levels decreased to about 20 µM and then slowly 
recovered to about 40 μM by Day 28. In general, citrulline levels in non-resected 
animals remained relatively unchanged throughout the 28-day period. Treatment-related 
histopathological findings included increased villus density and height within all 
segments of the small bowel, cellular hypertrophy of biliary epithelium in the liver, 
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mucosal hyperplasia and mononuclear cell infiltrates of the gallbladder and common 
bile duct. The increase in citrulline level was consistent with the reported increase in 
intestinal hyperplasia/hypertrophy due to a compensatory rise in endogenous GLP-2 
following intestinal resection in the rat (Ljungmann K, Hartmann B, et al. 2001, Time-
Dependent Intestinal Adaptation and GLP-2 Alterations after Small Bowel Resection in 
Rats, Am J Physiol Gastrointest Liver Physiol, 281:G779-G785). Overall, as per the 
sponsor, the hyperplastic changes observed in the small bowel, liver, gall bladder, and 
common bile duct were part of a natural response following intestinal resection likely 
due in part to the pharmacology of endogenous GLP-2. 
 

4.2 Secondary Pharmacology 

 
Cross Reactivity Screening of Teduglutide Against G-Protein Coupled Receptors 
(SP08-001-0600) 
 
The objective of this study was to determine the selectivity of teduglutide against 
various G-protein coupled receptor (GPCR) binding sites. In addition, functional cross-
reactivity against the most closely related GPCR to the GLP-2R and GLP-1R was 
tested. Activity was measured either by displacement of [3H]-radioligands or activation 
of cAMP (cyclic adenosine monophosphate) production in transfected cells expressing 
the target receptor.  
 
Teduglutide did not exhibit significant interactions with representative GPCRs at 10 µM 
and 30 µM concentrations. At the highest tested concentration, teduglutide inhibited 
[3H]-radioligand binding of standard compounds against serotonin receptors 1A, 1B, 1D, 
2A, 2C, 6 or 7 by less than 17%. Similarly, teduglutide displaced binding at the 
dopamine receptors subtypes D1, D2, D4 or D5 with a maximum displacement of 21% 
observed at the D4 receptor. At 30 µM, teduglutide inhibited [3H]-radioligand binding at 
the -adrenergic and muscarinic receptors (M1 and M2) by 35% and 45% respectively. 
Teduglutide minimally increased cAMP accumulation in HEK293 cells transiently 
expressing the human GLP-1R by 2% and 3% at 10 µM and 30 µM, respectively. 
Teduglutide concentrations ranging from 1 pM to 1 µM did not increase cAMP 
production in CHO cells stably expressing GLP lR. 
 
 
Effect of Teduglutide in a Rat Growth and Body Composition Model (PH03-008) 
 
The objective of this study was to evaluate growth promoting effects of teduglutide in 
rats. In this study, rats were administered vehicle (10 mM ammonium bicarbonate, pH 
8), teduglutide or porcine GLP-2 (p-glycine-GLP-2) by once daily SC injection at a dose 
of 0.2 mg/kg/day for 14 days. The following parameters were studied: body weight, food 
consumption and DEXA (Dual X-Ray Absorptiometry) analysis to determine body 
composition.  
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No statistically significant differences were observed in body weight, food intake or feed 
efficiency between the teduglutide treated and vehicle-treated groups. Percentage lean 
body mass was not affected by teduglutide treatment as measured by DEXA. There 
was a trend towards a higher percentage fat mass in the teduglutide treated group (8%). 
 

4.3 Safety Pharmacology 

 
Cardiovascular and Respiratory Effects in the Anaesthetized Dog Following 
Intravenous Administration 
 
The review of this study (1621/009-D6146) is incorporated below from the 
pharmacology review of IND 58,213 dated May 24, 2002. 
 

 

 
 
Effects of Teduglutide on Cloned hERG Channels Expressed in Mammalian Cells 
(031203.OQQ)  
 
The current study examined the in vitro effects of teduglutide on the hERG channel 
current expressed in HEK293 cell line. It is to be noted here that this study was intended 
to examine the effects of ALX1-11, rhPTH (1-84) on hERG channel current. However, 
after completion of the hERG portion of the study, it was determined that the compound 
sent from the Sponsor was not ALX1-11 as intended, but rather teduglutide. Dose 
solution analysis was not completed. The data presented herein reflected 
transformations made to the raw data to adjust for the testing of ALX-0600 instead of 
ALX1-11. It should be noted that an additional GLP study, 070320.OQQ, was conducted 
to further evaluate the effect of teduglutide on hERG current. In this study, teduglutide 
was tested at 0.05, 0.5 and 50 ng/mL concentrations. Positive control was terfenadine 
(60 nM) in DMSO.  
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Teduglutide inhibited hERG current by 2.1% at 0.05 ng/mL, 4.4% at 0.5 ng/mL, 2.8% at 
5 ng/mL and 4.1% at 50 ng/mL versus 1.3 % in the vehicle control (HEPES buffered 
saline). The IC50 was not determined but was estimated to be >50 ng/mL. Terfenadine 
(62.25 nM) inhibited hERG current by 80.8%. The following table (from page 15 of the 
report) shows the summary data for teduglutide. 
 

 
The sponsor stated that errors associated with the handling of test article in this study 
would have been anticipated to result in exposure of cells to unusually low 
concentrations of the test article. Although there was no indication that the test article 
significantly inhibited hERG current, the concentrations expected to have been achieved 
would have provided fractional multiples of anticipated therapeutic plasma levels in 
animals and humans, and therefore the data generated from this study were considered 
of minimal value. This study was subsequently repeated by the above study 
(070320.0QQ) using more relevant concentrations of test article.  
 
 
Effects of Teduglutide on Cloned hERG Potassium Channels Expressed in 
Human Embryonic Kidney Cells (070320.OQQ) 
 
The objective of this study was to examine the in vitro effects of teduglutide (30 and 300 
µg/mL, n = 3) on the hERG (human ether-à-go-go-related gene) channel current (IKr, 
delayed rectifier potassium current). In this assay, hERG potassium channels were 
expressed in a human embryonic kidney (HEK293) 293 cell line that lacks endogenous 
IKr. The vehicle used was HEPES-buffered physiological saline. The positive control 
was terfenadine (60 nM) in dimethylsulfoxide (DMSO).  
 
Teduglutide inhibited hERG current by 0.4% at 30 µg/mL and 0.6 % at 300 μg/mL 
versus 0.6% in the control. However, this inhibition was not statistically significant. The 
IC50 for the inhibitory effect of teduglutide on hERG potassium current could not be 
calculated. Under identical conditions, the positive control (60 nM terfenadine) inhibited 
hERG current by 83%. The following table (from page 19 of the report) shows the 
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summary data for teduglutide. Overall, teduglutide did not have any effect on hERG 
current under the conditions of the experiment. 
 
 

 
 
 
Effect of Teduglutide on Cardiac Action Potential in Isolated Canine Purkinje 
Fibers (1150-002) 
 
In this study, teduglutide was tested at 0.3, 1.0, 3.0, and 10 μg/mL concentrations. 
Modified Tyrode’s Solution (MTS) with 0.1% phosphate buffer and sotalol (30 μM) were 
used as the vehicle and positive control, respectively. Purkinje fibers were exposed to 
sequential, ascending applications of vehicle or teduglutide for a period of 
approximately 15 minutes at each concentration. After exposure at each concentration, 
action potentials from the Purkinje fiber cells were recorded at each stimulation rate of 
2.0, 1.0, and 0.5 Hz.  
 
Teduglutide had no effect on action potential duration (APD50 and APD9 0), rate of 
depolarization (Vmax), overshoot (OS), and resting membrane potential (EM). The 
positive control, sotalol, produced the anticipated effects (increase in APD, and 
decrease in Vmax and OS and slightly less negative resting membrane potential as 
compared to the vehicle control). 
 
 
Effects of Teduglutide on Action Potentials in Isolated Canine Cardiac Purkinje 
Fibers (031202.OQQ) 
 
 
This study was intended to examine the effects of ALX1-11, rhPTH (1-84) on action 
potentials in isolated canine Purkinje fibers. However, after completion of the action 
potential duration (APD) portion of the study, it was determined that the compound sent 
from the sponsor was not ALX1-11 as intended, but rather teduglutide (ALX-0600). The 
reported, nominal concentrations for teduglutide formulations were calculated based on 
the chemical information provided in the Certificate of Analysis and the raw data for 
solution preparation. Dose solution analysis was not completed, so the concentration 
that the fibers were exposed to was not verified. The sponsor stated that errors 
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associated with the handling of test article in this study would have been anticipated to 
result in exposure of Purkinje fibers to unusually low concentrations of the test article. 
Although it was concluded that the test article did not prolong APD, the concentrations 
expected to have been achieved would have provided fractional multiples of anticipated 
therapeutic plasma levels in animals and humans, and therefore the data generated 
were considered of minimal value.  
 
In this study, three concentrations of teduglutide (0.05, 0.5 and 5 ng/mL) were added 
sequentially to each of four fiber preparations at three stimulus intervals (basic cycle 
lengths of 2, 1 and 0.5 s) and the effects of teduglutide on action potential parameters 
were compared to time-matched vehicle control sequences. 
 

APD90: At a 2 s basic cycle length (BCL) that causes bradycardia, the average 
prolongation in APD90 was 0.8, 3.8 and 5.5% at 0.05, 0.5 and 5 ng/mL concentrations, 
respectively. At 1 and 0.5 s BCLs that cause normocardia and tachycardia, respectively, 
the average change in APD90 was 1.4, 3.6 and 5.4% and 1.3, 3.3 and 5.8% at 0.05, 0.5 
and 5.0 ng/mL, respectively. Teduglutide increased APD90 when compared to time-
matched vehicle controls at above three concentrations.  
 

APD60: At a 2s BCL, the average prolongation in APD60 was 2.0, 5.6 and 8.1% at 
0.05, 0.5 and 5 ng/mL concentrations, respectively. At 1 and 0.5 s BCL, the average 
prolongations in APD60 were 3.0, 5.4 and 8.3%, and 2.8, 4.9 and 8.4% at 0.05, 0.5 and 
5 ng/mL, respectively.  
 
Teduglutide did not affect resting membrane potential, action potential amplitude and 
Vmax at any of the tested concentrations and at three stimulus intervals. In contrast, 100 
μM sotalol, the positive control, produced statistically significant prolongation of the 
APD60 (51.9, 44.7 and 26.5% at stimulus intervals of 2, 1 and 0.5 s BCL, respectively) 
and APD90 (52, 40.7 and 29.2% at stimulus intervals of 2, 1 and 0.5 s BCL, respectively) 
at all stimulus intervals. The following table (from page 17 of the report) shows the 
summary results for teduglutide. 
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The vehicle control data is shown in the table below (from page 18 of the report). 
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In conclusion, teduglutide slightly prolonged APD60 (2.0 to 8.4% increase) and APD90 
(0.8 to 5.8% increase) at all tested doses when compared to the time-matched vehicle 
controls. However, teduglutide did not cause significant changes in resting membrane 
potential, action potential amplitude and the maximum rate of depolarization (Vmax) at 
any of the tested concentrations and at three stimulus intervals.  
 
 
Neuropharmacological Profile of Teduglutide in Rats (0200RN12.001) 
 
In this study, three groups of male Sprague Dawley (SD) rats (n = 10/dose) were 
administered teduglutide at SC doses of 1, 5 or 25 mg/kg (dose volume of 2.5 mL/kg). 
An additional group of ten male rats was administered the vehicle (phosphate buffered 
solution) at a dose volume of 2.5 mL/kg, SC. The rats were observed at 15, 30 and 45 
minutes, 1, 2, 3, 4 and 24 hours post-dose. Body temperatures were measured at 60 
minutes post-dose. 
 
Teduglutide did not produce any significant effect on any neuropharmacological 
parameters (abnormal posture, ataxia, awareness reaction, tremors, corneal reflex, grip 
strength, irritability, loss of righting, motor activity, pain response, startle response, and 
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seizure/convulsion, etc.) at any of the tested doses. Overall, teduglutide did not appear 
to have any adverse effect on the CNS in rats in this study.   
 
 

5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 

 
Absorption: 
 
The reviews are incorporated below from the pharmacology review of IND 58,213 dated 
December 19, 2006. 
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in Cmax or AUCM values. ALX—0600 bioavailability was estimated to be approximately
85% after s.c. administration.

The results are shown in the following tables (from page 72-74 of the study report).
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Comparator Study in the Wistar and Sprague Dawley Rat Following a Single 
Subcutaneous Injection Dose (800759) 
 
Methods: The objective of this study was to examine the comparative pharmacokinetics 
(PK) in the Wistar Han and Sprague Dawley (SD) rat following a single SC injection of 
teduglutide. In this study, SD rats (n = 9/sex/dose) were administered teduglutide at 15 
mg/kg and Wistar rats (n = 9/sex/dose) were treated at 1.5 and 15 mg/kg by SC route. 
The following parameters were evaluated: clinical signs, body weight and 
pharmacokinetics. Blood samples were collected at 0.25 h, 0.50 h, 1 h, 2 h, 4 h and 8 h 
post-dose. The following table (from page 11 of the report) shows the study design. 
 

                       
  
Results: Terminal t1/2 ranged from 0.363 to 0.672 hours. There were no apparent 
gender or species differences in t1/2. In both male and female Wistar rats, t1/2 was lower 
at 1.5 mg/kg when compared to the 15 mg/kg group. Peak concentrations of teduglutide 
were generally observed at 0.5 hour post dose.  
 
Exposure (AUC0-) was higher in males when compared to females in the SD rats; 
however, no significant gender differences were observed in the Wistar Han rats. The 
exposure (AUC0-) was higher in SD rats when compared to Wistar rats in both genders 
at 15 mg/kg. In this study, the mean combined gender AUC0- values at 15 mg/kg were 
10624 ng.hr/mL and 7644 ng.hr/mL for the SD and Wistar Han rats, respectively. The 
following tables (pages 70 and 71 of the report) show the PK parameters. 
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Appendix 5 Pharmacokinetic Parameters of ALX-0600 (teduglutide) Following a Single Subcutaneous "mproject No. 800759
Table PK-2 Administration of ALX-0600 (teduglutidel to the Sprague—Dax-Aey and Wistar Han Rat

Day 1

Group Dose Level hm. Cm. has AUCUM k tiW AUCD," "/o Extrapolation
Gender No. {mg/kg) (h) (ng'le (h) (ng-h/mL) (1!?!) (h) (ng-h/le AUComf

Males 1 15 0.5 5433 3 12777 1.09 0.636 12782 0.0359
2 15 0.5 5377 8 7879 1.04 0.665 7881 0.0243
3 1.5 0.5 663 4 768 1.68 0.412 769 0.154

Females 1 15 0.25 5149 8 8463 1.03 0.672 8466 0.0343
2 15 0.5 5805 8 7405 1.14 0.610 7406 0.0119
3 1.5 0.5 751 4 691 1.91 0.363 692 0.0757

Appendix 5 Plasma ALX-0600 (teduglutide) C"rm and AUCML in the Wistar Han Rat (”Wroject No. 800759
Table PK—3 and the Proportional Change of Each Parameter Relative to the Target Low

Dose Following a Single Subcutaneous Administration of ALX-0600 (teduglutide)

Day 1

Group Dose Level Cum AUCo4m. Dose C"m AUCM,

Gender No. m /k (n lmL) n ~h/mL Proportionality Ratio Ratio
Males 2 15 5377 7881 10 8.11 10.2

3 1.5 663 769 1 1 1

Females 2 15 5805 7406 10 7.73 10.7
3 1.5 751 692 1 1 1

Preliminary Pharmacokinetics of ALX-0600: Estimation of Pharmacokinetic

Parameters After Single Intravenous or Subcutaneous Bolus Doses of ALX-0600

to Male and Female Sprague-Dawley Rats (ALX0600-10101-R-DM01-002)

The review of the above study is incorporated below from the pharmacology review of

IND 58,213 dated May 24, 2002.
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1. Preliminary Pharamcokinetics After Single
Intravenous/Subcutaneous Bolus Dose in Male and Female SD Rats:

(ALX-OGOO-lOlOlR)

Methods: ALX—06OO was administered in 4 groups of male rats

(S/qroup) as a bolus single intravenous dose of 0.1, 1, 3 or 10

mg/kg (volume = 1 ml/kg) to determine pharmacokinetics of ALX—

0600. In other 2 groups (S/sex) , 1 mg/kg ALX-0600 was given

intravenously or subcutaneously and the blood samples were
collected at the time intervals as described earlier. The

plasma concentration of compound was determined by ELISA method.

