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Sponsor:  Novo Nordisk

Indication: Adjunct to diet and exercise to improve glycemic control in adults with 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 semaglutide for the indication 
listed above.

The established pharmacologic class for semaglutide is glucagon-like peptide-1 (GLP-1) 
receptor agonist. Exenatide (Byetta and Bydureon), dulaglutide (Trulicity), albiglutide 
(Tanzeum), lixisenatide (Adlyxin) and liraglutide (Victoza) are previously approved 
GLP-1 agonists in the US.

Semaglutide is a novel GLP-1 analogue that is engineered to have a low clearance and 
long elimination half-life, achieved by albumin binding that is facilitated by a fatty di-
acid attached to the peptide backbone. The peptide backbone has also been modified to 
reduce degradation by the DPP-4 enzyme. The maximum recommended clinical dose is a 
1 mg once weekly subcutaneous injection.

An appropriate nonclinical program was conducted by the sponsor to support approval of 
semaglutide. Semaglutide elicited expected pharmacological responses in rats, diabetic 
mice, and minipigs. The primary nonclinical toxicity studies were conducted in mice, rats 
and monkeys; dosing was limited by pharmacologically mediated reductions in food 
intake and body weight. Primary findings included liver necrosis, focal C-cell 
hyperplasia, C-cell nests, and dilated ultimobranchial ducts in mice and ECG 
abnormalities and myocardial vacuolation and degeneration. These findings were 
observed at doses associated with exposures that were 17- to 27-times the anticipated 
clinical exposure.

A standard battery of genetic toxicity studies was conducted and produced no evidence of 
genotoxic potential. Carcinogenicity studies in mice and rats demonstrated a risk for 
tumorigenesis, similar to other GLP-1 agonists, at exposures that were 2-fold (mice) and 
0.4-fold (rats) or greater than the anticipated clinical AUC. The findings included thyroid 
C-cell adenomas and carcinomas. The totality of the available data indicates that rodents 
are more sensitive to the C-cell proliferative effects than nonrodents and presumably 
humans. Although the human relevance of GLP-1 receptor agonist-induced C-cell 
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tumorigenesis in rodents is unknown, human relevance to drug-induced C-cell tumors 
cannot be discounted and, therefore, a boxed warning and appropriate epidemiological 
monitoring continue to be warranted for GLP-1 agonists.

Reproductive and developmental toxicity studies were conducted in rats, rabbits and 
monkeys. Key findings included reduced growth in rats and monkeys, fetuses with 
visceral and/or skeletal abnormalities at clinically relevant exposures in all species, and 
early pregnancy losses in rabbits and monkeys. The identified developmental findings 
generally occurred in the presence of significant maternal toxicity so the direct 
relationship to drug administration is not clear. Given that they occurred at clinically 
relevant exposures, I agree that they merit discussion in the product label.

Conclusion:
I agree with the division pharmacology/toxicology conclusion that semaglutide 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.

Reference ID: 4189095



---------------------------------------------------------------------------------------------------------
This is a representation of an electronic record that was signed
electronically and this page is the manifestation of the electronic
signature.
---------------------------------------------------------------------------------------------------------
/s/
----------------------------------------------------

TIMOTHY J MCGOVERN
12/01/2017

Reference ID: 4189095



1

DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE

FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH

PHARMACOLOGY/TOXICOLOGY NDA/BLA REVIEW AND EVALUATION

Application number: NDA 209637

Supporting document/s: SDN 1

Applicant’s letter date: 12/05/2016

CDER stamp date: 12/05/2016

Product: Semaglutide

Indication: Type 2 Diabetes Mellitus

Applicant: Novo Nordisk

Review Division: DMEP

Reviewer: Federica Basso, Ph.D

Supervisor/Team Leader: Ron Wange, Ph.D

Division Director: Jean-Marc Guettier, MD

Project Manager: Peter Franks

Template Version: September 1, 2010

Disclaimer

Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 209637 are owned by Novo Nordisk or are data for 
which Novo Nordisk has obtained a written right of reference.
Any information or data necessary for approval of NDA 209637 that Novo Nordisk does 
not own or have a written right to reference constitutes one of the following: (1) 
published literature, or (2) a prior FDA finding of safety or effectiveness for a listed drug, 
as reflected in the drug’s approved labeling.  Any data or information described or 
referenced below from reviews or publicly available summaries of a previously approved 
application is for descriptive purposes only and is not relied upon for approval of NDA 
209637.
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1 Executive Summary

1.1 Introduction
Semaglutide is a novel glucagon-like peptide-1 (GLP-1) analogue for once-weekly 
subcutaneous administration in patients with type 2 diabetes. Semaglutide has been 
engineered to have a low clearance and thereby a long elimination half-life, which 
makes the compound suitable for once-weekly administration. The extended half-life is 
achieved by albumin binding facilitated by a fatty di-acid attached to the peptide 
backbone through a hydrophilic linker at lysine in position 26. In addition, the peptide 
backbone has been modified in position 8 (alanine to 2-aminoisobutyric acid) in order to 
reduce degradation by the DPP-4 enzyme.

1.2 Brief Discussion of Nonclinical Findings
In vitro and in vivo pharmacology studies have demonstrated that semaglutide potently 
activates the human GLP-1 receptor. Dose-related increase in glucose-dependent 
insulin secretion, and decrease in glucose levels were observed in rats, diabetic mice, 
and minipigs.

The toxicity profile of semaglutide was evaluated in mice, rats, and monkeys for up to 3, 
6 and 12 month duration, respectively. In all species dose levels were limited by 
pharmacologically mediated reductions in  food intake and body weight. A dose-
escalation approach was utilized in the pivotal toxicology studies to minimize the initial 
treatment-related effects on body weight. 
Mild focal C-cell hyperplasia, C-cell nests, and dilated ultimobranchial ducts were 
observed after 3-month of dosing in mice starting at 17X the clinical exposure. Liver 
necrosis and centrilobular hypertrophy were observed at higher doses, mostly in males 
(175X MRHD). Minimal to moderate Brunner’s gland hypertrophy was noted in nearly all 
treated rats at the clinical exposure. This finding was reversible and was not considered 
adverse, given the absence of associated inflammatory or degenerative changes. In 
monkey, there were no definitive signs of toxicity other than the expected effects on 
body weight and food consumption. ECG abnormalities (a bigeminal rhythm with two 
episodes of sinus tachycardia in Week 13 and a continuous left bundle branch block-like 
recording that persisted from Week 26 to Week 52) and slight multifocal myocardial 
vacuolation and degeneration, with karyomegaly, in the left ventricle were observed in 
one high-dose female and male, respectively (27X MRHD). A relationship to treatment 
could not be excluded; NOAEL for cardiac effects was established at 5-fold the clinical 
exposure. No adverse microscopic lesions were observed in the monkey thyroid at 
doses up to 27X MRHD.

In two-year carcinogenicity studies in mice and rats, a statistically significant increase in 
the incidence of C-cell adenoma and combined C-cell adenoma and carcinomas was 
observed in both species. These tumors occurred at the clinical exposure in rats and at 
2X and 5X the clinical exposure in female and male mice, respectively. C-cell 
carcinomas were statistically significantly increased in male rats at ≥0.025 mg/kg/day 
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(0.7X the clinical exposure). A numerical increase in C-cell carcinoma was noted in 
mice (n=2, 2, 2 in LD, MD and HD male mice; n=1, 2, 2 in LD, MD and HD female 
mice). C-cell tumors are known class effects of GLP-1R agonists and have been 
reported in two-year rodent studies with other long acting GLP-1R agonists. The human 
relevance of these tumors is unknown.  

A standard development and reproductive toxicology program was conducted in rats, 
rabbits, and monkeys. In combined fertility and embryonic development studies in rats, 
no effects were observed on male fertility. In females, an increase in estrus cycle length 
was observed at all doses, together with a small reduction in the number of corpora 
lutea. Both findings occurred at the clinical exposure, but were likely an adaptive 
response secondary to the pharmacological effect of semaglutide on food consumption 
and body weight. Decrease in maternal body weight gain, embryofetal mortality, growth 
retardation, skeletal (scapula, long bones, ribs, digits, vertebrae and cranial bones) and 
visceral (cardiac blood vessels) malformations were observed in rats at approximately 
the clinical exposure. Mechanistic studies showed that semaglutide caused 
embryotoxicity in rats through a GLP-1 receptor-mediated impaired function of the 
inverted yolk sac. However, involvement of additional mechanisms leading to 
embryotoxicity in rats cannot be completely excluded.

In embryofetal development studies, marked maternal body weight loss and/or 
decrease in body weight gain were observed in rabbits and monkeys at the clinical 
exposure. Increased post-implantation loss, skeletal malformations in the sternebra and 
digits, and visceral malformations in the kidney and liver were observed in rabbits at the 
clinical exposure. A direct drug-related effect on fetal development cannot be ruled out. 
Sporadic malformations were noted in monkeys at >5X clinical exposure (shifts in the 
alignment of the vertebrae, ribs and sternebra at the cervico-thoracic border and blood 
accumulation under the skull causing misshapen right brain hemisphere), but were 
considered secondary to the effect on maternal body weight. No treatment related 
embryotoxic effects were noted in monkeys at the clinical exposure.

In a pre- and post-natal development study in monkeys, early pregnancy losses 
observed at 3X the clinical exposure were most likely related to maternal weight loss 
during the first trimester. There were no treatment related external abnormalities or 
histopathological findings in the offspring at doses up to 7X the clinical exposure. 

Administration of semaglutide to juvenile SD rats for 11 weeks, from postnatal day 21 to 
97, caused reduction in food consumption, body weight gain, and delayed sexual 
maturation at the clinical exposure. There were no consequential effects upon fertility or 
reproductive performance at doses up to 2X the clinical exposure.

1.3 Recommendations

1.3.1 Approvability
On the basis of the nonclinical data reviewed in this marketing application, semaglutide 
is recommended for approval.
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mg/week, based on AUC) was administered to the males, and 0.1, 0.3 and 1 mg/kg/day 
(2-, 5-, and 17-fold MRHD) was administered to the females. A statistically significant 
increase in thyroid C-cell adenomas and a numerical increase in C-cell carcinomas 
were observed in males and females at all dose levels (>2X human exposure).

In a 2-year carcinogenicity study in Sprague Dawley rats, subcutaneous doses of 
0.0025, 0.01, 0.025 and 0.1 mg/kg/day were administered (below quantification, 0.4-, 1-, 
and 6-fold the exposure at the MRHD). A statistically significant increase in thyroid C-
cell adenomas was observed in males and females at all dose levels, and a statistically 
significant increase in thyroid C-cell carcinomas was observed in males at ≥0.01 
mg/kg/day.

Human relevance of thyroid C-cell tumors in rats is unknown and could not be 
determined by clinical studies or nonclinical studies [see Boxed Warning and Warnings 
and Precautions (5.1)].

Semaglutide was not mutagenic or clastogenic in a standard battery of genotoxicity 
tests (bacterial mutagenicity (Ames), human lymphocyte chromosome aberration, rat 
bone marrow micronucleus).

In a combined fertility and embryo-fetal development study in rats, subcutaneous doses 
of 0.01, 0.03 and 0.09 mg/kg/day (0.1-, 0.4-, and 1.1-fold the MRHD) were administered 
to male and female rats. Males were dosed for 4 weeks prior to mating, and females 
were dosed for 2 weeks prior to mating and throughout organogenesis until Gestation 
Day 17. No effects were observed on male fertility. In females, an increase in estrus 
cycle length was observed at all dose levels, together with a small reduction in numbers 
of corpora lutea at ≥0.03 mg/kg/day (at clinically relevant exposures). These effects 
were likely an adaptive response secondary to the pharmacological effect of 
semaglutide on food consumption and body weight. 

2 Drug Information

2.1 Drug
CAS Registry Number: RN910463-68-2

Generic Name: Ozempic

Code Name: Semaglutide, NNC0113-0217

Chemical Name: Nε26 [(S)-(22,40-dicarboxy-10,19,24-trioxo-3,6,12,15-tetraoxa-
9,18,23-triazatetracontan-1-oyl)] [Aib8, Arg34]GLP-1-(7-37) peptide.

Molecular Formula/Molecular Weight: C187 H291 N45 O59 / 4113.6 Da.
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Structure or Biochemical Description

Pharmacologic Class: Long acting glucagon-like peptide-1 (GLP-1) receptor agonist

2.2 Relevant INDs, NDAs, BLAs and DMFs
NDA 022200 - Exenatide, Astra Zeneca, once weekly formulation
BLA 125469 - Dulaglutide, Eli Lilly, once weekly formulation
BLA 125431 - Albiglutide, GlaxoSmithKline, once weekly formulation
NDA 208471 - Lixisenatide, Sanofi Aventis, once daily formulation
NDA 22341 - Liraglutide, Novo Nordisk, once daily formulation

2.3 Drug Formulation
Semaglutide 1.34 mg/ml solution for injection is a clear and colorless solution filled in a 
1.5 ml cartridge, assembled in a PDS290 pen-injector. The drug product contains 
disodium phosphate dihydrate, propylene glycol, phenol and water. HCl and NaOH are 
used as needed to adjust pH to7.4
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2.7 Regulatory Background
The following is limited primarily to the nonclinical development.

The semaglutide pre-IND was opened in October 2007 with the submission of mouse 
and rat carcinogenicity study protocols for special protocol assessment by the ECAC 
(Executive Carcinogenicity Assessment Committee). The IND was opened in 
September 2008. In February 2012 the applicant requested a Type C meeting to 
discuss the adequacy of the carcinogenicity data and to seek the Division’s concurrence 
on the no need of further mechanistic studies to assess risk of human medullary thyroid 
cancer. The Division responded that there was insufficient data to conclude that 
humans are not at risk for GLP-1 receptor agonist-induced thyroid C-cell tumors.  
In March 2013, the applicant also sought FDA concurrence about the human relevance 
of the rat embryotoxicity findings. The Division acknowledged that the mechanistic data 
suggest a role for an effect on the visceral yolk sac; however, the data did not eliminate 
the possible involvement of other mechanisms and did not necessarily imply species 
(rat) specificity or a lack of human relevance. The Division suggested that evaluation of 
GLP-1 receptor expression in the monkey yolk sac/ chorioallantoic placenta might be of 
value in further assessing a rodent-primate difference in histiotrophic modulation mode 
of action for this drug.

