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Indication: Treatment of type 2 diabetes mellitus

Reviewing Division: Division of Metabolism and Endocrinology Products

Introductory Comments: The pharmacology/toxicology reviewer and supervisor 
concluded that the nonclinical data support approval of albiglutide for the indication 
listed above. 

The recommended pharmacologic class for albiglutide is a glucagon-like peptide-1 (GLP-
1) receptor agonist. Exenatide (Byetta and Bydureon) and liraglutide (Victoza) are GLP-1 
agonists that have been previously approved in the US.

Albiglutide is a recombinant fusion protein composed of two copies of [Gly8]GLP-1(7-36), 
in tandem, fused to human albumin. An appropriate nonclinical program was conducted 
by the sponsor to support approval of albiglutide. Albiglutide elicited expected 
pharmacological responses in the species evaluated. The primary nonclinical toxicity 
studies were conducted in monkeys due to the anti-drug antibody (ADA) response in 
mice that led to diminished drug exposure and type 3 hypersensitivity reactions in a 
subset of animals. No significant findings were observed in a 52-week monkey toxicity 
study at doses up to 50 mg/kg/week. Although a possible signal for an increased 
incidence of pancreatitis has been reported post-marketing for incretin-based treatments 
(GLP-1R agonists and DPP-IV inhibitors), no signal suggesting an increased risk of 
pancreatitis was observed in studies with albiglutide. It is not possible to use typical 
diabetic rodent models to assess whether chronic albiglutide treatment is associated with 
pancreatic injury. 

Genetic toxicity studies were not applicable for this program and carcinogenicity studies 
were not possible in rodents due to immunogenicity reactions that limit dosing to 
approximately 2 weeks. The carcinogenicity assessment was based on a weight-of-
evidence approach including effects observed with other GLP-1 agonists (long acting 
GLP-1R agonists have been associated with hyperplastic/neoplastic changes in thyroid C-
cells in rodents), results of a 52-week toxicity study in monkeys, and clinical data. It was 
concluded that albiglutide carries the same degree of risk regarding thyroid C-cell 
hyperplasia as other approved long-acting GLP-1R agonists and the labeling should carry 
comparable warnings and precautions as the other products.

Other compounds in this class have been required to conduct post-marketing studies to 
further characterize the potential clinical risk posed by thyroid C-cell 
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proliferative/neoplastic signals observed in lifetime rodent studies. These studies are not 
practical in lifetime rodent studies with albiglutide due to rapid appearance of clearing 
ADA in rodents. The sponsor intends to conduct studies in the mu-deficient mouse model 
to ascertain whether albiglutide treatment is associated with induction of focal 
hyperplasia of thyroid C-cells with prolonged exposure.

Reproductive and developmental toxicity studies were conducted in mice only and 
evaluations were partitioned to limit the dosing to no more than 15 days due to 
production of ADAs. Key findings included embryo-fetal lethality and bent ribs which 
may have been at least partially attributable to maternal toxicity, reduced body weight, a 
delay in balanopreputial separation, increased clinical signs in offspring, and delayed 
onset of vaginal patency. No teratogenic findings were observed.  However, a 
“Pregnancy Category C” for this product was recommended consistent with the current 
labels for Byetta and Victoza given the limited evaluations that could be conducted with 
albiglutide.

Conclusion:
I agree with the division pharmacology/toxicology conclusion that albiglutide can be 
approved from the pharmacology/toxicology perspective. I have reviewed the proposed 
labeling and agree with the recommendations made by the division regarding the relevant 
nonclinical sections.
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Disclaimer 
 
Except as specifically identified, all data and information discussed below and 
necessary for approval of BLA 125431 are owned by GlaxoSmithKline or are data for 
which GlaxoSmithKline has obtained a written right of reference.  Any information or 
data necessary for approval of BLA 125431 that GlaxoSmithKline 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 BLA 125431. 
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on the order of 8 hours in mice and 60 hours in monkeys.  Bioavailability following a SC 
injection was at least 38% in mice and 50% in monkeys.  No meaningful sex-related 
differences in PK parameters were seen in either species.  In accordance with current 
guidance, tissue distribution studies, drug metabolism studies and excretion studies 
were not conducted with albiglutide, as it is a protein-based therapeutic.  An 
assessment of the effect of albiglutide on CYP mRNA levels in monkeys treated with 
albiglutide for 5 weeks found minimal increases in CYP1A2 message in males and 
minimal increases in CYP2B17 levels in females. 
 
Toxicity 

An acute subcutaneous and intravenous study in the mouse and repeat subcutaneous 
dose studies for durations of up to 15 days in the mouse and 52 weeks in the monkey 
have been performed.  Unsurprisingly, given the presence of human albumin sequence 
in the fusion protein, albiglutide was highly immunogenic in animals.  In mice, the anti-
drug antibody (ADA) response caused diminished exposure to albiglutide and was 
associated with type 3 hypersensitivity reactions (immune complex deposition) in a 
subset of animals.  Therefore it was concluded that longer-term studies (exceeding ~2 
weeks) with albiglutide in rodents would likely be uninformative to clinical risk.  As a 
consequence of this, some of the development and reproductive toxicology (DART) 
studies were subdivided into multiple 2-week exposure periods.  In addition, it was not 
feasible to conduct chronic toxicity or 2-year carcinogenicity studies in rodents.  While 
albiglutide was also immunogenic in monkeys, the ADA response did not appreciably 
alter exposure to active drug in the majority of monkeys, nor did it discernably contribute 
to the toxicity findings of the monkey studies. 
 
Acute toxicity associated with single high doses of albiglutide was assessed in mice at 
doses of 50, 200, 500 and 1000 mg/kg SC and 500 mg/kg IV.  A transient, dose-
dependent body weight drop (max. ↓11-15%) was seen in both sexes at SC doses >200 
mg/kg and the 500 mg/kg IV dose.  Microscopic findings were observed in male 
reproductive tissues: epididymis (vacuolation and cell debris), seminal vesicle 
(vacuolation), and prostate (vacuolation and lymphocyte infiltration) of male mice at 500 
mg/kg IV and in the epididymis (vacuolation and cell debris) at doses > 500 mg/kg SC.  
The maximum tolerated dose in this study is considered to be >1000 mg/kg SC and 
>500 mg/kg IV.  Based on the microscopic findings in male reproductive tissue, the 
male NOAEL is 200 mg/kg SC (240X the MRHD) and <500 mg/kg IV.  The female 
NOAEL is 1000 mg/kg SC (1200x the MRHD) and 500 mg/kg IV. 
 
For the repeat-dose general toxicity studies, this summary focuses on the monkey 
studies, as the interpretation of the 15-day rodent study is confounded by the ADA 
response discussed above.  In general the results of the monkey toxicology studies are 
consistent with agonism at the GLP-1R: decreased food consumption, emesis, 
dehydration and decreased body weight gain (and occasionally transient frank body 
weight loss).  These effects are most marked following the first few doses and become 
attenuated thereafter.  Transient reductions in blood glucose were also seen following 
the first dose in the 4-week monkey toxicity study.  In the pivotal 52-week toxicity study 
no dose-limiting toxicity was seen at doses up to 50 mg/kg/week (the highest dose 
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tested).  There were mild injection site reactions (minimal perivascular mononuclear cell 
infiltrates) in albiglutide-treated animals.  Most notably, albiglutide (and exenatide used 
as a comparator) caused a dose-related increase in pancreas weight; however, there 
were no histopathologic abnormalities detected in the pancreases of albiglutide-treated 
monkeys.  Stereological examination suggested that all components of the pancreas 
(islet, duct and acinar) exhibited a more or less proportional increase in volume.  Also 
there was no significant increase in the percentage of cells undergoing proliferation in 
any particular cell population, as assessed by Ki67 immunostaining.  It is unknown 
whether the increase in pancreas weight is reversible, as there was no recovery group 
in the 52 week study, and pancreas weight was not determined in any of the shorter 
duration toxicity studies.  In the 52-week monkey study the thyroid was also subjected 
to intensive analysis, which included: a) standard H&E stain, b) calcitonin 
immunohistochemistry and c) quantitative (stereological) analysis of total C-cells.  There 
were no albiglutide-related findings in the thyroid.  The NOAEL for the 52-week monkey 
study was 50 mg/kg/week (75X the maximum anticipated clinical exposure), the highest 
dose tested. 
 
Reproductive and Developmental Toxicity -- In reproductive and developmental toxicity 
studies in mice, prolonged estrous cycle, embryofetal lethality, and bent/wavy ribs in the 
fetus were observed at 50 mg/kg/day (39X the maximum anticipated clinical exposure), 
a dose that caused signs of maternal toxicity (body weight loss, reduced food 
consumption, and reduced plasma glucose).  In a mouse male fertility study at doses up 
to 50 mg/kg/day (34X the maximum anticipated clinical exposure), there were no test 
article-related effects on male reproductive performance, male reproductive organs, or 
embryonic survival.  In mouse pre/postnatal (PPN) development studies, albiglutide 
produced dose-dependent reduced postnatal body weights of F1 pups, generally at all 
doses.  Possibly as a consequence of reduced body weights, there were slight dose-
dependent delays in the onset of sexual maturation in both sexes that were occasionally 
s.s. at 50 mg/kg/day.  At doses up to 50 mg/kg/day there were no adverse effects on 
maternal pregnancy, parturition, lactation, or offspring survival.  Also, there was no 
effect on neurobehavioral or reproductive function or survival or growth of the offspring.  
F0 exposure to albiglutide from Day 15 post-coitus to Day 10 post-partum resulted in a 
dose-related decrease in the live litter size for the F2 generation, which was s.s. at 50 
mg/kg/day (39X the maximum anticipated clinical exposure).  This was likely related to a 
reduction in the number of implantation sites in the F1 females.  In the PPN studies, 
there was an increased incidence of mortality and morbidity in lactating F0 dams.  At 
doses that produced an increased incidence of mortality, there were no exposure 
margins (by AUC) at the estimated clinical exposure at the MRHD of 50 mg/week.  
Mortalities occurred only during lactation and have not been observed in previous 
toxicology studies in non-pregnant, non-lactating, or pregnant mice. The findings and 
timing of onset were consistent with lactational ileus (paresis of peristalsis), and 
mortality was reduced by taking measures to reduce metabolic demand (culling litter 
size) and adding high energy dietary supplements.  The propensity of albiglutide to 
cause/exacerbate lactational ileus in mice is not considered to be clinically relevant, 
since the relative stress of lactation energy demands is much lower in humans and 
humans have relatively large energy reserves, compared to mice. 
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2.6 Proposed Clinical Population and Dosing Regimen 

Population: adults with type 2 diabetes mellitus 
Regimen:  30 mg once weekly SC injection, may be increased to 50 mg once weekly 

SC injection 

2.7 Regulatory Background 

The following is limited primarily to nonclinical development. 

A Pre-IND meeting was held between Human Genome Sciences and the FDA on 27-
AUG-2002 to discuss appropriate support for a FIH study with albiglutide (Albugon). 

A second Pre-IND meeting was held between GSK and FDA for albiglutide 
(GSK716155) on 30-MAR-2005 to discuss the development program including 
nonclinical toxicology and the planned FIH study.  In view of the rapid drug-clearing 
ADA response seen in rodents, FDA agreed that longer-term toxicity studies could be 
conducted solely in the non-human primate.  FDA also agreed that a cohort study with 
once daily dosing (not to exceed ~14 days of dosing) in rodents to evaluate fertility and 
embryofetal and pre-/post-natal development were appropriate. 
 
In response to a GSK request of 21-DEC-2006 (Serial No. 0013) for feedback regarding 
the adequacy of the completed and planned nonclinical development program to 
support a marketing application, FDA advised (letter of 20-MAR-2007) that a 12-month 
monkey study should be conducted to assist in the evaluation of pre-neoplastic potential 
of albiglutide, based on thyroid C-cell hyperplastic/neoplastic signals seen with other 
members of the class in rodents.  FDA recognized that it was not technically feasible to 
conduct rodent carcinogenicity studies in rodents, because of the rapid clearing anti-
product antibody response that occurs with albiglutide in rodents.  GSK subsequently 
submitted on 29-JAN-2008 (Serial No. 0114) a protocol for a 12-month monkey study 
for FDA feedback. In our response of 10-APR-2008, FDA advised that a NOAEL dose 
of 15 mg/kg/week was insufficient for the study, rather a MTD should be the high dose 
for the toxicity study. A high dose of 50 mg/kg/week was agreed to on 21-APR-2008.  
On 22-JAN-2010, GSK submitted reports for the 52-week monkey toxicity study 
(CD2009/00863/00).  On 23-JUL-2010, FDA commented that the organ weight data 
from the 52-week monkey study suggested a dose-related increase in pancreas mass 
with albiglutide and requested that GSK determine which cellular components are 
involved in the increase and assay samples for increased proliferative activity. 
 