Results: A dose related plasma concentration (AUC0-24_ hr) with the

half life varying from 32 to 40 min was seen in animals of l, 3

and 10 mg/kg treatment groups. The halfi life was 24 to 40 min

in 0.1 to 10 mg/kg treated animals. The other PK values of the

study are shown below (Sponsor Table 1, vol 12%, pp 139):

BEST AVAILABLE COPY

Table 1. Preliminary '3thrumours«mufollowlng an
Lv. human-"11.1. 1, aor1DMchALX-Dsootomahm

mm

(WM) {ml-kw.) (nil) mum {mung} (111:1)
111112 23933.1 14.0”: was 154:0:

-E--'Ilam
Ila-mm
Thodlamuuathmtsn.brnm

wwwummdmemm

 

 
 

 
  

  
After a SC dose of 1 mg/kg ALX—0600 in male rats, Cmax was

657:197 ng/ml, AUCmd) 2 78:18.4, tmax = 42.0 min, Mean residence

time = 88.1:6.9 min and mean absorptive time (MAT)=67.4 i 6.9

min. The estimated bioavailability was 80.5%.
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Distribution: 
 
Lacteal Excretion and Placental Transfer of ALX-0600 Following Administration of 
Subcutaneous Doses to Lactating Rats and Pregnant Rabbits (Study # 7203-104) 
 
The review of the above study report is incorporated below from the pharmacology 
review of IND 58,213 dated December 19, 2006. 
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Concentrations of ALX-0600 in the rabbit plasma {Maternal and Fetal): Mean

concentrations of 6,845.6 and 8.6 ng/ml were noted in the maternal and fetal plasma,

respectively. The ratio of fetal to maternal concentration of AI.X-0600 was 0.13%. 'lhe

results indicated that Al.X-066 has the potential to cross placental banier.

Concentrations of ALX-OGOO in the rat plasma and milk: After 1.5 hr of the treatment

with ALX-0600, mean maternal plasma concentration was 89, 77.3 ng/ml and the plasma

level was reduced to 465.7 ng/inl at 4 hr observation period. The concentration ofALX-

0600 in the milk was 82.] and 13.6 ng/ml at LS and 4 hr post-treatment, respectively.

The milk to plasma ratio was 0.92% and 2.91% at 1.5 and 4 hours post—treatment,

respectively, indicating that ALX-0600 might has the potential to be excreted through
breast milk.

Overall. the results of this study indicated that ALX-O600 has the potential to cross

placental barrier in rabbits and is capable of being secreted through breast milk in rats.

These findings are important from the perspective of labeling.

The results of this study are shown in the following table (from Amendment 24, Vol. 1,

page 69 of sponsor‘s submission).

Table ,‘l. Individual and Mean Concentrations of ALX-nfino in Rabbit Maternal and Fetal Plasma and Rat Plasma and
Milk and Menu Fetal Plasma to Matcmul Plasma and \lilk to l‘lnsma Concentration Ratio:

  

 

  

Collection -\l.X.0()I)tl concentration l “5 ml.) Rallu (3/0)
Animal ‘l imc Mater"? l‘clnl V V . i 7 if if Refill i A 7 Kill

IiurI‘IELSPeiEiSi (llrl Plasma l'lnfln Milk Fclul Pliistnuz‘Mnterle Plasma Milk l’lasm.‘

I'VE-15 Rabbit LS 5089.4 8.l NA 0. l6 NA
F09246 7 a. 4‘)“ .Z' 2.3 NA NAFWD-17 “NHL? l5 0 NA NA

Mean (ill-$5.6 8.0 NA CU" NASD “79.8 (ll NA NA

C0363“ Rnl 1.5 89.“.5 NA 56." NA
(0363: 9434.0 NA 87. NA
C0168} 8546.5 NA IOI. NA

Menu 8977.} NA 1Q: NA
SD “4.3 NA 23. NA

C016!” Rm 4 32 I .5 NA 8.7 NA

cusoss 075.7 NA Ii! ' NA
(“1686 400.0 N-\ loll NA

Men» 465.? NA LU) NA
"SD ”50.0 VA 4.3 NA

 
 

NA Vol applicable.
‘2!) StnmlnrJ deviation,
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The sponsor submitted an amended report of this lacteal excretion study (7203-104) in 
this NDA. The mean rat milk:plasma ratios were calculated incorrectly in the above 
Table 3 of the report. The following Table 3 (from page 3 of the amended report) 
replaces the above table. 
 

 
 
 
Determination of ALX-0600 concentration in Cerebrospinal Fluid and Plasma 
Following Subcutaneous Bolus Injection in Rats (ALX-0600-10102-R) 
 
The review of the above study report is incorporated below from the pharmacology 
review of IND 58,213 dated May 24, 2002. 
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5.2 Toxicokinetics  

(Included in toxicity studies) 
 

6 General Toxicology 

6.1 Single-Dose Toxicity 

 
Acute Subcutaneous Toxicity Study in Mouse (Study # 88614) 
 
The review is incorporated below from the pharmacology review of IND 58,213 dated 
May 24, 2002. 
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6.2 Repeat-Dose Toxicity 

 
Mouse 
 
14-Day Subacute Toxicity Study in Mice (Study # 88617) 
 
1-Month Subcutaneous Toxicity Study with 1-Month Recovery in Mice (Study # 
88730) 
 
The reviews of the above studies are incorporated below from the pharmacology review 
of IND 58,213 dated May 24, 2002. 
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Subacute Toxicity Studies:

1. 14—Day Subcutaneous Toxicity Study in House:

(Project # 88617)

@0
Testing Laboratory:)@

Dates of Start and Completion of the study: May 4, 1998 and
January 20, 1999.

GLP & QAU Reggirements: Statement of compliance to US GLP
regulations was included.

Species and Strain: Swiss Crl:CDR-1(ICR)BR strain 40:1 day old
male mice

Batch #: D05GL98b

Methods: One hundred seventy four male mice were randomly divided

into 3 main study and 3 satellite groups. Thirty animals were

used in main study groups (lo/group) and 144 animals were

included in satellite groups (for TK estimation). These were

administered subcutaneous doses of either 0, 10 and 20 mg/kg/day

ALX—OGOO (batch # DOSGL98b in 2 divided doses) in phosphate

buffered saline (PBS) for 14 days in a volume of 20 or 40

ml/kg/bid. The dose selection was based on the existing toxicity

and solubility information of the compound. All animals included

of main study group were observed once during a week prior to

treatment and twice daily during the study for mortality and

adverse effects. The body weights and food consumption were

recorded on day 0, 1, 3, 6, 9, 12 and 14 after the treatment and

ophthalmic examination was done before dosing and 2 weeks after

treatment. The blood samples from the main study group animals

for the estimation of hematological and blood chemistry

parameters were drawn at study week 2. Blood samples for

estimating toxicokinetic parameters from the 3 satellite groups

animals (3 mice/time interval) were collected from orbital sinus

on day 1 and 14 once prior to dosing, 5, 10, 15, 30, 45, 60 and
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These changes were not of clinical importance.

f. thsical Examination and Ophthalmic Test Changes: No adverse
effects were seen on visual examinations.

g. Toxicokinetics Analysis: A dose proportional increase in the
plasma concentrations was seen in 10 and 20 mg/kg/day treatment

groups animals within 30 to 45 minutes of administration. The

plasma concentrations were about 18 to 21% greater on day 14 than

on day 1 in the 2 groups of animals. There was no sign of

accumulation as at time 0, just before the administration of the

compound, it was not detected. Cmax and AUCm_m data of the

animals on study day 1 and 14 had been shown in the following
table:

Tum 6.11. ToIIcDIIInellcWuofALX-owu following angl- may 1} IM
rap-Ind {by 14) subcutaneous Injndlonn «Au-0000 In the min

 

BEST AVAILABLE COPY  
 

 
h. Organ Weight Changes: Slight treatment related increase in
absolute weight of liver and spleen among males and not females.

A dose related increase in absolute weight and length of cecum,

colon, ileum and duodenum was seen in increased number in animals

of 10 and 20 mg/kg/day treatment groups.

1. Gross Pathology Findings: No pathological changes of
clinical importance were reported.

j. Histopathological Changes: The mucosal hyperplasia of cecum,
colon, ileum and duodenum was seen in a dose related manner among

animals belonging to 10 and 20 mg/kg/day treatment groups. One

animal of 20 mg/kg/day treatment group showed jejunal congestion

(bleeding). Dilation and hyperplasia of renal tubular cells were

seen in 2 out of 10 animals included in 20 mg/kg/day treatment

group. Renal cyst in 1 and 2 animals of control and 20 mg/kg/day

treatment groups and, lymphoid atrophy of thymus in 2 out of 10

animals included in 20 mg/kg/day treatment group were seen.
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Fibrosis and inflammation were seen in higher incidences among

the animals included in 10 and 20 mg/kg/day treatment groups.

The fibrosis was present in 1, 10 and 10 out 10 animals in all

groups (control and 2 treatment groups) and the incidences of

inflammation were 1 and 2 among 10 and 20 mg/kg/day ALX-OGOO

treatment groups.

In summary, ALX-OGOO up to 20 mg/kg/day, s.c. (in 2 daily divided

doses) attained dose proportional plasma concentrations and

produced an increase in small and large intestines mass,

inflammation and fibrosis at the site of injection, lymphoid

atrophy of thymus and renal nephropathy. The target organs of

toxicity were kidneys, thymus and site of injection. A

subcutaneous dose of 10 mg/kg/day was considered as the ‘highest

tolerable dose’ in the study.

2. 1-Month Subcutaneous Toxicity Study with One Month Recovery
in Mice: (Project # 88730)

Testing Laborato’gy: (m4)

Dates of Start and Completion of the study: August 21, 1998 and

April 13, 1999.

GLP & QAU Reggirement: Statement of compliance with US GLP
regulations was included.

Species and Strain: Swiss Crl:CDR—1(ICR)BR strain 31:1 days old
mice.

Batch #: 8106801. 

Methods: Five hundred and four animals (252/sex) were randomly

divided into 4 groups (21/sex/group—15 in main and 6/sex in

recovery groups) and administered subcutaneous doses of either 0,

0.2, 0.6 and 2 mg/kg/day ALX-0600 (in 2 divided doses with 8 hr

interval) in phosphate buffered saline (PBS) for 28 days. The

dose selection was based on the existing toxicity information and

14-day subcutaneous toxicity study in mouse (Project #88617). A

dose of 10 mg/kg/day was identified as a ‘highest tolerated dose’.

All animals were observed once for 1 week prior to treatment and,

twice daily during the study for mortality and adverse effects.

The body weights and food consumption were recorded on day 0,

weekly during the study and before termination (on day 28).
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90-Day Subcutaneous Toxicity and Toxicokinetic Study in Mice with 1-Month 
Recovery Period (Study # 0470MN12.001) 
 
26-Week Subcutaneous Toxicity in Mice with 8-Week Recovery Period (Study # 
7203-112) 
 
The reviews of the above studies are incorporated below from the pharmacology review 
of IND 58,213 dated December 19, 2006. 
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90-Da Subcutaneous Toxici ' and Toxicokinetic Stud with ALX—0600 in iMice

with l-Month Recovefl Period

  

Study No.: 0470MN12.001

Volume and Page: Amendment No. 028. Vol. 1. page 1

Testing Laboratorv: (hm)

Dates of Initiation and Completion of Studv: Febiuaiy 1. 2001 and Febiuary 13. 2003

GLP & QAU Reguirements: A statement ofcompliance with GLP regulations was

submitted. The QAU statement was also included.

Snecies and Strain: CD-l mice (approximately 6 to 7 weeks old) with mean body weight

of 23 to 35 g in males and 17 to 26 g in females were used in this study.

Batch and Purity: 0850001. 98.99%

Vehicle: Phosphate buffer with L-histidine and mannitol

hIethods: One himdred sixty mice were randomly divided into 4 main study groups

(20/sex/group) and were administered s.c. with ALX-0600 at 2, 10 or 50 mgxkg/day (1.0.

5.0 and 25.0 mg/kg bid. 8 hours apan. 5 nil/kg). In addition. 5 animals/sex“group were

used for the recovery period of 30 days. Additionally. fom‘ groups of mice (30/sex in the

control and 84/sex/group for ALX-0600) were designated as toxicokinetic (TK) animals.

Dose selections were based on the results of the previous toxicology studies (details were

not provided) and expected clinical doses. The study design is shown below (from

Amendment 028. Vol. 1. page 26).
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In a 90-day s.c. toxicity study in CD-l mice. animals were treated at 2. 10 and 50

mg/kg/kg (1. 5 and 25 mg/kg/day. bid. 8 hours apart). The target organ of toxicity

appeared to be the duodenum. jejunum. ilermr. cecrun and gallbladder. The incidence and

severity of hypertrophy/hyperplasia of the gallbladder epithelium and of the villi of the

duodenum. jejunum. or ileum and the mucosa of the cecum were increased were seen at

all dose levels. These effects appeared to be related to the pharmacological efiects of

ALX-0600. At the end of the recovery period. only the jejunum and gallbladder had an

increased incidence of hypertrophy/hyperplasia in males and females in all treated

groups. The NOAEL could not be established as treatment-related effects were seen at
all tested doses.

26-VVeek Subcutaneous Toxici Studv in Mice with 8-‘Veek Recove Period   

The draft report of the study was submitted under Amendment #56 dated February 27.

2004 and the final report was submitted under Amendment #64 dated June 24. 2004.

Overall. the results and interpretations of the draft report do not seem to differ from that

of the final report.

Studv No.: 7203—1 12

Volume and Page: Amendment No. 56. Vol. 1. page 1: Amendment 64. Vol. 1. page 1

Testing Laboratog: (m4)

Dates of Initiation and Completion of Study: December 20. 2002 and February 26.
2004

GLP & QAU Reguirements: A statement of compliance with GLP regulations was

submitted. The QAU statement was also included.

Species and Strain: CD-l mice (approximately 41 to 48 days old) with mean body

weight of26.l to 39.7 g in males and 20.0 to 30.2 3 females were used in this study.

Batch (Burial: 0850202 (98.2%) & 0850203 (97.4916)

Vehicle: Phosphate buffer with L—histidine and manrritol

h‘lethods: Two hlurdred and eight CD-l mice (104/sex) were randomly divided into 4

main study groups (Groups 1-4) and were treated with ALX-0600 at 2. 10 and 25/50

rug/kg/day (l. 5 and 12.525 mg/kg bid. 8 hr apart. 1.25 ml/lcg) for 26 weeks. The high

dose (Group 4 and 7) was increased to 50 mg’kg/day on Day 14/15 (F ’M). Additionally

3 groups of 39/sex were included for toxicokinetic analyses (Groups 5. 6 and 7). The

sponsor did not provide the basis of dose selection. The following table shows the study

design (from Amendment 56. Vol. 1. page 18 of sponsor‘s submission).
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Rat: 
 
14-Day Subcutaneous Toxicity Study in CD-Rats (Study # 02-2776) 
 
The review of this study is incorporated below from the pharmacology review of IND 
58,213 dated December 5, 2003. 
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2. 14-Day Subcutaneous Toxicity Study in CD-Rats:
(Study #02—2776)

The submitted study is a Draft Final Report.

Testing Laboratory:

Dates of Start and Completion of Study: September 16, 2002 and
February 4, 2003

GLP & QAU Reggirements: A statement of compliance with GLP
regulations was submitted.

Species and Strain: Sprague-Dawley CD rats approximately 7
weeks old with mean body weight of 211 to 289 9 (males) and 160

to 210 9 (females)

Batch #: 0850201 (98.5% pure)

Methods: Eighty rats (40/sex) were randomly divided into 4 main

study (10 sex/group) and 3 toxicokinetic groups (O/sex in

control and 3 treatment groups (9/sex/treatment group). ALX-

0600 was subcutaneously administered at the doses of 0, 10, 25

or 50 mg/kg/day in two divided (8 hr apart in phosphate buffer

solution) in a volume of 1.25 ml/kg. The low dose was selected

on the basis of pharmacology and toxicokinetic data in the rats

as well as toxicology data from mice and monkeys toxicity

studies. The mid and high doses were multiples of the proposed
clinical doses. The randomization and dose schedule of the

study are given in the following table:

"fiain Study Gr wsatellite cg?"
(# Animals/gr) (#Animals/gr)

Female .Male

"Erofi§”‘6se;’
(mg/kg/day)

  

 
 
 

 
 

 

  
 

 
 
 

  

'1 0 (Vehicle? 10 o

,2 how (10)
3 Mid (25)

>4 jHigh (50)

a = Administered subcutaneously in a volume of 2.5 ml/kg (in 2 divided
doses). Vehicle — aqueous in sterile water. Control group animals given
sterile phosphate buffer solution containing histidine and mannitol.
*Satellite group animals will be used exclusively for TK evaluation.

The study animals were observed twice daily for the mortality
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14-Day Comparator Subcutaneous Toxicity and Toxicokinetic Study in Sprague- 
Dawley (CD), Wistar Han and Fischer-344 Rats Under Fully Fed Condition (Study # 
800869) 
 
The review of this study report is incorporated below from the pharmacology review of 
IND 58,213 dated June 16, 2005. 
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Study Title: l4—Da Com arator Subcutaneous 'l‘oxicit and 'l‘oxieokinetic Stud ' in S rague-

Dawle CD Wistarllan and Fischer-344 Rats Under Full FedCondition

 

  

Kev Studv Findings: In a 2-wcek comparator study in Wistar lIan. CD and 1" iselter-344 rats.

animals were treated subcutaneously at 10. 25 and 50 mg/kg/day (5, 12.5 and 25 rug/kg bid. 8

hours apart). The CD rats were only treated at 50 rug/kg/day. The target organs of toxicity

appeared to be the gastrointestinal tract (hyperplasia and lengthening of duodenum. ileum and

jejunum and large intestines). lymph node (hyperplasia). and eye (mineralization of cornea in

Fischer-344 rats). The mineralization ol‘comea in Fisher-344 rats during the study appeared to

be the only notable difference between this and CD or Wistar rats. The exposure to ALX-0600

in different strains of rats appeared to be comparable. Overall. CD rats and Wistar Han rats

showed comparable toxicity and toxicokinetic profile following s.c. administration of Al.X-O600

ttnder fully fed condition.