3 Studies Submitted

3.1 Studies Reviewed 
Primary Pharmacodynamics Route Study #
Cloned human receptor activation In vitro Alal15468-086
Rat pancreas/insulin secretion In vitro JStu050701
Rat/potency SC JStu051101
Diabetic mouse/potency SC DXG050301-0113
Diabetic mouse/glucose SC MmLa070620
Obese rats/body weight SC KiRa080803
Mouse/rat/brain access SC JHES151201
Obese mouse/appetite SC JCFJ151203
Pig/insulin SC BidR050301
Pig/food intake SC MmLa050901

Secondary Pharmacodynamics Route Study #
Glucagon receptor selectivity In vitro LEri16090-035
Broad Receptor Profile In vitro 211228
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Safety Pharmacology Route Study #
Irwin’s test in the rat (CNS) SC 206443
Pulmonary function in the rat SC 206518
hERG ion channel patch clamp Perfusion 206446
Rabbit Purkinje fibre* Perfusion 206445
Cardiovascular function in primates SC 206442
Renal function in the rat* SC 206444

Distribution Route Study #
In vitro protein binding In vitro 208380/213228
QWBA in the Wistar rat SC and IV 206132
Tissue distribution and placenta transfer in 
the Wistar rat SC 207267

QWBA in Lister Hooded pigmented rats SC 210172
Excretion into milk in SD rat SC 213315
Distribution in rat embryo 210018

Metabolism Species Route Study #
[3H]Tyr-semaglutide: Metabolism in
hepatocytes

Rat, monkey, 
human

In 
vitro

206642

[3H]Oct-semaglutide: Metabolism in
hepatocytes

Rat, monkey, 
human

In 
vitro

214064

[3H]Oct-semaglutide: Metabolite profiling
of plasma Mouse CD1 SC 210299/210171

3H-Tyr-semaglutide: Metabolite profiling
of plasma Wistar rat SC 207044

[3H]Oct-semaglutide: Metabolite profiling
of plasma Wistar rat SC 207347

[3H]Oct-semaglutide: Metabolite profiling
of urine, feces and bile Wistar rat SC 208008

[3H]Oct-semaglutide: Metabolite profiling
of plasma after repeated dosing SD rat SC 213526

[3H]Oct-semaglutide: Metabolite profiling
of plasma, urine and feces Cyno monkey SC 209041

Excretion Species Route Study #
Normal and bile cannulated rat Wistar SC 207265
Monkey Cyno SC 208349
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General toxicity Route Study #
CD1 Mouse, 13 weeks SC 20663
SD rat, 4 wk comparative study (aged vs. fresh DP) SC 209159
SD rat, 13 wk comparative study (  

 DP) SC 210195

SD rat, 26 wk + recovery SC 207377
Cyno monkey, 52-wk + recovery SC 207288
SD rat, 2-year carcinogenicity study SC 207363
CD1 mouse, 2-year carcinogenicity study SC 207362

Carcinogenicity Route Study #
SD rat, 2-year carcinogenicity study SC 207363
CD1 mouse, 2-year carcinogenicity study SC 207362
Activation of GLP-1R in rat thyroid C-cell line In vitro LBKN150301
CD1 mouse, calcitonin release after one dose SC 208422/213448
SD rat, calcitonin release after 6 weeks dosing SC 208456

Genotoxicity Route Study #
Ames with  semaglutide In vitro 210193
Chromosome aberrations in cultured HPBL with 

 semaglutide In vitro 210194

Micronucleus assay in SD rat with  
semaglutide SC 206409

DART Route Study #
SD rat, preliminary combined fertility and EFD SC 206616
SD rat, preliminary combined fertility and EFD SC 207359
SD rat, combined fertility and EFD SC 207361
NZW rabbit, EFD SC 207358
Cyno monkey, EFD s SC 208486
Cyno monkey, PPND SC 210061
SD rat, juvenile toxicity study SC 214479
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Reviewed previously under the IND
ADME Species Route Study #
Absorption - rats Wistar Han SC 207264
Absorption - rabbits NZW rabbit SC 207005
Absorption - monkey Cyno monkey IV/SC 207205
Effect on hepatic levels of CYP450 SD rat IV/SC 208501
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General toxicity Route Study #
CD1 Mouse, single dose SC 296524
CD1 Mouse, single dose IV 207117
SD rat, single dose SC 206523
SD rat, single dose IV 207114
CD1 Mouse, 8-18 days DRF with dose escalation SC 207029
CD1 Mouse, 2 week (+ 0-3 week dose escalation) SC 206447
SD rat, 14-25 days DRF with dose escalation SC 206062
SD rat, 2 week (+ 0-3 week dose escalation) SC 206448
SD rat, 13 week (+ 0-2 week dose escalation) SC 206662
Cyno monkey, 2 week SC 206449
Cyno monkey, 13 week SC 206450

Genotoxicity Route Study #
Ames with  semaglutide In vitro 206415
Chromosome aberrations in cultured HPBL with 

 semaglutide In vitro 206417

DART Route Study #
NZW rabbit, preliminary EFD SC 206536
NZW rabbit, preliminary EFD SC 207358
Cyno monkey, preliminary EFD SC 208477
Juvenile toxicity DRF study SC 214276

Local tolerance studies Route Study #
NZW rabbits IV/IM 212073
Pig SC 206664

3.2 Studies Not Reviewed 
Route Study #

ApoE-KO mouse/aorta SC GURA150803
LDLr-KO mouse/aorta SC BiDR150901
Assay validation studies In vitro Several

3.3 Previous Reviews Referenced
Pharm/Tox reviews under IND 79754 in DARRTS.
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4 Pharmacology

4.1 Primary Pharmacology
Pharmacology studies have been conducted in vitro and in vivo in diabetic mice, normal 
and obese rats and normal pigs and minipigs.

Semaglutide activated the human GLP-1 receptor measured as cAMP release from 
baby hamster kidney (BHK) cells expressing the cloned human GLP-1 receptor with a 
potency comparable to liraglutide and approximately 8-fold lower than native GLP-1. 
The receptor binding affinity of semaglutide (NNC 011300217) is comparable to 
liraglutide and GLP-1 in the presence of 0.005% albumin, but it decreased more than for 
liraglutide in the presence of 2% albumin compared with GLP-1. The lower affinity at the 
higher albumin concentration is explained by a stronger albumin binding of semaglutide 
than liraglutide. In isolated perfused rat pancreas semaglutide stimulated insulin 
secretion with an EC50 of approximately 13 nM (data not shown).

Increase in glucose-stimulated plasma insulin concentration, decrease in blood glucose, 
and decrease in body weight gain were observed in Wistar rats and diabetic db/db mice 
after a single subcutaneous administration. Semaglutide (NNC 0113-0217) was more 
potent than liraglutide (NNC 0090-1170) in lowering blood glucose level (ED50: 0.30 and 
6.9 nmol/kg, respectively, at 6h post-dose); however, reduction in blood glucose was 
similar between semaglutide and liraglutide. In C57BL mice, food intake was lower with 
semaglutide than with liraglutide.
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Figure 1. Plasma insulin and blood glucose in Wistar rats (Applicant’s figure)

Figure 2. Non-linear curve fits for estimating ED50 of 6h blood glucose lowering 
(Applicant’s figure)
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Figure 3. Delta blood glucose in diabetic db/db mice (Applicant’s figure)

Figure 4. Body weight change at 48h post-dose in diabetic db/db mice 
(Applicant’s figure)
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Figure 5. Cumulative food intake in C57Bl/6 mice (Applicant’s figure)

Following repeated doses of semaglutide, the following effects were observed:
 Lower blood glucose and HbA1c, increased insulin secretion and beta-cell mass 

in diabetic db/db mice treated for 4 weeks. 
 Decreased body weight and selectively reduced chocolate intake in diet-induced 

obese (DIO) rats fed with chow and chocolate ad libitum for approximately 9 
months prior to initiation of treatment (77 day).

 Sustained decrease in food intake and  increased  insulin secretion for up to 7 
days after the last dose in minipigs.

 Increased mRNA levels of the satiety peptide cocaine- and amphetamine-
regulated transcript (CART) and decrease in the hunger signals neuropeptide Y 
(NPY) and agouti-related peptide (AgRP) in the hypothalamic arcuate nucleus 
(ARC) of diet induced obese mice administered semaglutide for 18 days. No 
effects were observed in the paraventricular hypothalamic nucleus (PVN; data 
not shown).

 Semaglutide activated hypothalamic POMC/CART neurons, and inhibited 
NPY/AGRP neurons in mice. Semaglutide was found in select circumventricular 
organs {(the area postrema (AP), the median eminence (ME), the subfornical 
organ (SFO), the organum vasculosum of lamina terminalis (OVLT), and the 
choroid plexus (ChP)}, in the arcuate nucleus (ARC), the lateral septal nucleus 
(LS), the septofimbral nucleus (SFi), the nucleus tractus solitarus (NTS) and the 
dorsal motor nucleus of vagus (10N). The detection of the semaglutide in these 
brain regions, except from the ChP and the fenestrated capillaries in ME, was 
dependent on GLP-1R as the signal was absent in GLP-1R-/- mice. 
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Figure 6. HbA1c in db/db mice during once-daily SC dosing of semaglutide 
(Applicant’s figure)

Figure 7. Beta-cell islet number and glucose-induced insulin secretion in diabetic 
db/db mice after four weeks semaglutide treatment (Applicant’s figure)

Figure 8. Body weight in DIO rats after 77 days semaglutide treatment 
(Applicant’s figure)
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Figure 9. Chow (C) and chocolate (CH) intake in rats after 77 day of dosing 
(Applicant’s figure)

Figure 10. Insulin secretion in clamped minipigs (Applicant’s figure)
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Figure 11. Food intake in minipigs after subcutaneous dosing of semaglutide 
(Applicant’s figure)

Table 2. Effect of semaglutide on AgRP, NPY, CART, and POMC mRNA in the 
arcuate nucleus (Applicant’s figure)
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Figure 12. Effect of semaglutide on the neuronal activity of POMC neurons 
(Applicant’s figure)

Figure 13. Effect of semaglutide on the neuronal activity of NPY/AgRP neurons 
(Applicant’s figure)
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Table 3. VivoTag750-semaglutide signal in the brain (Applicant’s table)

4.2 Secondary Pharmacology
Semaglutide does not bind the human glucagon receptor. In a Broad Receptor Profile 
assay, semaglutide showed an approximately 72% negative inhibition of binding/activity 
at the thyroid hormone receptor. Negative inhibition (augmentation of ligand binding) is 
generally considered non-specific, and is rarely of pharmacological consequence. The 
repeat dose toxicity studies showed no indication of thyroidtoxicosis. A result of greater 
than 50% inhibition or stimulation was not observed for any other receptor, channel, or 
transporter.

4.3 Safety Pharmacology
Safety pharmacology studies were conducted in vitro and in vivo to investigate the 
effect of semaglutide on central nervous system, cardiovascular and respiratory system, 
and renal function. 

CNS
Abnormal gait (walking on toes), decreased touch response, passivity, increased 
urination, dirty muzzle, lethargy and piloerection were observed in rats administered 
0.095 mg/kg at 0-8 hours after administration (~6X the estimated clinical starting dose, 
based on Cmax). The increased urination and passivity were still present 24 hours post-
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Table 5. Pharmacokinetic parameters for male rats following single SC dose 
(Applicant’s table)

Renal function
Increased urine volume and sodium, potassium, and chloride concentrations were 
observed at >0.023 mg/kg between 0 and 8 hours post dose (<1X MRHD, estimated on 
AUC from the CNS study). Diuresis is a known pharmacological effect of GLP-1R 
agonists in the rat (Moreno C 2002; Larsen PJ 2001). 

Table 6. Effect on renal function in rats at 0-8h (Applicant’s table)
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Table 7. Effect on renal function in male SD rats at 8-24h (Applicant’s table)

Cardiovascular system
Semaglutide did not inhibit hERG tail current and had no effect on cardiac action 
potential parameters in cardiac Purkinje fibers isolated from New Zealand white rabbits 
at concentration up to 7.8 uM and 8.2 uM (corresponding to a 242- and 255-fold above 
the maximal plasma concentration of 32.2nM, respectively). 
There were no treatment related ECG changes in monkeys following single doses up to 
0.5 mg/kg or 440 nM (14X MRHD). In the 52-week study with twice-weekly 
administration, a chronic left bundle-branch-block occurred in one high-dose female at 
an exposure 27-fold above the exposure at the maximum recommended human dose, 
based on AUC. Cardiac bundle-branch-blocks are occasional findings in monkeys and 
in humans and are, in most cases, a consequence of other underlying cardiac diseases 
(Bristow JD,1965; Francia P, 2007). However, a relation to treatment could not be 
excluded. NOAEL was set at the mid dose, 5-fold above the clinical exposure. 

Respiratory system
No treatment related effect on the respiratory system was noted in male SD rats up to 
0.084 mg/kg (1X MRHD, estimated on AUC from the CNS study).

5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME
The pharmacokinetics of semaglutide was evaluated in CD-1 mouse, Sprague Dawley 
rat, New Zealand White rabbit and Cynomolgus monkey.  The distribution, metabolism 
and excretion of semaglutide was evaluated in vitro and in vivo, with two different 
radiolabeled tracers; one with tritium positioned in tyrosine in the peptide backbone 
([3H]Tyr-semaglutide) and another with tritium positioned in the octadecanedioic acid 
side chain ([3H]Oct-semaglutide).
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Absorption
Following subcutaneous administration of semaglutide, Cmax was observed after 3-4 
hours in mice and rats, and between 12 and 24 hours in monkeys and minipigs. 
Semaglutide was well absorbed from the subcutaneous injection site, with a 
bioavailability of 86% in monkeys. Mean terminal half-life was between 7 and 54 hours, 
in the order mouse < rat < monkey. The binding to plasma proteins was high in all 
species (>99%) and albumin was shown to be the primary binding site. In the monkey, 
the volume of distribution was 0.2 L/kg which corresponds to the volume of extracellular 
water, indicating that semaglutide distributes to plasma and peripheral tissues to the 
same extent as albumin.

Table 8. Interspecies comparison of dose-normalized (1 mg/kg) pharmacokinetics 
for repeated subcutaneous administration of semaglutide (Applicant’s table)

Tissue distribution
Protein binding
Determination of semaglutide plasma protein binding was attempted using equilibrium 
dialysis and ultracentrifugation. However, the protein binding could not be assessed 
using these techniques, likely due to non-specific binding of semaglutide to the test 
system surfaces.

In vitro protein binding was subsequently investigated in humans and animals using 
validated assays based on surface plasmon resonance technology. Two studies were 
conducted using different assay conditions. The binding assays were performed at 37°C 
with diluted plasma samples from mice, rats, rabbits, monkeys and humans which were 
passed over immobilized semaglutide. A kinetic analysis based on a 1:1 binding model 
was performed to determine the dissociation constant, KD, and percentage fraction 
unbound (fu) of semaglutide in each pool of plasma. 

The variation of the fu between species in the two assays was approximately 2-3 fold, 
however in both assays, the fu, was < 1%, corresponding to a plasma protein binding of 
more than 99% for all species investigated.
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Binding studies with rat and human serum albumin indicated that albumin was the 
primary protein for binding of semaglutide in plasma.

Table 9. In vitro plasma protein binding (Applicant’s table)

Distribution in the rat by quantitative whole body autoradiography
 In partially pigmented Lister-Hooded rats, distribution of [3H]Oct-semaglutide was 

detected in all tissues with the exception of the lens of the eye. Concentrations of 
radioactivity in nearly all tissues were less than those in plasma and blood, 
except in the injection site (5 to115 fold above the plasma level) and bile ducts 
(1-2 fold above the plasma levels) during the first 24 hours post-dose. Highest 
levels of radioactivity were noted in the tooth pulp, renal cortex (inner and outer), 
adrenal medulla, and preputial gland. On day 28 post-dose, radioactivity was 2 to 
20 fold above the plasma levels in the injection site, intestinal mucosa and in the 
fat (peri-renal >> brown and white fat). The amount of semaglutide related 
material in the melanin-containing tissues in the pigmented rat was similar to the 
levels measured in the albino rats (uveal tract/retina and skin), suggesting that 
semaglutide does not bind to melanin.

 In the Wistar rat, distribution of [3H]Oct-semaglutide was similar between male 
and pregnant female rats following a single subcutaneous administration 
(administered on gestation day 18 in females). Semaglutide was slowly absorbed 
from the subcutaneous dose site, with peak levels occurring between 6 and 24 
hours after dosing. Plasma contained the most abundant level of radioactivity at 
all time points followed by lung, tooth pulp, kidney (cortex and medulla), adrenal 
medulla, and the uterus of pregnant animals. Although the placenta contained 
relatively high levels of radioactivity, concentrations in the fetal tissues were 
generally very low, <4% of the dam’s plasma radioactivity at 24 hours post dose. 
In the fetal tissues, radioactivity was found in the brain, heart, liver, lung and skin. 

 In both rat strains, distribution to the brain and spinal cord was low at all sampling 
times.
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Table 10. Tissue:plasma radioactivity concentration ratio in pigmented rats 
(Applicant’s table)
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Table 11. Tissue:plasma radioactivity concentration ratio in male Wistar rats 
(Applicant’s table)
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Table 12. Tissue:plasma radioactivity concentration ratio in pregnant albino rats 
(Applicant’s table)
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Table 13. Tissue : plasma radioactivity concentration ratio in fetal tissues from 
pregnant female albino rats (Applicant’s table)

Metabolism
Metabolism of semaglutide has been evaluated in vitro and in vivo using [3H]Tyr-
semaglutide and [3H]Oct-semaglutide.  