On 11-FEB-2011 (Serial No. 0348), GSK submitted preliminary observations on the 
occurrence of mortality in lactating dams from the mouse postnatal study and plans for 
investigation. On 29-MAR-2011, FDA concurred with the proposed investigations to 
determine the cause of maternal mortality.  On 19-JUN-2012, FDA issued an Advice 
Letter citing a recent analysis suggesting that long-acting GLP-1R agonists have the 
potential to accelerate sexual maturation, as demonstrated by increased male 
reproductive organ weights in pre-/peri-pubertal male monkeys during general 
toxicology studies of 13 weeks duration or longer. Although the basis for this effect is 
unknown, published data suggest that GLP-1 can stimulate gonadotropin-releasing 
hormone (GnRH) from the hypothalamus. If the same phenomena were found to occur 
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in humans, pediatric subjects given long-acting GLP-1R agonists might enter puberty 
earlier than anticipated, which could potentially affect height and psychosocial 
development. Thus, FDA advised that sponsors planning studies including prepubertal 
children should address this concern by conducting a juvenile animal study covering the 
stage of sexual maturation, including careful assessment of the onset of puberty, rate of 
sexual maturation, rate of overall growth and reproductive maturation in both sexes. 
 
GSK’s response to FDA’s Advice Letter was submitted in Serial No. 0409 (09-JUL-
2012). The response described relevant data (testes organ weight and histology) from 
four general toxicology studies with albiglutide conducted in monkeys. However, since 
sexual maturity status was not determined at the start of the study, the effects of 
albiglutide on sexual maturation could not be evaluated in these studies. In view of 
potential concern regarding possible effects of GLP-1R agonists on sexual maturation in 
children, GSK plans to conduct a mouse juvenile toxicity study to determine if albiglutide 
has effects on sexual maturation and CNS/behavior. 
 
Pre-BLA Communications 
On 18-APR-2012, FDA granted the Type C Meeting Request with written responses to 
be provided within 60 days of submission of the briefing package in lieu of a face-to-
face meeting. The nonclinical portion of the Briefing Package was submitted as Serial 
No. 0404 (08-MAY-2012) and contained 3 nonclinical questions for FDA. These 
questions concerned a planned evaluation of albiglutide’s potential to produce thyroid 
hyperplasia in an immunodeficient mouse model, explanation of maternal deaths in the 
PPN study due to metabolic demand, and conclusions from a stereological evaluation of 
pancreas from the 52-week monkey toxicology study.  In our 06-JUL-2012 written 
response to the Type C Briefing Packages, FDA expressed concern regarding the 
ability of the proposed immunodeficient mouse study to materially affect labeling, but 
agreed that the PPN studies and conclusions from the pancreas stereological 
evaluation appeared to have addressed sufficiently the earlier questions/concerns. 
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3 Studies Submitted 

3.1 Studies Reviewed  
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3.3 Previous Reviews Referenced 

1. Pharmacology/Toxicology IND Review 1, Initial IND Review, by Dr. Dylan Yao, 
15-FEB-2006. 

2. Pharmacology/Toxicology IND Review 2, Female Fertility & Embryofetal 
Development in Mice, and a 26-Week Monkey Study, by Dr. Dylan Yao, 21-FEB-
2007. 

3. Pharmacology/Toxicology IND Review 3, Male Fertility in Mice, by Dr. Dylan Yao, 
13-MAY-2008. 

4. Pharmacology/Toxicology IND Review 4, 52-Week Monkey Study, by Dr. Ronald 
Wange, 19-JUL-2010. 

5. Pharmacology/Toxicology IND Review 5, Pre- & Post-Natal Development Study 
in Mice, by Dr. Ronald Wange, 17-SEP-2010. 

4 Pharmacology 

4.1 Primary Pharmacology 

In brief: 
 Albiglutide is an agonist at the GLP-1R and acts on pancreatic -cells to augment 

glucose-dependent insulin secretion. 

 A substitution of glycine for alanine at the N-terminus of GLP-1 renders the 
peptide resistant to proteolytic cleavage by dipeptidyl peptidase IV (DPP-IV). 

 The human albumin moiety of the recombinant fusion protein, together with the 
DPP-IV resistance, greatly extends the half-life (t½) from 1.5 to 5 minutes for 
native GLP-1 to 12 hours in mice and to 2 days in nonhuman primates for 
albiglutide. 
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 Studies have shown that albiglutide stimulates cyclic adenosine monophosphate 
(cAMP) production via the GLP-1R and potentiates glucose-sensitive insulin 
secretion in an insulinoma cell line.  Potency for stimulation of cAMP is reduced 
for albiglutide, compared to GLP-1 and exendin-4, with EC50 values of 472, 51 
and 3 pM, respectively. 

 To establish the biological relevance of mice, rats, and monkeys for use in 
toxicity studies with albiglutide, HEK293T cells were engineered to express 
mouse, rat, monkey or human GLP-1R.  cAMP production was then measured in 
response to varying concentrations of albiglutide.  Comparable potency was seen 
at the rodent and human receptors, but albiglutide was ~3-fold less potent at the 
monkey GLP-1R. 

 In vivo studies demonstrated that albiglutide lowers fasting plasma glucose 
(FPG), improves glucose tolerance in diabetic mouse and rat models, and 
increases glucose clearance and/or insulin secretion in monkeys. 

 Albiglutide delays gastric emptying (GE) in normoglycemic mice and diabetic 
mice and reduces food intake in mice fed a normal or high fat diet. Additionally, 
albiglutide was shown to stimulate the recovery of -cell mass following  cell 
damage induced by the diabetogenic agent, streptozotocin, in neonatal rat pups. 

 In monkeys, albiglutide was biologically active and potentiated an insulin 
response to IV administered glucose. 
 

Sponsor’s tabulated summaries follow: 
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4.2 Secondary Pharmacology 

 In rats, albiglutide significantly reduced myocardial infarct size in a dose-
dependent manner while improving post-ischemic cardiac left ventricular function 
following myocardial ischemia-reperfusion injury. In addition, pre-treatment with 
albiglutide improved post-ischemic cardiac function and energetics following 
myocardial ischemia/reperfusion injury. 

 

 
 

 In explanted perfused rat hearts, albiglutide was able to stimulate glucose uptake 
in an insulin independent manner, and improve the oxidative coupling of glucose 
metabolism. 

 
 
 
Sponsor’s tabulated summaries follow: 
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4.3 Safety Pharmacology 

 A single SC dose of 25 mg/kg albiglutide in monkeys had no effect on 
cardiovascular or respiratory function. 

 There were no albiglutide-related effects on neurobehavioral function in monkeys 
administered twice weekly SC doses of <50 mg/kg/week albiglutide for 5 weeks. 

 

Sponsor’s tabulated summaries follow: 

 

5 Pharmacokinetics/ADME/Toxicokinetics 

5.1 PK/ADME 
 

ABSORPTION 

 After intravenous dosing in mice and monkeys, the total clearance and volume of 
distribution of albiglutide were low and the t1/2 was approximately 8 hours and 60 
hours in mouse and monkey, respectively. Following subcutaneous dosing the 
absolute bioavailability was at least 38% in mouse and 50% in monkey with a 
similar apparent t1/2 to those observed after intravenous dosing with mouse being 
slightly longer at 12 hours. There were no substantial sex-related differences in 
systemic exposure and pharmacokinetic parameters. 

 Following single subcutaneous administration of albiglutide the mean systemic 
exposure (AUC0-∞) in mice increased in proportion to dose (1 to 6.5 mg/kg), but in 
monkeys a 10-fold change in dose (1 to 10 mg/kg) led to a 16-fold increase in 
exposure. 

 Accumulation of albiglutide was observed after repeated subcutaneous 
administration in mice and monkeys and was generally consistent with the t1/2 
and frequency of dosing. However, in some animals, there was a reduction in the 

Reference ID: 3347159



NDA/BLA #: 125431  Reviewer: Ronald Wange, Ph.D. 
 

29 

anticipated plasma concentrations due to the presence of anti-albiglutide 
antibodies which were observed as early as Day 8 in mice and rats and Day 15 
in monkeys.  After 52 weekly doses of albiglutide to monkeys at 50 mg/kg, the 
mean Cmax and AUC0-168 hours for the final dosing interval were 538 µg/mL and 
56,100 µg.h/mL, respectively. 

 

 
 

DISTRIBUTION 
In accordance with current guidance, tissue distribution studies were not conducted with 
albiglutide. 
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METABOLISM 
In accordance with current guidance, studies to establish the metabolic fate of 
albiglutide were not conducted.  It is expected that albiglutide will be eliminated by 
catabolism to its component amino acids.  While classical biotransformation studies, as 
performed for pharmaceuticals, were not conducted, CYP enzyme induction potential 
was investigated in monkeys. 

 Minimal increases in CYP mRNA levels were observed in male (CYP1A2) and 
female (CYP2B17) monkeys following subcutaneous administration of albiglutide 
at 5, 15, or 50 mg/kg/week for 5 weeks, although the increases were not dose-
dependent. There was little or no effect on hepatic microsomal protein, total CYP 
content, or the activity of CYP1A, CYP2B, CYP2E, CYP3A, and CYP4A. 

 
EXCRETION 
In accordance with current guidance, excretion studies were not conducted with 
albiglutide. 

 

5.2 Toxicokinetics  

See toxicity studies. 
 

6 General Toxicology 

6.1 Single-Dose Toxicity 

Report No. RD2005/01162 (Study No. FS29900.DBS.0.013) 

Methods: 

CD-1 mice received single doses of albiglutide via either the SC or IV route (3/s/g) at 0, 
50, 200, 500 and 1000 mg/kg for SC and 0 or 500 mg/kg for IV, and were followed for 7 
days. 

Results: Transient, dose-dependent body weight drop (max. ↓11-15%) in both male and 
female mice at SC doses >200 mg/kg and the 500 mg/kg IV dose, consistent with 
intended pharmacological activity. 

Microscopic findings were observed in the epididymis (vacuolation and cell debris), 
seminal vesicle (vacuolation), and prostate (vacuolation and lymphocyte infiltration) of  
male mice at 500 mg/kg IV and in the epididymis (vacuolation and cell debris) at doses 
> 500 mg/kg SC.  The histopathology changes were more pronounced with the IV dose.  
The vacuoles were characterized as 1 or more small discrete intracytoplasmic vacuoles 
within the epithelium of the affected tissues. 
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For SC administration, the NOAEL = 200 mg/kg for males and 1000 mg/kg for females.  
For IV administration, the NOAEL was <500 mg/kg for males and >500 mg/kg for 
females. 

6.2 Repeat-Dose Toxicity 

Study title:  2-week subcutaneous injection toxicity and toxicokinetic study 
in mice with a 1-week interim necropsy and a 1-week recovery period 

Study no.: 6962-139  
Study report location: m4.2.3.2 

Conducting laboratory and location:
Date of study initiation: 9-JAN-2003 

GLP compliance: yes 
QA statement: yes 

Drug, lot #, and % purity: GSK716155, lot # 03A22115 (process 1), 
96.8% pure 

 
Key Study Findings 

 1/10 LD♀ and 1/10 MD♀ died on Day 2 from unknown causes. Not considered 
test item related due to lack of dose-response. 

 Body weight gain was markedly ↓ in both phases (phase 1 ↓ 144% in HD♂ in wk 
2, unremarkable in HD♀; phase 2 ↓ 200% in HD♂ and HD♀ in wk 1) associated 
with dose-dependent ↓ FC in all dosed ♂ and MD♀ and HD♀ in wk 1 for both 
phases. 

 Eosinophilia at all doses.  Neutrophilia in HD♀. 

 ss ↓ serum glucose in both phases.  

 ss↑ spleen weight was correlated to histopath findings (lymphoid hyperplasia). 

 Histopath evaluated in C and HD groups reveled the following target organs of 
toxicity: 

o injection site (inflammation) 
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o spleen (lymphoid hyperplasia [sometimes with ↑ germinal centers]) 

o mesenteric lymph node (lymphangiectasis) 

o kidney (an exacerbation of spontaneous chronic progressive nephropathy 
at terminal sacrifice 

o A single HD♀ had multiple findings suggestive of immune-complex-
mediated tissue injury: arteritis (minimal to moderate severity) in the lung, 
skeletal muscle, salivary gland, thymus, thyroid and vagina; 
glomerulonephropathy/Glomerulosclerosis (moderately severe).  These 
findings are likely to be secondary to the rapid ADA response seen in this 
study. 

 Sponsor considers the NOAEL to be < 5 mg/kg/day on the basis of decreased 
food consumption and eosinophilia at all tested doses.  The immune-related 
findings of glomerulonephritis and arteritis are also considered adverse, and 
were not assessed in MD or LD animals.  Although adverse to the mice, the 
clinical relevance of the immune-related findings is uncertain, since GSK716155 
is based on human sequence, and less likely to be immunogenic in humans. 

 Due to the rapid mounting of a toxicologically significant ADA response that also 
impairs exposure, the mouse is a poor model for assessing toxicity associated 
with longer-term GSK716155 treatment.  

 
Methods 

Doses: 0, 5, 50, or 150 mg/kg 
Frequency of dosing: Daily 

Route of administration: Subcutaneous 
Dose volume: 5 mL/kg 

Formulation/Vehicle: Diluent = 10 mM Sodium Phosphate, 2.8% 
Mannitol, 4.0% Sucrose, 0.01% Polysorbate 80, 
pH 7.2 

Species/Strain: Mouse/CD-1 
Number/Sex/Group: See Sponsor’s table below 

Age: 8 weeks 
Weight: ♂: 20.1 to 35.8 g     ♀: 16.4 to 27.4 g 

Satellite groups: TK animals (see Sponsor’s table below) 
Unique study design: (see Sponsor’s table below) 

Deviation from study protocol: None material to the interpretation of the study 
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Observations and Results 

Mortality 

No test item-related deaths.  Two ♀s (1 LD & 1 MD) were sacrificed moribund on Day 2 
with clinical signs of limited use of hind limbs, cold to touch and sternal recumbency.  
No cause of moribundity was determined.  Deaths were not considered to be test item-
related since there was no dose-dependency. 
 