Study No.: 800869

Volume and Page No.: Vol. 2. page 1

Conducting Laboratorv and Location: on»

Date of Initiation: April 19. 2004

Date of Completion: November 1. 2004

GLP Compliance: A statement ofcompliance was included.

52A Report: yes (X) no ()

'I‘est Articlea Batch # and Purity: Al.X-0600. lot No. 850303]. 98.7%

Species and Strain:

a. Sprague-l)awley [CrltCl)-:R.(Sl))l(iBR] rats with mean body weight of [40.3 g (male)

and 118.7 g (female)

b. Fischer (F-344)/CrlCrBR rats Willi body weight range of95.7 to 97.2 g in males and

84.5 to 86.2 gin females

c. Wistar llan lGS |Crl2Wl((jix/BR/llan) IGSBR rats with body weight range of 126.5 to

129.5 g in males and 106.6 to l 1 1.2 g in females

Methods: The study was conducted in 3 different strains of rats (Sprague-Dt—mley. fishers-344

rats and Wistar Ilan) to compare the toxicity and toxicokmetic of the compound across three
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) 7

PROJECT NO. 800869

Group No. Strain Dlily Dos: Dose ' Dose Main Study
Identification Dose Commutation Level Volume Animal Plumbers

mykyday fill/ml. "wig/dose mng/dose
Males Females

1 ALX-OfiOO Spngue 50 20.0 25.0 1.25 1001 1501
Dawlcy -1010 -1510

2 Control Muslim 0 0 0 1.25 2001 2501
-2010 -2510

3 ALX-Oom Wist-a 10 4.0 5.0 1.25 3001 3501
-3010 4510

4 All-0600 Wisurl-lm 25 10.0 12.5 1.25 £001 4501
4010 4510

5 ALX-0600 “/in3 50 20.0 25.0 1.25 5001 5501
~5010 -5510

0 Control Fischer 0 0 0 1.25 6001 6501
4:010 #506

6508-
6511

7 ALX-0600 Fischer 10 4.0 5.0 1.25 7001 7501
-7010 .7510

I [11.110600 Fischer 25 10.0 12.5 1.25 8001 85024010 4510
8530

9 ALX-0600 Fischer 50 20.0 25.0 1.25 9001 9501
-9010 ~9510

_________.—____._———————

Group No. Strain Daily Dose Dose‘ Dose Toxieokineiie Study
ldmlificallon Dose Cmeemrdion 15¢er Volume Animal Numbers

mdkg/dey ray-IL my“ mun/dose

Males Females

1 Amt-0600 Sprune 50 20.0 25.0 1. 1011 1511
Duvley 4028 4523

2 Cmuol Wistaan 0 0 0 1.25 .- -
3 ADC-0600 0/in1: 10 4.0 5.0 1.25 3011 3511

~3028 4528
4 ALX-0600 Wisurfln 25 10.0 12.5 1.25 4011 4511

402! 4528

5 All-0600 Win-r11: 50 20.0 25.0 1.25 5011 5511-5028 -5528

6 Control Fischer 0 0 0 1.25 - -
7 ALX~0600 Fischer 10 ‘.0 5.0 1.25 1011 7511

401: #528

8 ALX-0600 Fischer 25 10.0 115 1.25 8011 85114028 4528

9 ALXvOfiOO Fiseha 50 20.0 25.0 1.25 9011 9511#021 42528

Twice daily dosinl 11 1-3215 minutes apart.

Animals 6507, 8501 and 8529 were replaced by animals 6511. 8529 and 8530 respectively on
Days -4. -2 and -1 respectively. These animals were replaced due 10 clinical signs. such as
malocclusion. missing eyeball and swollen limbs.
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13-Week Subcutaneous Injection Study in CD-Rat with Dietary Optimization: 
(Study #800069) 
 
The review of this study is incorporated below from the pharmacology review of IND 
58,213 dated December 5, 2003. 
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1. 13-Week Subcutaneous Innection Study in CD-Rat with Dietary

thimization: (Study #800069)

Testing Laboratory: @(4)

Dates of Start and Completion of Study: January 9, 2003 and
September 12, 2003

GLP & QAU Reggirements: A statement of compliance with GLP
regulations was submitted.

Species and Strain: Sprague-Dawley CD rats (Rattus norvegicus)
approximately 6 weeks old with mean body weight of 181 to 185 9

(males) and 142 to 146 9 (females)

Batch #: 0850203/0850204 (97.4/98.5% pure)

Methods: One hundred and eighty rats were randomly divided into

4 main (ls/sex/group) and 4 toxicokinetic groups (3/sex in

control and 9/sex/treatment group). The study was conducted

under restricted food conditions, i.e., 5 and 4 pellets/day (22

g/day and 17 g/day) were offered to male and female animals,

respectively. ALX-OSOO was administered subcutaneously at the

doses of 0, 10, 25 or 50 mg/kg/day in two equally divided doses

(8 hr apart in phosphate buffer solution) in a volume of 1.25

ml/kg. The dose selection of the study was based on the

estimated human exposure and existing toxicity of the compound

in the rats and 14-day subcutaneous toxicity study in rats

(study #02-2776). The study was conducted at the doses of 0,

10, 25 and 50 mg/kg/day. The highest dose of 50 mg/kg/day was

estimated as the ‘highest tolerable dose’. The randomization,

doses and other particulars of the study are shown in the

following table:

Group nose* Main Study Gr’ Satellite Gr*

(mg/kg/day) (# Animals/gr) (#Animale/gr)
Male Female

0 (Vehicle) : , 3Low (10) 9

Mid (2S) 9 E-—15—__
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Minipig 
 
14-Day Subcutaneous Toxicity Study in Juvenile Minipigs (Study # 51153) 
 
The review of this study report is incorporated below from the pharmacology review of 
IND 58,213 dated December 19, 2006. 
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Studv Title: 14-Day Subcutaneous Toxicitv Studv in Minipigs

Studv No.: 51153

Volume and Page: Amendment No. 094. Vol. 2. page I

Testing Laboratorv: (5X4)

Dates of Initiation and Completion of Studv: August 7. 2003 and November 25, 2004

GLP & QAU Reguircments; A statement of compliance with GLP regulations was

submitted. The QAU statement was also included.

Species and Strain: Juvenile minipigs

Batch and l’uritv: Lot No. 0850205. Purity data not provide.

Vehicle: Phosphate buffer with l.-histidine and mannitol
 

Methods: The objective ofthis study was to evaluate the effect of ALX-0600

administered twice daily (8-hour interval between doses) by subcutaneous injection in

juvenile minipigs in order to select doses for subsequent studies. In this study, minipigs

were randomized and assigned to 6 sows to give each 8 piglets (4 males and 4 females)

on lactation day 1 (LI) l). The 6 sows each with 8 piglets were distributed in 3 groups.

On first day of the study (LD 7) two piglets (1 male and 1 female) were discarded from

each sow. The animals in Groups 2 and 3 were treated with total daily doses of5 and 25

mg/kg/day (1.25 nil/kg). The animals in Group 1 (control) were treated with the vehicle

(phosphate buffer containing histidinc and mannitol). Treatment started from LDl to

l.l)20 for a period of 14 days. 'lhe following table (from page 17 ot‘the study report)

shows the study design.

1 09
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1:3.8 fold and 1256 fold with a 1:5 fold increase in the dose level. The following table

(from page 179 of the study report) shows the toxicokinetic parameters.

Toxicoldnctic parameters for ALX-flGOO in juvenile minipig plasma

Doc: Lew! 0-. T... AUCu“W
(to m 1 Gender Hum) ‘hrlmL n -hrl (Hun:

mu

2 5 M 2914 I.” 6”? ”‘53 0.673

r we: L00 3: 73 mm 0.662

3 25 M m LOO 3075i 6‘ 502 ”6

P 7:93 1.00 3m: ears: :5:

mm

2 S M 2‘3! 05“! 8015 16030 0 679

F was 1.00 5969 may 0.934

3 25 M 3467 1.00 28226 56452 I on

P rm 2 on 1322.; 66450 1.23 

I Dmed mice did) (minutely 8111": mm).

In a l4-day s.c. toxicity study in minipigs. animals were treated at total daily doses oft). 5

and 25 mg/‘kg/day (0. 2.5 and 12.5 mg/kg. bid. 8 hours apart). The target organs appeared

to be the intestinal tract (hyperplasia), gall bladder (mucosal hyperplasia associated with

increased bile accumulation), bile duct (hyperplasia), the spleen (extramedullary

hematopoicsis), livcr (cxtramcdullary hematopoicsis) and injection site (inflammation

and necrosis).

1 14
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Study title: 90-Da Subcutaneous Toxici Stud in Juvenile Mini i s with

28-Day Recovem Period

Conducting laboratory and location:

 

Study no.: 66585

Study report location: EDR 4.2.3.5.4.1 09(4)

Date of study initiation: December 13, 2007

Date of study completion July 8, 2009

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Teduglutide, Lot No. 08505061 and
>95%

Key Study Findings:

Juvenile minipigs (7 days old) were treated at 1, 5, and 25 mg/kg/day, SC (BID

dosing) for 13 weeks.

A total of 36 piglets died (10 piglets in Group 1, 8 piglets in Group 2, 8 piglets in

Group 3 and 10 piglets in Group 4) and were replaced with extra piglets. The

cause of death in these piglets could not be ascertained; however, the deaths

were not considered related to treatment with teduglutide as mortalities were also

observed in the control group.

Clinical signs in the piglets included constipation, diarrhea, vomiting/yellowish

froth or salivation, subdued behavior, respiratory distress, convulsions, and

cyanosis.

There were no significant treatment-related effects on body weight, food

consumption, ophthalmoscopy.

In males at Week 13, teduglutide increased the P wave, PR, QT (mid and high

dose) and RR intervals at all doses compared to respective controls. The ECG

changes were predominantly seen in males (although females had higher plasma

exposure to teduglutide than males at all doses at Week 13) only at one time

point (Week 13), magnitude of theses changes were small and the changes were

also not dose-related. Moreover, there were no significant treatment-related

effects on QTc (Fridericia) in either sex. The QTc values were comparable

across all groups. Overall, these ECG changes are not meaningful and not

toxicologically significant.

Treatment-related histopathology changes were observed in the gall bladder

(cystic mucous hyperplasia), extrahepatic bile duct (cystic mucous hyperplasia),

small intestines (minimal/slight villous hypertrophy) and injection sites

(inflammatory changes including myofibre degeneration/inflammation and

granulomatous inflammation in all groups of animals including controls with

increased severity for treated animals).
The NOAEL could not be identified as treatment related effects were seen in all

dose groups.
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Methods:  
Doses: 1, 5 and 25 mg/kg/day 

Frequency of dosing: BID (8 hours apart) 
Route of administration: Subcutaneous injection 

Dose volume: 0.625 mL/kg 
Formulation/Vehicle: Phosphate buffer with L-histidine and mannitol 

Species/Strain: Juvenile minipigs (Ellegaard Göttingen SPF 
minipigs) 

Number/Sex/Group: Group assignment is presented in the following 
table (from page 12 of the report) 

Age: 7 days old 
Weight: 412 to 1351 g 

Satellite groups: Recovery (control and high dose) 
Unique study design: The study design is shown in the figure below 

(from page 13 of the report). 
Deviation from study protocol: Protocol deviations were considered not to have 

affected the outcome of the study. 
 
 

 

 

 

 

Observations and Results: 
 
Mortality:  There was no mortality in sows. A total of 36 piglets died prior to start or 
during the first 23 days of the study (10 piglets in Group 1, 8 piglets in Group 2, 8 piglets 
in Group 3 and 10 piglets in Group 4) and were replaced with extra piglets. The cause 
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of death in these piglets could not be ascertained; however, the deaths were not 
considered related to treatment with teduglutide as mortalities were also observed in the 
control group.  A spectrum of findings was reported in these decedent animals and the 
changes considered to be factors contributory to death are shown in the following table 
(from page 76 of the report) below: 
 

 
 
Clinical Signs: Clinical signs were recorded 1 and 2 hours after the first daily dose and 
0.5 hour after the second daily dose. Clinical signs in sows included lethargy. There was 
a decrease in milk production post-farrowing (giving birth). Additional clinical signs in 
sows included increased body temperature, vomiting, reduced food consumption, 
diarrhea, depression, agalactia (complete stoppage of milk production, one sow) and 
discharge from the vulva (one sow). The following table (from page 357 of the report) 
shows the overview of clinical signs in sows. 
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Clinical signs in the piglets included constipation, diarrhea, vomiting/yellowish froth or 
salivation, subdued behavior, respiratory distress, convulsions, and cyanosis and death. 
These clinical signs were not considered treatment-related and were attributed to 
excessive handling of the piglets and agalactia in the sows prior to the treatment and 
during the initiation of the study (Days -7 through 23). 
 
Body Weights: Body weights were measured twice weekly. The mean initial (at birth) 
and final (Day 92) body weights of the male piglets were 0.445 and 8.75 kg, 
respectively. The mean initial (at birth) and final (Day 92) body weights of the female 
piglets were 0.461 and 8.72 kg, respectively. In males, the final weights of the treated 
animals were 88%, 88%, 88.2% of control at low, mid and high doses, respectively. In 
females, the final weights of the treated animals were 95%, 99%, 104% of control at 
low, mid and high doses, respectively. 
 
Food Consumption: Food consumption was recorded after weaning. Details of the 
timing were not provided. There were no significant treatment-related effects. 
 
Ophthalmoscopy: Ophthalmoscopy was performed on Day 41 and during Week 13. 
There were no significant treatment-related effects. 
 
Electrocardiography (ECG): Electrocardiography was performed prior to treatment, on 
Day 33 of the treatment period, during Week 13 and during the last week of recovery. 
During the dosing period, the electrocardiography was performed approximately 1 hour 
after the first daily dose. The following parameters were evaluated: heart rate (BPM), P 
wave duration (msec), PR (msec), QRS (msec), QT (msec) and RR- intervals (msec).  
 

P wave duration: In males at Week 13, although not dose-related, P wave 
duration was increased at all doses (103%, 134% and 119% of control at 1, 5 and 25 
mg/kg/day, respectively) compared to control; however, this increase in P wave was 
statistically significant only in Group 3 males (5 mg/kg/day) with one animal (Animal No 
255) reaching a P wave duration of 60 msec. In females at Week 13, P wave duration 
was increased at all doses (116%, 105% and 113% of control at 1, 5 and 25 mg/kg/day, 
respectively; not statistically significant) compared to control. 
 

PR Interval: In males at Week 13, PR interval was increased at all doses (110%, 
109% and 117% of control at 1, 5 and 25 mg/kg/day, respectively) compared to control; 
however, the changes were not dose-related. In females at Week 13, PR interval was 
also increased at all doses (120%, 112% and 106% of control at 1, 5 and 25 mg/kg/day, 
respectively) compared to control (not dose-related). 
 

QT Interval: In males at Week 13, the QT interval increased slightly at mid and 
high dose (101%, 108% and 107% of control at 1, 5 and 25 mg/kg/day, respectively) 
compared to control. The sponsor did not provide the QTc data. QTc values for Week 
13 were calculated using the Fridericia method. In males at Week 13, the QTc 
(Fridericia) values were 0.294, 0.289, 0.285 and 0.282 at 0, 1, 5, and 25 mg/kg/day, 
respectively. There were no significant treatment-related effects on QT/QTc in females. 
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The QTc values were comparable across all dose groups. Overall, there were no

significant treatment-related effects on QTc in either sex.

RR Interval: In males, at Week 13, a dose-related increase (102%, 131% and

135% of control at 1, 5 and 25 mglkglday, respectively) in the RR interval was

observed. In females at Week 13, RR interval was also increased (116%, 112% and

110% of control at 1, 5 and 25 mg/kg/day, respectively) at all doses; however, this was
not dose-related.

The following table (from page 50 of the study report) shows the ECG data in males at
Week 13.

Text Table 11 ECG Data for Male Minipigs During Week 13

 

      
  

Giiltingen minipig Dose ECG Value

(mg/kg/day) HR RR

bpm msec

(5.1).)

Study 167.1 386.1

(48.6) (120.2)
40.0 86.7 43.3 210. 392.3

(10.0) (5.8) (5.8) 20.0) (59.7)
507.2

(45 3)

522.03)

(52.9)

am 743.69

"’""historical

data” (unpcr limit)

1) @)(ohistorica1 data. 4-7 month old minipigs
2) Statistical significance

The following tables (from page 130 of the study report) show the ECG data for females
at Week 13.
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p>0.05, versus control group; S.D. = Standard deviation; N = No. of animals 
 
All values observed in this study were within the historical control values reported for 4-
7 months old Göttingen minipigs (shown in the table below from 805 of the report).  
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(”(0 HISTORICAL DATA

Minipig toxicity studies

Electrocardiography - 4 to 7 months old animals

95%
Number Number CONFIDENCE INTERVALS

of of LOWER UPPER
SEX PARAMETER studies animals MEAN MIN MAX LIMIT LIMIT

male HR bpm 68 329 122.13 93.33 160.00 63.19 181.01
female HR bpm 73 327 117.94 90.00 164.44 68.69 167.20

male F m sec ea 329 44.81 35.00 56.67 32.72 56.89
female P m sec 73 327 44.33 33.33 53.33 32.08 56.51

male ER m sec 68 329 87.55 72.00 113.33 66.66 108.43
female FR m sec 73 327 86.95 76.00 105.00 66.33 107.56

male QRS m sec 68 329 41.06 26.67 62.00 29.84 52.28
female QRS m sec 73 327 40.07 26.67 56.67 29.96 50.19

male CT m sec 68 329 251.57 213.33 306.67 194.17 308.96
female QT m sec 73 327 252.63 196.67 306.67 197.53 307.76

male RR m sec 15 53 558.61 444.50 662.00 373.53 743.69
female RR m sec 21 71 575.37 485.00 696.00 377.46 773.27

Overall, teduglutide increased the P wave, PR, QT (mid and high dose) and RR

intervals at all doses in males at Week 13 compared to respective controls. The ECG

changes were predominantly seen in males; however, the plasma exposure (AUC) of

teduglutide was higher in females than that in males at Week 13 at all doses. In

addition, these changes were seen at only one time point (Week 13), in one species

(juvenile minipigs) and the magnitude of these changes were small and these changes

were also not dose-related. Moreover, there were no significant treatment-related

effects on QTc (Fridericia) in either sex. The QTc values were comparable across all

groups. Overall, these ECG changes are not meaningful and not toxicologically

significant.