In vitro
In vitro metabolism of [3H]Tyr-semaglutide and [3H]Oct-semaglutide was investigated 
following incubations in hepatocytes from rat, monkey and human. Limited metabolism 
was observed, with the amounts of unchanged semaglutide being greater than 99% of 
total peak area in all species. No unique human metabolites were observed (Study # 
206642, 214064). 

Plasma metabolite profile
Metabolite profile in plasma was evaluated following a single subcutaneous 
administration of [3H]semaglutide in mouse, rat, and monkey. Semaglutide was the 
primary component circulating in plasma in all species tested (between 69 and 93%). 
Twelve metabolites were detected; each metabolite was found to be in the range of 0.3-
9% of the total amount of semaglutide, based on AUC (Study # 210299, 207044, 
207347, 209041). The metabolite profile was similar following single and repeated 
administration in the rat, with 9 to12 metabolites detected in the plasma. The exposure 
ratios between semaglutide and the metabolites were comparable after 1 and 5 daily 
administrations indicating no accumulation (Study # 213526). Overall, the metabolite 
profile of semaglutide in the nonclinical species was similar to that of humans.
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Table 14. Overview of plasma metabolite profiling data (Applicant’s table)

Table 15. [3H]Oct-semaglutide: Metabolite profiling of rat plasma after single and 
repeated doses (Applicant’s table)
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Metabolite profile in urine and feces 
Metabolite profile in urine and feces was evaluated in rats and monkeys following a 
single dose of [3H]Oct-semaglutide (Study # 208008 and 209041). 

 In rats, low amounts of intact semaglutide were observed in feces and urine 
(~1%). Up to 8 and 14 metabolites were detected in urine and feces, 
respectively. Each metabolite accounted for less than 4% of the administered 
dose.

 In the bile cannulated rat, approximately 14% of unchanged semaglutide was 
detected in bile. Up to 13 metabolites were detected as excretion products in bile, 
each accounting for less than 5% of the administered dose.

 In monkeys, 9 and 15 metabolites were detected in urine and feces, each 
accounting for less than 4.9% and 0.6% of the administered dose, respectively. 
Intact semaglutide was not detected in urine. 

Table 16. [3H]Oct-semaglutide: Metabolite profile of urine, feces and bile in the rat 
(Applicant’s table)

Table 17. [3H]Oct-semaglutide: Metabolite profile of urine, feces and bile in the 
monkey (Applicant’s table)
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Excretion
The excretion of semaglutide related radioactivity was evaluated following 
subcutaneous administration of [3H]Oct-semaglutide in intact and bile duct cannulated 
rats, in lactating rats, and in cynomolgus monkeys. 

 Urine and feces were the main excretion routes for semaglutide related material.

 Semaglutide was metabolized prior to excretion and only limited amounts of 
intact semaglutide were observed in urine. 

 In lactating rats administered a single subcutaneous dose of [3H]Oct-semaglutide 
at day 10 post-partum, maximal concentrations of radioactivity in blood, plasma, 
reconstituted plasma and milk was observed at 6, 12, 6 and 12 hours post-dose, 
respectively. Excretion of semaglutide-related material into milk was observed in 
low amounts (3 to 12-fold lower than in dam plasma) with semaglutide being the 
most abundant component.

Table 18. Excretion of [3H]Oct-semaglutide in intact rat following a single SC dose 
(Applicant’s table)

Table 19. Excretion of [3H]Oct-semaglutide following a single SC dose to the bile 
cannulated rat (Applicant’s table)

Table 20. Excretion of [3H]Oct-semaglutide in male cynomolgus monkey 
(Applicant’s table)
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Methods
Doses: 0, 1, 3, and 10 mg/kg/d

Frequency of dosing: Once daily (no dose escalation phase)
Route of administration: Subcutaneous

Dose volume: 1 mL/kg
Formulation/Vehicle: Disodium  phosphate dehydrate (1.42 

mg/mL), propylene glycol (14.0 mg/mL), phenol 
(5.50 mg/mL), and water for injection

Species/Strain: Mouse / CD-1
Number/Sex/Group: 10

Age: 5 weeks old on arrival
Weight: 25-30 g for males and 22-26 g for females

Satellite groups: 15/sex/group for TK analysis
5/sex/group for ADA analysis

Unique study design: No
Deviation from study protocol: None affecting the integrity of the data

Observations and Results

Mortality
None treatment related.

Clinical Signs
Piloerection in all treated male groups, and hunched posture in males at >3 mg/kg and 
in HD females. 

Table 22. Clinical signs (Applicant’s table)

Body Weights
Initial weight loss occurred one week after the start of treatment, followed by a decrease 
in weight gain over week 2 to 13 when compared to controls (11% and 21% in males at 
MD and HD, and 12%, 27% and 29% in females at LD, MD and HD, respectively).
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Table 23. Body weight gain (Applicant’s table)

Figure 14. Body weight, mice (Applicant’s figure)

Feed Consumption
Food consumption was transiently decreased in all treated groups in the first few days 
of dosing compared to controls; it was comparable to controls thereafter, except in the 
HD females, in which the reduction clearly persisted.

Table 24. Food consumption (Applicant’s table)

***p≤0.001 vs. control (pairwise test)
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Histopathology
Adequate Battery: Yes

Peer Review: No

Histological Findings
Thyroid gland

 Increased incidence of minimal to mild focal C-cell hyperplasia in all treated 
groups, without dose relationship.

 Increased incidence of C-cell nests in females at >3mg/kg and in HD males 
 Increased incidence of minimal to moderate dilated ultimobranchial duct in all 

treated groups, not dose-related.

Liver 
 Increased incidence of minimal centrilobular hypertrophy in HD males.
 Decreased glycogen in HD males and females.

Table 25. Histopathology findings, mice, 13-week (Applicant’s table)
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Toxicokinetics
Following single SC doses of semaglutide, Cmax and AUC0-24 increased in a broadly 
dose-proportional manner across the entire dose range, indicating linear kinetics with 
increasing dose. Total systemic exposure based on AUC0-24 during Week 13 was 
marginally greater than that observed on Day 1, suggesting a slight accumulation of 
semaglutide following repeated dosing. There were no appreciable gender related 
differences in any of the TK parameters.

Table 26. Toxicokinetic parameters, mice, Day 1 and week 13 (Applicant’s table)

Anti-drug antibody
There were no antibodies detected in the serum samples.
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Methods
Doses:

Frequency of dosing: Once daily
Route of administration: Subcutaneous

Dose volume: 0.25 mL/kg
Formulation/Vehicle: 1.42 mg/mL disodium phosphate, 14 

mg/mL propylene glycol, and 5.5 mg/mL phenol 
in water; pH 7.4

Species/Strain: Rat/Sprague-Dawley
Number/Sex/Group: 20/sex/group

Age: 7-8 weeks at start of treatment
Weight: 201 to 257 g (males) and 156 to 211 g (females)

Satellite groups: Recovery animals: 5/sex/group
Unique study design: NA

Deviation from study protocol: No protocol deviations occurred that impacted 
the integrity or interpretation of the study.

Observations and Results

Mortality
There were no treatment related deaths. One male in the low dose group died during 
Week 15 due to a lymphoma in the brain. One control group male was euthanized 
during the second week of recovery because of a severe respiratory impairment 
resulting from a schwannoma within the thorax.

Clinical Signs
No treatment-related adverse effects on behavior were noted. Some treated animals 
from all dose groups were observed as being thin due to treatment-related effects on 
body weight.

Table 27. Clinical signs (Applicant’s table)
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Body Weights
Dose-related decrease in body weight was observed in all treated groups compared to 
controls.

Table 28. Body weight, rat (Applicant’s table)

Figure 15. Body weight, male rats (Applicant’s figure)
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Figure 16. Body weight, female rats (Applicant’s figure)

Feed Consumption
Dose-related decrease in food consumption was observed in males at >0.13 mg/kg/day 
and in all treated females. 

Table 29. Feed consumption (Applicant’s table)

Ophthalmoscopy 
There were no treatment-related ophthalmoscopy findings.

Hematology
There was a slight reduction in reticulocyte counts in males and females, and a minor 
increase in hematocrit, hemoglobin, and erythrocyte count in females. There were no 
clear dose responses for these findings and the difference from controls did not always 
attain statistical significance. Decreased food consumption has been shown to cause 
increases in erythroid parameters and decreases in reticulocyte counts (Moriyama T et 
al. 2008). Consequently, these findings were likely to be secondary to the 
pharmacological effect of semaglutide and were considered to be non-adverse.
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Table 30. Hematology, percent difference from control (Applicant’s table)

Clinical chemistry
Slight reduction in plasma triglycerides, creatinine, total protein, albumin and α1 globulin 
concentrations and slightly increase in urea concentration were observed and were 
considered to be secondary to the pharmacological effect of semaglutide. 
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Table 31. Clinical chemistry, percent difference from control (Applicant’s table)
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Urinalysis
Urine volumes were increased together with decreased urinary protein concentrations, 
increased sodium and decreased potassium concentrations. The increased urinary 
volume and sodium concentrations are likely to be due to known inhibitory effects of 
GLP-1 on sodium reabsorption from the proximal tubules (Moreno C et al. 2002), 
whereas the decreased protein levels are considered secondary to the reduced food 
consumption.

Table 32. Urinalysis, percent change vs. control (Applicant’s table)

Gross Pathology
Increased incidence in uterine fluid distension was seen in treated females, most 
notably in the high dose group.

Table 33. Macroscopic findings (Applicant’s table)
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Organ Weights
Most mean absolute organ weights for treated groups were decreased compared with 
control, often being statistically significant. In contrast, when organ weights were 
evaluated relative to body weight, mean organ weights were generally higher than 
controls, again often being statistically significant. This suggests that the effect on organ 
weights was related to decreased body weights compared with control values. An 
exception to this effect was the uterus/cervix, which showed a dose-related increase in 
mean organ weight in spite of lower body weights. It was speculated that uterine 
weights were higher in the HD group because of increased incidence of fluid distension 
(13/20 females) compared with controls (5/20 females), which relates to the stage of the 
estrus cycle at the time of necropsy. There were no treatment-related changes in 
uterine weight/estrus cycle after a 4-week recovery period.

Table 34. Organ weight, females, percent change from control
Group/Sex 2F 3F 4F
Dose (mg/kg/d) 0.03 0.13 0.6
Body weight -11*** -16*** -20***

Absolute +2 +14 +28
Uterus + Cervix Relative to 

body weight +16 +36 +60**

Histopathology
Adequate Battery: Yes

Peer Review: An internal and external  peer review was 
conducted. Additionally, the Applicant’s pathologist conducted a peer review of Brunner 
glands.

Histological Findings
Duodenum
Nearly all treated animals showed minimal Brunner’s gland hypertrophy, with no control 
animals having the same finding. The Brunner’s glands are involved in the secretion of 
alkaline mucus as a medium for enzymes in the upper intestinal tract and also for 
protection of the upper intestinal tract against the acidity of the stomach luminal content. 
The glands also show high GLP-1 receptor expression. The finding was therefore 
considered related to the pharmacological action of semaglutide.

Liver
Treated males had a decreased incidence in generalized hepatocyte rarefaction. It is 
uncertain whether this is a treatment-related effect or if the male control animals had an 
unusually high incidence of this finding. 
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Uterus
A dose-related increase in uterine luminal dilatation was noted, which may suggest an 
imbalance of estrus cycle stage for HD females. Similar findings were not observed 
after a 4-week recovery period. 

According to the applicant, the findings of fluid distension (macroscopically) and luminal 
dilatation (microscopically) were due to the stage of the sexual cycle and variations 
between treated groups and controls were fortuitous.

No treatment-related lesions were observed for pancreas or thyroid. 

Table 35. Histopathological findings, dosing period (Applicant’s table)

Table 36. Histopathological findings, recovery period (Applicant’s table)
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Toxicokinetics
Samples (3/sex/group/ time point) were collected on:
Day 1 - Groups 1 and 2 at 0, 1.5, 3, 6, 12, and 24 hours after dosing.

Groups 3 and 4 at 0 and 6 hours after dosing.
Week 28 - All Groups at 0, 1.5, 3, 6, 12, and 24 hours after dosing.

The Cmax and AUC0-24h increased with dose for both male and female animals. The 
increase in exposure was proportional to the dose, and some accumulation (range 1.9-
2.5) was observed for both males and females. No clear sex differences were observed 
in the toxicokinetics.

Table 37. Toxicokinetic parameters (Applicant’s table)

Anti-Drug Antibody Analysis
No samples were found to be positive for anti-semaglutide antibody formation.

Dosing Solution Analysis
Dosing formulations were between 91% and 101% of the nominal concentrations. 
Semaglutide was not detected in any vehicle control formulation.
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Methods
Doses:

Frequency of dosing: Twice weekly (1st and 4th day of the week)
Route of administration: Subcutaneous

Dose volume: 0.2 mL/kg
Formulation/Vehicle: 1.42 mg/mL disodium  phosphate, 14 

mg/mL propylene glycol, and 5.5 mg/mL phenol 
in water; pH 7.4

Species/Strain: Monkey/Cynomolgus
Number/Sex/Group: 4/sex/group

Age: 30 to 34 months
Weight: 2.15 to 3.59 kg (males); 2.15 to 3.01 kg 

(females)
Satellite groups: Recovery animals: 2/sex/treated groups

Unique study design: NA
Deviation from study protocol: Two HD animals (1M and 1F) received a brief 

dosing holiday during Weeks 3 and 4 and 1 MD 
male during Week 21 due to excessive effects 
on body weight. There were no protocol 
deviations that affected the integrity or validity of 
the study.

Observations and Results

Mortality
There were no unscheduled mortalities.

Clinical Signs
Adverse clinical signs were primarily limited to the HD group and generally occurred 
during the first few weeks of treatment. Two males were observed with skin tenting, 
suggestive of dehydration, in Week 2 of dose escalation. Decreased activity and 
hunched posture were observed in 2 males and 2 females during the first 2 weeks of 
receiving the target dose of 0.36 mg/kg. One HD female also showed slight transient 
body tremors during Week 5. Due to effects on food and water intake leading to 
decreased body weight and dehydration, 2 HD animals (1M and 1F) received a brief 
dosing holiday during Weeks 3 and 4 and 1 MD male received a dosing holiday during 
Week 21.
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Table 38. Clinical signs (Applicant’s table)

Body Weights
Treatment resulted in mean body weight loss during the dose-escalation phase and first 
few weeks of the target dose phase, after which time decreased body weight gain 
occurred. After treatment ceased there was a significant improvement in mean body 
weight gain, with male groups showing a 0.28 to 0.71 kg mean increase and females 
showing a 0.17 to 0.67 kg mean increase during the 4-week recovery period.

Table 39. Body weight, monkeys (Applicant’s table)

Feed Consumption
Mean food intake was reduced for all treated groups compared with control values. The 
effects on food consumption were most noteworthy during the early weeks of treatment, 
which is consistent with the effects on body weight. When observed, food intake was 
generally affected for up to 2 days after each dose administration and tended to return 
to normal until the next dose administration. There was no effect on food consumption 
during the recovery period.

Ophthalmoscopy
No treatment-related effects were noted during ophthalmic exams.
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ECG
There were no toxicologically meaningful effects on heart rate or ECG intervals.
One female receiving 0.36 mg/kg showed a bigeminal rhythm (normal heartbeat 
followed by a premature beat), with two episodes of sinus tachycardia in Week 13. In
Week 26, this monkey experienced a continuous Left-Branch-Bundle-Block-like 
recording that persisted to Week 52. The study director stated that this is a rare finding 
in Cynomolgus monkeys and the conditions may result in occasional missed beats. A 
relationship to treatment could not be excluded.

During Week 52, one HD male had a 15-second section that appeared to have an 
interventricular conduction defect in which the beats were sinus but were not conducted 
as expected. One MD male had two premature aberrant sinus beats. These 
observations were both transient and of a type that are occasionally encountered in 
Cynomolgus monkeys, and therefore, were not considered to be toxicologically 
meaningful. Because of the isolated nature of these findings, they could not be 
conclusively attributed to treatment.