Clinical Signs 
Unremarkable except for the early decedents (described above). 
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Body Weights & Feed Consumption 

 
 
Ophthalmoscopy 
Unremarkable. 
 
Hematology 
S.s. ↓ in RBC parameters (RBCs, Hemoglobin, Hematocrit) in ♀s.  N.s.s. ↓ in 
reticulocytes (♂ & ♀).  S.s. ↑ in WBC and neutrophils in ♀s (similar n.s.s. trend in ♂s).  
Eosinophils were n.s.s. ↑ in both sexes. 
 

 
 

Clinical Chemistry 
> 50 mg/kg/day: glucose ↓, total protein and albumin  ↓ (♂ only). 

During recovery phase ♀s had ↑ globulin & total protein (possibly related to ADA 
response). 

 
 

Gross Pathology 

Kidney pale in 1 HD♀ on Day 23 (phase 1), correlates with histopath finding of 
glomerulonephropathy 
 
Organ Weights 
ss ↓ salivary gland wt (abs. and/or rel. to body wt), MD and HD, ♂ and ♀ Day 8; ss ↓ 
heart and adrenal wt (abs. and/or rel. to body wt), MD and HD ♀, Day 8; No microscopic 
correlation to these organ wt changes. 
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ss ↑ spleen wt, MD and HD, ♂ and ♀, phase 1 on Day 16, correlates to histopath finding 
of lymphoid hyperplasia. 
 

 
 
Histopathology 

Adequate Battery: yes 
Peer Review: No 

 
Histological Findings (only C & HD groups examine) 
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(Table 2). The decrease in systemic exposure coincides with the emergence of anti-
GSK antibodies. AUC values were not determined. 
 

 
Dosing Solution Analysis 
Unremarkable. 
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Results: 
Mortality:  Assessed twice daily. 

No early deaths. 
 
Clinical signs:  Twice daily during dosing period (predose and ~5 to 6 hr postdose).  Detailed 
examinations performed weekly. 

Low or no food consumption occurred with higher frequency in M & F treated with GSK716155 
or exenatide, compared to control. 

  
 
Body weights:  Twice weekly up to dosing phase week 5 and once weekly thereafter during the 
dosing phase. 

Monkeys, primarily females, given GSK716155 or exenatide lost weight during the first two 
weeks of the study (0.3 to 0.6 kg), while control monkeys generally gained weight. Among the 
males, 2 of 5 given 50 mg/kg/week GSK716155 or exenatide lost weight and among the 
females, 3 of 5 and 5 of 5 given 15 or 50 mg/kg/week GSK716155, respectively, and 2 of 4 
given exenatide lost weight. Weight gain improved after the first month of the study, but at the 
completion of the study, females given 15 or 50 mg/kg/week GSK716155 gained less weight 
(0.50X and 0.25X, respectively) than control. As a group, females given exenatide did not gain 
weight during the study. These clinical signs and changes in body weight were expected effects 
of compounds in this pharmacological class and were not adverse in the absence of other data 
indicating poor health. 
 
Food consumption:  Qualitatively assessed daily. 

See “Clinical signs,” above. 
 
Ophthalmoscopy:  All animals prior to initiation of dosing and during dosing week 52. 

Unremarkable. 
 
EKG:  All animals prior to initiation of dosing and during dosing week 52 (at ~Tmax).  Animals 
were unanesthetized. 

No test item-related effect. 
 
Hematology:  All animals (fasted) twice prior to initiation of dosing, and then once during dosing 
weeks 4, 13, 26 and 52.  A standard panel of parameters was measured. 

No test item-related effect. 

Reference ID: 3347159









NDA/BLA #: 125431  Reviewer: Ronald Wange, Ph.D. 
 

46 

 

   
 E

xe
na

tid
e 

   
   

   
A

lb
ig

lu
tid

e 
  

  
 C

on
tr

ol
 

(7
5 

µ
g/

kg
 B

ID
) 

   
(5

0 
m

g/
kg

/w
k)

 
  

   
 E

xe
na

tid
e 

   
   

   
A

lb
ig

lu
tid

e 
  

  
 C

on
tr

ol
 

(7
5 

µ
g/

kg
 B

ID
) 

   
(5

0 
m

g/
kg

/w
k)

 
  

 
 

Reference ID: 3347159



NDA/BLA #: 125431  Reviewer: Ronald Wange, Ph.D. 
 

47 

Toxicokinetics:   

Groups 1-3:  Serial blood draws from all animals were performed on Dosing Phase Day 15, 
and Dosing Phase Weeks 26 and 52 at Predose (0 hour) and approximately 12, 24,48,72,96, 
120 and 168 hours after dosing. Additionally, a single blood sample was collected prior to 
dosing during Dosing Phase Weeks 5, 9, 13, 17, 22, 32, 36, 40, 44 and 48. 

Group 4 (exenatide): Serial blood draws from all animals were performed on Dosing Phase 
Day 15, and Dosing Phase Weeks 26 and 52 at Predose (0 hour) and approximately 0.5, 1, 2, 
4, 6, 9 and 12 hours following first dose of the day (12-hour draw was performed prior to the 
2nd dose of the day). 
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Immunogenicity:  Blood (approximately 1 mL) was collected via a femoral vein into tubes 
without anticoagulant for Groups 1, 2, and 3: once on Predose Phase Day 11 and within 4 hours 
prior to dosing in Dosing Phase Weeks 3, 5, 9, 13, 17, 22, 26, 32, 36, 40, 44, 48, and 53 (Days 
15, 29, 57, 85, 113, 148, 176, 218, 246, 274, 302, 330, 365, respectively) and for Group 4 
samples were collected: once on Predose Phase Day 11 and prior to the first dose in Dosing 
Phase Weeks 3 (Day 15) and 26 (Day 176), and on the day prior to the first necropsy.  Serum 
samples were prepared and analyzed for anti-GSK716155 or anti-exenatide antibodies by the 
Sponsor using validated assays.  If serum samples contained potential anti-GSK716155 or anti-
exenatide antibodies, they were further analyzed for the antibody specificity and titer. 
 

Anti-GSK716155 antibodies: 
Anti-GSK716155 antibodies were detected sporadically in several monkeys from all groups, 
including controls.  However, in 2/10 and 6/10 monkeys given 15 or 50 mg/kg/week 
GSK716155, respectively, anti-GSK716155 antibodies were detected more consistently (> 3 
consecutive timepoints) and with higher titers (peak titers ranging from 1:137 to 1:6197) with 
seroconversion by Weeks 3 to 9.  Antibodies in these monkeys were demonstrated to be 
specific for GSK716155 in a competition binding assay. 
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Anti-exenatide antibodies:  9/10 monkeys developed antibodies specific for exenatide (peak 
titers ranging from 1:85 to 1:7967) with onset in most monkeys by Week 26. 

 
 

 
 

 
 
Study title:  GSK716155: Investigative study to assess the effects of GSK716155 on 
monkey pancreas using stereologic methods to estimate cell number and volume of 
acinar, ductal and islet cells (GSK Study No. I11223). 

Study no.: 2011N126413 
Study report location: eCTD 4.2.3.7.7 

Conducting laboratory and location: GlaxoSmithKline, Safety Assessment, King of 
Prussia, PA 

Date of study initiation: 17-OCT-2011 
GLP compliance: No (see note, below) 

QA statement: No (see note, below) 
Note: This is a post-hoc adjunct study conducted in 

response to an FDA request on pancreas 
samples collected from the 52-week monkey 
study (#G07396), which was conducted under 
GLP. 

 
Key Study Findings 

 In the 52-week monkey study (study # G07396 [CD2009/00863]) albiglutide was 
associated with increased pancreas weight, especially at HD.  In response to this 
finding the FDA requested a stereological assessment of which cellular 
populations were responsible for the increase in mass as well as specialized 
immunohistochemistry stain(s) to assess which cell populations (if any) are 
undergoing an increased rate of proliferation. 
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 There was no discernible effect of 50 mg/kg/week albiglutide on cell proliferation 
as assessed by Ki67 immunostaining. 

 The quantitative assessment of the cell types contributing to the increase in 
pancreas mass is difficult to interpret due to large interindividual variation and low 
sample number.  There also may be sex-based differences in the basis of the 
enlargement of the pancreas, which limit the utility of combining sexes to 
increase the sample size. 

o Stereology volume changes in ♂s (50 mg/kg/week vs. Control): 

 Total volume:  ↑36% 

 Acinar volume: ↑61% 

 Duct volume:  ↑10% 

 Islet volume:  ↓30% 

o Stereology volume changes in ♀s (50 mg/kg/week vs. Control): 

 Total volume:  ↑13% 

 Acinar volume: ↑6% 

 Duct volume:  ↑16% 

 Islet volume:  ↑20% 

 
Methods 

Unique study design: Pancreas from Group 1 vehicle control (5♂/5♀) and 
Group 3 given GSK716155 at a dose of 50mg/kg week 
(5♂/5♀) on GSK study number G07396 was evaluated 
in this study. 

Evaluations: Tissue sections were deparaffinized and stained with 
specific antibodies to islets (glucagon [], insulin [], 
somatostatin [] & pancreatic polypeptide []), duct cells 
(cytokeratin) and Ki67 (proliferation marker) under 
optimized conditions.  A frationator-proportionator 
sampling principle was used to obtain estimates of total 
cell number and volume of acinar, duct and islet 
compartments.1  

 
Observations and Results 

                                            
1 Gardi JE, Nyengarrd JR, Gundersen HJ. “The proportionator: unbiased stereological estimation using 
biased automatic image analysis and non-uniform probability proportional to size sampling.” Comput Biol 
Med. 2008;38(3):13-28. 
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Sponsors Analysis of Pancreas Weights 
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Qualitative Assessment of Proliferating Cells 

There were no test item-related effects on the percentage of cells staining positive for 
Ki-67.  All animals showed a variable degree of small numbers of Ki67 positive cells, 
including acinar cells, ducts/ductules and/or islet cells. 
 
Quantitative Assessment of Cell Types 

Because of the large interindividual variability (see Sponsor’s Table 3) and low number 
of animals per dose group of each sex (5/s/g) it was generally difficult to establish 
statistical significance of observed changes.  There also appeared to be possible 
differences between males and females with regard to which cell populations were most 
affected by the test item (see Sponsor’s Table 2). 

Changes achieving s.s. were 1) islet cell number (but not islet volume) in ♀ (p=0.035) 
and pooled ♂ & ♀ (p=0.042), but not in ♂s alone (p=0.494); 2) volume of acinar (but not 
number of acinar cells) in ♂s alone (p=0.039), but not pooled (p=0.052) or ♀s alone 
(p=0.658). 
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7 Genetic Toxicology 

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

No studies conducted. 

7.2 In Vitro Assays in Mammalian Cells 

No studies conducted. 
 

7.3 In Vivo Clastogenicity Assay in Rodent (Micronucleus Assay) 

No studies conducted. 
 

7.4 Other Genetic Toxicity Studies 

No studies conducted. 
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8 Carcinogenicity 
No studies conducted.  The following is reproduced from section 4.5 of Sponsor’s 
Nonclinical Overview: 
 
Carcinogenicity studies with albiglutide have not been conducted in rodents due to 
emergence of clearing ADA that limit duration of rodent studies to approximately 2 
weeks. Since meaningful carcinogenicity studies are not possible in rodents due to 
immunogenicity, assessment of the carcinogenic potential of albiglutide has been based 
on a weight-of-evidence approach. 
 
Other GLP-1R agonists have produced thyroid C-cell proliferative changes in mice and 
rats, including focal C-cell hyperplasia, adenomas and carcinomas indicating that there 
could be a potential for albiglutide to also produce thyroid C-cell tumors in mice. There 
appears to be some relationship with duration of activity, in that the incidence and 
severity of tumors in rodent carcinogenicity studies was increased with long acting GLP-
1R agonists [liraglutide, once weekly exenatide (Bydureon™)] as compared to twice-
daily exenatide (Byetta™). Furthermore focal C-cell hyperplasia was produced when 
exenatide was given to mice as continuous subcutaneous infusion for 12 or 13 weeks, 
but not when the same total dose was given as once daily injections [Knudsen, 2010; 
Madsen, 2012]. However, C-cell hyperplasia was not reported after 12 weeks 
continuous infusion with another GLP-1R agonist, lixisenatide, suggesting that duration 
of activity on GLP-1R alone is not sufficient to produce the effect [Kissner, 2012]. 
 
The mechanism of thyroid C-cell tumors in rodents and their clinical relevance are 
unclear. Increased sensitivity in rodents has been attributed to relatively high expression 
levels of GLP-1R on thyroid C-cells in rodents [Knudsen, 2010; Madsen, 2012]. In 
monkeys, like humans, C-cell expression of GLP-1R is relatively low or undetectable 
[Knudsen, 2010; Gier, 2012; Waser, 2011]. Consistent with reported differences in C-
cell GLP-1R expression patterns, liraglutide elevated plasma calcitonin levels in mice 
and rats, but not humans or monkeys [Knudsen, 2010; Madsen, 2012]. With albiglutide, 
there were no clinically meaningful differences or changes in calcitonin levels from 
placebo or the all comparators group [m2.5, Section 5.1.2.6.2]. Furthermore, liraglutide 
and continuous exenatide infusion did not elevate plasma calcitonin levels or produce 
focal C-cell hyperplasia in GLP-1R knockout mice [Madsen, 2012]. The proliferative C-
cell changes induced by liraglutide in mice were associated with activation of the 
mechanistic target of rapamycin (mTOR) pathway, but not the rearranged during 
transfection (RET) pathway [Madsen, 2012] which is strongly associated in human 
medullary thyroid cancer. 
 