Hematology: Blood samples were collected for clinical pathology prior to treatment and

on Days 14 and 28, during Week 13, and again during the last week of recovery. A

statistically significant increase over control values was observed in the platelet count in

Groups 3 and 4 in Week 13 in both sexes. In addition, statistically significant increases

over control values were noted for activated partial thromboplastin time (APTT) in Group

4 males on Day 28 and in Week 13. A statistically significant increase over the control

value was also noted in thrombin time (TT) for Group 3 females in Week 13. At Week

13, statistically significant decreases in red blood cells (Groups 2 and 4 females),

hemoglobin (Hb) (Group 4 males and Groups 2, 3, and 4 females), hematocrit (HT)

(Group 4 males and females), and mean hemoglobin concentration (MCH) (Group 3

and 4 males)- The changes in clotting factors and the RBC parameters were considered

to be treatment-related. Group mean values for the above hematology changes are

shown in the following tables.

1 21
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Males: 
 
GROUP Platelet 

(109/L) 
APTT 
(Sec) 

TT 
(Sec) 

RBC 
(1012/L)

Hb 
(mmol/L)

HT 
(mL/100 
mL) 

MCH 
(fmol) 

1 472 29.9 23.37 8.74 8.61 42.9 1.00 
2 549 31.1 20.93 8.38 7.73 39.0 0.93 
3 687 35.3 27.90 7.95 7.82 40.0 0.98 
4 914 51.2 20.32 7.39 7.10 36.2 0.98 
 
Females: 
 
GROUP Platelet 

(109/L) 
APTT 
(Sec) 

TT 
(Sec) 

RBC 
(1012/L)

Hb 
(mmol/L)

HT 
(mL/100 
mL) 

MCH 
(fmol) 

1 442 34.7 17.00 9.08 9.03 44.8 1.00 
2 627 31.3 22.62 7.65 7.76 39.6 1.04 
3 692 34.1 29.00 8.09 7.87 40.3 1.00 
4 740 36.2 21.92 7.65 7.43 38.0 1.00 
 
 
Clinical Chemistry: Blood samples were collected for serum chemistry prior to treatment 
and on Days 14 and 28, during Week 13, and again during the last week of recovery. 
Statistically significant decreases in alkaline phosphatase (ALKPH) values compared to 
controls were observed on Days 14 (Group 2 females and Group 3 males) and on Day 
28 (Groups 2 and 4 females), and in Week 13 (Group 4 females). In addition, 
statistically significant increased globulin values were observed on Day 14 (Groups 3 
and 4 males) and in Week 13 (Group 4 females). Statistically significant decreases in 
albumin values were observed on Week 13 (Group 4 females); and albumin/globulin 
ratio on Days 14 (Groups 3 and 4 males) and in Week 13 (Group 4 females). 
Furthermore, after 13 weeks of treatment, statistically significant decreases in creatinine 
values were observed in Groups 3 and 4 males, compared to control values. Overall, 
the clinical chemistry changes appeared to be scattered, not clearly dose-related and 
did not appear to be meaningful or treatment-related. The following table shows the 
clinical chemistry changes in males and females. 
 
Day 14: 
 

Group Male Female 
Parameter ALKPH 

(µkat/L) 
Globulin 

(g/L) 
ALB/G 
Ratio 

ALB 
(G/L) 

CREAT 
(µM/L) 

ALKPH 
(µkat/L)

Globulin 
(g/L) 

ALB/G 
Ratio 

ALB 
(G/L)

CREAT 
(µM/L) 

1 8.76 15.5 2.49 37.7 47.6 8.32 18.8 2.08 38.0 41.0 
2 6.71 19.2 1.86 35.3 39.7 5.01 18.1 2.22 33.5 52.2 
3 4.61 24.0 1.48 34.0 43.5 5.96 22.1 1.71 35.7 47.3 
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4 5.59 23.8 1.49 34.3 47.1 5.80 22.2 1.81 35.9 68.0 
 
Day 28: 
 

Group Male Female 
Parameter ALKPH 

(µkat/L) 
Globulin 

(g/L) 
ALB/G 
Ratio 

ALB 
(G/L) 

CREAT 
(µM/L) 

ALKPH 
(µkat/L)

Globulin 
(g/L) 

ALB/G 
Ratio 

ALB 
(G/L)

CREAT 
(µM/L) 

1 6.93 11.2 4.06 44.9 48.7 7.58 11.9 3.86 43.7 44.8 
2 5.86 10.2 4.09 41.0 56.3 5.34 12.8 3.93 45.8 50.2 
3 6.19 14.7 3.06 41.5 50.5 5.77 13.1 3.84 45.3 46.0 
4 6.60 13.5 2.88 36.8 48.2 5.10 13.0 3.34 41.7 48.8 
 
Week 13: 
 

Group Male Female 
Parameter ALKPH 

(µkat/L) 
Globulin 

(g/L) 
ALB/G 
Ratio 

ALB 
(G/L) 

CREAT 
(µM/L) 

ALKPH 
(µkat/L)

Globulin 
(g/L) 

ALB/G 
Ratio 

ALB 
(G/L)

CREAT 
(µM/L) 

1 4.19 13.8 3.16 42.6 69.9 4.19 11.0 4.24 44.8 60.2 
2 3.97 16.1 2.53 40.3 62.7 3.38 13.0 3.33 42.4 63.6 
3 3.49 16.3 2.53 40.2 54.8 3.38 13.8 3.28 44.0 58.3 
4 3.39 17.4 2.40 40.4 50.4 2.57 19.9 2.04 38.3 57.5 
 
Urinalysis: Urine was collected during Week 13 and during the last week of recovery. At 
Week 13, decreased values of potassium (Males: 76%, 57% and 55% of control at low, 
mid and high dose, respectively; control = 223.0 mmol/L) and chloride (Males: 84%, 
66%, and 60% of control at low, mid and high dose, respectively; control = 170.9 
mmol/L) were observed.  
 
Gross Pathology:  Gross pathology was conducted at necropsy. Red discoloration at the 
injection sites was observed in a dose-related manner. Gross observations were noted 
in the gall bladder of one male animal (animal No 253, Group 3) at 5 mg/kg/day and two 
male animals at 25 mg/kg/day (animal No. 272 and 474, Group 4). Gall bladder wall 
was thickened in one animal at 5 mg/kg/day (animal No 253) and one of the animals at 
25 mg/kg/day (animal No 474). Several grey/white foci up to 4 mm in diameter were 
observed on the gall bladder in another animal at 25 mg/kg/day (animal No 272). No 
remarkable findings were noted in 13-week recovery animals. 
 
Organ Weights: The following table (from page 41 of the report) shows the organs and 
tissues collected for weights and histopathology. 
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Treatment-related effects were observed in the intestines (weights and lengths), liver 
(increased weight), adrenals (increased weight) and kidneys (increased weight). The 
weight and length of the intestine increased due to treatment. The effect was more 
pronounced in the small intestine than the large intestine. Mean small intestine weight in 
Groups 2, 3 and 4 as a percent of mean Group 1 small intestine weight is summarized 
in the table (from page 56 of the report) below. 
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Mean large intestinal weight in Groups 2, 3 and 4 as a percent of mean Group 1 large 
intestinal weight is summarized in the table (from page 60 of the report) below. 
 

 
The small intestinal length was also increased by the treatment. The data are shown in 
the following table (from page 65 of the report). 
 

 
The data for the large intestinal length are shown below (from page 69 of the report). 
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At Week 13, liver weights were generally increased for all treated animals when 
compared to controls. Statistically significant differences from control values were noted 
in Group 3 males (liver weight relative to brain weight) and Groups 2 and 3 females 
(both absolute and relative values). After a 13-week recovery period, male No 278 
(Group 4) and female No 289 (Group 4) had higher liver weight in absolute and both 
relative values (relative to both body weight and brain weight) compared to control 
values.  
 
Adrenal weights were also increased by the treatment in both sexes. In Group 4 males, 
a statistically significant increase in adrenal weight (relative to body weight) and a 
tendency for increased weight in absolute values and relative to brain weight was 
observed. In Groups 3 and 4 females, a statistically significant increase in adrenal 
weight (relative to brain weight) was observed, and also a tendency for increased 
weight in absolute values and relative to body weight was observed. After a 13-week 
recovery period, male No 278 (Group 4) had higher adrenal weight in absolute and both 
relative (relative to both body weight and brain weight) values compared to control 
values. However, the females had comparable values. 
 
In Group 4 males, a statistically significant increased kidney weight (relative to body 
weight) was observed. After the 13-week recovery period, the kidney weight was still 
slightly increased in female animal No 289 compared to control values. 
 
Overall, there were treatment-related increases in the liver, adrenal, and kidney weight. 
Absolute and/or relative liver weights were higher in teduglutide treated animals 
compared to controls. Absolute and/or relative adrenal weights were increased by 
teduglutide treatment when compared to control. In addition, at Week 13, relative kidney 
weight for Group 4 males was increased by teduglutide treatment compared to control. 
These changes in organ weights appeared to be treatment-related. However, there 
were no corresponding histopathological findings in the liver, adrenals or kidneys.  
 
Histopathology: The list of tissues for histopathological examination was shown in the 
above table. 
 

Adequate Battery: Yes 
 

Peer Review: Yes 
 
Histological Findings: Treatment-related changes were observed in the gall bladder 
(cystic mucous hyperplasia), extrahepatic bile duct (cystic mucous hyperplasia), small 
intestines (minimal/slight villous hypertrophy) and injection sites (inflammatory changes 
including myofibre degeneration/inflammation and granulomatous inflammation in all 
groups of animals including controls with increased severity for treated animals). The 
incidence of cystic mucous hyperplasia is shown in the table (from page 77 of the 
report) below. 
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The incidence of the small intestinal findings is shown in the following table (from page 
78 of the report). 
 

 
 
Toxicokinetics: Blood samples were collected on Day 1, Day 44 and Day 91 at 15 min, 
0.5 h, 1 h, 2 h, 4 h, and 8 h post-treatment. Exposure to teduglutide generally increased 
with the increase in dose level from 1 to 25 mg/kg/day. The increases in Cmax and AUC0-

8 were generally less than dose proportional. In general, no marked (> 2-fold) sex 
differences were observed in Cmax and AUC0-8h values, except for the 5 mg/kg/day group 
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on Day 91 in which females demonstrated 2.4- and 1.4-fold greater exposure than 
males in terms of Cmax and AUC0-8, respectively. No apparent accumulation of 
teduglutide was observed after multiple dosing. The following table (from page 11 of the 
toxicokinetic report) shows the TK data. 
 

 
 
 
Dosing Formulation Analysis: Triplicate samples were collected on Day 1, Weeks 6 and 
13 from each dose formulation. All formulations were in the range 92.25% to 106.03% 
of nominal value and were within the acceptance criteria (acceptance criteria 90 110% 
of nominal). 
 
Summary: In a 90-day toxicology study in juvenile minipigs (7 days old), animals were 
treated at 1, 5, and 25 mg/kg/day, SC (BID dosing) for 13 weeks. A total of 36 piglets 
died in this study. The cause of deaths could not be determined; however, the deaths 
were not considered related to treatment as mortalities were also observed in the 
control group. Clinical signs in the piglets included constipation, diarrhea, 
vomiting/yellowish froth or salivation, subdued behavior, respiratory distress, 
convulsions, and cyanosis. There were no significant treatment-related effects on body 
weight, food consumption, and ophthalmoscopy. Teduglutide increased the P wave, PR, 
QT (mid and high dose) and RR intervals at all doses in males at Week 13 compared to 
respective controls. The ECG changes were predominantly seen in males; however, the 
plasma exposure (AUC) of teduglutide was higher in females than that in males at 
Week 13 at all doses. In addition, these changes were seen at only one time point 
(Week 13), in one species (juvenile minipigs) and the magnitude of these changes were 
small and these changes were also not dose-related. Moreover, there were no 
significant treatment-related effects on QTc (Fridericia) in either sex. The QTc values 
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were comparable across all groups. Overall, these ECG changes are not meaningful 
and not toxicologically significant. Treatment-related histopathology changes were 
observed in the gall bladder (cystic mucous hyperplasia), extrahepatic bile duct (cystic 
mucous hyperplasia), small intestines (minimal/slight villous hypertrophy) and injection 
sites (inflammatory changes including myofibre degeneration/inflammation and 
granulomatous inflammation in all groups of animals including controls with increased 
severity for treated animals). The NOAEL could not be identified as treatment related 
adverse effects were seen in all dose groups. 
 
 
Monkey: 
 
3-Day Preliminary Subcutaneous Injection Study in Cynomolgus Monkeys (88616) 
 
14-Day Subcutaneous Injection Study in Cynomolgus Monkeys (88619) 
 
1-Month Subcutaneous Injection Study in Cynomolgus Monkeys with 1-Month 
Recovery (88729) 
 
The reviews of the above study reports are incorporated below from the pharmacology 
review of IND 58,213 dated May 24, 2002. 
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3. 14-Day Subcutaneous Toxicity Study in Cynomolgus Monkeys:
(Project # 88619)

Testing Laboratory: MW

Dates of Start and Completion of the study: June 9, 1998 and
January 20, 1999.

QAU GLP & Reggirements: This study was not conducted according
to GLP regulations.

Species and Strain: Ten male adult Cynomolgus monkeys (Macaca

fascicularis) mean body weight of 2.3 to 2.7 kg were used in the

study.

Batch #: DOSGL98b and D05GL98C.

Methods: Nine male monkeys were randomly divided into 3 groups

(3/group) and administered 0, 10 or 20 mg/kg/day, s.c. ALX-OGOO

(in two divided doses 8 hr apart) in phosphate buffer solution

in a volume of 2, 1 and 2 ml/kg, respectively for 14 days to

assess the toxicity of the compound. The basis of dose

selection was 3—day preliminary s.c. toxicity study in l/sex

monkeys (Study # 88616) at the dose of 50 mg/kg (25 mg/kg/day

bid) for 3 days. No toxicity was observed and this was regarded

as the ‘highest tolerable dose’. In the present study, the

animals were observed twice daily for the toxic signs and

symptoms. The body weights and food consumption were recorded

at least once before treatment, on study day l, 3, 6, 9, 12 and

14/15 (prior to necropsy). Ophthalmic examination by

fundoscopy/slit lamp was done once before, and during week 2 of
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site of injection with cellulitis. A dose of 10 mg/kg/day was a

‘highest tolerable dose' in this study and identified target

organs of toxicity were liver and site of injection.

4. l-Month Subcutaneous Toxicity Study with l-Month Recovery

Period studz in Cygomolgus Monkeys: (Project # 88729)

Testing Laboratory:
MW

Dates of Start and Completion of Study: August 21, 1998 and
April 13, 1999.

GLP & QAU Reggirements: A statement of compliance with GLP

regulations was submitted.

Species and Strain: Ten male adult monkeys (Macaca fascicularis)
with mean body weight of 2.57 kg (males) and 2.35 kg (females)

were used in the study.

Batch #: 8106801.

Methods: Forty monkeys (20/sex) were randomly divided into main

and toxicokinetic groups. In the main study groups, 4 groups

(S/sex/group) were administered 0, 0.2, 0.6 or 2.0 mg/kg/day,

s.c. ALX—0600 (in two divided doses 8 hr apart) in phosphate

buffer solution in a volume of 1 ml/kg, bid, respectively for 28

days to assess the toxicity of the compound. Two

animals/sex/group of the main study were used for the recovery

period of 1 month. The dose selection of the study was based on

14-day s.c. toxicity study in monkeys in which a dose of 10

mg/kg/day was a ‘highest tolerable dose' (Study # 88619). The

animals of the present study were observed twice daily for the

toxic signs and symptoms during treatment and recovery period

and just before termination of the study. The body weights and

food consumption were recorded weekly during pretest period,

treatment and recovery prior to necropsy. Ophthalmic

examination was done once before, and during week 4 of the study

and recovery period by fundoscopy. The blood samples for

determining hematological and blood chemistry parameters were

collected 2 weeks prior to treatment, weekly during the study

and during recovery week 4 from overnight fasted animals. Urine

samples (overnight) for its analysis from all animals were

collected before treatment and on study week 4. The plasma

concentration and toxicokinetics of the compound was determined
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13-Week Subcutaneous Toxicity and Toxicokinetic Study with 1-Month Recovery 
Period in Cynomolgus Monkeys (Study # 7203-100) 
 
The review of the above study report is incorporated below from the pharmacology 
review of IND 58,213 dated April 1, 2004. 
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Testing Laboratory:

Dates of Start and Completion of Study: February 13, 2001
and April 8, 2002.