Hematology
Mean reticulocyte counts were decreased for treated males at Weeks 13, 26, and 52, 
with no meaningful decrease in erythrocyte parameters. In females, decreases in 
erythrocyte parameters were noted, although the decrease in reticulocytes did not occur 
in a dose-related manner. Treated animals tended to have an increase in mean 
neutrophil counts and decreases in the other white blood cell subtype counts. There 
were no toxicologically meaningful effects on coagulation parameters.

Table 40. Hematology, monkey, week 52 (Applicant’s table)
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Clinical Chemistry
Changes in clinical chemistry parameters were observed at various time points during 
the treatment period for all treatment groups; however, the effects were typically not 
dose-related or observed at all of the time points. Slight decreases in mean glucose and 
increases in mean cholesterol (males) were the most consistent findings that appeared 
to be treatment related. 

Table 41.Clinical chemistry, monkeys (Applicant’s table)

Serum calcitonin
Mean serum calcitonin levels were similar in all study groups, including controls.
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Table 42. Serum calcitonin levels-male monkeys (Applicant’s table)

Table 43. Serum calcitonin levels-female monkeys (Applicant’s table)
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Urinalysis
Effects on urine pH, sodium, potassium, and chloride were noted for treated females 
during Week 51. A similar trend was not observed for males.

Table 44. Urinalysis, female monkeys, week 51 (Applicant’s table)

Gross Pathology
The thymus of some treated animals was noted as being small. One HD female had a 
pale area on the epicardial aspect of the right ventricle; this animal had an abnormal 
ECG waveform in Week 52. However, there were no correlating microscopic findings.

Table 45. Gross pathology, monkeys (Applicant’s table)

Organ Weights
Decreases in mean absolute and relative (to bodyweight) organ weights were observed 
for heart, pancreas, and thymus at all dose levels, although the effect was not always 
dose dependent. Some treated animals were noted as having a small thymus at 
necropsy. Increased mean absolute and relative thyroid weights were observed for 
treated females and increased mean weights for prostate and testes were observed for 
treated males; however, correlative microscopic findings of accelerated sexual maturity 
were not observed.
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Table 46. Organ weights, monkey, 52 week (Applicant’s table)

Histopathology
Adequate Battery: Yes

Peer Review: Yes, conducted by  Dr. 
Inger Thorup, Novo Nordisk (for review of the stomach slides).

Histological Findings
Heart
One HD male showed slight multifocal myocardial vacuolation and degeneration, with 
karyomegaly, in the left ventricle. To assess this finding further, sections of left ventricle 
and interventricular septum were examined for all animals. This finding was again 
observed in the original left ventricle block for this monkey but not in the additional 
samples examined for that monkey or for any of the other animals. Moreover, no 
changes in myocardial cells were seen in any of the animals that had shown abnormal 
ECGs in Week 52.

Thymus
Minimal to slight involution/atrophy was seen in all treated male groups and in females 
at >0.06 mg/kg.

Adrenals
A slightly increased incidence of cortical vacuolation was observed for treated groups, 
although this did not occur in a dose-related manner.

Mandibular lymph node
An increased incidence of minimal to slight germinal center development was observed 
in the mandibular lymph node for HD males and all female groups. The pathologist did 
not feel that this was a treatment-related effect because it was the only lymphoid tissue 
with this finding and germinal center development in monkeys is known to be a variable 
feature.
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Thyroid
Thyroids were first evaluated by H&E staining. For a more detailed evaluation, serial 
sections of thyroid in a C-cell rich region from all animals were stained for calcitonin by 
immunohistochemistry. No effect of treatment on the C-cells was seen.

Pancreas
There were no apparent treatment-related effects on the pancreas. Although interstitial 
inflammatory cells were observed for semaglutide-treated animals at a low incidence, 
the same finding was also observed only for a control and LD male, suggesting that this 
is a background finding when evaluating the genders combined.

Duodenum 
Brunner’s gland hypertrophy has been observed in semaglutide-treated rats. No 
treatment-related effects on Brunner’s glands were observed in this monkey study.

Sexual maturity
The majority of males on study were sexually immature or not fully mature. Although an 
increase in mean testicular and prostate weights were observed for MD and HD groups, 
correlative microscopic findings of accelerated sexual maturity were not observed.

Table 47. Summary of histopathology findings (Applicant’s table)
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Toxicokinetics
The Cmax and AUC0-72h increased with the dose for both males and females. The 
increase in exposure was proportional or slightly more than proportional to dose after 
dosing up to 0.36 mg/kg. No sex differences were observed, although the mean Cmax 
and AUC0-72h data suggested generally higher exposure in females compared to males 
but this was not entirely consistent in the individual data. Following subcutaneous 
administration for 52 weeks, semaglutide tended to accumulate with an average 
accumulation index in the range 0.9-3.7.
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Table 48. Toxicokinetic parameters (Applicant’s table)
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Anti-Drug Antibody Analysis
No samples were found to be positive for anti-semaglutide antibody formation.
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Methods
Doses:

Frequency of dosing: Once daily
Route of administration: Subcutaneous injection

Dose volume: 0.5 mL/kg
Formulation/Vehicle: disodium  phosphate, dihydrate, 

propylene glycol and phenol to % of the final 
volume of water for injection

Species/Strain: Sprague Dawley rats
Number/Sex/Group: 12

Age: 49-55 days old
Weight: 264-329 g for males and 194-246 g for females.

Satellite groups: 6/sex/group for recovery
Unique study design: No

Deviation from study protocol: There were no deviations that affected the 
integrity or validity of the study

Observations and Results

Mortality
None

Clinical Signs
There were no treatment-related adverse clinical signs.

Body Weights
Similar decrease in body weight gain was observed in animals treated with the aged or 
fresh formulations.
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Table 49. Body weight change, percent change from control (Applicant’s table)

Figure 17. Body weight (Applicant’s figure)
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Feed Consumption
Similar decrease in food consumption was observed in animals treated with the aged or 
fresh formulations.
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Ophthalmoscopy
There were no treatment-related ophthalmoscopic findings.

Hematology
There were no toxicologically significant findings for animals that received either the 
aged or fresh forms of semaglutide.  The small reduction in reticulocyte counts in males 
was considered of no toxicological significance given the absence of any adverse effect 
upon related erythrocytic parameters (the erythrocyte counts, hematocrit and 
hemoglobin concentrations for these animals tended to be higher than controls).
Higher platelet count in treated females was attributed to lower than expected values for 
the control females.
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Table 50. Hematology, percent change vs. control (Applicant’s table)

Table 51. Hematology, recovery, percent change vs. control (Applicant’s table)
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Clinical Chemistry
There were no toxicologically significant differences between animals which received 
the aged or fresh forms of semaglutide. Reduction in triglycerides and glucose were 
observed with either formulation at the end of dosing. No changes were observed two 
weeks after dose cessation.

Table 52. Clinical chemistry, percent change vs. control (Applicant’s table)
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Table 53. Clinical chemistry, recovery, percent change vs. control (Applicant’s 
table)

Urinalysis
Similar changes were observed in animals receiving the fresh or ages drug formulation, 
including increase in urinary volume, sodium, and chloride output, and decrease in 
protein concentration.

Table 54. Urinalysis, percent change vs. control (Applicant’s table)
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Table 55.Urinalysis, recovery, percent change vs. control (Applicant’s table)

Gross Pathology
No toxicologically significant differences were observed between animal given the aged 
or fresh formulation.

Organ Weights
Overall, no toxicologically significant differences in organ weight were seen between 
animals administered the aged or fresh forms of semaglutide. All changes were 
considered secondary to the reduced terminal body weights and had no histological 
correlates.

Table 56. Organ weight, percent change vs. control (Applicant’s table)
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Histopathology
Adequate Battery: Yes

Peer Review: No

Histological Findings
Similar changes in the duodenum (Brunner’s gland hypertrophy) were observed with the 
aged and fresh formulation.

Table 57. Summary of histopathology findings (Applicant’s table)
Dosing phase
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Recovery period, week 2

Toxicokinetics
There were no major differences in exposure and no evidence of antibody formation 
between aged and fresh batches of semaglutide. 

Table 58. Estimated toxicokinetic parameters on Day 15 and Week 6 (Applicant’s 
table)

Dosing Solution Analysis
All concentrations were between 95 and 100% of nominal concentrations.
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Study title:   NNC 0113-0217. Comparative toxicity 
study by subcutaneous administration to SD rats for 13 weeks

Study no.: 210195
Study report location: Module 4.2.3.7

Conducting laboratory and location:
Date of study initiation: July 22, 2010

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity:  NNC 0113-0217, batch # 
LP0217K2x12, 96.1% pure

 NNC 0113-0217, batch # 
MP0217SDY002, 90.4% pure

Key Study Findings
The aim of this study was to compare the toxicology and toxicokinetics of semaglutide 
manufactured by a fully  process versus semaglutide manufactured by a 

 process.

Generally, the range and extent of the treatment-related findings were similar for both 
the  forms of semaglutide. Treatment related findings 
included reduced food intake and body weight and histopathological changes in the 
duodenum (Brunner’s gland hypertrophy) and pancreas (acinar atrophy), both minimal 
to slight in severity.
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Methods
Doses: Week 1: 0.01 mg/kg/day

Week 2: 0.1 mg/kg/day
Week 3-15: 0.6 mg/kg/day

Frequency of dosing: Once daily
Route of administration: Subcutaneous injection

Dose volume: 0.5 mL/kg
Formulation/Vehicle: Aqueous solution of 1.42 mg/mL disodium 

 phosphate dihydrate and 14.0 mg/mL 
propylene glycol in water for injection

Species/Strain: SD rats
Number/Sex/Group: 15

Age: 49-55 days old at the start of treatment
Weight: 250-325 g (males), 184-234 g (females)

Satellite groups: 5 sex/group for ADAs analysis
Unique study design: NA

Deviation from study protocol: No correction factor for test material content had 
been applied during the preparation of the dose 
formulations, resulting in the actual doses being 
reduced from the intended doses by 
approximately 20-25%. As the doses for both 
forms of the test material were similar, and there 
was a similar pharmacological effect on body 
weight, the findings for both forms of 
semaglutide could still be compared and the aim 
of the study could be achieved. Several other 
deviations occurred but did not affect the validity 
of the study.

Observations and Results

Mortality
None

Clinical Signs
Hunched posture and thin appearance was observed in one female given  
NNC 0113-0217 and two females given  NNC 0113-0217 after the dose 
increase from 0.1 to 0.6 mg/kg/day. These animals showed full recovery after two or 
three days at this dose level. However, one of these females given NNC 
0113-0217 was recorded as being thin again from Week 5 until the end of the treatment 
period (Week 15).
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Body Weights
Similar changes in body weight gain and body weight were observed in animals 
administered the  drug product.

Table 59. Body weight
Males

BWBW gain
D1-106 D106 D120

g % vs. 
Ctrl

% vs. 
Ctrl

% vs. 
Ctrl

Gr 1-Control 209
Gr 2-  DP 109 -48 -20 -13
Gr 3  DP 124 -41 -16 -9

Females
BWBW gain

D1-106 D106 D120

g % vs. 
Ctrl

% vs. 
Ctrl

% vs. 
Ctrl

Gr 1-Control 95
Gr 2-  DP 43 -55 -17 -10
Gr 3-  DP 46 -52 -16 -5

Figure 18. Body weight
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Hematology
Overall, there were no major differences between animals administered  

 semaglutide. Decrease in reticulocyte count was observed in both sexes 
and of a similar magnitude for those given either  drug product. 
There was a slight increase of hematocrit, hemoglobin concentration and erythrocyte 
count in females with both forms of semaglutide. 

Table 60. Hematology, percent change vs. control (Applicant’s table)

Clinical Chemistry
Overall, similar changes were observed in animals administered the  

drug product. The most notable change was a reduction in triglycerides. 

Reference ID: 4134195

(b) (4)

(b) (4)

(b) (4)



NDA # 209637 Reviewer: Federica Basso, Ph.D

92

Table 61. Clinical chemistry, percent change vs. control (Applicant’s table)

Urinalysis
No major differences were observed between animals receiving  

 semaglutide.

Increase in sodium output which was associated with slightly low potassium output with 
both forms of semaglutide. High chloride output for males given the  form 
and females given both forms was noted, though statistical significance was not always 
attained. Urinary volume was increased and specific gravity was reduced compared to 
controls in males receiving  semaglutide and urinary protein levels were 
reduced in males receiving both forms. The apparent reduction of urinary protein in 
females was attributed to a high control group mean value due to a grossly high value of 
5.4 g/L in one control female.

The changes in the urinary parameters were related to the pharmacological action of 
semaglutide as GLP-1 agonists have been shown to reduce sodium re-absorption in the 
proximal tubule (Larsen et al. 2001; Gutzwiller et al. 2004).
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Table 62. Urinalysis, percent change vs. control (Applicant’s table)

Gross Pathology
No major differences were observed between animals receiving  

 drug product.

Organ Weights
No toxicologically significant differences were observed between animals receiving 

 drug product. The reduction in organ weights as compared to 
controls was generally considered secondary to the reduced terminal body weight. The 
slight reduction in relative heart weight was considered most likely to be incidental and 
of no biological significance as it was small (7% for males and 5% for females) and not 
associated with histopathological changes.
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Table 63. Organ weights, percent change vs. control (Applicant’s table)

Histopathology
Adequate Battery: Yes

Peer Review: No

Histological Findings
There was no significant difference in animals given  forms of 
semaglutide.
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Duodenum
Minimal to slight hypertrophy of the Brunner’s glands was observed in all treated male 
and female groups.

Pancreas
Minimal to slight focal acinar atrophy and minimal to moderate mononuclear 
inflammatory cells was observed in all treated male and female groups.

Toxicokinetics
No major differences in toxicokinetic parameters were observed between  

 semaglutide.
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Key Study Findings
 semaglutide was not mutagenic in the absence and in the presence 

of a rat liver metabolic activation system (S-9) using a treat and plate methodology.

Methods
Strains: TA98, TA100, TA1535, TA1537, WP2 pKM101 and 

WP2 uvrA pKM101
 Concentrations in definitive 

study:
312.5, 625, 1250, 2500, 5000 ug/plate

Basis of concentration selection: Preliminary assay
Negative control: Purified water
Positive control:

Formulation/Vehicle: For Test Article: Water for Injection
For Positive Controls: Water/DMSO

Incubation & sampling time: 37±1°C in the dark 2 days (all viability
 [nutrient agar] plates) or for 2 to 3 days (all  
mutagenicity [Vogel-Bonner E agar] plates). 

Method: The 'Treat and plate' method, in which the agent is 
incubated with the microbial cells prior to plating, was 
used in this study. This method is recommended in 
preference to standard plate-incorporation tests for 
compounds which may cause artefacts due to growth 
stimulation [Mahon et al, 1989]. This method allows 
the separation of treatment and selective systems, 
and determines total viable cells as well as numbers 
of mutants.
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Study Validity
The number of revertant colonies on negative control plates fell within acceptable 
ranges and was significantly elevated by positive control treatments. Less than 5% of 
plates were lost, leaving adequate numbers of plates at all treatments. The study was 
considered valid.

Results
No increase in revertant colonies was observed following semaglutide treatment in any 
of the test strains, in the absence and presence of S-9.

Results of formulation analyses demonstrated achieved concentrations within 100±10% 
of the nominal test article concentrations and were therefore considered acceptable.
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Table 67. Historical negative controls (Applicant’s table)
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Methods
Cell line: Blood from three healthy, non-smoking male 

volunteers was used.
 Concentrations in definitive study: 3000 to 5000ug/mL

Basis of concentration selection: Preliminary cytotoxicity range-finder experiment
Negative control: Purified water
Positive control:

Formulation/Vehicle: For Test Article: Water for Injection
For Positive Controls: DMSO

Incubation & sampling time: Experiment 1: 3-hour exposure +/- S-9, 17 hour 
recovery, harvest 20-hour after start of exposure.
Experiment  2: 20-hour exposure - S-9, 3-hour 
exposure + S-9, 17 hour recovery, harvest 20-
hour after start of exposure.