While the effects of albiglutide on thyroid C-cell proliferation have not been determined 
in rodents, there were no albiglutide-related findings in thyroids or parathyroids of 
monkeys given up to 50 mg/kg/week for up to 52 weeks [m2.6.7, Table 7.6, Report 
CD2009/00863]. In the 52 week monkey study, thyroids were thoroughly examined for 
C-cell effects. There were no changes in thyroid C-cells based on qualitative 
assessment of standard hematoxylin and eosin (H&E) and calcitonin 
immunohistochemistry of sections taken throughout the thyroid and parathyroid. In 
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addition the entire thyroid was sampled by systematic uniform random disector pairs 
and total estimates of C-cells were obtained by stereological quantitation. The study did 
not detect any differences between the mean estimates of total C-cell number in 
monkeys given 50 mg/kg/week albiglutide compared to vehicle control. 
 
The data from the 52 week monkey study indicate that albiglutide, at exposures 75 
times the highest clinical exposure based on AUC, does not induce thyroid C-cell 
proliferation in monkeys. These findings are consistent to those reported for liraglutide, 
where no C-cell hyperplasia was observed in monkey studies of durations up to 87 
weeks [Knudsen, 2010]. Furthermore, the integrated Phase III data, including data from 
randomized, blinded, long term (through 2 years) evaluations, suggest no increased risk 
of thyroid cancer following treatment with albiglutide [m2.5, Section 5.1.2.6.2]. However, 
these monkey data do not negate the C-cell proliferative effects identified in rodent 
carcinogenicity studies with other GLP-1R agonists, the significance of which to human 
risk is unknown. Careful consideration should be given to the risks and benefits of 
treatment with albiglutide in patients with a personal or family history of medullary 
thyroid carcinoma (MTC) or in patients with multiple endocrine neoplasia syndrome type 
2 (MEN 2) [m1.14.1.2 (US) or m1.3 (EU)]. 
 

9 Reproductive and Developmental Toxicology 

9.1 Fertility and Early Embryonic Development 

Study title:  GSK716155: Subcutaneous Male Fertility Study in Mice 
Study no.: CD2007/01279  

Study report location: eCTD 4.2.3.5.1 
Conducting laboratory and location:

Date of study initiation: 26 Mar 2007 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: GSK716155, lot # JCM-203448-081, > 

95% pure 
 
Key Study Findings 

 There were no drug-related effects on male reproductive performance (mating, 
fertility, or copulation indices as well as the numbers of days needed to mate), 
male reproductive organs, or embryonic survival. The NOAEL for effects on male 
mating fertility is considered to be 50 mg/kg/day. 

 Expected effects on FC (↓) and BW (↓) were seen in MD and HD ♂s during the 
first week of dosing, consistent with the intended pharmacology of albiglutide.  
LD was without effect on these parameters. 
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Methods 
Doses: 0, 5, 15, 50 mg/kg 

Frequency of dosing: Daily 
Dose volume: 2 mL/kg 

Route of administration: SC injection 
Formulation/Vehicle: Aqueous soln. in 10 mM sodium phosphate, 2.8% (w/v) 

mannitol, 4.2% (w/v) trehalose, and 0.01% polysorbate 80 
(v/v), pH 7.2 

Species/Strain: CD1 mice 
Number/Sex/Group: 25♂/group 

Satellite groups: 15♂/group 
Study design: Groups of 25 male CD1 mice were treated via bolus SC 

injection with vehicle or GSK716155 as described above, 
once daily beginning on Day 0 of the study and continuing 
until termination (15 to 17 doses). Males were treated for 7 
days and then cohabited 1:1 with untreated females for a 
maximum of 7 additional days. Mated females were 
separated from the males and considered to be on DG 0. 
The premating and mating treatment periods were limited to 
7 days each (14 days total) because TK studies have shown 
that drug exposure peaks by day 7 of dosing and then starts 
to decline due to the induction of anti-GSK716155 
antibodies. Mated females and their litters were euthanized 
on gestation Day 18 and the uterine contents examined. 

Deviation from study 
protocol: 

None material to interpretation of the study. 

 

Observations and Results 
Mortality 
No early deaths. 
 
Clinical Signs 

No test item-related effects. 
 
Body Weight 
S.s. weight loss at MD and HD during premating dosing period (mean body weights 
were ~ 0.96X and 0.92X baseline and concurrent control at MD & HD [respectively]). 
During the mating period (Days 7 to 15), BW in the MD was similar to the controls.  By 
the end of the mating period BW in the HD groups was also similar to controls.  Body 
weight in the LD was unaffected at any treatment period.   
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Feed Consumption 
S.s. reductions in mean FC were observed in MD & HD ♂s (0.86X and 0.83X C♂s, 
respectively) during the premating period (Days 0 to 6) when compared to the control 
group, correlating with mean body weight losses during this same interval.  Mean FC in 
LD♂s was similar to C♂s. 
 
Toxicokinetics 
Plasma exposure was measured following 7 days of daily SC administration of 
albiglutide for a 24 hour period.  Dose-proportional increases in exposure were seen at 
all 3 dose levels.  All control animal plasma samples were below the lower limit of 
quantitation. 

 
 
Necropsy 
Unremarkable. 
 
Fertility Parameters (Mating/Fertility Index, Corpora Lutea, Preimplantation Loss, 

etc.) 
 
There were no test article-related effects on the mean number of days between pairing 
and coitus or male mating index, fertility index, or copulation index at any dose level.  
Nor was there any test item-related effect on the weights or morphology of male 
reproductive tissues. 
 
There were no test article-related effects on intrauterine growth and survival, placental 
morphology, or gravid uterine weights in any dose group. 
 
There were no test article-related effects on external fetal morphology.  
 
 

Reference ID: 3347159



NDA/BLA #: 125431  Reviewer: Ronald Wange, Ph.D. 
 

58 

Study title:  GSK716155: Subcutaneous Female Fertility Study In Mice 
Study no.: CD2006/01879 -472100) 

Study report location: eCTD 4.2.3.5.1 
Conducting laboratory and location:

Date of study initiation: 21 FEB 2006 
GLP compliance: Yes 

QA statement: Yes 
Drug, lot #, and % purity: GSK716155, lot # JCM-203448-081, > 

95% pure 
 
Key Study Findings 

 Transient body weight loss and food intake reduction were evident in HD♀s. 

 HD♀s had a n.s.s. ↑ in the mean estrus cycle length and a concordant ↓ in the 
number of estrus cycles/week.  These findings were also correlated with a n.s.s. 
↓ in fertility index in HD♀s. 

 No other findings regarding embryofetal survival or fetal external morphology 
were seen at any dose level tested. 

 The NOAEL is considered to be 5 mg/kg/day for female reproductive toxicity. 
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Methods 
Doses: 0, 1, 5, 50 mg/kg 

Frequency of dosing: Daily 
Dose volume: 2 mL/kg 

Route of administration: SC injection 
Formulation/Vehicle: Aqueous soln. in 10 mM sodium phosphate, 2.8% (w/v) 

mannitol, 4.2% (w/v) trehalose, and 0.01% polysorbate 80 
(v/v), pH 7.2 

Species/Strain: CD1 mice 
Number/Sex/Group: 25 ♀/group 

Satellite groups: none 
Study design: Groups of 25 female CD1 mice were treated daily via bolus 

SC injection with vehicle or the indicated doses of 
GSK716155 for 7 days prior to cohabiting 1:1 with untreated 
males.  Daily dosing of females continued until positive 
evidence of mating was observed, or for up to 14 total 
doses.  Animals were not dosed during presumed gestation 
period.  Mated females and their litters were euthanized on 
gestation Day 18 and the uterine contents examined. 

Deviation from study protocol: None material to interpretation of the study. 
Endpoints: Mated females: mortality, clinical observations, body weight, 

food consumption, estrous cycle, mating, fertility, necropsy, 
corpora lutea and uterine weight 
Litters: implantations, resorptions, live and dead fetuses, 
fetal weight, sex, and placental and fetal external 
morphology. 

 

Observations and Results 
 
Mortality 
All females survived to the scheduled necropsies. 
 
Clinical Signs 
A transient decrease in feces production occurred in 4 of 25 females after the second 
dose at 50 mg/kg/day, compared to 0 of 25 females in the control group. The decrease 
only lasted 1 day but was considered test item-related because of a concurrent loss in 
body weight by Day 3 of dosing (study Day 2) and decreased mean food consumption 
during Week 1 of dosing. 
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9.2 Embryonic Fetal Development 

NB – because of the rapid induction of drug-clearing, neutralizing ADAs in rodents, 
Sponsor has used alternative study designs to limit exposure to less than 2 weeks.   
 
Study title:  GSK716155: Subcutaneous Early Embryonic to Implantation 
Reproductive Toxicity Study in Mice 

Study no.: CD2006/01198 -472098) 
Study report location: eCTD 4.2.3.5.1 

Conducting laboratory and location:
Date of study initiation: 15 FEB 2006 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: GSK716155, lot # JCM-203448-081, > 
95% pure 

 
Key Study Findings 

 Drug-related, systemic toxicity in the pregnant females was observed at 50 
mg/kg/day and consisted of mean body weight loss and reduced food 
consumption relative to controls. 

 No remarkable abnormalities were recorded for early embryonic and implantation 
parameters (GD0 to GD6). The NOAEL for early embryonic development to 
implantation was considered to be 50 mg/kg/day (the highest dose tested). 

 
Methods 

Doses: 0, 1, 5, 50 mg/kg 
Frequency of dosing: Daily 

Dose volume: 2 mL/kg 
Route of administration: SC injection 

Formulation/Vehicle: Aqueous soln. in 10 mM sodium phosphate, 2.8% (w/v) 
mannitol, 4.2% (w/v) trehalose, and 0.01% polysorbate 
80 (v/v), pH 7.2 

Species/Strain: CD1 mice 
Number/Sex/Group: 22 mated ♀/group 

Satellite groups: none 
Study design: Groups of 22 mated female CD1 mice were treated daily 

via bolus SC injection with vehicle or the indicated doses 
of GSK716155 from Gestation Day 0 to 6.  Dams and 
litters were euthanized on GD 18. 

Deviation from study protocol: None material to interpretation of the study. 
Endpoints: Mated females: mortality, clinical observations, body 

weight, food consumption, necropsy, corpora lutea and 
uterine weight 

Litters: implantations, resorptions, live and 
dead fetuses, fetal weight, sex, and placental and fetal 
external morphology. 
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Observations and Results 

Mortality 
No test item-related effects. 
 
Clinical Signs 
No test item-related effects. 
 
Body Weight 
S.s. loss in mean maternal body weight (-1.3 g), relative to a mean gain in controls (+0.2 
g) was evident between Days 0 to 3 PC at 50 mg/kg/day. BW gain was reduced (12%) 
at 50 mg/kg/day compared to the vehicle control group over the 7-day dosing period 
(Days 0 to 7 PC).  Following cessation of dosing, BW gain was ↑ in HD♀s, relative to C, 
and all dose groups had comparable mean cumulative body weight gains and body 
weights over the period of the study (Days 0 to 18 PC). 
 
There were no test article-related effects on mean body weights or cumulative body 
weight gains at 1 and 5 mg/kg/day. 
 
Feed Consumption 
S.s. ↓ FC in mean daily FC was noted in HD♀s (2.8 g) compared to C♀s (4.8 g) from 
Day 0 to 3 PC.  FC at HD remained below C values (controls 6.4 g vs. 5.2 g in HD 
group) for the remainder of the dosing period (Days 3 to 7 PC). These reductions in FC 
at HD correspond to the effects of HD albiglutide on BW. 
 
There were no effects on FC at 1 and 5 mg/kg/day. 
 
Toxicokinetics 
Not performed in this study.  Previous studies (CD2006/01620 & RD2005/01134) would 
predict dose-proportional increases in exposure across all dose levels following the first 
dose, and hyperproportional increases between 5 and 50 mg/kg/day after a week of 
dosing (see tabulated summary in PK section above).  
 
Necropsy 
No test item-related effects. 
 
Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.) 
There were no test article-related effects on embryo/fetal survival, fetal weight or gravid 
uterine weight at any dose level. 
 
Offspring (Malformations, Variations, etc.) 
There were no test article-related effects on malformations or variations. 
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Study title:  GSK716155: Subcutaneous Embryo/Fetal Development Study 
in Mice 

Study no.: CD2006/01353  472097) 
Study report location: eCTD 4.2.3.5.2 

Conducting laboratory and location:
Date of study initiation: 2 MAR 2006 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: GSK716155, lot # JCM-203448-081, > 
95% pure 

 
Key Study Findings 

 When administered daily by SC injection to pregnant mice on Days 6 through 15 
post coitus, albiglutide was associated with maternal toxicity (↓ FC and ↓ BW 
gain (frank BW loss following the 1st dose) at a dose of 50 mg/kg (HD).  HD mice 
had lower body weights throughout the treatment period. 