GLP & QAU Reggirements: A statement of compliance with GLP

regulations was submitted.

Species and Strain: Cynomolgus monkeys (Macaca

fascicularis) approximately 2 to 3 years old with mean body

weight of 2.2 to 2.3 kg (males) and 2.3 to 2.4 kg (females)

Batch #: 0850001

Methods: Forty—eight monkeys (24/sex) were randomly divided

into 4 groups and were administered 0, 1, 5 or 25

mg/kg/day, S.C. ALX—0600 (in two divided doses 8 hr apart)

in phosphate buffer solution in a volume of 0.625 ml/kg,

bid, respectively. Two animals/sex/group were used for the

recovery period of 30 days. The sponsor did not provide

the basis of the dose selection of the study. The study

animals were observed daily for the toxic signs and

symptoms during treatment and recovery period and just

before termination of the study. The body weights and food

consumption were recorded prior to treatment and on the 1St

day treatment then weekly during the study. Ophthalmic

examination was done once before treatment and during week

13 of the study. The blood pressure and EKG tracings were

recorded after 30 to 90 min of the first daily dose in

conscious males on study day 0, 2, 27 and 85 and, on day 0,

3, 28 and 86 in conscious females. The hematological and

blood chemistry parameters and, urinalysis were determined

on the blood and urine samples collected from overnight

fasted animals during week 0 (prior to treatment), 6, 13

and 17, weekly during the study and during recovery week 4

from overnight fasted animals. The plasma concentrations

and toxicokinetics parameters of the compound were

estimated on the blood samples collected from overnight

fasted animals on day 1, 30 and 90. The blood samples (0.5

m1) on day 1 were collected after 0, 0.25, 0.5, 1, 2, 4 and

8 hr of the first dose (immediately before second dose),

8.25, 8.5, 9, 10, 12 and 16 hr after the administration of

first dose of the compound. The blood samples on day 30

and 90 were collected for 8 hr (i.e., 0, 0 25, 0.5, l, 2, 4

and 8 hr of the first dose). Four/sex/group animals were

killed after 13 weeks of treatment and the remaining

2/sex/group were killed at the end of the recovery period.
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The following review of the amendment to toxicokinetic report of the above 13-week 
study (7203-100) in Cynomolgus monkeys is incorporated below from the pharmacology 
review of IND 58,213 dated December19, 2006. 
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Table 1-1 (Continued)
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Table 1-3

Plasm- Concentrations (ndmLMIALX-MOOHI Monkeys: Day 90

Iii-Week Subcutaneous Toxicity andTM:Study with ALI-0600 ln
Cynonolgm Monkeys Poland by I 30-Day Recovery Period

Denim ...— wanna——O I

 
 

Bil“
Bil”
Mn 0.701 m
I) am 99 I“ I36 "5 60 1-02

20In“) II
J 3 ll 131144'

mm;
mm:
61‘”
mm
5114’
M- ”.6
50 5.6

[53(5) N 12
l 5 F um:I!!!”

mm
mm
[32172
mm
m 788 no um 2:22 I?“
50 M5 436 1“ O“

ISO 5 $6 0‘ OI ‘2

None: VbW-thMmM-m. ‘
“damnahmm‘nmthym-MMI Imprints.
2*(l-ddl)n.I—M.wlmwu I um Baud-”Mm.“
nhmmfllhfisinm

 

 

These values were relatively low in comparison to levels of the drug in the treated

samples and were comparable to some treated samples at 0 hour time point. The sponsor

contended that these values could represent endogenous levels of the native hormone.

The results indicated that the sponsor’s method may not specific enough to detect the
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1-Year Subcutaneous Toxicity Study in Cynomolgus Monkeys with a 13-Week 
Recovery Period: 6-Month Interim Report (1368-100) and the Final Report (1368-
100)  
 
The reviews of the above interim and final study reports are incorporated below from the 
pharmacology review of IND 58,213 dated December 19, 2006. This to be noted here 
that the study number (1368-1001) in the following reviews was incorrect and is 
replaced by study number 1368-100. 
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l-Year Subcutaneous Toxicitv Studv in (Ivnomol us Monkeys with a l3-Week 

Recovery Period: 6-Month Interim Report

The sponsor previously submitted an interim draft report of this study under Amendment

033 dated September 3. 2003. The sponsor submitted additional TK data of this study

under Amendment 036 dated September I9. 2003. 'lhe following review covers these
submissions.

Studv No.: 1368-1001

Volume and Page No.: Amendment 052. Vol. 1, page 1

Testing Laboratory: @(4)

Dates of Study Initiation: July 26. 2002

Date of Study Completion: January 15. 2004

CLP & QAU Reguirements: A statement ol‘eomplianee with GIP regulations and

QAU statement were included.

Species and Strain; Cynomolgus monkeys (Mumcufilscic‘uluris) approximately 3.2 to

5.4 years (males) and 2.5 to 4.8 (female) with mean body weight of2.5 to 5.1 kg (males)

and 2.2 to 3.7 kg (females) were used in this study.

Batch [Puritvlz 0850201 (98.5%) & 0850202 (98.2%)

Methods: Sixty four monkeys (32/sex) were randomly divided into 4 main study

(6/sex/group) groups as shown in the following table and were treated with either vehicle

(phosphate buffer with l.-histidine and mannitol) or AlX-0600 subcutaneously (0.625

nil/kg) at 1.0. 5.0 and 25.0 mg/kg/day (0.5. 2.5 and l2.5 mg/kg/day bid. 8 hours apart).

1 54
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1368-100 Audited Inulul Report Page 696
203-1 19

Table 1

Plasma concentrations (ng/mL) of Alli-0600 In monkeys: Day 1
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nee-m Audlled 1m Report ' Pm 8|

7203-119

Table 2

Plasma concentrations (nglmL) ofALX-0600 in monkeys: Week 13
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l-Year Subcutaneous Chronic Toxici Stud ' in Cvnomol us Nlonke s with a 13- 

Week Recovefl Period

Study No.: 1368-1001.

Volume and Page: Amendment 069. page 1

Testing Laboratou: 0X4)

Dates of Start and Completion of Study: July 26. 2002 and September 2. 2004.

GLP & QAU Reguirements: A statement ofcompliance with GLP regulations and a

QAU statement were included.

Species and Strain: (‘ynomolgus monkeys (Macacafilscicnlaris) approximately 3.2 to

5.4 years of age in males and 2.5 to 4.8 years of age in females with rneau body weight of

2.5 to 5.1 kg in males and 2.2 to 3.7 kg in females were used in this study.

Batch (Entity): 0850001 (98.9%). 0850201 (98.5%). 0850202 (98.2%). 0850203
(97.4%). 0850204 (98.5%) and 0850205 (98.6%)

Methods: In this study. sixty four monkeys (32/sex) were randomly divided into 4 main

study (IO/sex for Group 1. 6/sex for Groups 2 and 3 and 10/sex for Group 4) groups.

Twenty three animals (4/sex in group 1. 2’sex in groups 2 and 3 and. 4 males and 4

females in group 4) were killed on Week 27 (after 6 months of treatment). Thirty two

animals (4/sex/group) were sacrificed during study Week 53 (i.e.. after 1 year of

treatment). An additional 8 animals (2/sex/group) were continued on study without

further treatment for 13 weeks recovery period and then sacrificed. Animals were treated

subcutaneously with ALX—0600 at (scapular region) 0 (Group 1). 1 (0.5 mg/kg bid.

Group 2). 5 (2.5 mg/kg. bid Group 3) and 25 (12.5 mg/kg. bid. Group 4) rug/kg/day

(vehicle-phosphate buffer with mamritol and L-histidme: dose volume = 1.25 ml’kg) in 2

divided doses 8 hr apart for 56 weeks. Study animals were observed twice daily for the
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Detection of Antibodies in Plasma: Seven of 12 animals at 25 mg/kgz’day showed

appreciable increase in titre for antibody to ALX—O600 in Week 52 when compared to

Day 1. No antibody was detected at Day 449. It is to be mentioned here that in a

previous 13-week study (7203-100) in Cynomolgus monkeys antibodies were also

detected at 25 mg/kg/day in both sexes at Day 30 and 90. The relative titer values at

Week 26, 36 and 52 are shown in the following table (from Vol. 7, page 152 of sponsor’s

submission):

Analrsis ”Carlo-10min Monkey Plum San-p" hr 1!» bunch-a of Anflauiu Io ALPHMSW ulng ELISA
loSuppor "(95mm I [338-100

 
  
   

N05133: 
 

 
 

F199 1 CO?
No change

No chm:

 

FlSHC‘lF    
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7 Genetic Toxicology 

7.1 In Vitro Reverse Mutation Assay in Bacterial Cells (Ames) 

 
Induction of Reverse Mutations in Microbial Mutagenicity Test (Ames Test): 
(Study # 88665) 
 
The review of the above study is incorporated below from the pharmacology review of 
IND 58,213 dated May 24, 2002. 
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1. Induction of Reverse Mutations in Microbial mutagenicity
Test (Ames Test): (Study #GSSAU51.502; PrOj. # 88665)
 

Conducting Laboratory: we;

Dates of Initiation and Completion: May 11, 1998 and
July 13, 1998.

GLP Statement: A statement that the study complied with GLP

requirements was enclosed.

Materials and Methods:

Strains Used: a. Salmonella - TA98, TAlOO, TA1537 and TA 1535

and; b. E. Coli — WPZuvrA.

Chemical: ALX-OSOO (batch #D06GL98a); Positive controls (lot #,

concentrations and the strain name): Methyl-methanesulfonate

(MMS), 2-nitrofluorene (ZNF), 9-aminoacridine (9AmAc), 2-

aminoanthracene (2AA) and sodium azide. These positive controls

and ALX—0600 were dissolved in dimethylsulfoxide (DMSO).

Methods: The compound was tested for mutagenic potential

according to the Ames method in the absence and presence of 5—9

metabolic system. In preliminary toxicity test, ALX—06OO was
tested with salmonella strains TA98, TAlOO, TA1537 and TA1538

and, E. coli strain WP2 uvrA (one plate/dose with no overnight
cultures) at the concentration of 6.7, 10, 33.7, 67, 100, 333,

667, 1000, 3333 and 5000 ug/plate. Based on the results of the

preliminary test, ALX-0600 was tested in triplicate at O, 100,

333, 1000, 3333 and 5000 ug/plate concentrations in mutagenicity

assay in the absence and presence of 8—9 mix. In this assay,
0.5 ml S-9 or sham mix was mixed with 100 ul of bacterial tester

strain and 50 ul vehicle/test article. For activated assay, the

tester strain was combined with 2 ml top agar and 8—9 mix. Each

of the culture solution was prepared in triplicate and all tubes
incubated at 37°C for 48 to 72 hr. Revertant colonies were

counted after the incubation. The methodology was adequately
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7.2 In Vitro Assays in Mammalian Cells

In-Vitro Assessment of Clasto enic Activi in Chinese Hamster Ovarian Cells:
 

(Study # 88666}

The review of the above study is incorporated below from the pharmacology review of

IND 58,213 dated May 24, 2002.

2. In—Vitro Assessment of Clastogenic Activity in Chinese
Hamster Ovarian Cells: (Study #G98AU51.331; Project #88666)

Conduc ting Lab : ('90

Dates of Initiation and Comgletion of Study: May 12, 1998 and
October 21, 1998.

GLP and QAU Statement: A statement was included.

Materials and Methods

Drugs and Chemicals: ALX—0600 (Batch #DOGGL98a, DOGGLSBC,
D08GL98a, DO7GL98a). Positive controls — Cyclophosphamide (CP),

Mitomycin C (MMC). The test was done in the presence and
absence of metabolic activator, rat liver S—9 fraction.

Methods: Chinese hamster ovarian (CHO-K1) cells (CCL61 with

chromosomes 20) obtained from (low

°)("were seeded at approximately 5X105 cells/cm2 per
flask and incubated for 16 to 24 hr. The culture was maintained

in McCoy's 5A medium for non—activated medium or with 8—9 mix (4
ml serum free medium + 1 ml 8—9) for activated medium. To this

culture medium, 50 ul of the solvent/compound to be tested was

added. These cells (subclone of WBL) were treated for 4 hr, the
media removed and cells washed and returned for incubation for a

total of 20 hr from the initiation of treatment. The cells were

harvested by typsinization and counted by Coulter counter. Cell

viability was determined by trypan blue dye exclusion. In

chromosomal aberration test, Colemid (0.1 ug/ml) was added in

duplicate flasks 2 hr prior to schedule cell harvest to arrest

cell division in metaphase and returned to incubator till cell

collection. The cells were counted in 3 test compound

concentrations. The metaphases collected after centrifuging

were resuspended in hypotonic 0.075 M KCl solution,

recentrifuged and cell pellet resuspended in a small amount of

fixative and dropped on a slide, stained with Giesma for

determining the aberrations. The chromosomal aberrations

including breaks, and exchanges counted. In the toxicity study

without S-9 activation, 1500, 2000 and 3000 ug/ml ALX-0600
concentrations were tested without S—9 mix. The concentrations
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7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) 

 
In Vivo Mouse Micronucleus Assay Following Subcutaneous Administration of 
Teduglutide (Study No. AA65WK.123.BTL) 
 
The review of the above study report is incorporated below from the pharmacology 
review of IND 58,213 dated December 19, 2006. 
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 Subcutaneous Studv Title: In Vivo Mouse ieronueleus Assa '

Administration of ALX-0600
 

Kev Findings: Negative

Studv No.: AA65WK.123.BTI:

Study Tyne: In vivo bone marrow micronucleus assay

Volume #, and Page #: Amendment 026 (page 52) and Amendment 072 (page 6)

Conducting Laboratorv and Location: "N"

Date of Studv Initiation: September 25, 2002

CT? Compliance: A statement ol‘eompliance was included

SEA Reports: yes ( X ) no ( ')

DrugI Lot #3 and ”A; Purit": AIAX-0600. Lot No. 085020]: 98.5%

li‘ormulation/Vehicle: Solution. 0.9% sodium chloride

Methods:

Strains/Sgeeies/Cell Line: Male miee/CD-l (1C R)

Dose Selection Criteria:

Basis of dose selection: The doses were selected based on physico-chemical

properties and limit of subcutaneous dose 01'20 ml/kg.

Test Agent Stability: The stability of the test solutions were delennined by the

sponsor.

Controls:

(5)“)

Negative Control: Phosphate buffer with L-histidine “M" and
mmmannitol

Positive controls: Cyclophosphamidc (50 mg/kg, i.p.)

Exposure Conditions:
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7.4 Other Genetic Toxicity Studies 

None 

8 Carcinogenicity 
 
104-Week Subcutaneous Carcinogenicity Study in Wistar Han IGS Rats (Study 
No. 800070) 
 
The review of the above study report is incorporated below from the pharmacology 
review of IND 58,213 dated October 14, 2008. 
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CARCINOGENICITY ASSESSMENT COMMITTEE (CAC/CAC—EC) REPORT AND
FDA-(TDER RODENT CARCINOGENICITY DATABASE FACTSHEET

Review of Carcinogenicity Study Results

P/T REVIEWER(s): Tamal K. Chakraborti. PhD.
DATE: October 8. 2008

IND: 58.213
DRUG CODE/t: Alex-0600

CASt‘l: Not available

DIVISION: Division oqustroenterology Products (DGP)
DRUG NAME: AI.X-0600

CHEMICAL STRUCTURE: ALX-OGOO. a 33-amino acid peptide. is a recombinant analog of

human regulatory gut glucagonvlike peptide-2 (GLP-Z). It differs from natural GLP-Z in the

substitution of glycine for alanine at position 2. ALX-OGOO was synthesized from Escherichia

coli (Strain No. PALZOOO) carrying ”(9
9)“) The structure ol‘AI.X-0600 is shown below

from the sponsor‘s submission.

Flgure A1. Primary structure of ALx-oaoo

aewwwemowQ
LEL‘

@®@m @m m s®®®z 1’

  

  
SPONSOR: NPS Pharmaceuticals. Inc.

LABORATORY: “m
MC)

CARCINOGENICITY STUDY REPORT DATE: December 21, 2007

THERAPEUTIC CATEGORY: Human Glucagon-like Peptide/Intestinal Peptide. The drug is

being developed for the treatment of shon bowel syndrome (885)

PHARMACOLOGICAL CLASSIFICATION: Recombinant analogue of Human Glucagon-like

Peptide—2 (GLP-Z)
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MI ITAGENIC/GFNOTOXIC: Negative. AI.X—0600 was negative in the Ames test. in vitro

chromosomal aberration test in Chinese hamster ovary (CHO) cells, in virro mammalian

erythrocytes mieronucleus test and in viva mouse micronucleus assay.