Study Validity
The study was considered valid as: 

1. The binomial dispersion test demonstrated acceptable heterogeneity between 
replicate cultures.

2. The proportion of cells with structural aberrations (excluding gaps) in negative 
control cultures fell within the normal range.

3. At least 160 cells out of an intended 200 were suitable for analysis at each 
concentration, unless 10 or more cells showing structural aberrations (per slide) 
other than gaps only were observed during analysis.

4. The positive controls induced statistically significant increases in the proportion of 
cells with structural aberrations. 

Results
There was no increase in the frequencies of cells with structural aberrations.

Results of formulation analyses demonstrated achieved concentrations within 100±10% 
of the nominal test article concentrations and were therefore considered acceptable.
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Table 69. Chromosome aberrations assay, Experiment 1 (Applicant’s table)

Table 70. Chromosome aberrations assay, Experiment 2 (Applicant’s table)
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Key Study Findings
 Semaglutide was not clastogenic in the in vivo micronucleus assay in male rats 

at doses up to 6.9 mg/kg.

Methods
Doses in definitive study:

Frequency of dosing: Single administration
Route of administration: Subcutaneous injection

Dose volume: 1 mL/kg
Formulation/Vehicle: Disodium  phosphate dihydrate 1.42 mg/mL, 

propylene glycol 14 mg/mL, phenol 5.5 mg/mL, water for 
injection , pH 7.4

Species/Strain: Rat/Sprague-Dawley
Number/Sex/Group: 6 males/group

Satellite groups: None
Basis of dose selection: Toxicity range-finding studies.

Negative control: Disodium  phosphate dihydrate 1.42 mg/mL, 
propylene glycol 14 mg/mL, phenol 5.5 mg/mL, water for 
injection , pH 7.4

Positive control: 20 mg/kg (oral) or 25 mg/kg (subcutaneous) 
cyclophosphamide (CPA) dissolved in saline. A second 
route of administration was included because of failure to 
achieve an adequate mutation frequency with the 
positive control article in an initial micronucleus study.

Study Validity
The study met the acceptance criteria, as positive control animals in both dosing groups 
(subcutaneous and oral gavage administrations) exhibited a statistically significant 
increase in the number of MN PCE when compared with the concurrent control groups, 
and negative controls were within (48 hour sample) or slightly below (24 hour sample) 
the historical vehicle control ranges.
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Results
Clinical signs
Chromodacryorrhea and lethargy were observed in all treated groups, with higher 
incidence at the high-dose.

Table 72. Clinical signs (Applicant’s table)

Body weight
Decrease in body weight gain was observed in all treated groups, without dose 
relationship.
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Table 73. Body weight gain, percent change (Applicant’s table)

Micronucleus assessment

Rats treated with NNC 0113-0217 at all doses exhibited group mean %PCE that were 
within historical vehicle control values and were either similar to or slightly higher than 
those observed in the concurrent vehicle controls. As such, these data indicated no 
evidence of test article related bone marrow toxicity (as may be observed as a reduction 
in %PCE in treated versus control or dose dependent decrease).

Group mean frequencies of MN PCE were similar to and not statistically different from 
those seen in concurrent vehicle controls for all NNC 0113-0217 dose groups (at both 
sample times). Individual frequencies of MN PCE for all treated animals were consistent 
with historical vehicle distribution data and similar to frequencies observed in the 
concurrent controls.

On the basis of these results, it was concluded that NNC 0113-0217 did not induce 
micronuclei in the polychromatic erythrocytes of the bone marrow of male rats treated 
with up to an achieved dose of 6.9 mg/kg NNC 0113-0217. At 6.9 mg/kg individual 
plasma concentrations of NNC 0113-0217 ranged from 3,414 to 5,685 nmol/L. A 
summary of the micronucleus data and TK data is shown in the sponsor-generated 
tables below.
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Table 74. Micronucleus assay, 24h sample time (Applicant’s table)

Table 75. Micronucleus assay, 48h sample time (Applicant’s table)

Table 76. Toxicokinetics (Applicant’s table)
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observed at all dose levels, including a 21% and 15% decrement in males and females, 
respectively, at the lowest dose tested (0.004mg/kg). The Committee had insufficient 
data on which to base dose recommendations because of the decreased weight gain at 
the lowest dose tested. The Committee was concerned that reduction in body weight 
gain would confound interpretation of tumor incidence data and suggested that the 
sponsor explore lower doses to find a no observed effect level regarding body weight. 
The Committee also recommended addition of a water-injected control group, because 
the final formulation containe mg/ml of phenol an mg/ml of propylene glycol  

 The applicant lowered the doses, but did not re-consult ECAC prior to 
study initiation. A water-injected control was not included in the study. The study was 
considered adequate, based on the finding of tumors. The Committee concurred that 
the combined incidence of drug-related thyroid C-Cell adenomas and carcinomas was 
increased in rats at doses of >0.01 mg/kg/day in males and females.

Appropriateness of Test Models
The rat is a commonly used test model for carcinogenesis. The route and frequency of 
dosing was consistent with the intended clinical use of semaglutide. 

Evaluation of Tumor Findings
The administration of semaglutide once daily by subcutaneous injection to Sprague-
Dawley rats for two years resulted in thyroid C-cell tumors in males and females at 
>0.01 mg/kg/day. A statistically significant dose-related increase in the incidence of C-
cell adenoma and combined C-cell adenoma and carcinoma was observed in males 
and females at >0.01mg/kg by trend test and by pairwise comparison. Dose-related 
increase in the incidence of C-cell carcinoma was observed in males at >0.025 
mg/kg/day (statistically significant by pairwise and trend tests). Tumors occurred starting 
at below the clinical exposure. 
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Methods
Doses: 0.0025, 0.01, 0.025, 0.1 mg/kg/day

Frequency of dosing: Once daily
Dose volume: 0.25 mL/kg

Route of administration: Subcutaneous injection
Formulation/Vehicle: 1.42 mg/mL disodium  phosphate, 

dihydrate; 14.0 mg/mL propylene glycol; 5.50 
mg/mL phenol in water for injection, adjusted to 
pH 7.4.

Basis of dose selection: 13-week rat study
Species/Strain: Crl:CD (SD)IGS BR rats

Number/Sex/Group: 70/sex/group
Age: 36-42 days old 

Animal housing: The animals were housed five of one sex per 
cage in polycarbonate cages with a stainless 
steel mesh lid

Paradigm for dietary restriction: NA
Dual control employed: No

Interim sacrifice: No
Satellite groups: No

Deviation from study protocol: None affecting the integrity of the study

Observations and Results

Mortality
There was no treatment related effect on survival. Statistically significant pairwise 
comparisons in mortality were noted in females when comparing the control group 
versus the mid and mid-high dose groups (p=0.0227 and p=0.0151 respectively), but 
without the corresponding statistically significant dose response relationship.
The most common factors contributing to death were pituitary tumors in males and 
females and mammary tumors in females; the incidence for both was not affected by 
treatment.
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Figure 20. Kaplan-Meier survival functions for male rats

Figure 21. Kaplan-Meier survival functions for female rats
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Table 77. Group distribution of mortality (Applicant’s table)

Table 78. Factors contributory to death (Applicant’s table)

Clinical Signs
Increased incidence of thin appearance and hunched posture was observed in all 
treated male and female groups.

Table 79. Clinical signs (Applicant’s table)

Body Weights
Dose-related decrease in body weight gain and body weight was observed consistently 
throughout the treatment period in males and females at >0.01 mg/kg/day.

Table 80. Body weight 
Males

BW BW gain BW wk 104
wk 0 wk 104 g % % vs. Ctrl

0 176 758 582
0.0025 176 759 583 0 0
0.01 175 679 504 -23 -10
0.025 167 618 451 -23 -18
0.1 169 558 389 -33 -26
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Females
BW BW gain BW wk 104

wk 0 wk 104 g % % vs. Ctrl
0 147 488 341
0.0025 146 467 321 -6 -4
0.01 149 405 256 -28 -17
0.025 145 391 246 -28 -20
0.1 141 344 203 -40 -30

Figure 22. Body weight (Applicant’s figure)

Feed Consumption
Dose-related decrease in food consumption was observed in males at >0.01mg/kg/day 
and in females at >0.1 mg/kg/day.

Ophthalmoscopy
Conducted during Weeks 52 and 100 in control and high dose animals (20/sex)

There were no treatment-related changes. 
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Hematology
Blood samples were obtained from all animals after overnight withdrawal of food during 
Week 104 of treatment (before dosing).

No toxicology relevant findings were observed.

Clinical chemistry
 Decrease in cholesterol and triglycerides in males and females at >0.01 

mg/kg/day, mostly dose-related. 
 Decrease in potassium and phosphorus, and increase in albumin and A/G ratio in 

males at >0.025mg/kg/day.

Table 81. Clinical chemistry-percent change vs. control (Applicant’s table)

Urinalysis
During Week 103 of treatment, overnight urine samples were collected from 20 males 
and 20 females (those suitable with the lowest surviving animal numbers in each 
group). Animals were placed in an individual metabolism cage without food or water at 
approximately 16.00 hours; urine was collected until approximately 08.30 hours the 
following day.

Slight decrease in urinary volume, without statistical significance, and in potassium 
output was observed in HD males and females.
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Gross Pathology
 Dose-related increased incidence of masses in the thyroid gland and deep 

cervical lymph nodes in all treatment groups.
 Increased incidence of forestomach depressions at >0.025mg/kg  
 Increased incidences of pale areas in the lungs, without dose relationship
 Thickened uterus at all doses and increased masses at HD.

Table 82. Summary of macroscopic findings (Applicant’s table)

Histopathology
Histopathology was conducted on all animals sacrificed at scheduled necropsy and all 
animals killed or dying during the study.

Peer Review: Yes.  
Inger Thorup from Novo Nordisk.

Neoplastic
Thyroids

 Increased incidence of C-cell adenoma and combined C-cell adenoma and 
carcinoma was observed in males and females at >0.01 mg/kg/day, reaching 
statistical significance by pairwise and trend test. 

 Increased incidence of C-cell carcinoma was observed in males at >0.025 
mg/kg/day (pairwise and trend test). Some of the carcinomas were observed to 
have metastasized to the deep cervical lymph nodes.
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Table 83. Summary of neoplastic findings in the thyroid glands 

Table excerpted from Dr. Chen’s biostatistics review

Table 84. Summary of neoplastic findings in the deep cervical LN (Applicant’s 
table)

Non Neoplastic

Thyroid
Increase in focal C-cell hyperplasia in males (minimal to moderate) and females 
(moderate) at all dose levels. 
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Duodenum
Increased incidence of minimal to slight Brunner’s gland hypertrophy at all doses and 
minimal dilatation at >0.01 mg/kg/day were noted in males and females. These changes 
were not associated with any inflammation or cellular damage, and were considered to 
be pharmacologically mediated due to increased glandular activity following reduced 
food intake and to GLP-1 receptor expression (Körner et al, 2007).

Stomach, non-glandular
Increased incidence of minimal to moderate ulceration and epithelial hyperplasia were 
observed in males at >0.01 mg/kg/day and in females at high dose. Historical controls 
were not submitted. According to the sponsor, the incidence of ulcers was slightly above 
the historical control range at 0.1 mg/kg/day. Ulceration of the forestomach is a common 
spontaneous lesion in rodents. In this study, the etiology of the stomach changes is 
unknown, but recent literature has associated a variety of factors with these lesions, 
including feeding regimen (e.g. protein restriction and starvation) and stress (Gopinath 
C, 2014; Greaves P 2012). There is no counterpart to the non-glandular stomach in 
humans.

Lung
Increased incidence of minimal to moderate alveolar macrophages aggregations was 
noted in males at all doses and in females at >0.01 mg/kg/day. Incidence and severity 
of this finding was generally not dose-related. The finding correlated with the 
macroscopic finding of pale areas of the lungs. As this is a commonly observed 
background change in rats (Greaves P 2012; McInnes EF 2012), and since there was 
no clear dose-response, the relationship to treatment was considered to be uncertain, 
and the changes were considered non-adverse.

Adrenals
Increased incidence of minimal to severe cortical cystic/hemorrhagic degeneration was 
observed in males at >0.01 mg/kg/day, without dose-related incidence or severity. As 
this is a common age related finding in rats (Chandra S, 2013), the relationship to 
treatment was considered uncertain and the finding of uncertain toxicological 
significance.
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Table 85. Summary of hyperplastic findings in the thyroid glands (Applicant’s 
table)
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Table 86. Summary of non-neoplastic changes in the Brunner’s glands 
(Applicant’s table)
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Table 87. Summary of non-neoplastic changes in the stomach (Applicant’s table)
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Table 88. Summary of non-neoplastic changes in the lungs (Applicant’s table)

Table 89. Summary of non-neoplastic changes in the adrenal glands (Applicant’s 
table)

Toxicokinetics
AUC0-24 and Cmax increased approximately dose proportionally and some accumulation 
was observed for both sexes. No clear sex differences were observed.
There was no evidence of anti-drug antibody formation at either week 53 or 105.
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Table 90. Summary of TK parameters in the rat (Applicant’s table)

Dosing Solution Analysis
The results of achieved concentration analyses were within the range -9 to +6% of the 
nominal concentration at concentrations of 0.04 mg/mL and above, with the exception of 
0.04 mg/mL at Week 15 (-11%) and Week 28 (22%). At 0.01 mg/mL (the lowest 
concentration) lower recoveries were apparent (-22 to -1%), as were expected at this 
concentration and these were judged to be a result of analytical variation.
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cell adenoma and combined C-cell adenoma and carcinoma in all treated male 
(pairwise comparison) and female (trend and pairwise tests) groups.
Tumors were observed at and above 2 and 5 fold the clinical exposure in males and 
females, respectively. 

Methods
Doses: M: 0, 0.3, 1, 3 mg/kg/day

F: 0, 0.1, 0.3, 1 mg/kg/day
Frequency of dosing: Once daily

Dose volume: 1 mL/kg
Route of administration: Subcutaneous (bolus) injection

Formulation/Vehicle: 1.42 mg/mL disodium  phosphate, 
dehydrate, 14.0 mg/mL propylene glycol and 
5.50 mg/mL phenol in water for injection, 
adjusted to pH 7.4

Basis of dose selection: MTD (decrease in body weight) in 13-wk study
Species/Strain: Crl:CD1 (ICR) (CD-1) mice

Number/Sex/Group: 60/sex/group
Age: 36-42 days

Animal housing: The animals were housed three of one sex per 
cage in polycarbonate cages with a stainless 
steel mesh lid

Paradigm for dietary restriction: NA
Dual control employed: No

Interim sacrifice: No
Satellite groups: 12/sex/group

Deviation from study protocol: None affecting the integrity of the study

Observations and Results

Mortality
There was no adverse effect on survival in either sex and there were no factors 
contributing to death attributable to semaglutide treatment. The most common cause of 
death was lymphoma.

Table 91. Group distribution of mortality (Applicant’s table)
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Figure 23. Kaplan-Meier survival functions for male mice
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Figure 24. Kaplan-Meier survival functions for female mice

Clinical Signs
Increased incidence of thin appearance, prominent eye, hunched posture, reduced 
temperature and under-activity was noted in females. 

Table 92. Clinical signs (Applicant’s table)
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Body Weights
Dose-related decrease in body weight gain was noted during the first year of dosing in 
all treated male and female groups. 

Figure 25. Body weight (Applicant’s figure)

Table 93. Body weight, percent change vs. controls (Applicant’s table)
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Feed Consumption
Decrease in food consumption was observed throughout dosing in all treated groups, 
and was slightly more pronounced in males.

Table 94. Food consumption-percent change vs. control (Applicant’s table)

Hematology
Blood samples were obtained from all surviving animals at the end of the treatment 
period and, where possible, from mice killed prematurely.