 The HD was also associated with embryo/fetal toxicity, as evidenced by 
embryo/fetal lethality (e.g., 16.2% per litter postimplantation loss compared to 
3.8% per litter in the control group). 

 The HD was associated with a s.s. higher mean litter proportion of the skeletal 
developmental variation bent (wavy) ribs (8.0% per litter). 

 The NOAEL for effects on embryo/fetal development in mice was considered to 
be 5 mg/kg/day. 

 
Methods 

Doses: 0, 1, 5, 50 mg/kg 
Frequency of dosing: Daily 

Dose volume: 2 mL/kg 
Route of administration: SC injection 

Formulation/Vehicle: Aqueous soln. in 10 mM sodium phosphate, 
2.8% (w/v) mannitol, 4.2% (w/v) trehalose, and 
0.01% polysorbate 80 (v/v), pH 7.2 

Species/Strain: CD1 mice 
Number/Sex/Group: 22 mated ♀/group 

Satellite groups: none 
Study design: Groups of 22 mated female CD1 mice were 

treated daily via bolus SC injection with vehicle 
or the indicated doses of GSK716155 from 
Gestation Day 6 to 15.  Dams and litters were 
euthanized on GD 18. 

Deviation from study protocol: None material to interpretation of the study. 
Endpoints: Mated females: mortality, clinical observations, 

body weight, food consumption, necropsy, 
corpora lutea and uterine weight 

Litters: implantations, resorptions, live and 
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Methods 
Doses: 0, 1, 5, 50 mg/kg 

Frequency of dosing: Daily 
Dose volume: 2 mL/kg 

Route of administration: SC injection 
Formulation/Vehicle: Soln. in 10 mM sodium phosphate, 2.8% mannitol, 4.4% 

trehalose, 0.01% polysorbate 80 (pH 7.2) 
Species/Strain: Pregnant CD-1 mice 

Number/Sex/Group: 24 
Satellite groups: 4-5 for TK & Immunogenicity 

Study design: Main study: Pregnant mice were dosed from post coital 
(pc) day 6 to 17 (inclusive).  F0 females were allowed to 
deliver naturally. Mated (F0) females were euthanized on 
Day 21 postpartum (pp). Litters were culled to 4/sex/litter 
on Day 4 pp.  On Day 21 pp, F1 males and F1 females 
(2/sex/litter, when possible) were assigned to each dose 
group and assigned to one of two subsets. Subset 1 was 
selected for acoustic startle habituation (PND 60 ± 2) and 
reproductive performance.  Mated F1 females assigned to 
Subset 1 were allowed to deliver naturally and the dams 
and F2 litters were evaluated until Day 7 pp. Subset 2 was 
selected for acoustic startle habituation (PND 29 ± 2), 
motor activity (PND 60 ± 2), and Morris Water maze 
evaluations (PND 78 ± 12). 
TK dams: Plasma drug levels were measured in the dams 
and fetuses on Day 17 pc (6 h after last dose).  Plasma 
from the dams was also evaluated for anti-drug antibodies 
(ADA).  Baseline ADA samples were also collected prior to 
dosing on Day 6 pc (1st day of dosing). 

Deviation from study protocol: None material to interpretation of the study. 
 
Observations and Results (Optional Table) 
F0 Dams 

Survival: There were no test article-related deaths, however 
one HD dam had a total litter loss and was 
euthanized. 

Clinical signs: None prior to deliver. 
HD only: abdominal distension (for 1 to 5 days, not 
seen after Day 5 pp), mild dehydration (for 1 to 6 
days, not seen after Day 9 pp), pale ears and/or thin 
body condition. 

Body weight: ↓ BW gain (loss after 1st dose) in HD.  See below. 
Feed consumption: HD only: slight ↓ during pc period, but no effect 

during pp period. 
Uterine content: No effect of test item. 
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Necropsy observation: No effect of test item. 
Toxicokinetics: Plasma level ranges (µg/mL): C = BLoQ, LD = 

BLoQ to 0.0864, MD = 0.0572 to 4.45, HD = 31.6 to 
110.  

ADA: C = 0/4, LD = 2/4 (titers: 1:95, 1:460), MD = 0/4, HD 
= 2/4 (titers: 1:22, 1:75) 

Dosing Solution Analysis: All results were within the acceptable range of ±10% 
of nominal concentration. 

Other: No effect on gestation period or parturition. 
  

 
 
F1 Generation 

Survival: No effect.  Although the mean number of liveborn 
pups per litter exhibited a n.s.s. d.d. ↓ (13.3, 12.9, 
12.7 & 12.6 in C, LD, MD & HD, respectively), all 
mean values were higher than the Testing Facility 
Historical Control Data (range of 11.2 to 12.4 
pups/litter). 

Clinical signs: Preweaning: 3 HD and 1 MD litter had pups that 
experienced one or more days of dehydration.  2HD 
and 1 MD litter had pups that were cold to touch.  2 
HD litters had pups that had a thin body condition 
(see Sponsor table A11, below).  The findings for the 
MD are from a single pup on a single day and are 
not necessarily considered to be due to test item 
exposure of the dams. 
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Postweaning:  No test item-related effect. 
Toxicokinetics: Plasma level ranges (µg/mL): C = BLoQ, LD = 

BLoQ,, MD = BLoQ to 0.0221, HD = 0.0504 to 0.104.
Body weight: BW was s.s. ↓ in ♂ & ♀ (combined) during the 

preweaning, and were ~95% of C on PND 21.  While 
not s.s., ♂s show a clear trend towards a persistent 
BW deficit throughout the study period (Sponsor’s 
figure 2, below). 

Feed consumption: No data. 
Physical development: ♂: s.s. delay in preputial separation at HD (PND 31.3 

vs. PND 29.6 in C). 

♀: no effect. 
Neurological assessment: Motor activity: No effect. 

Acoustic startle: No effect. 

Morris water maze: No effect. 
Reproduction: No effect on mating behavior, fertility, mating index, 

average numbers of days in cohabitation, estrus 
cycling, mean number of implantation sites, duration 
of gestation, parturition, viability index or lactation 
index. 
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F2 Generation 

Survival: No effect. 
Clinical signs  No effect. 
Body weight: No effect. 

External evaluation: No effect. 
Male/Female ratio: No effect. 
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Study title:  GSK716155: Subcutaneous Pre- and Postnatal Development Study, 
Including Maternal Function, in Mice 

Study no.: -472211 & -472260 
Study report location: eCTD 4.2.3.5.3 

Conducting laboratory:  
Date of study initiation: 5 February 2008 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: GSK716155, batch # JCM-203448-081, > 95% pure 
 
Key Study Findings 

 Unexpectedly high frequency of unscheduled maternal deaths (F0) primarily during 
the lactation period, which were not strictly dose-related (peaked at MD and fell off at 
HD) caused Sponsor to conduct a follow-up study to determine if the increased 
mortality was reproducible.  The increased maternal deaths were not reproducible.  
Nonetheless, based on the findings of increased maternal deaths during lactation 
when dams were dosed from Days 7 to 21 PP (study # 2010N104536, below), this 
finding is considered to be drug-related. 

 F0 dams:   food consumption from GD 15 through LD 10. 

 F1 pups: born with dose-related (all doses)  in bodyweight.  Pups also had a dose-
related weight gain decrement throughout lactation.  GSK716155-treated pups had 
increased weight gain post-weaning, and all but MD & HD ♀s had normalized 
bodyweight (compared to C) by PND 84. 

 ♂ F1 pups: dose-related, n.s.s. trend towards minimally delayed balanopreputial 
separation: PND 29.1, 30.7, 30.9 and 31.0 (C, LD, MD, HD).  May be related to the 
dose-related  in bodyweight noted above.  All values were within the historical 
control range. 

 F1 pups: n.s.s.  force of the response (maximum and average) to the startle reflex at 
all dose levels in ♂s and at MD & HD in ♀s on PND 20.  At PND 60 HD♂s still had a 
blunted response, but all other groups had responses comparable to C.  The time to 
maximum response was not affected at either timepoint in any dose group.  Sponsor 
dismisses this finding, presumably on the basis that the changes were small and not 
s.s.  Given that the startle response is measured as the force generated by the 
animal in response to the startle stimulus, and the magnitude of the force that can be 
generated is proportional to the mass of the animal, these relatively small effects may 
be secondary to the  bodyweights noted above; however a direct effect on the 
sensory motor neural pathway controlling the reflex cannot be entirely ruled out. 

 F1 & F2 pups:  there appeared to be an increase in the incidence subcutaneous 
hemorrhages. 

 The NOAEL is considered to be < 1.0 mkd on the basis of the reduced F1 
bodyweight. 
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Methods 
 Doses: 

472211:  0, 1, 5, 50 mg/kg/day 
472260:  0, 5 mg/kg/day 

 Species/strain:  Mice/Crl:CD-1 (ICR) 
 Number/sex/group: 

472211:  24/g 
472260:  35/g  

 Route, formulation and volume:   
SC injection 
Soln. in 10 mM sodium phosphate, 2.8% mannitol, 4.2% trehalose, 0.01% 
polysorbate 80 (pH 7.2) 
2 mL/kg 

 Satellite groups used for toxicokinetics:  8 mated ♀s/g.  The following is 
excerpted from the study report. 

   
 Study design:   

-472211:  F0 ♀s dosed once daily from gestation day (GD) 15 to lactation 
day (LD) 10.  F0 ♀s were allowed to deliver naturally.  F1 offspring (3/sex/litter 
after culling) were reared and assigned to testing subsets.  Beginning on 
postnatal day (PND) 88 to 93, The F1 ♂s &♀s were cohabited in a ratio of 1:1 
for up to 14 days.  Mated F1 ♀s were allowed to deliver naturally, and they 
and their F2 litters were evaluated until LD 7.   

-472260:  Investigative study to ascertain reproducibility of maternal 
mortality observed in -472211 during the lactation phase.  F0 ♀s dosed 
once daily from GD 15 to LD 10.  F0 ♀s were allowed to deliver naturally.  
Mated F0 ♀s and their offspring were sac’d on LD 10. 

 Parameters and endpoints evaluated:   
-472211:  F0 females: survival, clinical observations, body weight, food 
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consumption, parturition, plasma concentration of GSK716155, and necropsy; 
F1 offspring: survival, gender, external morphology, clinical observations, 
body weight, plasma concentration of GSK716155, necropsy, physical 
development (including vaginal opening in females and balanopreputial skin 
fold separation in males), neurobehavioral function (startle reflex, learning 
and memory, motor activity), and reproductive function; F2 litters: survival, 
gender, external morphology, clinical observations, and body weight. 

-472260:  F0 females: survival, clinical observations, body weight, food 
and water consumption, parturition, serum glucose levels, and necropsy; F1 
offspring: survival, gender, clinical observations and body weight. 

 
Results 
 
Unscheduled deaths:   

excerpted from Sponsor’s study report 

 
 
F0 in-life:   

-472211: 
Survival:  see “Unscheduled deaths,” above. 

Clinical signs: No test item-related effect. 

Pregnancy status: No test item-related effect. 

Gestation length: No test item-related effect. 

Bodyweight:  No test item-related effect on bodyweight during the gestation or 
lactation periods. 

Food consumption:  No test item-related effect at any dose between GD 1 & GD 15; 
however HD♀s had s.s.  FC between GD15 & GD18 (0.8x C) and throughout the 
lactation period (0.85x of C). 

Littering data: No test item-related effect. 
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Methods 
Doses: 0, 1, 5, 50 mg/kg 

Frequency of dosing: Daily 
Dose volume: 2 mL/kg 

Route of administration: SC injection 
Formulation/Vehicle: 10 mM Sodium Phosphate, 2.8% mannitol, 4.2% 

trehalose, and 0.01% polysorbate 80, pH 7.2 
Species/Strain: Mated CD-1 mouse 

Number/Sex/Group: 24 
Satellite groups: none 

Study design: F0♀ were allowed to deliver naturally.  F0♀ 
were dosed daily from Days 7 to 21 pp. 

Deviation from study protocol: Because of the high incidence of unexpected 
morbidity & mortality in the F0♀s the study was 
terminated early, and all surviving F0 ♀s & pups 
were euthanized between Days 17 to 22 pp.  
For the analyses reported below, the F0♀s are 
divided into subset 1 (found dead, euthanized, 
or severe clinical signs requiring veterinary care) 
and subset 2 (survivors). 

 
Observations and Results 
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F0 Dams (subset 1): 3, 8, 11, 10 (C, LD, MD, HD, respectively) 
Survival: 2, 7, 10 & 9 (C, LD, MD, HD, respectively) were found dead 

or sac’d prior to scheduled termination due to adverse 
clinical signs.  Most early decedents died between Days 11 
and 16 pp. 

Clinical signs: Fecal/urine staining, ↓ motor activity, lacrimation, ptosis, cold 
to touch, dehydration, low carriage, hunched posture, 
bradypnea/tachypnea, abnormal feces, ataxia, abdominal 
distention (Sponsor’s text table 1, below). 

Body weight: BW ↓ at HD and ↓ BW gain at MD.  Sudden overnight BW 
loss (up to 24%) just prior to death, early sac or veterinary 
intervention (Sponsor’s text table 2, below). 