RAT (IARCINOGENICITY STUDY:

STUDY DURATION (weeks); 104
STUDY STARTING DATE: June 29. 2004

STUDY ENDING DATE: December 21. 2007

RA‘I‘ STRAIN: Wistar Han 1(iS (Crl:Wl((ilx/BR/Han)l(iSBR)

ROUTE: Subcutaneous (SC)

DOSING COMMENTS: Initially. the sponsor submitted (November 13. 2003) a dose selection

and protocol for 104-week subcutaneous carcinogenicity study in 51) rats with dietary

restrictions at 0. 1.5. 5.0 and 25 tug/kg. BID or 0. 3. 10 and 50 ing/kg/day (pharmacology review

dated December 5. 2003). The doses were selected based on plasma exposure levels. The

ExecCAC did not concur with the proposed doses as sufficient data on long-temi effects of

dietary restriction 011 plasma exposure were lacking (ExecCAC meeting minutes dated December

19. 2003. Attachment-l). The Committee preferred to use the toxicity endpoint (maximum

tolerated dose/MTD) instead of AUC comparisons. Based upon increased serum alanine

transaminase (AIfl'). liver necrosis. and bile duct hyperplasia at 50 nig’kg/day in the 13-week

study in SI) rats. the MTD was identified as 50 mg/kg/day in females. However, the M'l‘I) in

males could not be identified in the absence of dose limiting toxicity in males. The ExeeCAC

recommended 10. 25 and 50 mg/kg/day doses for female rats based on the identified M'ID from

the 13-week study (800069) in SD rats with restricted diet. However. the Committee could not
recommend the doses for the male. as a MTI) could not be established for males.

NPS connnunicated (February 17. 2004) to the Agency that the recommended higli close 0150

mg/kgxday was not technically feasible in the light ofpossiblc severe injection site reactions.

which might be incompatible with the survival of SD rats for the span of the carcinogenicity

study. These injection site reactions (necrosis. microscopic inflammatory findings and acute

phase reactions manifested by changes in clinical pathology parameters) were consistently

observed in all species (mouse. rat and monkey) tested and progressed in incidence and severity

when dosed twice daily longer than 90 days and were considered part of the dose limiting

toxicity. As an alternative. based on a technical feasibility standpoint. NPS proposed to switch to

the Wistar (Han) rats (instead of SD rats) using ad libimm feeding and proposed to conduct the

carcinogenicity study at 3. 10 and 30 mg/kg/day based on 25-fold ratio ofexposure (AUC) at the

maximum recommended human dose (MRHD. 0.2 mg/kg/day). Historical data in the Wistar

(Han) strain at (mothe laboratory contracted to perform the carcinogenicity
study. showed a survival rate ranging from 50 to 86% at Week 104. In contrast. ad libinmi fed

SD rats had a survival rate ranging from 22 to 52%. The Division responded (Division letter

dated February 26. 2004) with input from Dr. Kenneth 1.. Hastings. Associate Director. ODIZ II

and III that the switch to the Wistar (IIan) strain would be allowed provided NPS conducts a

comparative two-week subcutaneous toxicity and toxicokinetic ('I‘K) study in Wistar (Han) and

SD rats under fully fed conditions to demonstrate equivalency ofthe strains in terms of toxicity

and toxicokinetics. The Agency reconunended that if equivalency was established. ’IK data

form this study could be used to support the dose selection for the proposed 104-week study in
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(TARCINOGENICITY:

Study title: 104-Weck Subcutaneous Carcinogenicity Study in Wistar Han Rats

Key study findings: In a 104-week subcutaneous carcinogenicity study in Wistar Han rats.

animals (n = SO/sex/dose) were treated at 0 (solution/phosphate buffer with mannitol and L-

histidine). 3. 10. and 35 mg/kg/day. The dose selection was based on a pharmacokinetic

endpoint (AUC ratio). The dose selection appears to be acceptable. as the high dose produced

about a 25-fold human exposure (total daily AUC of about 30 ugOhr/ml in rats. as compared to

1.2 ug-hr/ml at the expected maximum human dose of0.2 mg/kg/day). Furthermore, the high

dose did not produce excessive mortality. In males. survival appears to be comparable at the

low- and mid-dose when compared to the control. However. the survival rate of the high-dose

males (62%) was lower than control (76%). In females. survival rates appeared to be

comparable among three treatment groups. However. the survival rates at all doses were lower

than the control. There was no significant meaningful effect of treatment on bodyweight or food

consumption. A high incidence of comeal opacities (superficial punctate keratopathy) was seen

in all groups. An increased incidence ofdiffuse retinal degeneration was observed in males and

females of group 4 (week 104). These findings did not correlate with any treatment-related

histopathological findings. Treatment-related increases were seen in the weights ofthe small and

large intestine. liver and pancreas. Treatment-related gross pathology changes (thickening.

dilatation. and enlargement) were observed in injection sites. small and large intestines. kidneys.

mesentcric lymph nodes. abdominal cavity and extra-hepatic bile ducts. Treatment-related non-

neoplastic lesions were observed in the bile ducts (dilatation. mural fibrosis or thickening.

epithelial hyperplasia and proliferation of mural ductules). liver (hyperplasia and proliferation of

portal bile ducts. often with an associated periduetular fibrosis. as well as a small number of

billiary cysts). intestinal tract (villous/mucosal hyperplasia of the intestinal mucosa characterized

by a pronounced elongation of villi in the small intestine). injection sites (localized

inflammation/fibrosis/dcgeneration and/or degeneration of the pannieulus muscle) and

mescnlerie lymph nodes (enlarged or dark mesenteric lymph nodes associated with one or more

oflymphoid hyperplasia with or without histiocytosis. dilatation oflymph node sinuses and/or

erythrophagocytosis). Overall. Al.X—0600 caused statistically significant increases in the

incidences of adenomas in the bile duct (p “ 0.003 7. trend test. 0 of 50. 0 of 50. l of50 and 4 of

50 animals at 0. 3. 10 and 35 mg/kg/day. respectively: p 0.050. pairwise at high dose) and

jejunum (p 0.003 1. trend test. 0 ofSO, l of 50. 0 of 50 and 5 of50 animals at 0. 3. 10 and 35

mg/kg/day. respectively: p — 0.024. pairwise at high dose) of male rats. There were no drug-

related tumor findings in females. The study conduct was acceptable and valid.

Study number: 800070

Volume #, and page #: EDR submission dated February 25. 2008

Conducting laboratory and location: (0(4)(“(0

Date of study initiation: June 29. 2004
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9 Reproductive and Developmental Toxicology 

9.1 Fertility and Early Embryonic Development 

 
Fertility and Reproductive Performance Study in Rats (Segment I) by 
Subcutaneous Route (Study No. 98357) 
 
The review of the above study report is incorporated below from the pharmacology 
review of IND 58,213 dated December 19, 2006. 
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Fertilitv and Re roductive Performance Studv in Rats Se ment I bv Subcutaneous 

Route 

Studv N0.: 983 57

Volume and Page: Amendment 56. V01. 6. page 1

Testing Laboratorv: (hm)

Dates of Start and Completion of Studv: September 15. 2003 and Febmary 18. 2004.

GLP & QAU Reguirements: A statement ofcompliance with GLP regulations was

submitted. A QAU statement was also included in the report.

21 3

Reference ID: 31 69353



NDA 203441   Tamal K. Chakraborti, Ph.D. 
 

 214

 

Reference ID: 3169353



NDA 203441   Tamal K. Chakraborti, Ph.D. 
 

 215

 

 
 
 

9.2 Embryonic Fetal Development 

 
 
Subcutaneous Segment II Teratology Study in Rats (Study No. 7203-117) 
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The review of the above study report is incorporated below from the pharmacology 
review of IND 58,213 dated December 19, 2006. 
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Study No. 7203-] 17

Volume and Page: Amendment 050. Vol. 1. Page 1

Testing Laboratories: (5)“)

Studv Started: March 20. 2003

Study Completed: December 4, 2003

GLP Reguirements: A Statement ol'eomplianee with the GLP regulations and quality
assurance unit was included.

Animals: Sprague Dawley pregnant female rats (Crl:CD(SD)l(jSBR), [0 to 12 weeks of

age. weighing 222 296 g.

Batch No. and Purig': 0850204. 98.5%

Methods: One hundred time mated pregnant female rats (ZS/group. four groups) were

administered ALX-0600 at the subcutaneous doses of0.0 (vehicle control), 2, 10, and 50

mg/kg/day ( l . 5 and 25 mg/kg bid) in 2 divided doses (8 hr apart) from 606 through

GDl7. ALX—0600 was administered in a phosphate buffer containing L—histidine and

mannitol at pH to 7.26 to 7.4 in a volume 01‘ 1.25 nil/kg. The basis of dose selection was

not provided by the sponsor. Clinical observations were made twice daily for mortality

and moribundity throughout the study. i.e.. 1 hr after the first and the second dose. The

body weights and daily food intake of the main study animals were recorded on GDO. 4.

6. 8. 10. 12. I4. 16. 18 and 20. The blood samples from animals of toxicokinetic

subgroup (Groups 2-4. 9/group) were collected on GD6 and GDl7 at 0. 0.25, 0.5. l. 2. 4

and 8 hr postdose. ()n 0020. all dams were necropsied and uteri were evaluated for the

number of live and dead fetuses and resorptions and ovaries were evaluated for the

number of corpora lutea. Live fetuses were sexed. weighed and examined for external.
visceral and skeletal abnonnalities.

Results: There were no mortalities. Body weights of treated rats were similar to those of

control animals. Mean initial body weights were 224.4. 225.2. 223.7 and 225.4 g at

control. 2. 10 and 50 mg/kg/day. respectively. On GD 20. final body weights were 378.3.

372.]. 37l.6 and 373.7 g at 0. 2. l0 and 50 mg/kg/day. respectively. The mean initial and

final food consumption in control animals were 25.3 and 28.2 g/animal/day. respectively.

The mean final food consumption in treated animals was 27.1, 27.6 and 28.1

g/animal/day at 2. 10 and 50 mg/kg/‘day. respectively. There were no significant

treatment-related effects on food consumption. There were no maternal necropsy

findings, uterine weight or cesarean section parameters. l’etal viability and body weights,

fetal external findings and visceral findings were also similar across groups. There was a
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Subcutaneous Teratology Study in Rabbits (Study No. -487001) 
 
The review of the above study report is incorporated below from the pharmacology 
review of IND 58,213 dated December 19, 2006. 
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Subcutaneous Se ment II Teratolo ' Studv in Rabbits 

Studv No.: "’""-487001

Volume and Page: Amendment 056. Vol. 8. page 1

(b) (4)

Testing Laboratories:
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Initiation Date: August 14, 2003

Completion Date: February 24. 2004

GLP Reguirements: Statement of compliance with the ULP regulations and quality

assurance unit (QAU) statement were included.

Animals: Artificially inseminated Female New Zealand White Rabbits

[Hra:(NZW)SPF]. 6 months ofage. weighing 3.22-3.26 kg.

Drug Batch No. and Puritv: 08503021 and 98.7%

Methods: Pregnant New Zealand White Rabbits (ZZZ/group) were administered ALX-

0600 at the subcutaneous doses ol‘0.0 (vehicle control). 2. 10. and 50 mg/kg/day (1.25

nil/kg) in 2 divided doses (8 hours apart) during GD7 through GD20. The highest dose

was selected based on the solubility of the test article. The sponsor stated that this (50

ing/kg) is the maximum feasible dose (MFD) based on the solubility. Clinical

observations were made twice daily for mortality and tnoribundity throughout the study.

i.e.. 1 hr after the first and the second dose. The body weights and daily food intake of

the main study animals were recorded on GDO. 7 to 21. 24. and 29. Mean body weight of

TK animals were determined on GDO and 7 to 20. Blood samples were collected from

TK animals on GD7 and 20 at O. 15. 30 min. I. 2. 4 and 8 hr postdose. On GD29. all

dams were necropsied. with determinations of the numbers ofcorpora lutea. live fetuses

(viable implants). resorptions (nonviable implants). and any abnormal uterine conditions

were recorded. Tetuses were identified. weighed and examined extemally. Live fetuses
were sacrificed and then examined for extenial. visceral and skeletal abnormalities.

Results: One rabbit each in the vehicle control and 50 mg/kg dose groups aborted on

(“DO and (“)2 1. respectively. The mean initial and final body weight ofcontrol animals

were 3.242 and 4.008 kg, respectively. There were no significant treatment-related

changes in the body weight. The mean initial and final food consumption in control

animals were 213 and 144 g/aniiiial/day. respectively. There were no significant

treatment-related effects on food consumption. Three. 2. 3 and 5 out of22/group rabbits

at 0. 2. 10 and 50 mg/kg/day treatment groups were non-gravid (ammonium sulfide test

negative). Thickening ofthc tissues at the injection site were seen in 0. 3. 5 and 16

rabbits and. red areas were seen in 2. l. 4 and l l rabbits ol‘22/group animals at 0. 2. 10

and 50 mg/kg/day. respectively.

The number of late resorptions at 2 ing/kg/day (6.5% per litter) was significantly higher

when compared to. which also exceeded-developmental historical control data
(6.2% per litter). However. this increase was not evident at 10 or 50 mg/kg/day and was

not considered to be treatment-related. The results showed a slight but statistically

significant trend for early resorptions in 50 mg/kg/day treatment group compared to

control. This was not considered treatment-related. This was attributed. in part. to

female no. 38396. which had 60% early resorptions. In addition. this increase was within
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the- historical control range (the 25”1 and 75'“ quartile values for early resorptions
were 4.9% and 9.6% per litter. respectively). Thus. the increasing trend for early

rcsorptions does not appear to be a biologically significant effect. The Cesarean section

data are shown in the following table.

ALX-0600, SC (mg/kglday)

’4 Pregnant Rabbits
Cesarean Parameters

No. ol‘Implantation Sites . . . . . .. 7.3:“)!

Mean % [.ivinu mum

No. (‘orpnra l.utea (Mean) 9.0 + 2.35 8.8 71: I94
L SD

No. of Dead Fetuses _
Resorptions
Total (94:) .. .. 10.3 t 1163* 1.5 :t: 4.48 7.5 :1: 15.79

Early: SI) .. .. 3.8 i 7.25 1.5 :. 4.48 6.8 115.88
Late: SI) 6.5 + 11.5““ 0.0 *- 0.0 0.6 ‘r 2.5

Sex Ratio (M F) '

l’ctal Body Wt.
Males(g) :1. SD 46.4 .L 4.59 46.1.1. 4.46 47.7 J; 5.73 47.3 J. 5.16
Females(n) + SD 45.5 + 5.25 45.4 + 5.17 45.9 + 4.59 46.0 + 5.47

     
. Significantly less than vehicle control (p< 0.01)

There were no significant test article-related fetal external. visceral or skeletal

malfonnations. Two and four fetuses at 2 and 10 mg/kg’day. respectively. had visceral

malformations. l-‘etus nos. 38366-10 and 38398-02 at the 10 mg/kg/day exhibited

hydrocephaly characterized by increased cavitation of the lateral (bilateral) and third

ventricles. Lobular agnesis of the lungs (absent right accessory lobe) was noted for fetus

nos. 38433-03 and 38436-05 at 2 mg’kg/day and in fetus nos. 384060-09 and 38419-09 at

the 10 tng/kg/day. The incidences ofextemal and visceral variations/malfonnations were

not dose-or treatment-related. There were no single type of variation/mallbnnation.

which oecuned in more than one litter. and none ofthe findings appeared related to dose
or treatment-related. Thus. the observed incidence ofextemal and visceral

malfonnations probably represents chance occurrences and was not considered related to
treatment. The incidences of fetal extemal. visceral and skeletal anomalies are shown in
the table below.

Parameter 0 mg/kg/day 2 mg/kg/day I 10 mg/kg/day l 50 mg/kg/day
External Observations

No. ot‘Lincrs examined 18
No- of fetuses examined

2 5 1
No. of fetuses with abnormalities _ 2
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9.3 Prenatal and Postnatal Development

Study title: Subcutaneous Developmental and Perinatal/Postnatal

Regroduction Toxicig Study in RatsI Including a Postnatal
Behavioral/Functional Evaluation

Study no.: Report No. XGW00008; Study No. TX-
0600-6-00?

Study report location: EDR 4.2.3.5.3.1

Conducting laboratory and location: "M"

Date of study initiation: November 12, 2006

Date of completion February 8, 2008

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: Teduglutide, 08505051, 98.3%

Key Study Findings:

0 In a subcutaneous pre and postnatal development study in rats, animals were

treated at 10, 25 and 50 mg/kg/day (5, 12.5 and 25 mg/kg BID, 8 hours apart)

from DG 7 through DL 20.

. There were no significant treatment-related effects on F0 body weight, food

consumption, pregnancy, and delivery or uterine parameters.

0 No significant treatment-related effects were observed in F1 development, sexual

maturation, behavior, mating and fertility index and Caesarean—sectioning

parameters.

0 There were no significant treatment-related F2 gross external changes.

Overall, teduglutide did not show any significant adverse effect on pre and

postnatal development in rats at the tested doses.
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Methods: Pregnant female rats were randomly assigned to four dose groups 
(Groups I through IV, n = 22/group). Teduglutide or vehicle (sodium phosphate 
dibasic heptahydrate, sodium phosphate monobasic monohydrate with mannitol 
and L-histidine) were administered subcutaneously twice daily (approximately 8 
hours apart) from day 7 of gestation (DG 7) through day 20 of lactation (DL 20) or 
DG 24 (rats that did not deliver a litter) at dosages of 0 (Vehicle), 5, 12.5, and 25 
mg/kg BID (dose volume = 1.25 mL/kg) for a daily total dosage of 0 (Vehicle), 10, 
25, and 50 mg/kg/day. Injection sites were rotated to minimize irritation. F1 
generation pups were not directly administered the test article or vehicle, but 
have been possibly exposed to the test article or vehicle during maternal 
gestation (in utero exposure) or via maternal milk during the lactation period. 