No treatment-related changes were observed.

Gross Pathology
Thyroid
Masses in the thyroid gland were observed in all treated groups with higher incidence in 
males.

Gall bladder
Increased incidences of distension and/or abnormal content of the gall bladder were 
noted in all treated groups. There were no associated histopathological changes or any 
signs of compromised bile efflux. These changes are considered secondary to low food 
consumption (Cattley RC 2013; Greaves P 2012). 
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Table 95. Macroscopic findings in the thyroid gland (Applicant’s table)

Table 96. Macroscopic findings in the gall bladder (Applicant’s table)

Histopathology
Histopathology examination was conducted for all animals sacrificed at scheduled 
necropsy and all animals killed or dying during the study.

Peer Review: Yes.  Inger 
Thorup, Novo Nordisk.

Neoplastic
Thyroid
Statistically significant increase in the incidence of thyroid C-cell adenoma and 
combined C-cell adenoma and carcinoma was observed in males and females at all 
doses, with dose relationship in females. There was no significant increase in C-cell 
carcinoma in either males or females.

A few animals had C-cell adenomas in ectopic thyroid tissue in the thymus (one male 
and one female in the 0.3 mg/kg group) and C-cell carcinoma metastases in the deep 
cervical lymph nodes (one female at 0.1 and 1 mg/kg/day each).
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Table 97. Neoplastic findings in the mouse thyroid gland 

Table 98. Summary of findings of ectopic thyroid tumors or metastatic findings 
(Applicant’s table)

Non Neoplastic
 Increased incidence of minimal to moderate C-cell focal/multifocal hyperplasia 

was observed in all treated groups. Total incidence of this finding was dose-
related in males. 

 Increased incidence of minimal to moderate Brunner’s glands dilatation was 
noted in all treated male and female groups, without dose relationship.
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Table 99. Non neoplastic findings in the thyroid and duodenum (Applicant’s table)

Toxicokinetics
Blood samples were obtained from Satellite study animals on Day 1 and in Week 52 
and from Main study animals in Week 105. For immunogenicity analysis at week 53 and 
104, blood samples were obtained from animals after a 7 day off dose period.

Exposure increased linearly with the dose. Minor accumulation, up to 2-fold, was 
observed in both sexes up to 1 mg/kg/day, and a 4-fold accumulation was seen for 
males receiving 3 mg/kg/day. No clear sex differences were observed in the 
toxicokinetics.

Anti-drug antibodies were found in one mid-dose female at week 105 and one HD 
female at week 53. There was no cross-reaction to endogenous GLP-1. Due to a lack of 
sufficient residual serum sample, the neutralizing effect of these antibodies could not be 
assessed.
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Table 100. Summary of toxicokinetic parameters (Applicant’s table)

AUClast = AUCtau (=AUC0-24 hr)

Dosing Solution Analysis
Duplicate (5 mL) samples of each concentration were taken immediately after 
preparation of the formulations prepared for use on Day 1 and Weeks 13, 26, 39, 52, 
65, 78, 91 and 104

The results of achieved concentration analyses were generally within the range -10 to 
+2% of the nominal concentration. The only exception occurred for the 0.1 mg/mL 
(Group 2 females) in Week 26 where the analyzed result was -13% of the nominal 
concentration.

Other studies
Long-term GLP-1R activation in the thyroid leads to calcitonin secretion, upregulation of 
calcitonin gene transcription, and subsequently to C-cell proliferation and tumor 
formation in rats and mice. It has previously been shown that rat thyroid C-cell GLP-1 
receptors are activated by GLP-1, exenatide and liraglutide. The ability of semaglutide 
to activate the rat thyroid C-cell receptor was therefore investigated and compared with 
the aforementioned compounds. The effect of semaglutide on plasma calcitonin 
concentrations, biomarker of increased C-cell activity in the thyroid C-cells, was also 
evaluated in dedicated rodent studies to assess if increased levels of calcitonin 
occurred prior to the first observations of C-cell hyperplastic or neoplastic changes in 
rodents.
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Activation of rodent thyroid C-cell GLP-1 receptors (Study # LBKN150301)
The objective of this in vitro study was to investigate the activation of thyroid C-cell 
GLP-1 receptors using the rat thyroid C-cell line MTC 6-23 (established from a rat C-cell 
carcinoma). The in vitro potency of semaglutide was compared with that of native GLP-
1, exenatide and liraglutide.

Semaglutide activated the rat thyroid C-cell GLP-1R with a potency comparable to that 
of liraglutide. Both liraglutide and semaglutide activate the receptor with an apparent 
lower potency than native GLP-1 and exenatide. 

Figure 26. Activation of rat thyroid GLP-1 receptors by various ligands 
(Applicant’s figure)
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Single Dose Study in Mice to Assess Plasma Calcitonin Levels after 
Subcutaneous Administration (study # 213448 and 208422)
Since C-cell hyperplasia was observed in mice at >0.078 mg/kg/day after 2 weeks of 
dosing (Study # 206447), single dose studies were conducted to confirm an increase in 
plasma calcitonin in mice. Initially, the highest dose level used in the 2-week study, 10 
mg/kg/day, was explored, but after completion of the carcinogenicity studies, where C-
cell tumors were observed at lower doses, the study was repeated at a lower dose level, 
1 mg/kg/day.

Design
CD-1 mice (12/sex/group) were given a single subcutaneous injection of semaglutide at 
doses of 1 mg/kg ((Study # 213448) and 10mg/kg (Study # 208422). Blood samples for 
measurement of plasma calcitonin and test item exposure were taken pre-dose and 1, 
3, 6, 12 and 24 hours after dosing. The animals were terminated after blood sampling 
without further examination.

Results
Following a single dose of semaglutide, higher plasma calcitonin levels were observed  
beginning at 12h post-dose at 1 mg/kg, and at 1h post-dose at 10 mg/kg. Calcitonin 
levels remained elevated for at least 24 hours after dosing. 

Figure 27. Plasma calcitonin levels in mice after a single dose of 1 mg/kg 
Males Females
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Figure 28. Plasma calcitonin levels in mice after a single dose of 10 mg/kg 
(Applicant’s figure)

Figure 29. Semaglutide concentration at 10 mg/kg (Applicant’s figure)

Six Week Toxicity Study in Rats to Assess Plasma Calcitonin Levels after 
Subcutaneous Administration (Study # 208456)
In rats, increased incidences of C-cell hyperplasia and neoplasia were only observed in 
the 2-year carcinogenicity study. The effect of semaglutide on plasma calcitonin in rats 
was assessed after 6-weeks of dosing, as it had been shown previously that a GLP-1R 
agonist induced increases in plasma calcitonin levels after one month of dosing in rats 
(Knudsen LB et al, 2010).
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Design
SD rats (12/sex/group) were dosed subcutaneously once daily for six weeks with 
semaglutide at dose levels of 0, 0.01, 0.1 and 0.86 mg/kg/day. Plasma levels of 
calcitonin and semaglutide were measured, and the thyroid gland was examined by light 
microscopy.

Results
 Calcitonin was dose dependently increased in all treated males (up to 2X the 

control values). No significant increase was noted in females.

 The histopathological examination revealed no treatment related increase in the 
incidence of focal or diffuse C-cell hyperplasia in any treated animals.

Table 101. Plasma calcitonin in rats at week 6 (Applicant’s table)

Table 102. Percentage of histological sections with diffuse C-cell hyperplasia 
(Applicant’s table)

Table 103. Number of animals with focal C-cell hyperplasia (Applicant’s table)

9 Reproductive and Developmental Toxicology
Reproductive toxicity studies were initially performed in rats and rabbits. Subsequently, 
the cynomolgus monkey was used as an embryo-fetal development and pre- and 
postnatal species, since poor maternal tolerability in the rabbit precluded establishment 
of a safety ratio between this species and humans. Additionally, observed embryo-fetal 
toxicity in the rat suggested a need to evaluate the embryo-fetal development in a 
species with a yolk sac anatomy and function more relevant to humans than the rat.
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9.1 Fertility and Early Embryonic Development
Two preliminary studies and one pivotal fertility and embryo-fetal development study 
were conducted in rats. Major skeletal and visceral malformations were observed in the 
rat and were considered at least in part to reflect the extent of the effect of treatment on 
body weight. However, due to the extent and severity of the findings additional 
causative agents couldn’t be excluded. A series of mechanistic studies were therefore 
conducted with the intent to establish human relevance of the rat embryotoxicity 
findings. 

Study title: Preliminary Study of Effects on Fertility and Development Toxicity in 
Rats (Study # 206616)
Key findings

 Decrease in maternal body weight gain at >0.195 mg/kg (3X MRHD)
 Embryo and fetal toxicity (reduction of live implants, fetal weight, and 

malformations) at >0.025 mg/kg (1X MRHD)
 Death of all embryo at 0.8282 mg/kg (14X MRHD)
 Fetal NOAEL: <0.025mg/kg/day (1X MRHD)

Study design
Sprague-Dawley rats (8/sex/group) were  dosed once daily by subcutaneous injection 
(achieved doses were 0, 0.025, 0.195 and 0.828 mg/kg/day) following up to 2 weeks 
dose escalation regime. The full dose was administered to animals from 2 weeks prior 
to mating until Day 19 of gestation. The females were sacrificed on Day 20 of gestation 
and the reproductive tracts examined. The number of implants and their status 
recorded, followed by visceral and skeletal examination of the foetuses. Males were 
sacrificed after completion of 7 weeks of treatment at the full dose and their 
reproductive organs were weighed and preserved.

Observations and Results
Mortality
None
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Clinical signs
Hunched body was seen at the high dose in most females (7/8) and in one male. 

Body weight
Body weight loss occurred in high-dose males and females during the first escalation 
week. Thereafter, body weight gain remained lower in all treated male groups and in 
high-dose females. During gestation, lower body weight gain was noted at >0.195 
mg/kg/day. The weight loss in the HD groups from GD 13 onward most likely reflected 
the loss of all embryos.
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Food consumption 
Dose-related decrease in food consumption was observed throughout dosing in males 
and females.

Mating Performance, Fertility Indices and Estrous Cycles
Early embryonic death at the high dose, marked reduction of live implants, comprising 
both early and late embryonic deaths, at >0.195 mg/kg, and low fetal weight at all doses 
were noted. 

Table 104. Pregnancy Performance (Applicant’s table)
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Fetal findings
Various external, visceral, and skeletal abnormalities were observed at 0.195mg/kg/day. 
The skeletal abnormalities included malrotated, absent, shortened, curved, kinked, 
misaligned, partially fused, and/or displaced bones (scapula, long bones, ribs, digits, 
vertebrae and cranial bone(s)) in addition to incompletely ossified bones.  The visceral 
minor abnormalities included subcutaneous edema/hemorrhage, testes not fully 
descended, left-sided umbilical artery, kinked tail tip and smaller fetuses than normal. At 
the low dose, incomplete ossification and minimally kinked ribs were observed.

Table 105. Group incidence of major fetal abnormalities (Applicant’s table)
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Table 106. Incidence of minor abnormalities and variants (Applicant’s table)
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Table 107. Incidence of skeletal ossification parameters (Applicant’s table)

Toxicokinetics
Exposure on GD 6 increased proportionally with the dose. No appreciable difference in 
exposure was noted between GD 6 and GD 16.
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Table 108. Toxicokinetic parameters, GD 6 and GD16 (Applicant’s table)

Study title: Preliminary combined fertility and embryo-fetal toxicity study by 
subctaneous administration to female CD rats (Study # 207359)
Key findings

 Reduced maternal body weight gain and reduced food/water consumption at all 
doses (1X MRHD).

 Decreased number of corpora lutea, increased embryo-fetal mortality and 
reduced fetal weight at all doses.

 Fetal findings of tail kinked/caudal elements misaligned and cardiovascular 
vessel abnormalities at all doses, with dose-related trends.

Study design
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Observation and results
Mortality
None

Clinical signs
None treatment-related

Body weight
Initial and transient body weight loss and reduced body weight gain were seen in all 
treated groups. During gestation, lower body weight gain was observed in all treated 
groups, starting at GD 6 in the mid- and high-dose groups and at GD 10 in the low-dose 
group.
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Mating and pregnancy performance
Estrous cycles, pre-coital interval, mating performance and fertility were unaffected by 
treatment.

Toxicokinetics
Cmax and AUCtau (tau=24hr) increased dose proportionally. There was an indication of a 
slightly lower exposure on Day 17 compared to Day 6 in all dose groups. Fetal exposure 
was approximately 3-4% of the maternal exposure.

Table 109. Maternal and fetal toxicokinetic parameters (Applicant’s table)
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Litter data
Slight reduction in the mean number of corpora lutea and implantations was noted in all 
treated groups, without apparent dose response. Increase number of embryo-fetal 
deaths (early or late resorptions), post-implantation loss and live fetuses in all treated 
groups compared to controls. Placental, litter and fetal weights at >0.10 mg/kg were 
markedly lower than for controls.

Table 110. Litter data, group mean values on GD 20 (Applicant’s table)
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Table 111. Placental, litter and fetal weights, group mean values on GD 20 
(Applicant’s table)

Fetal findings
Dose-related increased incidence of various skeletal and visceral abnormalities was 
observed mostly at the high-dose. Skeletal abnormalities included malrotated, absent, 
shortened, curved, kinked, misaligned, partially fused, and/or displaced bones (scapula, 
long bones, ribs, digits, vertebrae and cranial bones) in addition to incompletely ossified 
bones. The visceral abnormalities included folded retina, hydrocephaly and dilated brain 
ventricles, and abnormalities of the major blood vessels such as retro-oesophageal 
aortic arch and right subclavian artery, subclavian artery arising from the aortic arch, left 
umbilical and short innominate artery.
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Table 112. Fetal examinations-major abnormalities (Applicant’s table)

Table 113. Fetal examinations-skeletal and visceral abnormalities (Applicant’s 
table)
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Table 114. Fetal examinations-minor skeletal abnormalities/variants (Applicant’s 
table)
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Table 115. Fetal examinations-minor visceral abnormalities (Applicant’s table)
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Study title:  Combined fertility and embryo-fetal toxicity study by subcutaneous 
administration to CD rats

Study no.: #JLY0145 (Novo Nordisk 
#NN207361)

Study report location: Module 4.2.3.5.1.
Conducting laboratory and location:

Date of study initiation: May 6, 2008
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: NNC 0113-0217, Batch #LP0217G1T01, 

93.64% pure

Key Study Findings
 Dose-related decrease in body weight gain was observed at all dose levels in 

males and females (1X MRHD); food consumption generally reflected the body 
weight performance. 

 Longer estrous cycle, decrease in the number of corpora lutea, implantations, 
live litter sizes at >0.03 mg/kg (0.4X MRHD)

 Decreased litter weights, placental and fetal weights at HD (1X MRHD) 
 Major malformations were observed >0.03 mg/kg (0.4X MRHD), including 

cardiovascular abnormalities (retro-esophageal aortic arch, double aortic arch, 
and membranous ventricular septal defect) and short tibia (malrotated hindlimb).

 The NOAEL for female fertility was 0.01 mg/kg/d (0.4X MRHD) based on an 
abnormal estrus cycle and decreased mean number of corpora lutea. The 
NOAEL for embryonic development was 0.01 mg/kg/d based on a slightly 
increased number of major malformations. The NOAEL for male fertility was the 
high dose of 0.09 mg/kg/d (1X MRHD).
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Methods
Doses: Adaptive phase, week 1 and 2

Treatment phase (target dose levels) - Week 3 
onwards

Frequency of dosing: Once daily
Dose volume: 1 mL/kg

Route of administration: Subcutaneous
Formulation/Vehicle: 1.42 mg/mL disodium  phosphate, 

dihydrate; 14.0 mg/mL propylene glycol, and 5.50 
mg/mL phenol in water for injection

Species/Strain: Rat/Sprague Dawley
Number/Sex/Group: 22/sex/group

Satellite groups: 5 females/group
Study design: To avoid significant effects on maternal body 

weight during gestation, dams were treated prior to 
mating using a dose escalation scheme. After the 
2-week escalating dose phase, males and females 
received the target doses by once daily 
subcutaneous injection for 4 weeks (males) and 2 
weeks (females) before pairing and until Day 17 
after mating (or Day 20 for satellite females). Adult 
females were examined macroscopically at 
necropsy on GD20. All fetuses from all litters were 
examined macroscopically at necropsy and 
subsequently by detailed internal visceral 
examination or skeletal examination. Adult males 
were examined macroscopically at necropsy and 
organ weights were taken.