Feed consumption: d.d. ↓ Days 7 to 11 pp. 
Uterine content: No effect. 

Necropsy observation: No clear effect of test item.  2/11 MD and 2/10 HD dams had 
intestines distended with firm material. 

Toxicokinetics: Not determined 
Dosing Solution Analysis: Results for all dose formulations met the acceptance criteria 

for concentration (within ±15% of nominal concentration). 
Other: Assessments made for pathogens (viral & bacterial) and/or 

parasites in a subset of animals did not reveal a definitive 
cause for the excessive morbidity/mortality observed in this 
study. 
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F0 Dams (subset 2): 21, 16, 13, 14 (C, LD, MD, HD, respectively) 
Survival: By definition this is the subset of F0♀s that survived to (early) 

study termination. 
Clinical signs: No effect 
Body weight: ↓ BW gain at MD & HD and transient BW loss at HD. 

Feed consumption: ↓ FC at MD & HD.  From Days 7 to 15 pp FC was 0.93x and 
0.74x C in MD & HD groups, respectively 

Uterine content: No effect 
Necropsy observation: No effect 

Toxicokinetics: Plasma levels (µg/mL) measured 6 h after last dose (Day 21).  
Ranges as follows: LD = 0.0303 to 1.03, MD = 9.75 to 20.6, 
HD = 94.4 to 415.  Drug was detected in samples from 2/5 C 
animals.  This appears to reflect post-collection contamination 
as the levels were lower than those seen in LD animals. 

Dosing Solution Analysis Results for all dose formulations met the acceptance criteria 
for concentration (within ±15% of nominal concentration). 

Other:  
 
 
F1 Generation (from subset 2 dams only) 

Survival: No effect 
Clinical signs: No effect 
Body weight: d.d. ↓ in BW beginning PND 10 and persisting to the 

end of the study.  On PND 21 the group mean 
weights were  0.84X, 0.87X and 0.76X the group 
control mean for LD, MD & HD, respectively. 

Feed consumption: Not assessed (study terminated before weaning) 
Physical development: Not assessed (study terminated) 

Neurological assessment: Not assessed (study terminated) 
Reproduction: Not assessed (study terminated) 

Other:  
 
F2 Generation 

Survival: Not assessed (study terminated) 
Body weight: Not assessed (study terminated) 

External evaluation: Not assessed (study terminated) 
Male/Female ratio: Not assessed (study terminated) 
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Study title:  GSK716155: Subcutaneous Postnatal Development Study in 
Mice 

Study no.: 2011N119858  20013659) 
Study report location: eCTD 4.2.3.5.3 

Conducting laboratory and location:  
Date of study initiation: 19-JUL-2011 

GLP compliance: Yes 
QA statement: Yes 

Drug, lot #, and % purity: GSK716155, lot # GAJB05DA,  
> 96.7% pure 

 
Key Study Findings 

 In this study, as compared to study # 2010N104536, above, F0 dams received a 
high energy mouse diet throughout the study and litter sizes were reduced to 8 
pups/dam by culling on Day 4 pp, thereby decreasing metabolic demand during 
lactation and increasing caloric input.  This appeared to mitigate the high death 
rate seen in lactating dams in study # 2010N104536, consistent with Sponsor’s 
hypothesis that the deaths in the earlier study were due to lactational ileus.  
There were nonetheless 1 LD and 1 HD F0 dam that died or was euthanized 
during the lactation period with signs consistent with lactation ileus. 

 The NOAEL for F0 maternal toxicity is considered to be < 1mg/kg/day on the 
basis of mortality at 1 mg/kg/day. 

 The NOAEL for F0 reproductive function is considered to be 50 mg/kg/day. 

 The NOAEL for postnatal development is < 1mg/kg/day on the basis of slightly 
decreased pre-weaning body weight gain at all doses. 

 Anti-drug antibodies were apparent in the majority of the drug-treated animals 
assessed.  However there is no evidence that the ADA interfered with the PK or 
PD of the test article, and it is judged that the ADA do no impede interpretation of 
the study. 
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Methods 
Doses: 0, 1, 5, 50 mg/kg 

Frequency of dosing: Daily 
Dose volume: 2 mL/kg 

Route of administration: SC injection 
Formulation/Vehicle: 10 mM Sodium Phosphate, 2.8% mannitol, 4.4% 

trehalose, and 0.01% polysorbate 80, pH 7.2 
Species/Strain: Mated CD-1 mouse 

Number/Sex/Group: 34 
Satellite groups: none 

Study design: F0♀ were allowed to deliver naturally.  Litters were culled 
to 4/sex/litter on Day 4 pp.  F0♀ were dosed daily from 
Days 7 to 21 pp.  On PND 21, F1 males and F1 females 
(2/sex/litter) were assigned to each dose group and 
assigned to one of two subsets. Subset 1 F1 animals 
were assigned to acoustic startle habituation (PND 60 ± 
2) and reproductive performance. Toxicokinetics were 
evaluated on F0 maternal and F1 pup plasma. 
Immunogenicity was evaluated on main study F0 dams. 
Mated F1 females assigned to Subset 1 were allowed to 
deliver naturally and the dams and F2 litters were 
evaluated until Day 7 pp. Subset 2 F1 animals were 
assigned to acoustic startle habituation (PND 29 ± 2), 
motor activity (PND 60 ± 2), and Morris Watermaze 
evaluations (PND 78 ± 12). 
F0 dams received Pelleted PicoLabTM High Energy 
Mouse Diet in an attempt to limit lactation ileus.  After 
weaning F1 mice received Certified Rodent Diet #5002. 

Deviation from study protocol: None material to the interpretation of the study. 
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Observations and Results 
F0 Dams 

Survival: Test article-related deaths/early terminations at 1 and 50 
mg/kg/day. 
One LD♀ (2844) was found dead on Day 11 pp. Clinical signs of 
soft/liquid/scant feces, mild dehydration, decreased motor activity, 
ptosis, hunched posture and bradypnea were observed. This dam 
had a 16% body weight loss the day before death. Food 
consumption during the dosing period was unremarkable. At 
necropsy, the intestines were distended with gas. All 8 pups from 
this litter appeared normal. 
One HD♀ (2921) was euthanized on Day 8 pp after a 21% body 
weight loss (from Day 7 pp) with clinical signs of mild dehydration 
(based on skin turgor). Food consumption during the lactation 
period was unremarkable. This mouse was euthanized in order to 
perform a necropsy on fresh tissue, obtain clinical endpoints and a 
cecal sample to investigate the cause of sudden body weight loss 
and clinical signs. At necropsy, all tissues appeared normal. 
These deaths/early termination were plausibly test article-related 
based on similar findings in prior postnatal studies with 
GSK716155 [CD2008/01156/01 and 2010N104536_00]. 

Clinical signs: In treated groups up to 2 of 34 dams had signs of soft/liquid feces 
and/or mild dehydration on one or two occasions.  Not seen in 
controls. 

Body weight: During the dosing period there was d.d. ↓ in BW gain with frank 7% 
BW loss following the 1st dose at HD (see Sponsor’s figure 1, 
below). 

Feed consumption: Consistent with BW effects, there was a d.d. ↓ in FC during the 
dosing period (s.s. at HD).  For example, from Day 7 to 14 pp FC 
was ↓ 3%, 10% & 22%(s.s.) at LD, MD & HD, compared to C. 

Uterine content: Natural delivery.  See F1 table. 
Necropsy observation: No test item effect 

Toxicokinetics: Plasma levels (µg/mL) measured 6 h after last dose (Day 21).  
Means (ranges) as follows: LD = 0.053 (0.007 to 0.21), MD = 9.0 
(1.26 to 19), HD = 91 (40.6 to 112).  Drug was undetectable in C 
dam plasma. 

Immunogenicity: ADA were detected in 6/8, 6/8 and 5/8 LD, MD & HD dams 
assessed Day 21 pp.  Titers ranged between 1:22 to 1:3935. 

Dosing Solution 
Analysis 

Results for all dose formulations met the acceptance criteria for 
concentration (within ±15% of nominal concentration). 

Other:  
 

Reference ID: 3347159



NDA/BLA #: 125431  Reviewer: Ronald Wange, Ph.D. 
 

97 

 

Reference ID: 3347159



NDA/BLA #: 125431  Reviewer: Ronald Wange, Ph.D. 
 

98 

F1 Generation 
Survival: No test item-related effect. 

Clinical signs: Pre-weaning: one or more pups had mild to moderate 
dehydration in 0/32 C, 1/32 LD, 1/34 MD & 2/33 HD litters. 
Post-weaning: no test item-related effect. 

Body weight: Pre-weaning: Beginning Day 7 pp (1st day of dam dosing) d.d. ↓ 
in BW gain, such that by PND 21 all dose groups have s.s. lower 
weight than C: ↓3%, 5%, 7% in LD, MD & HD, respectively. 
Post-weaning: No effect on BW gain, although BW differences 
established during the pre-weaning period tend to persist 
(Sponsor’s figures 2 & 3, below). 
Post-coital ♀: no effect on BW gain. 

Feed consumption: Not assessed. 
Physical development: ♂: No effect. 

♀: s.s. delayed vaginal patency at HD (Day 27.2 vs. 25.6 in C) is 
likely a consequence of ↓ pre-weaning BW effects, as BW at 
attainment of vaginal patency was unaffected (21.1 g for both 
HD & C). 

Neurological assessment: Motor activity: no effect. 
Acoustic startle: no effect. 
Morris water maze: no effect. 

Reproduction: Drug-treated ♀s showed an increased tendency towards 
diestrus lasting > 6 days: C=0/24, LD=2/24, MD=1/24, HD=3/24.  
Nonetheless all females became pregnant. 
No other effects on mating or reproductive parameters were 
apparent. 

Toxicokinetics: Plasma levels assessed on PND 10.  Marginally quantifiable 
levels of drug (just above the limit of quantitation of 5 ng/mL) 
were present in some pooled samples at some time points in all 
dose groups and did not show a dose response.  This reviewer 
concludes that transfer of drug to offspring was negligible. 
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F2 Generation 
Survival: The number of pups found dead or presumed cannibalized was 

s.s. ↑ at LD & MD, but not HD.  A corresponding inverse decrease 
in viability index was seen (Sponsor’s Table B17, below).  Lacking 
d.d., this finding was not considered to be drug related. 

Body weight: No effect. 
External evaluation: No effect. 
Male/Female ratio: No effect. 
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effectiveness of drug-related improvement in glucose clearance following OGTT 
conducted through the end of dosing, suggesting the ADAs were non-clearing and non-
neutralizing. 
 
Report RD2005/01135:  The immunogenicity of albiglutide and a murine surrogate 
(mAlb) was assessed in male CD-1 mice administered 0.8 mg/kg SC albiglutide or 
murine surrogate (mAlb) TIW for three 4-week cycles (with a 1 week washout period 
between each cycle).  The murine surrogate differs from albiglutide in the substitution of 
mouse albumin sequence for human albumin sequence; the tandem Gly8 GLP-1 
sequence remains the same.  Both albiglutide and mAlb were equipotent in an in vitro 
bioassay and displayed similar activity levels in single-dose oral glucose tolerance tests 
(OGTT) in mice.  Binding ADA levels were measured only at the end of the study.  
Circulating drug levels were not measured.  The continued pharmacological 
responsiveness of the mice to albiglutide, mAlb and GLP-1 was periodically assessed 
by fasting blood glucose levels and/or OGTT.  All mice (100%) that were given 
albiglutide were positive for anti-albiglutide antibodies.  In contrast, only 7 of 24 (29%) 
mice receiving mAlb were positive for antibodies to mAlb, and anti-mAlb titers were 
generally several orders of magnitude lower than the anti-albiglutide titers (anti-mAlb 
titer range of 340 to 2,719 compared to anti-albiglutide titer range from 9,630 to 
3,698,243).  Mice treated for 15 weeks with mAlb retained effectiveness in improved 
glucose clearance compared to vehicle controls following an OGTT, even in mice that 
developed anti mAlb antibodies. In contrast, after 8 weeks of treatment with albiglutide, 
mice were no longer responsive to albiglutide in the OGTT, presumably due to anti 
albiglutide antibodies.  Mice challenged with GLP-1 after 15 weeks of albiglutide 
treatment still exhibited improved glucose clearance compared to vehicle controls 
(though not statistically significant), suggesting that anti-albiglutide antibodies did not 
significantly cross-react with endogenous GLP-1. 
 

 
 
Report RD2005/00575:  Male SD rats received daily SC injections of albiglutide at 5 or 
50 mg/kg. Plasma concentrations of albiglutide increased until Day 8 then decreased 
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monkey receptor, suggesting that monkeys may be less responsive than humans to 
similar doses. 
 
Secondary pharmacology studies conducted in rats also showed that albiglutide can 
improve the oxidative coupling of glucose metabolism in explanted perfused rat hearts, 
and reduced myocardial infarct size and post-ischemic cardiac left ventricular function 
following myocardial ischemia/reperfusion injury in rats. 
 
Safety pharmacology assessments did not identify any respiratory, cardiovascular or 
neurobehavioral safety signals. 
 