Doses: 5, 12.5, and 25 mg/kg BID (10, 25, and 50 
mg/kg/day)* 

Basis of dose selection Dosages were selected based on the results of 
the 13-week subcutaneous injection study 
(800069) in the rat. 

Frequency of dosing: Twice daily (8 hours apart) 
Dose volume: 1.25 mL/kg 

Route of administration: Subcutaneous 
Formulation/Vehicle: Sodium phosphate dibasic heptahydrate, 

sodium phosphate monobasic monohydrate with 
mannitol and L-histidine 

Species/Strain: Sprague Dawley rats 
Number/Sex/Group: 22/dose 

Satellite groups: None 
Study design: The study design is shown in the tables below 

(from page 29 of the report). 
Deviation from study protocol: Protocol deviations did not adversely affect the 

data and the interpretations of the results. 
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Observations:  

 
F0 Dams: 

Survival: Mortality was observed twice daily. 
Clinical signs: Clinical sings were examined on a twice daily basis. 
Body weight: Body weights were recorded on a weekly basis. 

Feed consumption: Food consumption values were recorded on DGs 0, 
7, 10, 12, 15, 18, 20 and 25 and DLs 1, 4, 
7, 10 and 14. 

Uterine content: After completion of the 28-day postpartum period, 
female rats were sacrificed and a gross necropsy 
was performed. The number and distribution of 
implantation sites was recorded.  

Necropsy observation: After completion of the 28-day postpartum period, 
female rats were sacrificed and a gross necropsy of 
the thoracic, abdominal and pelvic viscera was 
performed. 

Toxicokinetics: None 
Dosing Formulation 

Analysis: 
Concentration results were considered acceptable if 
the difference between the actual mean value and 
the targeted concentration was 10%.  
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F1 Generation: 
Survival: Each litter was evaluated for viability at least twice 

daily. 
Clinical signs: Clinical observations were recorded once daily. 
Body weight: Pup body weights were recorded on days 1 (birth), 4, 

7, 14 and 21 postpartum and on the day of sacrifice. 
Food consumption: Food consumption was recorded on a weekly basis. 

Physical development: Female rats were evaluated for the age of vaginal 
patency, beginning on day 28 postpartum. Male rats 
were evaluated for the age of preputial separation, 
beginning on day 39 postpartum. 

Neurological assessment: Neurological assessments included motor activity 
(days 22 and 59 to 61 postpartum), passive 
avoidance (day 24 postpartum), water M-maze test 
(day 70 postpartum) 

Reproduction: At approximately 90 days of age, the F1 generation 
rats within each dosage group were assigned to 
cohabitation, one male rat per female rat. The 
cohabitation period consisted of a maximum of 19 
days. Male rats were sacrificed after completion of 
the 19-day cohabitation period. A gross necropsy of 
the thoracic, abdominal and pelvic viscera was 
performed. Testes and epididymides of male rats 
were excised and paired organ weights were 
recorded. Female rats were sacrificed on DG 21, 
Caesarean-sectioned and a gross necropsy of the 
thoracic, abdominal and pelvic viscera was 
performed. Female rats were examined for number 
and distribution of corpora lutea, implantation sites, 
live and dead fetuses, and early and late resorptions. 

 
F2 Generation: 

Survival: Yes 
Body weight: Yes 

External evaluation: Gross external evaluations 
Male/Female ratio: The sponsor did not report the male/female ratio. 

However, the sponsor presented the data for the 
number of live male fetuses. 

 
 
Results: 
 
F0 in-life:  There were no mortalities. One female rat at 50 mg/kg/day died on DL 10 
prior to scheduled sacrifice. Clinical observations in this rat included red perinasal 
substance on the day of death. This rat lost body weight beginning on DL 8, while food 
consumption values appeared unaffected by the treatment with the test article. At 
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necropsy, the stomach was distended with a brown fluid; all other tissues appeared 
normal. The litter for this dam consisted of 13 male and 6 female pups, of which three 
pups (one female and two males) died on PND 9 and one pup (male) was missing on 
PND 2. All surviving pups were sacrificed following the death of the dam. Death was not 
considered treatment-related as it was a single event with no other signs of toxicity 
occurring in any of the rats in this dosage group. All other rats survived to scheduled 
necropsy. There were no other treatment-related clinical signs in other F0 rats.  
 
The mean initial (Day 0) and final (Day 20) body weight of control females were 240 and 
392 g, respectively. Body weights and body weight gains during the gestation and 
lactation periods were unaffected by treatment with teduglutide. The mean initial (Day 0-
7) and final (Day 18-20) absolute food consumptions in control females were 22.4 and 
25.0 g/animal/day. There were no significant treatment-related changes in final absolute 
food consumption. 
 
F0 necropsy: There were no significant treatment-related necropsy observations. 
Distention of the stomach with a brown fluid was the only gross lesion which was seen 
in a decedent female rat at 50 mg/kg/day (25778) as described above. 
 
Natural delivery and litter observations were unaffected by the treatment. Values for the 
uterine parameters (numbers of dams delivering litters, the duration of gestation, 
averages for implantation sites per delivered litter, the gestation index, the numbers of 
dams with stillborn pups and of dams with all pups dying, litter sizes, surviving pups per 
litter, percent male pups per number of pups sexed per litter and live litter size at 
weighing) were comparable among the four dosage groups. The lactation index 
[number of live pups on day 28 (weaning) postpartum/number of live pups on day 4 
postpartum] at 50 mg/kg/day dosage group was significantly reduced in comparison to 
the vehicle control group value (91.3% vs. 98.8%). However, this reduction in lactation 
index was not considered treatment-related for the following reasons: 1) the overall 
number of pups delivered in this dosage group was lower compared to the vehicle 
control group value (274 vs. 337); and 2) a litter of pups that were sacrificed due to the 
unscheduled death of their dam (25778) on DL 10, and the reduction in viability index 
(number of live pups on day 4 postpartum/number of liveborn pups on day 1 
postpartum) compared to the vehicle control group values, and these reductions in 
lactation index was not dose-related. The following tables (from page 72 and 73 of the 
report) show the delivery data. 
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F1 physical development: There were no treatment-related deaths in the F1 generation 
rats. There were no significant treatment-related clinical signs. No reflex and physical 
development parameters (surface righting, acoustic startle, air righting and pupil 
constriction) of the F1 generation pups were affected by maternal treatment with 
teduglutide. The statistically significant reduction in the percentage of F1 pups at 25 and 
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50 mg/kg/day that meet criterion for air righting on day 17 postpartum was not 
considered treatment-related in the absence of a dose response. Body weights and 
body weight gains of the F1 generation male and female rats were unaffected by 
maternal treatment with teduglutide. Food consumption was unaffected by the 
treatment. Sexual maturation was unaffected by the treatment. The average day on 
which preputial separation was observed in male rats or vaginal patency was observed 
in female rats was comparable among the four maternal dosage groups. 
 
F1 behavioral evaluation: Motor activity, passive avoidance, water maze test parameters 
(learning and retention) were not significantly affected by treatment with teduglutide.   
 
F1 reproduction: There were no significant treatment-related effects on mating and 
fertility parameters in F1 male and female rats. Values for the number of days in 
cohabitation, the number of rats that mated, the fertility index, the number of rats with 
confirmed mating dates during the first, second and/or third weeks of cohabitation, and 
the number of pregnancies per number of rats in cohabitation were comparable among 
the four maternal dosage groups and did not significantly differ. The following tables 
(from pages 225 and 226 of the report) show the mating fertility data for F1 rats. 
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No Caesarean-sectioning or litter parameters for F1 generation were affected by the 
treatment with teduglutide. The litter averages for corpora lutea, implantations, litter 
sizes, live fetuses, early and late resorptions, fetal body weights, the percentage of 
resorbed conceptuses, and the percentage of live male fetuses were comparable 
among the four maternal dosage groups and did not significantly differ. No dam had a 
litter consisting of only resorbed conceptuses, and there were no dead fetuses. 
Placenta appeared normal. The following tables (from pages 227 and 228) show the 
Caesarean-sectioning data for F1 generation rats. 
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F2 findings: There were no significant treatment-related F2 gross external alterations 
(malformations or variations). Fetal gross external alteration data is shown in the table 
(from page 229 of the report) below. 
 

 
 
Summary: In a subcutaneous pre and postnatal development study in rats, animals 
were treated at 10, 25 and 50 mg/kg/day (5, 12.5 and 25 mg/kg BID, 8 hours apart) from 
DG 7 through DL 20. There were no significant treatment-related effects on F0 body 
weight, food consumption, pregnancy, and delivery or uterine parameters. No significant 
treatment-related effects were observed in F1 development, sexual maturation, 
behavior, mating and fertility index and Caesarean-sectioning parameters. There were 
no significant treatment-related F2 gross external changes. Overall, teduglutide did not 
show any significant adverse effect on pre and postnatal development in rats at the 
tested doses.  
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10 Special Toxicology Studies

Acute IntravenousIPerivenousIlntrarterial Tolerance Stud in Male Rabbits Stud

# 7203-1 01 I

The review of the above study report is incorporated below from the pharmacology

review of IND 58,213 dated April 1, 2004.

2. Acute Intravenous/Perivenous/Intrarterial Tolerance

Study in Male Rabbits (Study # 7203-101)

 

 

Methods: This study was done to evaluate the local
tolerance of ALX—O6OO in 18 adult male rabbits (HrazNZW SPF

strain). Eighteen animals weighing 2.252 to 2.582 kg were

employed and were given a single dose of intravenous,

perivenous or intra—arterial injection in phosphate buffer
with mannitol and histidine. The intended route of

administration of the compound in human was intravenous but

the sponsor had conducted the present study with the

compound by perivascular and intra-arterial routes

additionally with the intention to detect the tolerance of

the accidentally spill— over/administered compound on these

sites. ALX-O6OO was injected as per the following schedule

(table taken from sponsor submission (vol 1.3 pp 10):

Study Dcsxgn

  

 

 

Rome of A___'[_rcntment Dose Volume W
_Grfjupw___lnicrtmn —Rivl1E;L_ Loft Ear (Dose chcl‘l Ani_:y_:1ls_

125 lekg

1 Intravenous (:5 mg/kg)
Vehicle , 0.1 mL/injecrmn

2 crixcnuus Cuntrol “‘13" (approximately (,
!\lTlCl.‘ 0000 0.84 mgjkg;

, £25 mL/kr.’ . .

'* lnlrudrmiml (25 mgfkgl Cil

5“"— l'he firSI three animals assigned IO each group wurc sacriliccd on Day 1: the
remaining lhrci: annuals/gnu!) WCIL‘ hazllfictd 011 Day 15.

t Due If) difficulty in delivering ch: cntirc (lose to thc original animal. mu:

inimnl in this group was replaccd with another animal on the same day of
uentment.

 

The injection of the compound (left ear) or control vehicle

(right ear) were made directly in the marginal vein (group

1) , near to marginal vein (group 2) and in the central ear

artery (group 3). The animals were observed on day 1

before injecting the compound and 1 hr post dosing. The
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13-Day Subcutaneous Injection Toxicity Study with Teduglutide in Minipigs (6852-
175) 
 
Methods: The purpose of this study was to evaluate the local dermal toxicity of 
teduglutide when administered via SC injection to minipigs (n = 4/group, 5 months old, 
body weight ranged from 11.0 to 13.7 kg) at different concentrations either daily or 
every fourth day (four doses) for 13 days. In this study, female Göttingen minipigs were 
assigned to two groups as shown in the following table (from page 8 of the report). 
Animals were administered dose formulations at six test sites by subcutaneous 
injection. The following parameters were evaluated: mortality, clinical signs, dermal 
irritation scoring, body weights, food consumption, and histopathology. 
 

 
 
Results: All animals survived to scheduled necropsy. There were no significant 
treatment-related effects on clinical signs, body weight and food consumption. No skin 
irritation was observed in animals that were treated every fourth day (Group 2). In the 
animals dosed daily for 13 days (Group 1), test article-related dermal observations were 
limited to very slight to slight edema and atonia (impairment of skin elasticity). The time 
of onset, frequency of observed irritation, and severity were dose and volume-related 
(Ranking: Test Site 5 > Test Site 6 > Test Site 4 > Test Site 3). The following tables 
(from page 26 and 27 of the report) show the results. 
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Treatment with teduglutide on a daily basis caused irritation at the injection sites 
characterized by edema, fibrosis, hemorrhage, marked giant cell infiltrates, lymphocyte 
and macrophage infiltrates, chronic-active inflammation, and minimal to marked 
necrosis (shown in the following table from page 21 of the report).  
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No macroscopic findings were noted for the sites treated every fourth day. 
When the test article was administered every fourth day, microscopic findings were 
reduced (as shown in the table below, from page 22 of the report) when compared with 
Group 1. The findings limited to sites treated with the test article were minimal to slight 
hemorrhage, minimal to moderate chronic-active inflammation, moderate necrosis, and 
minimal giant cell infiltrates. There was no apparent dose response for the hemorrhage 
and chronic-active inflammation.  
 

 
 
 
Overall, no skin irritation was observed in animals that were treated every fourth day 
(Group 2). In the animals dosed daily for 13 days (Group 1), test article-related dermal 
observations included edema, fibrosis, hemorrhage, marked giant cell infiltrates, 
lymphocyte and macrophage infiltrates, chronic-active inflammation, and minimal to 
marked necrosis. 
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In Vitro Hemol ic Potential and Blood Com athIli Assessment of Tedu lutide:

#7203—102|

The review of the above study report is incorporated below from the pharmacology

review of IND 58,213 dated April 1, 2004.

  

3. In Vitro Hemolytic Potential and Blood Compatibility
Assessment of ALx-OGOO: #7203—102)

Methods: The test was performed to determine the hemolytic

potential and compatibility of ALX—OGOO in mouse, minipig,

cynomolgus monkeys and human whole blood. The hemolysis

test was done using ALX-0600 (Batch # 0850001, purity

98.9%) in vehicle phosphate buffer with mannitol and

histidine. To 0.5 ml blood sample (mouse,

minipig/cynomolgus monkey or human blood), 0.5 ml of

solution containing 0, 0.2, 2 or 20 mg/ml ALX-O6OO or 0.5

ml saponin (positive control) was mixed in the tubes. The

tubes were shaken gently and incubated for 43 min at

approx. 37°C. The supernatant was harvested and

concentration of hemoglobin in each tube was measured by

spectrophotometric method. The test was positive if the

solution contained hemoglobin in greater concentration than

or equal to 500 mg/l of negative control.

Blood Compatibility:

Thirty two test tubes were divided in to 8 groups (4/group)
and to these was added 0.5 ml mouse serum (4 tubes) or 0.5

plasma (4 tubes), or 0.5 ml minipig serum (4 tubes) or

minipig plasma (4 tubes), or 0.5 ml cynomolgus monkey serum

(4 tubes) or monkey plasma (4 tubes) or 0.5 ml human serum

(4 tubes) or human plasma (4 tubes). To each tube of a

serum or plasma of one of the species, ALX-O6OO solution

containing 0, 0.2 or 2.0 or 20 mg/ml was added. The final

concentration of the compound in each tube was % the

concentration of the formulation (0.1, 1.0 or 10 mg/ml).
The tubes were shaken to mix and incubated for 33 min at

23.6°C. The occurrence of precipitate or coagulation was

examined by macroscopically/microscopically (for sign of

incompatibility). The absence of precipitate of

coagulation was an indication of no incompatibility.
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Results: Hemolysis was seen in the tube containing saponin

(control positive) indicating the conditions of the test

were optimum. No hemolysis was seen in tubes containing

0.2, 2 or 20 mg/ml ALX—0600. Thus, ALX-0600 when mixed

with equal amounts of serum/plasma samples of animals and

human did not produce hemolysis or flocculation.

ALX—O6OO did not produce precipitate on mixing with mouse,

minipig, monkey or human sera or plasmas.

Induction of Dela edT e H ersensitivi DTH Res onse in Mouse: Stud 

#47063; 0711XA27.001 I

The review of the above study report is incorporated below from the pharmacology

review of IND 58,213 dated May 24, 2002.

1. Induction of Delaxed Txpe prersensitivitx (DTH) Response in
Mouse: (Study #47063;0711XA27.001)
 

Name of the Conducting Laboratorxz

Methods: Sixty BALB/cByJ female mice weighing approximately 18

to 25 g were divided in to 6 groups (lo/group) and given an

intradermal injection of PBS (control), ALX—0600 (2 groups of

animals in the presence and 2 groups without adjuvant] or OVA (1
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Immunogenicity of Teduglutide in New Zealand White Rabbits (Study # 47063) 
 
The review of the above study report is incorporated below from the pharmacology 
review of IND 58,213 dated May 24, 2002. 
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2. Immunogenicity of ALx-0600 in NewZealand White Rabbits:
(Study # 47063)

Name of the Conducting Laboratory:

Methods: Twelve (6/sex) adult New Zealand white rabbits about 6

months old weighing approximately 3.1 to 3.5 kg (males) and

3.0 to 3.3 kg (females) were used to assess the immunogenicity

of subcutaneously or intravenously administered ALX-0600. The

animals were divided in to 2 groups (3/seX/group) and

administered 1 m1 of 0.25 mg/ml solution of ovalbumin or ALX-

0600. For priming immunization, the freshly mixed solution of

ALX—OGOO with complete Freund's solution (IPA, in 1:1 ratio) was

administered subcutaneously in to the scapular region on day 1.