Deviation from study protocol: There were no protocol deviations that impacted 
the validity or interpretability of the study
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Observations and Results
Mortality 
None treatment related.

Clinical Signs
There were no treatment-related adverse effects on behavior or appearance.

Body Weight
Body weight was statistically significantly decreased for males at all dose levels, 
beginning on Day 15 for the mid- and high-dose groups and Day 32 for the low-dose 
group. Before mating, female weights became statistically significantly less than 
controls at Day 15 for high-dose females and at Day 18 for mid-dose females. After 
mating a dose-related decrease in body weight gain was observed for all dose groups.

Table 116. Body weights (Applicant’s table)
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Figure 30. Body weights (Applicant’s figure)
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Feed Consumption
Food consumption was decreased in all male and female treated groups before mating. 
During gestation, incraese in food consumption was noted in all treated females.
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Water Consumption
There were no definitive effects on water consumption for treated males or for pregnant 
females during the gestation period. During the pre-mating period, high-dose females 
appeared to show a marginal increase in mean water consumption compared with 
controls.

Calcitonin
There was no apparent treatment-related effect on maternal or fetal calcitonin levels.

Necropsy
Mean gravid uterine weight was statistically significantly decreased for the high-dose 
females (↓24%). No other treatment related changes were observed.

Toxicokinetics
Exposure to semaglutide increased linearly with the dose on both GD6 and
GD17. Slightly lower exposure (0.7-fold) was seen on Day 17 compared to Day 6 in all 
dose groups.
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Table 117. Toxicokinetic parameters on GD6 and GD17 (Applicant’s table)

Dosing Solution Analysis
Dosing formulations were assessed for concentration during Week 3 pre-mating, and on 
Gestation Days 6 and 17.

Recovery for the 0.01 mg/mL samples were between 72% and 77%.
Recovery for the 0.03 mg/mL samples were between 87% and 89%.
Recovery for the 0.09 mg/mL samples were between 90% and 92%.
Recovery for the 1 mg/mL stock solution was between 93% and 95%.

The concentration of the low dose formulation was slightly lower than the acceptance 
criteria. The applicant was unable to find an obvious reason for the apparent low 
recovery. This does not impact the interpretability of the study and the resulting 
exposure from a lower than intended dose will be reflected in the TK data.

Fertility Parameters (Mating/Fertility Index, Corpora Lutea, Preimplantation Loss, etc.)
 There was no difference in the number of animals mating, conception rate, or 

fertility index.  

 There was an increase in females with estrous cycles of 5 days or other irregular 
durations at the mid-dose (14%) and high-dose (23%) compared with controls 
(9%).  A statistically significant decrease in the mean number of corpora lutea 
was observed for the MD and HD groups, resulting in a decreased number of 
implantation sites and slightly fewer live young on GD 20 in the high-dose group. 
There was not a definitive drug effect on pre- or post-implantation loss. The effect 
on estrus cycle and the number of corpora lutea may be considered adaptive 
responses secondary to the pharmacological effect of semaglutide on food 
consumption and body weight, as feed restriction and body weight loss have 
been demonstrated to cause increased estrus cycle length and reduced numbers 
of corpora lutea in Sprague Dawley rats (Terry KK et al, 2005).

 Mean placental, litter, and individual fetal weights were statistically significantly 
decreased in the HD group compared with control.
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Table 118. Estrous cycles (Applicant’s table)

Table 119. Historical control data for Crl:CD (SD) female rats approximately 11 to 
13 weeks old at pairing (Applicant’s table)
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Table 120. Litter data - group mean values on GD20 (Applicant’s table)

* p<0.05, ** p<0.01, *** p<0.001 vs. control (pairwise test)

Table 121. Placental, litter and fetal weights - group mean values (g) GD 20 
(Applicant’s table)

* p<0.05, ** p<0.01, *** p<0.001 vs. control (pairwise test)

Offspring (Malformations, Variations, etc.)
Major malformations were identified in 3 (2), 1 (1), 2 (2), and 4 (4) fetuses (litters) from 
the control, LD, MD, and HD groups. Major malformations included retroesophageal 
aortic arch, double aortic arch, membranous ventricular septal defect, and short tibia 
(malrotated hindlimb) in the HD group; absent cervical vertebral arch and 
retroesophageal aortic arch in the MD group; diaphragmatic hernia in the LD group; and 
bent scapula, short/bent/thickened humerus, and bent radius in the control group.

A slight increase in the incidence of some minor skeletal and visceral 
abnormalities/variants was observed in the MD and HD groups, including the cranium 
(sutural bone or bridge of ossification/partially fused), ribs (medially thickened/kinked or 
partially fused), costal cartilage (partially fused), misaligned caudal vertebral 
elements/kinked tail, misshapen scapula cranial margin, and shiny skin. A slight 
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increase in observations of incomplete ossification/unossified cranial centers and 
sternebrae (other) was noted for the HD group. Potential minor visceral abnormalities 
were observed in the MD and HD group, including brain (dilated ventricles - HD only) 
and subclavian artery (arising from aortic arch). The incidence for most of these findings 
was generally small; for example, 1 to 4 out of 139 fetuses in the HD group.

Table 122. Offspring data (Applicant’s table)

9.2 Embryonic Fetal Development

Study title:  Embryo-Fetal Toxicity Study in the Rabbit by Subcutaneous 
Administration

Study no.:  #JLY0143, NN207360
Study report location: Module 4.2.3.5.2

Conducting laboratory and location:
Date of study initiation: Marc 31, 2008

GLP compliance: Yes
QA statement: Yes

Drug, lot #, and % purity: NNC 0113-0217, Batch #LP0217G1T01, 
93.64% pure
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Key Study Findings
 Body weight loss was observed throughout GD 11-14 at >0.0025 mg/kg/day 

(0.3X MRHD). Effects on body weight correlated with decreases in food 
consumption.

 There was a trend for a slight increase in post-implantation loss due to early 
resorptions at >0.0025 mg/kg/day (0.3X MRHD), which resulted in slightly lower 
mean litter sizes and weights.

 There was not a definitive treatment-related effect on the incidence of major 
abnormalities. Minor skeletal abnormality (additional sternebral centers, bridge of 
ossification/partially fused/fused sternebra, unossified/incompletely ossified 
metacarpals/phalanges) at >0.0025 mg/kg/day (0.3X MRHD) and minor visceral 
abnormalities (dilated renal pelvis, additional liver lobe, and forepaw flexure) at 
0.0075 mg/kg/day (2X MRHD) were observed.

 Early pregnancy losses and increased incidences of minor fetal abnormalities 
were possibly secondary to the marked maternal effects, but a direct effect of 
semaglutide could not be excluded. Consequently, the NOAEL was considered 
to be the lowest dose tested, 0.001 mg/kg/day.

Methods
Doses: 0, 0.001, 0.0025, 0.0075 mg/kg/day

Frequency of dosing: Once daily from GD 6 through GD 19
Dose volume: 0.1 mL/kg

Route of administration: Subcutaneous
Formulation/Vehicle: 1.42 mg/mL disodium  phosphate, 

dihydrate; 14.0 mg/mL propylene glycol and 
5.50 mg/mL phenol in water for injection

Species/Strain: Rabbit / New Zealand white
Number/Sex/Group: 22

Satellite groups: TK group: 3 main dose animals from each 
treatment group were used for TK sampling pre-
dose and 4, 8, 12, and 24 hours after dosing on 
GD 6 and GD 19. Developmental data from 
these animals were combined with the data from 
the other animals in the group.

Study design: Three groups of 22 female rabbits received NNC 
0113-0217 at doses of 0.001, 0.0025 or
0.0075 mg/kg/day from Days 6 to 19 after 
mating. A similarly constituted Control group 
received the vehicle, at the same volume-dose 
throughout the same period. Animals were killed 
on Day 29 after mating for reproductive 
assessment and fetal examination.

Deviation from study protocol: There were no protocol deviations that impacted 
the validity or interpretability of the study
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Observations and Results
Mortality
There were no unscheduled mortalities.

Clinical Signs
There was an increase in the number of animals having few feces in the MD (2) and HD 
(7) groups compared with zero in the control and LD groups. One to 2 animals in the
MD and HD groups were noted as having yellow forepaws, head, hindpaws, or pinna 
compared with zero in the control and LD groups. The HD group had 2 animals noted 
as having an abnormal whole body (brown) and 2 to 3 animals from each of the three 
treatment groups were noted as having abnormal whole body color (yellow).

Body Weight
After initiation of dosing, the MD and HD groups lost weight and the LD group showed 
decreased mean body weight gain. On the day after the final dose (GD20), the mean 
body weight for the HD does was still below their weight on GD6. Body weight gain 
between GD6 and GD20 was 25%, 87%, and 132% less for the LD, MD, and HD 
groups, respectively, compared with the control group. The treatment-related effects on 
body weight are shown in the applicant-generated figure below.

Figure 31. Body weight, female rabbit, gestational period (Applicant’s figure)
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Feed Consumption
Effects on body weight correlated with decreased food consumption, with profound 
reductions in food consumption occurring in the HD group. Once dosing ended, food 
consumption increased for all treatment groups, surpassing the value for the control 
group; food consumption for the MD and HD groups was statistically significantly higher 
than the control value from GD 22 until the end of the study.

Serum glucose
Samples were collected pre-dose and 4, 8, 12, and 24 hours after dosing on GD 6 and
19. A slight decrease in mean serum glucose was noted for HD animals at 4, 8, and 24 
hours after dosing on GD 6 (range 6.78 to 6.98 mmol/L) compared with pre-dose values 
or control values (range 7.30 to 7.82 mmol/L). MD values at 4 and 24 hours post-dose 
on GD 6 were slightly lower than pre-dose values but were similar to control values.
There was no apparent effect serum glucose at the LD on GD 6 or at any dose level on 
GD 19.

Toxicokinetics
Blood samples were taken from three animals per dose group on Day 6 (on the first day 
of dosing) and Day 19 at the following nominal time points: predose, 4, 8, 12 and 24 
hours after dosing.

Overall, the exposure to NNC 0113-0217, as evaluated by Cmax, increased with dose 
on both Day 6 and Day 19. Cmax generally increased in a more than proportional 
manner with dose level. There was a higher exposure to NNC 0113-0217 on Day 19 
compared to Day 6 in all dose groups for both Cmax and AUClast (11-fold in the highest 
dose group).
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Table 123. Toxicokinetic parameters, female rabbits, GD6 and GD19 (Applicant’s 
table).

Dosing Solution Analysis
Formulations were 77% to 82% of nominal for the LD, possibly due to test material 
adhesion to the sampling container; all other dose levels were 85% to 95% of nominal.

Necropsy
There were no gross pathology findings attributed to the test article.

Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.)
There was a slight decrease in mean litter weight for the MD and HD groups, which was 
likely due to the slightly smaller litter size, as there was no difference in overall fetal 
weight.
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There were no effects on the number of corpora lutea, implantation sites, or the male to 
female ratio. There was a trend for a slight increase in post-implantation loss due to 
early resorptions in the MD and HD groups.

Table 124. Cesarean section data (Applicant’s table)

Offspring (Malformations, Variations, etc.)
There was not a definitive treatment-related effect on the incidence of major 
abnormalities. The major abnormalities occurred at a low incidence and often did not 
occur in a dose-related manner.

In the 0.0075 mg/kg/day group, there were marginally higher than expected incidences 
of fetuses/litters with the minor visceral abnormalities of dilated renal pelvis, additional 
liver lobe, and forepaw flexure and minor skeletal abnormalities/variants, including 
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additional sternebral centers, bridge of ossification/partially fused/fused sternebrae, 
unossified/incompletely ossified metacarpals/phalanges compared with the concurrent 
controls and background control range (see applicant-generated tables below, which 
were modified to remove insignificant findings). In the 0.0025 mg/kg/day group, there 
was a marginally higher than expected incidence of fetuses/litters with the minor 
skeletal abnormality of additional sternebral centers compared with the concurrent 
controls and background control range. Although a relationship to treatment cannot be 
completely ruled out, the study director concluded that the findings were not considered 
to represent an adverse effect on fetal development because they are not detrimental to 
normal subsequent development.

Table 125. Fetal examination (Applicant’s table)
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 Few sporadic abnormalities (focal reddening of the skin, kinked and stiff wrist, 
blood accumulation under the skull causing misshapen right brain hemisphere, 
fused kidneys, liver cysts and shift in alignment of the vertebrae, ribs, and first 
sternebra, at the cervico-thoracic border) were observed at the mid and high 
dose (5 and 15X MRHD). Because these findings exceeded the concurrent 
control values and the historical control range, a relationship to treatment could 
not be excluded. NOAEL was established at 0.015 mg/kg, 1 X MRHD.

Methods
Doses: 0.015, 0.075, 0.15 mg/kg

Frequency of dosing: GD 16, 18, 20, and every 3rd day thereafter until 
GD 50

Dose volume: 0.1 mL/kg
Route of administration: Subcutaneous

Formulation/Vehicle: 1.42 mg/mL disodium  phosphate, 
dihydrate; 14.0 mg/mL propylene glycol; 5.50 
mg/mL phenol in water for injection (WFI), 
adjusted to pH 7.4.

Species/Strain: Monkey/Cynomolgus (Macaca fascicularis)
Number/Sex/Group: 16

Satellite groups: None
Study design: Three groups of 16 pregnant females were 

dosed during their pregnancy starting with two 
escalation dosing steps on gestation day 16 and 
18 and then every third gestation day between 
day 20 and 50 at final target doses of 0.015 
mg/kg/3 days, 0.075 mg/kg/3 days, and 0.15 
mg/kg/3 days. The pregnancies were 
ultrasonographically monitored between 
gestation day 15 and 86. The pregnancies were 
terminated on gestation day 100±1 with a 
cesarean section to examine the fetuses. The 
females were necropsied and the fetus 
underwent a detailed external, visceral and 
skeletal examination.

Deviation from study protocol: Several protocol deviations occurred during the 
course of the study. Of note, one control animal 
was injected with 0.075 mg/kg on GD 50 instead 
of control vehicle. The study deviations did not 
affect the validity or interpretation of the study.

Observations and Results 

Mortality
No maternal deaths occurred.
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Clinical Signs
Signs including dehydration, hypoactivity, or vomiting was occasionally noted for MD or 
HD animals, which was considered to be related to the pharmacological activity of the 
test article. On one occasion on GD20, animal 15039 from the 0.15 mg/kg group 
appeared to be pale, cool, and weak. It was discovered that this animal had received a 
dose of 0.15 mg/kg on the first day (GD16), thereby omitting the escalation phase in 
error.

Body Weight
Decrease in body weight was observed in all treatment groups throughout dosing, 
followed by body weight gain at dose cessation.

Figure 32. Maternal body weight (Applicant’s figure)

Table 126. Gestational body weight, monkey (Applicant’s table)

Feed Consumption
Reduced food consumption was observed in all treated groups.

Toxicokinetics
For Group 2 blood samples (full profiles) were taken from each animal on the first day 
(on target dose level) and on GD 50 (last dosing day) at the following nominal time 
points: 0, 4, 8, 12, 24, 48 and 72 hours after dosing. During the up titration for Group 3 
and 4, compliance samples were taken at 24hr post dose, as well predose on the very 
first day of dosing.
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The Cmax and AUC0-48h increased with dose level, and the increase in exposure was 
proportional or somewhat more than proportional to dose level after single target dose 
and at steady state. Minor accumulation (less than 2-fold) was observed in all animals.