Pharmacokinetics 

As would be expected for a polypeptide of ~73,000 Da, albiglutide has a low volume of 
distribution in both mice and monkeys.  The circulatory half-life was on the order of 8 
hours in mice and 60 hours in monkeys.  Bioavailability following a single SC injection 
was at least 38% in mice and 50% in monkeys.  No meaningful sex-related differences 
in PK parameters were seen in either species.  Accumulation of albiglutide was 
observed after repeated subcutaneous administration in mice and monkeys and was 
generally consistent with the t1/2 and frequency of dosing.  However, in some animals 
(particularly rodents), there was a reduction in the anticipated plasma concentrations 
due to the presence of anti-albiglutide antibodies, which were observed as early as Day 
8 in mice and rats and Day 15 in monkeys.  The presence of a rapid, drug-clearing, anti-
albiglutide immune response largely precluded interpretable studies in rodents of more 
than ~2 weeks.  In monkeys, anti-albiglutide antibodies did not significantly alter the 
pharmacokinetic properties of albiglutide, with the exception of high titer anti-albiglutide 
antibodies that were observed in only a few individual monkeys and only in the 26-week 
study.  Sponsor’s Table 9.1 provides, below, a comparative assessment of systemic 
exposures in mice, monkeys and humans following subcutaneous administration of 
albiglutide. 
 
In accordance with current guidance, tissue distribution studies, drug metabolism 
studies and excretion studies were not conducted with albiglutide, as it is a protein-
based therapeutic.  An assessment of the effect of albiglutide on CYP mRNA levels in 
monkeys treated with albiglutide for 5 weeks found minimal increases in CYP1A2 
message in males and minimal increases in CYP2B17 levels in females. 
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Toxicity 
 
General Toxicity 

An acute subcutaneous and intravenous study in the mouse and repeat subcutaneous 
dose studies for durations of up to 15 days in the mouse and 52 weeks in the monkey 
have been performed.  Unsurprisingly, given the presence of human albumin sequence 
in the fusion protein, Albiglutide has proven to be highly immunogenic in animals.  In 
mice, the anti-drug antibody (ADA) response caused diminished exposure to Albiglutide 
and was associated with type 3 hypersensitivity reactions (immune complex deposition) 
in a some of the mice.  Therefore it was concluded that longer-term (exceeding ~2 
weeks) studies with albiglutide in rodents would likely be uninformative to clinical risk.  
As a consequence of this, some of the DART studies were subdivided into multiple 2-
week exposure periods (see DART section discussion below).  In addition, it was not 
feasible to conduct chronic toxicity or 2-year carcinogenicity studies in rodents.  While 
albiglutide was also immunogenic in monkeys, the ADA response did not appreciably 
alter exposure to active drug in the majority of monkeys, nor did it discernably contribute 
to the toxicity findings of the monkey studies. 
 
Acute toxicity associated with single high doses of albiglutide was assessed in mice at 
doses of 50, 200, 500 and 1000 mg/kg SC and 500 mg/kg IV.  A transient, dose-
dependent body weight drop (max. ↓11-15%) was seen in both sexes at SC doses >200 
mg/kg and the 500 mg/kg IV dose.  Microscopic findings were observed in male 
reproductive tissues: epididymis (vacuolation and cell debris), seminal vesicle 
(vacuolation), and prostate (vacuolation and lymphocyte infiltration) of  male mice at 500 
mg/kg IV and in the epididymis (vacuolation and cell debris) at doses > 500 mg/kg SC.  
The histopathology changes were more pronounced with the IV dose.  The vacuoles 
were characterized as 1 or more small discrete intracytoplasmic vacuoles within the 
epithelium of the affected tissues.  The maximum tolerated dose in this study is 
considered to be >1000 mg/kg SC and >500 mg/kg IV.  Based on the microscopic 
findings in male reproductive tissue, the male NOAEL is 200 mg/kg SC (240X the 
MRHD) and <500 mg/kg IV.  The female NOAEL is 1000 mg/kg SC (1200x the MRHD) 
and 500 mg/kg IV. 
 
For the repeat-dose general toxicity studies, discussion focuses primarily on the 
monkey studies, as the interpretation of the rodent studies is confounded by the ADA 
response discussed above.  In general the results of the monkey toxicology studies are 
consistent with the pharmacology at the GLP-1R: decreased food consumption, emesis, 
dehydration and decreased body weight gain (and occasionally transient frank body 
weight loss).  These effects are most marked following the first few doses and become 
attenuated thereafter.  Transient reductions in blood glucose were also seen following 
the first dose in the 4-week monkey toxicity study.  In the pivotal 52-week toxicity study 
no dose-limiting toxicity was seen at doses up to 50 mg/kg/week (the highest dose 
tested).  There were mild injection site reactions (minimal perivascular mononuclear cell 
infiltrates).  Most notably, albiglutide (and exenatide) caused a dose-related increase in 
pancreas weight; however, there were no histopathologic abnormalities detected in the 
pancreases of albiglutide-treated monkeys.  Stereological examination suggested that 
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all components of the pancreas (islet, duct and acinar) exhibited a more or less 
proportional increase in volume.  Also there was no significant increase in the 
percentage of cells undergoing proliferation in any particular cell population, as 
assessed by Ki67 immunostaining.  It is unknown whether the increase in pancreas 
weight is reversible, as there was no recovery group in the 52 week study, and 
pancreas weight was not determined in any of the shorter duration toxicity studies.  In 
the 52-week monkey study thyroids were scrutinized by a) standard H&E stain, b) 
calcitonin immunohistochemistry and c) quantitative (stereological) analysis of total C 
cell count; there were no albiglutide-related findings in the thyroid.  The NOAEL for the 
52-week monkey study was 50 mg/kg/week (60X the MRHD), the highest dose tested 
[Week 52 mean AUC0-t of 56.1 mg•h/mL (range 40.9 to 68.3 mg•h/mL) and mean Cmax 
of 0.538 mg/mL (range 0.425 to 0.648 mg/mL)]. 
 
Genotoxicity 

No studies to assess the potential genotoxicity of albiglutide have been conducted. 
Albiglutide is not expected to interact directly with DNA or other chromosomal material; 
therefore, the use of standard genotoxicity studies is not considered appropriate. 
 
Carcinogenicity 

No studies to assess the potential carcinogenicity of albiglutide have been conducted. 
Because of the emergence of clearing anti-albiglutide antibodies by 14 days in rodents, 
meaningful 2-year rodent carcinogenicity studies with albiglutide are not feasible.  
Notably, per ICH S6 (R1), the use of species-specific homologues is not recommended 
for use in lifetime bioassays. Other long-acting GLP-1R agonists have been shown to 
cause C-cell neoplasms (adenomas and carcinomas) in rodents.  The clinical 
significance of this activity in rodents is not yet clear.  C-cell hyperplasia was not seen 
with albiglutide following 1-year treatment in monkeys, consistent with negative results 
in monkeys seen with other long-acting GLP-1R agonists.  As noted above, pancreas 
weight was increased following 1-year exposure to albiglutide in monkeys; however this 
was not associated with an appreciable increase in the percentage of proliferating cells 
(assessed by Ki67 immunostaining) nor any other histopathologic abnormality. 
 
Developmental and Reproductive Toxicity 

Male Fertility:  Daily SC injections of albiglutide (5, 15 or 50 mg/kg) for 7 days prior to 
cohabitation with females, and continuing during the cohabitation period, had no effect 
on mating, copulation or fertility indices or the number of days required to mate.  
Embryonic survival was unaffected by paternal exposure to albiglutide.  Albiglutide was 
also without effect on male reproductive organ weight or histology.  The expected dose-
dependent effects of transiently decreased food consumption and decreased body 
weight were observed.  The NOAEL for effects on male mating and fertility was 50 
mg/kg/day (34X clinical exposure based on AUC), the highest dose level evaluated. 
 
Female Fertility:  Daily SC injections of albiglutide (1, 5 or 50 mg/kg) for 7 days prior to 
cohabitation with males, and continuing during the cohabitation period (but not following 
conception), had no s.s. effect on any measured parameter relating to mating and 
fertility.  The mean estrus cycle length was n.s.s. increased at 50 mg/kg/day (39X 
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clinical exposure based on AUC): 5.7 days vs. 4.8 days for C, resulting in a n.s.s. 
decrease in the mean number of estrus periods during the 7-day dosing period (0.9 
estrus per week vs 1.3 in C).  These differences appear to stem from an increase in the 
number of ♀s with prolonged diestrus (≥5 consecutive days ): 9/25 HD♀s vs. 1/25 C♀s.  
Intrauterine growth and survival were unaffected by test article administration at all dose 
levels.  There were no test article-related external malformations, and no external 
developmental variations in any fetuses.  50 mg/kg/day albiglutide caused transiently 
decreased food consumption and body weight loss in the treated dams.  The NOAEL for 
female reproductive toxicity was 5 mg/kg/day (2X clinical exposure based on AUC) on 
the basis of the effects on the estrus cycle at higher doses. 
 
Early embryonic development to implantation:  The objective of this study was to 
determine the potential of albiglutide to induce developmental toxicity when 
administered during the pre-implantation period by SC injection to female CD-1 mice at 
doses of 1, 5 or 50 mg/kg/day once daily on Days 0 to 6 post-conception (PC).  Notably 
this was not assessed in the female fertility study, because of concerns regarding the 
appearance of clearing ADA with prolonged exposure.  At 50 mg/kg/day albiglutide 
caused transiently decreased food consumption and body weight loss; however, there 
were no remarkable effects on early embryonic development or implantation 
parameters.  The NOAEL for early embryonic development to implantation was 
considered to be 50 mg/kg/day (39X clinical exposure based on AUC), the highest dose 
tested. 
 
Embryofetal development:  Female CD-1 mice received daily SC injections of 
albiglutide (1, 5 or 50 mg/kg) from Days 6 to 15 PC.  HD dams had decreased food 
consumption and transient body weight loss.  There was also evidence of embryo/fetal 
lethality at the HD, with a 16.2% per litter postimplantation loss, compared to 3.8% per 
litter in the control group.  The HD was also associated with a s.s. higher mean litter 
proportion of the skeletal developmental variation bent (wavy) ribs (8.0% per litter, 
compared to 0.0% per litter in C).  There were no test article-related effects on 
intrauterine growth or survival at 1 and 5 mg/kg/day.  Based on these findings, the 
NOAEL for embryofetal development is considered to be 5 mg/kg/day (2X clinical 
exposure based on AUC). 
 
Pre-natal and Post-natal Development 

In order to minimize the impact of the clearing ADA response, this assessment was 
subdivided into three separate sub-studies, each with no more than 15 days of dosing: 
Part 1, Day 6 to Day 17 PC; Part 2, Day 15 PC to Day 10 post-partum (PP); Part 3, Day 
7 to Day 21 PP. 
 
Part 1: Female CD-1 mice received daily SC doses of albiglutide (1, 5 or 50 mg/kg) from 
Day 6 to Day 17 PC.  F0 toxicity (including ↓ body weight and ↓ food consumption 
during gestation, and abdominal distention, dehydration and pale ears during lactation) 
was seen at 50 mg/kg/day.  3 HD F0 litters had pups that experienced one or more days 
of dehydration.  2 HD F0 litters had pups that were cold to the touch and/or thin body 
condition.  The HD F1 generation (♂&♀) had ↓ BW during the preweaning period.  F1 
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HD♂s were slightly s.s. delayed for preputial separation (PND 31.3 vs. PND 29.6 in C), 
possibly related to their persistently lower BW.  There were no effects on F1 
neurobehavioral development, reproductive function or F2 morphology or viability.   
Fetal albiglutide concentrations, assessed on Day 17 PC, were ~200 to 1000-fold lower 
than those detected in the dams.  The NOAEL for maternal toxicity, F0 reproductive 
function and pre-/post-natal development is considered to be 5 mg/kg/day (2X clinical 
exposure based on AUC). 
 
Part 2: Female CD-1 mice received daily SC doses of albiglutide (1, 5 or 50 mg/kg) from 
Day 15 PC to Day 10 PP.  F0 toxicity (including ↓ body weight and ↓ food consumption 
during gestation, and abdominal distention, dehydration and pale ears during lactation) 
was seen at 50 mg/kg/day.  There were also unexplained deaths in all F0 albiglutide 
treatment groups during the lactation period (0, 2, 5, and 2 deaths in the C, LD, MD & 
HD groups, respectively.  These deaths are likely due to lactational ileus, as discussed 
in Part 3, below.  F1 pups had ↓ body weight (all doses) at birth and reduced weight 
gain during lactation.  There was rebound weight gain post-weaning.  ♂ F1 pups had a 
dose-related, n.s.s. trend towards minimally delayed balanopreputial separation (BPS): 
PND 29.1, 30.7, 30.9 and 31.0 (C, LD, MD, HD).  This may reflect generally lower body 
weights.  Notably all BPS values were within the range of historical control values.  F1 
pups had a decrease in the force of the response to an auditory startle.  Given that the 
startle response is measured as the force generated by the animal in response to the 
startle stimulus, and the magnitude of the force that can be generated is proportional to 
the mass of the animal, these relatively small effects may be secondary to the 
decreased bodyweights noted above.  Drug treatment of the F0 dams had no effect on 
the reproductive success of the F1 adults, although there was a s.s. 25% ↓ in the 
number of estrus cycles at HD.  There was a dose-related ↓ in the # of implantation 
sites (14.2, 13.6, 12.4 & 11.7 at C, LD, MD & HD, respectively); however the differences 
were n.s.s. and all values were within the historical control range.  Nonetheless, this 
appeared to contribute to a dose-related ↓ in live litter size for the F2 generation (13.4, 
12.7, 11.9 & 10.3 at C, LD, MD & HD, respectively).  The value for HD was s.s. different 
from C and outside of historical control range. The NOAEL for pre-/post-natal 
development is considered to be < 1.0 mg/kg/day (0.6X clinical exposure based on 
AUC) on the basis of reduced bodyweight at all doses in the F1 generation. 
 
