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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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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 
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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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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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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). 
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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.  
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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 

Reference ID: 3169353



NDA 203441   Tamal K. Chakraborti, Ph.D. 
 

46 

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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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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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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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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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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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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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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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. 
 

Reference ID: 3169353





NDA 203441   Tamal K. Chakraborti, Ph.D. 
 

100 

 

Reference ID: 3169353



NDA 203441   Tamal K. Chakraborti, Ph.D. 
 

101 

  
 

Reference ID: 3169353



NDA 203441   Tamal K. Chakraborti, Ph.D. 
 

102 

 

Reference ID: 3169353

BEST AVAILABLE COPY



NDA 203441   Tamal K. Chakraborti, Ph.D. 
 

103 

 

Reference ID: 3169353

BEST AVAILABLE COPY



NDA 203441   Tamal K. Chakraborti, Ph.D. 
 

104 

 

Reference ID: 3169353



NDA 203441   Tamal K. Chakraborti, Ph.D. 
 

105 

 
 

Reference ID: 3169353

BEST AVAILABLE COPY



NDA 203441   Tamal K. Chakraborti, Ph.D. 
 

106 

 

Reference ID: 3169353



NDA 203441   Tamal K. Chakraborti, Ph.D. 
 

107 

 

Reference ID: 3169353



NDA 203441   Tamal K. Chakraborti, Ph.D. 
 

108 

 
 
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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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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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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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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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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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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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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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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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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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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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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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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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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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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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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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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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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