A control group (3/sex) received freshly mixed solution of

ovalbumin with complete Freund’s solution. Subsequent booster

immunization (primary and secondary) was done at the end of week

4 and 6. All animals were observed twice daily for mortality

and other changes. During the pretreatment period and at the

end of week 4 and 6, 5 ml of the blood was collected from each

animal in to clot tubes and serum from each of the sample was

separated and preserved at —80°C. The presence of anti—sera

immunogenicity (specific IgM and IgG antibodies for ALX-OGOO)

was determined by using double immunodiffusion assay. The

slides were stained with Coomassie Brilliant blue for making the

assay sensitive to 25 ug/ml. All animals were killed after the

study and after the blood collection and discarded.

 

Results: None of the animals died during the study. Serum

samples from 1 male and 1 female were diluted serially, 1:10,

1:100, 1:1000 and 1: 10000 and ALX-0600. Ovalbumin was used at

the concentration of 1, 0.5, 0.25, 0.125, and 0.625 mg/ml in the

present test. The serum dilution for the control was undiluted

and 1:10. The precipitin lines were seen in serum sample with

undiluted anti—rabbit IgM and IgG antibodies. These lines were

also seen in male and female rabbit samples containing 0.125 and

0.25 mg/ml ovalbumin and at 1:10 and 1:100 dilutions of

ovalbumin. No precipitin lines were seen in serum samples of

rabbits (male/female) containing 0.125 or 0.25 mg/ml ALX-O600.

ALX—0600 did not produce immunogenic response in rabbits.
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Exploratory Mechanistic Toxicig Study in Cynomolgus Monkeys on the Potential

Increase of C-Reactive Protein (Study # 5191571

Methods: This was an exploratory mechanistic study in the Cynomolgus monkey to

assess the effects of SC administration of teduglutide on C-reactive protein (CRP) using

a crossover design. Each administration was separated by a 7-day wash—out period.

Three batches of teduglutide with varying
examine if 0)“)

lb) (4)
content were used to

in the drug product would cause temporary increases in CRP.

In this study, six female Cynomolgus monkeys were administered a SC injection of

teduglutide at a dose level of 10 mg/kg on Days 1, 8, 15 and 22. Three different batches

of teduglutide were used on the study with varying

was identified as a teduglutide placebo. The study design is shown in the table (from

page 2 of the study report) below.

Animal No.ISex

O) (4)
content. One additional batch

 

lot CL9-123

teduglutide
lot (19124

teduglutide
lot NPS—016-071910

0)“)

lot (19-123

loi CL9-124

teduglutide
lot NPS—016-071910

0N4)

Placebo
lot [SLED-316A

lot (19-124

lot NPS-016—07l910

009)

Placebo
lot CL931 6A

teduglutide
lot CL9- 123

la NPSOlB—07191U
0)“)

lot CL9-3 ISA

teduglutide
lot CL9—1 23

0) (4)

teduglutide
lot CL9—1 24

O) (4) 

lot CL9-123

 teduglutide
lolCL9-123

teduglutide
lot CL9-124

teduglutide
lot CL9-124

todugluhdo‘
lot NPS—016-07l910

0N4)

  teduglmide
lot NPS-018071910

0N4)

Placebo
lot CL9-316A

Blood samples were collected for the determination of CRP concentration during pretest

and at the following time points on Days 1, 8, 15 and 22: predose, 6, 12, 24 and 48

hours postdose. The study was terminated after the final blood sampling on Day 24.

Results: There were no treatment-related clinical signs. Body weight was not affected

by the treatment. At 12 hour post-dose, CRP concentration increased and generally

peaked at 24 hour post-dose in all animals. CRP concentrations returned to pre-dose

levels at 48 hour post-dose in all animals. Higher concentrations of CRP were observed

in animals treated with teduglutide batches with standard and high m” content when
compared with those receiving placebo or teduglutide containing no mar The initial
administration of teduglutide containin

second administration regardless of
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Overall, the results of the study indicated that there was a teduglutide  content-
related increase in CRP concentrations with a peak at 24 hour post-dose in all animals. 
However, the initial administration of teduglutide containing  resulted in higher CRP 
levels than the second administration regardless of  level. 
 
 

11 Integrated Summary and Safety Evaluation 
 
The applicant has conducted adequate nonclinical studies with teduglutide which 
included pharmacology, safety pharmacology, pharmacokinetics, acute toxicology 
studies mice, repeated dose toxicology studies in mice (14 days to 26 weeks duration), 
rats (14 day to 13 weeks duration), Cynomolgus monkeys (14 to 1 year duration), 
toxicology studies in juvenile minipigs (14 days to 90 days duration), genotoxicity 
studies (Ames test, chromosome aberration test in Chinese hamster ovary cells, in vivo 
micronucleus test in mice), reproductive toxicology studies (fertility and early embryonic 
development in rats, embryofetal development in rats and rabbits, and pre and postnatal 
development in rats), and special toxicology studies (antigenicity and local tolerance 
studies). Toxicology studies were conducted using the subcutaneous (SC) route, the 
intended clinical route of administration. 
 
Pharmacology studies examined the intestinotrophic activity of teduglutide in several 
species including mice, rats, ferrets, dogs, minipigs and monkeys. In CD1 mice, 
teduglutide increased weight and length of the small intestine in a dose-related manner 
with an ED50 of 0.98 µg/day (0.05 mg/kg/day). Teduglutide enhanced epithelial barrier 
function as it reduced both paracellular and transcellular permeability in mice. 
Teduglutide also increased the absorptive function of the intestinal mucosa as 
evidenced by enhanced D-xylose absorption in rats and monkeys. In dogs, teduglutide 
showed excitatory and inhibitory actions on the motor activity of the gastrointestinal 
tract. Teduglutide decreased spontaneous contractions in isolated segments from rat 
colon in a dose-related manner. Teduglutide prevented TPN-induced hypoplasia in rats. 
In a proof of concept study in a rat model of SBS, teduglutide increased the rate or 
magnitude of the intestinal adaptive response to intestinal resection (75% resection) 
when administered at a dose of 0.2 mg/kg/day for 21 days. In neonatal piglets with an 
80% jejunoileal resection, teduglutide administration resulted in significant 
improvements in crypt-villus architecture in the small intestine as well as duodenal, 
jejunal and ileal glucose transport and jejunal glutamine transport. Teduglutide improved 
disease related histopathology in rodent models of intestinal damage such as 
indomethacin-induced enteritis, dextran sulfate-induced colitis, chemotherapy-induced 
mucositis, and irradiation-induced intestinal damage. Overall, pharmacology studies 
appeared to support the proposed use of teduglutide in SBS. 
 
In vivo pharmacokinetic studies showed that, following SC administration, teduglutide 
was rapidly absorbed into the systemic circulation in all species with Cmax occurring 
between 20 and 60 min after dosing. Subsequently plasma teduglutide concentrations 
declined rapidly with a mean terminal phase half-life (t1/2) of less than 2 hr. Teduglutide 
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did not appear to accumulate in the plasma upon multiple dosing. Generally, the 
pharmacokinetics of teduglutide in all species was linear and the AUC values were 
typically dose proportional. In pharmacokinetic studies in mice and monkeys, generally 
there were no significant gender differences in Cmax and AUC values. The absolute 
bioavailability after SC administration in monkeys ranged from 80 to 99%. In mice, the 
absolute bioavailability after SC administration ranged from 77.2 to 84.4%, with a mean 
of 80.7%. The t1/2 ranged from 0.870 to 1.71 hours in monkeys following SC 
administration. In mice, t1/2 ranged from 0.368 to 0.580 hours following SC 
administration. In rats, there was limited (2 to 5% of the administered dose) penetration 
of teduglutide through the blood-brain barrier. In addition, there was minimal placental 
transfer of 0.1% teduglutide into the fetus of pregnant rabbits and the concentration in 
breast milk in lactating rats ranged from 0.9 to 2.9% of the plasma concentrations 
following a single subcutaneous dose of 25 mg/kg. Teduglutide was considered non-
immunogenic in mice, rats and rabbits, while it induced a weak humoral immune 
response in monkeys. Antibodies in monkeys occurred after 4 weeks of twice daily SC 
administration. However, occurrence of anti-teduglutide antibodies in monkeys did not 
appear to be associated with a reduction in its pharmacological activity or decline in the 
systemic exposure.  
 
In pivotal repeated dose toxicology studies, major treatment-related effects were related 
to the pharmacological activity of teduglutide which were seen in all species. In the 26-
week study in mice at 2, 10 and 50 mg/kg/day, major treatment-related histopathological 
changes were seen at all doses in the small and large intestine (epithelial and villus 
hypertrophy and hyperplasia), gall bladder (epithelial hypertrophy and hyperplasia 
accompanied by subacute inflammation), sternal bone marrow (myeloid hyperplasia) 
and injection site (inflammation and necrosis). In the 13-week study in rats at 10, 25 and 
50 mg/kg/day, major treatment-related histopathological changes were seen at all doses 
in the small and large intestine (mucosal hypertrophy and hyperplasia) and injection site 
(inflammation and necrosis). In the 1-year study in Cynomolgus monkeys at 1, 5 and 25 
mg/kg/day, major treatment-related histopathological changes were seen at all doses in 
the small and large intestine (mucosal hyperplasia), stomach (mucosal hyperplasia), 
pancreas (hypertrophy/hyperplasia of the pancreatic duct epithelium), liver and gall 
bladder (epithelial hypertrophy and hyperplasia of the bile duct in the liver and mucosal 
hypertrophy/hyperplasia of the gall bladder) and injection site (inflammation and 
necrosis). 
 
Teduglutide was also tested in juvenile minipigs in 14-day and 90-day toxicology studies 
up to 25 mg/kg/day (about 500 times the recommended daily human dose of 0.05 
mg/kg). In the 14-day study at 5 and 25 mg/kg/day, major treatment-related 
histopathological changes were seen at all doses in the nonglandular stomach (mucosal 
hyperplasia associated with ulceration/erosion), small and large intestinal tract 
(hyperplasia), gall bladder (mucosal hyperplasia), bile duct (mucosal hyperplasia) and 
injection site (inflammation and necrosis). In the 90-day study at 1, 5 and 25 mg/kg/day, 
major treatment-related histopathological changes were observed at all doses in the 
small intestines (minimal/slight villous hypertrophy), gall bladder (cystic mucosal 
hyperplasia at all doses), extrahepatic bile duct (cystic mucosal hyperplasia), and 
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injection site (inflammation and necrosis). In the 90-day study, teduglutide increased the 
P wave, PR, QT (mid and high dose) and RR intervals at all doses in males at Week 13 
compared to respective controls. The ECG changes were predominantly seen in males; 
however, the plasma exposure (AUC) to teduglutide was higher in females than that in 
males at Week 13 at all doses. In addition, these changes were seen at only one time 
point (Week 13), in one species and the magnitude of these changes were small and 
these changes were also not dose-related. Moreover, there were no significant 
treatment-related effects on QTc (Fridericia) in either sex. The QTc values were 
comparable across all groups. Overall, these ECG changes are not meaningful and not 
toxicologically significant. 
 
Teduglutide was negative in the Ames test, in vitro chromosomal aberration test in 
Chinese hamster ovary (CHO) cells, and in vivo mouse micronucleus test. In a 2-year 
carcinogenicity study by subcutaneous route in Wistar Han rats at 3, 10 and 35 
mg/kg/day (about 60, 200 and 700 times the recommended daily human dose of 0.05 
mg/kg, respectively), teduglutide caused statistically significant increases in the 
incidences of adenomas in the bile duct and jejunum of male rats. There were no drug 
related tumor findings in females. A 2-year mouse carcinogenicity study is ongoing. By 
virtue of its mechanism of action (intestinotrophic activity or growth promoting 
pharmacological effect) and the findings of the carcinogenicity study in rats, teduglutide 
has the potential to cause hyperplastic changes including carcinogenicity in humans.  
 
In the subcutaneous fertility and early embryonic development study in rats at 2, 10 and 
50 mg/kg/day, teduglutide did not show any adverse effects on early embryonic 
development or fertility parameters up to 50 mg/kg/day (about 1000 times the 
recommended daily human dose of 0.05 mg/kg). In the subcutaneous embryofetal 
development study in rats at 2, 10 and 50 mg/kg/day, teduglutide was not teratogenic 
up to 50 mg/kg/day (about 1000 times the recommended daily human dose of 0.05 
mg/kg). In the subcutaneous embryofetal development study in rabbits at 2, 10 and 50 
mg/kg/day, teduglutide was not teratogenic up to 50 mg/kg/day (about 1000 times the 
recommended daily human dose of 0.05 mg/kg). In the subcutaneous pre and postnatal 
development study in rats at 10, 25 and 50 mg/kg/day, teduglutide did not show any 
significant adverse effect on pre and postnatal development up to 50 mg/kg/day (about 
1000 times the recommended daily human dose of 0.05 mg/kg). 
 
The following table (from page 32 of Section 2.4 of the submission) shows the summary 
of exposure margins from various toxicology studies over the human exposure at the 
proposed clinical dose of 0.05 mg/kg/day. 
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Overall, nonclinical safety of teduglutide has been adequately tested in several 
toxicology studies. Nonclinical studies conducted with teduglutide provide adequate 
assurance of safety and support its proposed use at the intended therapeutic dosage 
and in accordance with the proposed product labeling. However, by virtue of its 
mechanism of action (intestinotrophic activity or growth promoting pharmacological 
effect) and the findings of the carcinogenicity study in rats, teduglutide has the potential 
to cause hyperplastic changes including carcinogenicity in humans. 
 

12 Appendix/Attachments 
None 
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Comments on N203441 teduglutide 
 From: A. Jacobs 
 Date: July 25, 2012 
 
 1. I concur that there are no nonclinical approval issues and that the pregnancy category 
should be B 
 
2. I suggest that the  section of labeling be removed.  This section is NOT 
supposed to be a general summary of toxicity, but rather for those few instances where 
unexpected, unmonitorable toxicity is seen at exposures relevant to humana, and might 
affect clinical use.  
 
 I have discussed other comments with the reviewer and they will be addressed as 
appropriate. 
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR 
NDA/BLA or Supplement 

File name: 5_Pharmacology_Toxicology Filing Checklist for NDA_BLA or Supplement 
010908 

NDA Number: 203441  Applicant: NPS Pharmaceuticals, 
Inc. 

Stamp Date: 11/30/11  

Drug Name: Teduglutide 
(Gattex®) 

NDA Type: New NDA Submit Date: 11/30/11 

 
On initial overview of the NDA/BLA application for filing:  
  

 
 

Content Parameter 
 

Yes
 

No
 

Comment 
1 Is the pharmacology/toxicology section 

organized in accord with current regulations 
and guidelines for format and content in a 
manner to allow substantive review to 
begin?   

√  

 

 
2 

 
Is the pharmacology/toxicology section 
indexed and paginated in a manner allowing 
substantive review to begin?  

√ 
  

 
 

 
3 

 
Is the pharmacology/toxicology section 
legible so that substantive review can 
begin?  

√ 
 

 
 

 
 

 
4 

 
Are all required (*) and requested IND 
studies (in accord with 505 b1 and b2 
including referenced literature) completed 
and submitted (carcinogenicity, 
mutagenicity, teratogenicity, effects on 
fertility, juvenile studies, acute and repeat 
dose adult animal studies, animal ADME 
studies, safety pharmacology, etc)? 

√ 
 

 
 

 
 

 
5 

 
If the formulation to be marketed is 
different from the formulation used in the 
toxicology studies, have studies by the 
appropriate route been conducted with 
appropriate formulations?  (For other than 
the oral route, some studies may be by 
routes different from the clinical route 
intentionally and by desire of the FDA). 

√ 
 
 

 
 

 
 

 
6 

 
 

Does the route of administration used in the 
animal studies appear to be the same as the 
intended human exposure route?  If not, has 
the applicant submitted a rationale to justify 
the alternative route? 

√  
 

 
 

7 Has the applicant submitted a 
statement(s) that all of the pivotal 
pharm/tox studies have been performed 
in accordance with the GLP regulations 
(21 CFR 58) or an explanation for any 
significant deviations? 

   √ 
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Content Parameter 

 
Yes

 
No

 
Comment 

8 Has the applicant submitted all special 
studies/data requested by the Division 
during pre-submission discussions? 

   √  

 
 

9 Are the proposed labeling sections relative 
to pharmacology/toxicology appropriate 
(including human dose multiples expressed 
in either mg/m2 or comparative 
serum/plasma levels) and in accordance 
with 201.57? 

√  

The proposed labeling sections relevant 
to nonclinical studies may need to be 
revised during the labeling review. 

10 Have any impurity – etc. issues been 
addressed?    (New toxicity studies may not 
be needed.) 

√  
N/A 

11 Has the applicant addressed any abuse 
potential issues in the submission?   

N/A 

12 If this NDA/BLA is to support a Rx to OTC 
switch, have all relevant studies been 
submitted? 

  

 
 
N/A 

 
IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION 
FILEABLE? ________YES.  
 
 
 
If the NDA is not fileable from the pharmacology/toxicology perspective, state the reasons and 
provide comments to be sent to the Applicant. _____N/A 
 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter._____None 
 
 
 
Tamal K. Chakrabortit, Ph.D.      December 30, 2011 
Reviewing Pharmacologist      Date 
 
Sushanta K. Chakder, Ph.D.      December 30, 2011 
Supervisor        Date 
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