Part 3: Female CD-1 mice received daily subcutaneous injections of albiglutide (1, 5, or 
50 mg/kg) beginning on Day 7 up to Day 21 PP.  This study was terminated early due to 
excessive deaths and poor health of a high percentage of the dams during the lactation 
phase of the study.  The incidence of affected F0 females was 3, 8, 11 and 10 F0 mice 
in the control, 1, 5 and 50 mg/kg/day dose groups, respectively.  Clinical signs seen 
shortly before death or unscheduled euthanasia were similar in treated, control and 
unassigned extra mice and generally included decreased motor activity, ptosis, cold to 
touch, dehydration, hunched posture, low carriage, ataxia and/or abnormal fecal output. 
Sudden weight loss (up to 24%) was observed prior to death/unscheduled euthanasia in 
the majority of these mice. Macroscopic observations at necropsy included gaseous 
distension of the intestines, stomach and/or abdominal cavity and dark red/black small 
intestines. Microscopic observation of the dark red small intestines included multifocal, 
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moderate congestion, however no necrosis or inflammation was observed. An extensive 
analysis of blood and fecal samples failed to identify a plausible causative 
(micro)organism (virus, bacteria, parasite) for the excessive mortality; however some 
samples were positive for Clostridium perfringens.  Sponsor hypothesizes that the 
deaths were due to lactational ileus (paresis of peristalsis), which albiglutide treatment 
may have exacerbated.  No NOAEL for maternal toxicity was established in this study, 
since there were increased deaths at all doses. 
 
Part 3 (repeat): As before, female CD-1 mice received daily subcutaneous injections of 
albiglutide (1, 5, or 50 mg/kg) beginning on Day 7 up to Day 21 PP.  Operating under 
the hypothesis that the excessive deaths in lactating dams seen in the first study were 
due to lactational ileus, this study was repeated under conditions intended to improve 
the metabolic reserve of the dams during the lactation period.  The primary changes 
were 1) the substitution of a high energy diet formulation in place of the standard rodent 
chow used in the first study and 2) culling of the litter size to 8 pups (equal numbers of 
♂ & ♀ when possible) on Day 4 PP to reduce metabolic demand during lactation.  This 
appeared to mitigate the high death rate seen in lactating dams in the previous study, 
consistent with Sponsor’s hypothesis that the deaths in the earlier study were due to 
lactational ileus.  There were nonetheless 1 LD and 1 HD F0 dam that died or was 
euthanized during the lactation period with signs consistent with lactation ileus.  
Additional signs of maternal toxicity, specifically a 7% BW loss following the first dose, 
were seen at HD.  In the F1 pups, beginning Day 7 pp (1st day of dam dosing) d.d. ↓ in 
BW gain, such that by PND 21 all dose groups have s.s. lower weight than C: ↓3%, 5%, 
7% in LD, MD & HD, respectively.  During the post-weaning period there was no 
additional effect on BW gain; however, BW differences established during the pre-
weaning period generally persisted. There were no effects on sexual maturation in ♂s, 
however ♀s had slight delays consistent with their lower bodyweight.  The NOAEL for 
F0 maternal toxicity is considered to be < 1mg/kg/day on the basis of mortality at 1 
mg/kg/day (0.6X clinical exposure based on AUC).  The NOAEL for F0 reproductive 
function is considered to be 50 mg/kg/day (39X clinical exposure based on AUC), the 
highest dose tested.  The NOAEL for postnatal development is < 1mg/kg/day (0.6X 
clinical exposure based on AUC) on the basis of slightly decreased pre-weaning body 
weight gain at all doses. 
 
DART Summary:  Albiglutide was without effect on male fertility at any tested dose up 
to 50 mg/kg/day (34X clinical exposure based on AUC).  While Albiglutide appeared to 
slightly decrease the number of estrus cycles in females at 50 mg/kg/day (39X clinical 
exposure based on AUC), it had no effect on female fertility.  Albiglutide treatment 
during organogenesis was not associated with malformations; however, it did cause an 
increase in the incidence of the skeletal developmental variation bent (wavy) ribs at 50 
mg/kg/day (39X clinical exposure based on AUC).  This same dose was associated with 
maternal toxicity (body weight loss) and embryo/fetal lethality due to postimplantation 
loss.  The NOAEL for embryo/fetal toxicity was 5 mg/kg/day (2X clinical exposure based 
on AUC).  Post-natal effects of Albiglutide treatment on the F1 mice depended 
somewhat on the window of treatment of the F0 dams (GD6 to GD17 vs. GD15 to LD10 
vs. LD7 to LD21).  For all treatment windows, maternal treatment with Albiglutide at 50 
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mg/kg/day was associated with reduced maternal food consumption and body weight 
gain during the gestation and/or lactation periods and reduced F1 body weight gain 
during the lactation period.  There was typically rebound weight gain in the F1 animals 
post-weaning.  Slight delays in sexual maturation in both sexes of F1 pups whose dams 
were treated with 50 mg/kg/day albiglutide are likely a consequence of lower F1 body 
weights.  Likewise for reductions in the maximum force generated in response to an 
auditory startle stimulus.  There was no effect of F0 treatment on the reproductive 
success of the F1 generation; however, when F0 dams were treated with 50 mg/kg/day 
albiglutide from GD15 to LD10, there was s.s. reduction in the mean number of live F2 
pups born/litter. 
 
Notably, albiglutide treatment of lactating mice was associated with an unusually high 
incidence of maternal death.  This effect did not however exhibit clear dose-
dependency, and occurred at doses that were not associated with lethality in non-
lactating mice.  While no cause of death could be definitively established, Sponsor 
posited that, since the deaths are only occurring during lactation, they may be due to 
lactational ileus (paresis of peristalsis), a condition to which mice are known to be 
uniquely susceptible4.  The known effect of GLP-1R agonism to decrease food 
consumption and slow GI transit time also provides a plausible explanation for why 
albiglutide could cause/exacerbate this condition.  Reduction in metabolic demand 
duration lactation by culling litter size and increasing the caloric content of the feed 
largely ameliorated the adverse effect of albiglutide on survival of lactating mice, 
consistent with lactational ileus as the cause of the earlier deaths.  The propensity of 
albiglutide to cause/exacerbate lactational ileus in mice is not considered to be clinically 
relevant, since the relative stress of lactation energy demands is much lower in humans 
and humans have relatively large energy reserves, compared to mice. 
 
Approval Issues Arising from the Nonclinical Program 

None. 
 
There are however two class-related issues that bear further discussion vis-à-vis 
approval of albiglutide.  The first of these is the potential issue of the role of GLP-1R 
agonists in promoting thyroid C-cell neoplasia, and the second is the role of GLP-1R 
agonists in promoting pancreatitis. 
 
As discussed above in Section 8 (Carcinogenicity), other long-acting GLP-1R agonists 
have been clearly associated with hyperplastic/neoplastic changes in thyroid C-cells in 
rodents.  The mechanism by which this effect is elicited, and its clinical relevance, have 
not been established.  It has been proposed by some that this is a rodent-specific 
finding based on species differences in the density of expression of the GLP-1R on 
thyroid C-cells.  While rodent specificity has not been definitively established, no 
hyperplastic/neoplastic changes have been observed in thyroid C-cells in non-rodents, 
and there is no clear signal for increased C-cell cancer risk in humans exposed to long-

                                            
4 Kunstyr I. Paresis of peristalsis and ileus lead to death in lactating mice. Laboratory 
Animals, 1986;20:32-5. 
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acting GLP-1R agonists.  Unfortunately, because albiglutide induces a rapid, clearing 
immune response in rodents, it was not feasible to conduct typical 2-year rodent 
carcinogenicity assays with this compound.  Furthermore, current guidance discourages 
the use of rodent-specific homologous proteins in lifetime bioassays.  In lieu of such 
rodent studies, Sponsor conducted a 1-year study in monkeys in which the thyroid was 
subjected to intensive examination involving the enumeration of C-cells throughout the 
tissue by stereology.  This study did not find any evidence of abnormal C-cell 
proliferation, consistent with the absence of C-cell effects seen in non-rodents with other 
long-acting GLP-1R agonists.  However, these monkey data do not negate the C-cell 
proliferative effects identified in rodent carcinogenicity studies with other GLP-1R 
agonists, and it is judged that albiglutide likely carries the same degree of risk regarding 
C-cell hyperplasia as other approved long-acting GLP-1R agonists, and that it should 
carry comparable warnings and precautions as these other agents. 
 
A possible signal for an increased incidence of pancreatitis has been reported 
postmarketing for incretin-based treatments.  This category includes direct GLP-1R 
agonists, as well as DPP-IV inhibitors.  There has been no signal suggesting an 
increased risk of pancreatitis in the nonclinical program with albiglutide (nor any other 
GLP-1R agonist).  There was a signal in the 1-year monkey study for moderately 
increased pancreas weight in those animals treated with 50 mg/kg/week of albiglutide 
(75X clinical exposure based on AUC).  Sponsor conducted a stereological examination 
of the entire pancreas from these animals (compared to control animals), enumerating 
the number of islet cells, ductal cells and acinar cells, as well as qualitatively assessing 
proliferative changes to these cell populations.  The data are most consistent with a 
proportional increase in all cellular components of the pancreas, and do not support 
hyperplastic expansion of any specific cell population.  In particular, there is no 
evidence of ductal cell or islet cell hyperplasia.  Furthermore there were no 
abnormalities noted in the pancreases of these animals by standard histopathologic 
examination. 
 
Also of note is a potential nonclinical signal identified with other long-acting GLP-1R 
agonists that suggests the possibility of advanced entry into puberty in male non-human 
primates.  A meta-analysis conducted across multiple long-acting GLP-1R agonists has 
identified a signal suggesting an increase in testes size in peri-/pre-pubertal male 
monkeys.  As there are data in the literature supporting a role for GLP-1R activity in the 
release of gonadotropin releasing hormone (GnRH) from the hypothalamus, it has been 
hypothesized that treatment with long-acting GLP-1R agonists may cause earlier entry 
into puberty.  Consistent with this, female mice engineered to be defective for GLP-1R 
expression show delayed sexual maturation, and GLP-1R-deficient males have reduced 
weight of gonadal tissues.  The regulatory response to these data has been to require 
Sponsor’s that are developing long-acting GLP-1R agonists to conduct juvenile toxicity 
studies with an emphasis on measuring effects on sexual maturation, prior to exposure 
of pediatric subjects.  GSK intends to conduct such a study to support proposed 
pediatric studies in children aged 10 to 18 years diagnosed with T2DM.  Notably the 
nonclinical data reviewed herein do not show a detectable effect of albiglutide on the 
timing of entry into puberty in non-human primates.  In particular, there is no clear signal 
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indicating increased testes size in the pre-/peri-pubertal male monkeys exposed to 
albiglutide.  There are however technical limitations to the studies that were conducted.  
In particular, it is notable that most of the male monkeys in the 52-week study were 
greater than 5 years old at time of assessment of testes weight, an age at which > 98% 
of male cynomolgus monkeys are expected to be fully sexually mature.  The 26-week 
study is confounded by the presence of clearing ADA in some treated males.  It is also 
notable in this context that rodent pre-/post-natal studies found a slight delay in sexual 
maturation, rather than early sexual maturation in the F1 offspring of treated dams.  This 
latter finding is considered to be a product of the retarded body weight development 
observed in the F1 pups, since body weight is a strong independent variable in the 
timing of sexual maturation. 
 
 

12 Appendix/Attachments 
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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?   

x  

 

 
2 

 
Is the pharmacology/toxicology section 
indexed and paginated in a manner allowing 
substantive review to begin?  

x 
  

 
 

 
3 

 
Is the pharmacology/toxicology section 
legible so that substantive review can 
begin?  

x 
 

 
 

 
 

 
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)? 

x 
 

 
 

 
 

 
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). 

x 
 

 
 

 
 

 
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? 

x 
 

 
 

 
 

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? 

x 
 

 
 

 
 

8 Has the applicant submitted all special 
studies/data requested by the Division 
during pre-submission discussions? 

x  
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Content Parameter 

 
Yes

 
No

 
Comment 

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? 

x  

 
 
 

10 Have any impurity – etc. issues been 
addressed?    (New toxicity studies may not 
be needed.) 

x  

 
 
 

11 Has the applicant addressed any abuse 
potential issues in the submission? x  

 
 
 

12 If this NDA/BLA is to support a Rx to OTC 
switch, have all relevant studies been 
submitted? 

  

 
Not applicable. 
 

 
IS THE PHARMACOLOGY/TOXICOLOGY SECTION OF THE APPLICATION 
FILEABLE? __Yes______ 
 
If the NDA/BLA is not fileable from the pharmacology/toxicology perspective, state the reasons 
and provide comments to be sent to the Applicant. 
 
 
 
 
 
 
 
 
 
Please identify and list any potential review issues to be forwarded to the Applicant for the 74-
day letter. 
 
None. 
 
 
 
 
Reviewing Pharmacologist      Date 
 
 
Team Leader/Supervisor      Date 
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