Table 127. Toxicokinetic parameters, gestational monkey (Applicant’s table)

AUCtau=AUC0-72hr, with the exception of Groups 2 and 3 on GD 16 and GD18 where 
AUCtau=AUC0-48hr, due to the dosing schedule.

Dosing Solution Analysis
Except for the HD formulation on GD 20, which was 80% of nominal, all other 
formulations were between 94% and 106% of the nominal concentrations.

Necropsy
There were no treatment related findings.

Cesarean Section Data (Implantation Sites, Pre- and Post-Implantation Loss, etc.)

Fetal Mortality
There was no treatment-related increase in fetal mortality.

Fetal Growth
There were no apparent treatment-related effects on mean placental weight, fetal 
weight, or other external fetal growth measurements. Mean fetal organ weights were 
similar to control values except for testicular weights, which were slightly higher for the 
high-dose group. This difference appears to be within the expected range based on the 
standard error values, but considering increased testicular weights were observed in 
pre-pubescent or early pubescent monkeys with other GLP-1 receptor agonists, the 
data are presented below.
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Offspring (Malformations, Variations, etc.)
There were no malformations or variations that could be definitively attributed to 
treatment. Overall, the fetal pathology findings in this study were without commonality in 
nature, but the incidences exceeded the incidences in the control group and in the 
limited historical control data, thus a relationship to treatment could not be excluded.

Fetal macroscopic and stereomicroscopic visual inspections revealed no effects on the 
morphology of the fetal heart or on major blood vessel organization. The majority of the 
fetal variations observed were within the historical control range. However, incidences 
of sporadic malformations and variations at the mid and high dose levels exceeded the 
historical control ranges. These included generalized or focal reddening of the skin, 
kinked and stiff wrist, blood accumulation under the skull causing misshapen right brain 
hemisphere, fused kidneys, liver cysts and shift in alignment of the vertebrae, ribs, and 
first sternebrae, at the cervico-thoracic border. Only one fetus had more than one 
abnormality.

One low dose fetus had marked skin reddening affecting a large area of the left side of 
the body, appearing autolytic at the histopathological examination. This animal had a 
kinked and stiff wrist, but with no skeletal abnormalities. An area on the left side of the 
chest, which corresponded with the size and shape of the left arm, was not reddened. 
Together with the stiff wrist, this indicates that the position of the fetus in uterus might 
be the cause of the findings. Less widespread skin reddening was observed in the other 
treated groups, as well as in the control group. In some cases, the skin appeared 
normal when the fetus was removed from the mother, but reddening appeared when the 
fetus was injected with barbiturate. Histopathological examination of the reddened skin 
generally revealed correlating histological changes of minimal to slight multifocal 
congested vessels and/or minimal to slight multifocal hemorrhages in the dermis and 
subcutis. Based on findings from the pre- and postnatal study in cynomolgus monkeys, 
where no skin reddening was observed, the skin reddening was considered to be 
incidental or possibly related to the terminal procedures.

A misshapen right brain hemisphere in a HD fetus, categorized as a malformation, was 
due to accumulation of blood between the dura mater and the brain. This was initially 
observed on ultrasound on GD71, but the fetus was alive and in otherwise normal 
condition at the caesarean section on GD100. This finding had not been recorded 
previously in control monkeys.

Fused kidneys were observed in a mid-dose fetus. The kidneys were fused in the hilus 
area with a continuous cortical and partly medullar layer on the cranial and caudal side 
of the joined hilus. Each kidney had a pelvis and its own ureter and there were no signs 
of dysplasia or prematurity in the different structural elements of the kidneys. The 
overall development of the fetus did not indicate any impaired functionality of the 
kidneys. Fused kidneys had not been observed previously in control monkeys.

Skeletal malformations were observed in one high dose and one mid dose fetus, both 
with slight shifts in the alignment of the vertebrae, ribs and sternebrae at the cervico-
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thoracic border. Such findings had not been recorded previously in control monkeys. 
The shift was considered unlikely to be of major functional significance in post-natal life.

An expert panel consulted by the applicant noted that with the exception of the two 
fetuses with a skeletal alteration, none of the findings was morphologically similar to 
other findings. The fact that not all of the isolated findings had been seen previously in 
control fetuses did not necessarily imply that they were treatment related. According to 
one panelist, the skeletal alteration observed in one mid-dose and one high-dose fetus 
was considered to be due to a slight shift in alignment of the vertebra, ribs, and first 
sternebra at the cervico-thoracic border. Although classified in the report as 
malformations because of its rare occurrence, the general opinion of the panel was that 
it would be unlikely to be of major functional significance in post-natal life. No similar 
finding was observed in the X-ray of any treated infant from the PPND study, assessed 
on PND 120. No morphological abnormalities were observed in infants from females in 
the PPND study. Also, it was agreed that the fetal findings in the primate fetuses were 
very different from those seen in the rat fetuses (limb, tail and aortic arches 
abnormalities). In conclusion, the expert panel agreed unanimously that the findings in 
primates were not indicative of a teratogenic response (expert panel meeting minutes 
are in the appendix).
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Table 128. Summary of fetal malformations, monkeys (Applicant’s table)
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Skin reddening was observed in several fetuses including controls. Overall, the most 
severe incidence of skin reddening occurred in Group 2. Samples of reddened and 
control fetal skin were examined microscopically by the study pathologist and digital 
images with special emphasis on bleedings and the number of capillaries were taken. 
Blood vessel congestion and/or hemorrhages in the dermis and subcutis, partly 
associated with an increased number of cutaneous blood vessels, were present in all 
fetuses affected by reddening of the skin. These findings could be observed throughout 
all dosing groups and the control group and correlated well with the macroscopic finding 
of skin reddening. The cause of the vessel congestion and hemorrhages could not be 
determined. As Group 1 fetuses were also affected, the pathologist concluded that a 
relation to the treatment of the mother animals seemed unlikely. 

The expert panel noted that in a small number of fetuses skin reddening developed after 
terminal injection of pentobarbitone, and skin reddening has subsequently been 
recorded in control fetuses in the same laboratory. Dosing of the females was 
completed 50 days before termination of pregnancy on GD 100. At this time the skin of 
the fetus is immature. It is possible that terminal necropsy procedures may have played 
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Key Study Findings
 Maternal weight loss was observed in all treated groups until GD 50.
 Increased incidence of early pregnancy loss (GD 16 to GD 50) at >0.075 mg/kg 

(3X MRHD).
 Lower infant body weights at birth in the HD group (7X MRHD). By Day 91 body 

weight was similar across all groups.
 Maternal toxicity during the first trimester may have directly contributed to the 

increased fetal mortality. However, a direct drug-related effect on the fetus 
cannot be ruled out. Therefore, the NOAEL was set at 0.015 mg/kg (1X MRHD).

Methods
Doses: 0.015, 0.075, and 0.15 mg/kg/ every 3 days

Frequency of dosing: On GD 16, 18, 20, and every 3rd day thereafter 
until GD 140, inclusive, for a total of 43 doses. 
Mothers were not dosed during lactation.

Dose volume: 0.1 mL/kg
Route of administration: Subcutaneous

Formulation/Vehicle: 1.42 mg/mL disodium  phosphate, 
dihydrate; 14.0 mg/mL propylene glycol; 5.50 
mg/mL phenol in water for injection (WFI), the 
vehicle was adjusted to pH 7.4

Species/Strain: Monkey/Cynomolgus (Macaca fascicularis)
Number/Sex/Group: 24

Satellite groups: None
Study design: Pregnant females were dosed by subcutaneous 

administration of NNC 0113-0000-0217 at target 
dose levels of 0.015, 0.075, and 0.15 mg/kg/ 
every 3 days from Gestation Day (GD) 20 to 140 
after a dose escalation phase on Gestation Day 
16 and 18 to ensure tolerability. 

Deviation from study protocol: None affecting the validity of the study

Observations and Results 
F0 Dams
Mortality/Clinical signs
There was no treatments related mortality or clinical signs.

Body weight
A dose dependent initial maternal body weight loss was observed in all treated groups 
between GD 16-50. Body weight gain was observed thereafter, although at lower rate in 
the mid- and high-dose groups compared to controls.
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Table 131. Gestational body weight (Applicant’s table)

Table 132. Maternal body weight during lactation (Applicant’s table)

Food consumption
Food consumption was qualitatively assessed as part of the evaluation of clinical signs.

Necropsy observations
There were no treatment related findings.
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Toxicokinetics
Blood samples for toxicokinetics were taken from animals in selected dosing groups on 
GD 16 and 18 at predose (0), 4, 12, 24, and up to 48 hours after dosing, and on GD 20, 
50, and 140 (last dosing day) at predose (0), 4, 12, 24, 48 and up to 72 hours after 
dosing.

Cmax and AUC0-72h increased with the dose. The increase in exposure was proportional 
to dose after repeated dosing both at GD 50 and at GD 140. Following repeated 
subcutaneous administration, exposure to NNC 0113-0217 in plasma (AUC0- 72h) 
generally tended to increase slightly from GD 20 to GD 50 with individual accumulation 
ratios in the range of 0.8 to 1.5. When comparing GD 20 with GD 140, exposure to NNC 
0113-0217 tended to decrease and the individual accumulation ratios were in the range 
0.4 to 0.8.

Table 133. Toxicokinetic parameters on GD 16, 18, 20, 50, and 140 (Applicant’s 
table)
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Dosing solution analysis
Dosing formulations were sampled on GDs 16, 18, 20, 50, 100, and 140. The results 
indicate that the dosing formulations were within the acceptance range of ±10% of the 
nominal concentration.

F1 generation
Increased early pregnancy losses were observed  between GD16-50 at the mid and 
high dose levels and  were considered likely related to the maternal body weight loss. 
However, due to the limited historical control data available and the lack of experience 
with cynomolgus monkey studies with such marked effects on maternal body weight, it 
cannot be excluded that the early pregnancy losses were treatment related, adverse 
effects.

Post-natal mortality was also increased at all dose levels compared with the control 
group. However, these values were within the normal range of expected infant 
mortalities of the reference data. Additionally, all infant deaths appeared to have 
different etiologies and/or clinical signs. Therefore, the infant deaths were not 
considered treatment related.

Early pregnacy losses were not observed in the embryofetal development study. The 
panel of experts consulted by the applicant noted the following:

 Plasma levels of mCG from females which were reported pregnant and aborted 
between GD 16 and 50 showed that the early early pregnancy loses (prior to GD 
25) were not due to false positive pregnancies. 

 Females in the PPND study were housed three to a cage (two per cage in the 
EFD study). This may have lead to psycological stress which can interfere with 
the HPA axis and can lead to hormonal imbalance that may affect the 
mainteinance of pregnancy (Nakamura et al. 2008; Douglas 2010, Parker and 
Douglas, 2010). However, there were no records in the clinical signs of the 
PPND females to suggest any obvious adverse interaction between the females 
in any cage. Also, pregnancy outcome was not affected in other studies in whici 
animals were housed three per cage, but it was noted that none of these studies 
showed severe weight loss during early pregnancy. 
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 A wide range of prenatal loss rates In the cynomolgus monkeys has previously 
been reported in various facilities (Jarvis et al. 2010 and references therein). 

 Stress of pregnancy alone, combined with the poor nutritional state of the 
semaglutide treated monkeys, was sufficient to result in pregnancy failure in 
some animals.

Clinical signs and external observations
There were no treatment-related clinical signs for infants. The type, pattern, and 
frequency of clinical signs, such as lesions/swellings, skin reddening/spots/wheals, and 
scratches/bites, were similar between all groups. There were no treatment-related 
external abnormalities observed. The skin reddening that was observed in earlier 
studies was not observed in this study.

Body weight
Mean infant body weights were lower at the MD and HD levels, with the effect being 
statistically significantly lower for HD infants on Day 1 (↓14%). The differences in mean 
body weight between controls and MD and HD groups diminished over time, with a 4% 
difference at Day 91 and only 1% at Day 181.

Table 134. Infant body weight after birth (Applicant’s table)

Physical development
Skeletal development: 
Skeletal development was assessed around post-partum day 120 by conducting a 
whole-body X-ray. Dual-energy X-ray absorptiometry (DEXA) was conducted to 
evaluate bone mineral density and content, body fat, and body muscle mass.

No treatment-related effects on skeletal development were observed.

Morphological examinations: 
Measurements of head circumference, distance between the eyes, crown-rump length, 
crown-heel length, tail length, chest circumference, length of upper and lower 
extremities, and ano-genital distance were conducted on postpartum days 1, 21, 56, 84, 
and 180.

Mean crown-heel length and chest circumference values were statistically significantly 
shorter for MD and HD infants on PPD 1, although in a non-dose-related manner. This 
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was not observed at other time points. The mean length of extremities was slightly 
shorter for HD infants on PPD 1 and PPD 21. Overall, differences observed at early 
time points were not observed on PPD 180 and were not considered to be 
toxicologically meaningful.

Clinical pathology: 
Hematology, coagulation, and clinical chemistry evaluations were conducted on post-
partum days 28, 98, and 178.

No toxicologically meaningful differences in clinical pathology endpoints were observed 
for semaglutide-exposed groups.

Neurological assessment
There was no treatment-related neurobehavioral impairment in neurobehavioral test 
battery conducted on post-partum day 1 and 7. 

Necropsy:
Organ weights: 
Spleen, adrenal glands, kidneys, liver, gallbladder, ovaries, uterus, testes, 
epididymides, thyroid (with parathyroid), thymus, heart, and brain were weighed.

No biologically meaningful differences in mean organ weights were observed across the 
treatment groups.

Gross pathology:
Findings at necropsy were reported to be generally consistent with the expected 
spectrum of background pathology in Cynomolgus monkeys and concurrent controls.
There were no unusual macroscopic findings suggestive of target organ toxicity.

Histopathology:
There were no treatment-related microscopic findings in infants that died prematurely or 
in infants evaluated after terminal sacrifice.
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Methods
Doses: 0 (ad libitum, reference controls), 0 (pair fed to 

the HD, pair-fed controls), and 0.02, 0.13, 0.6 
mg/kg/day

Frequency of dosing: Once daily from PND 21 to 97
Route of administration: Subcutaneous

Dose volume: 1 mL/kg
Formulation/Vehicle: Aqueous solution containing 1.42 mg di-sodium 

 phosphate, dihydrate, 14.0 mg 
propylene glycol, 5.5 mg phenol and water for 
injection. The vehicle was adjusted to pH 7.4.

Species/Strain: Rat/Sprague-Dawley
Number/Sex/Group: 10/sex/group

Age: 21 days old
Weight: 34 to 58 g (males), 34 to 55 g (females)

Satellite groups: 20/sex/group for reproductive assessment 4 
weeks after dose cessation 

Unique study design: A pair-fed control group and an ad libitum fed 
control group were included. The pair-fed 
control, and the low and mid dose semaglutide 
treated groups, were pair-fed to the high dose 
semaglutide treated group, which was fed ad 
libitum, but expected to have reduced food 
consumption. Treatment commenced for the ad 
libitum control group and the high dose group 
three days earlier than the other study groups to 
permit pair-feeding based on the actual 
consumption of the high dose animals.

Deviation from study protocol: None affecting the integrity of the study
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Observations 
The following parameters were assessed during and/or at the end of the dosing and 
recovery periods: viability, clinical condition, body weight, food consumption, 
hematology, clinical chemistry, urinalysis, toxicokinetics, sexual maturation, 
neurobehavior, estrous cycle, limb measurements, organ weights, macropathology and 
histopathology. Furthermore, mating performance and fertility were assessed after the 
recovery period.

Results

Mortality
None treatment related.

Clinical Signs
No treatment related clinical signs were observed.

Body Weights
Body weight gain in all treated male groups was generally lower than reference controls 
throughout the dosing period (17 to 21% lower); during the recovery period overall 
mean body weight gains of these animals were greater than in reference controls.

Body weight gain in treated females was lower than reference control from Day 21 to 
Day 31 of age but thereafter body weight gain was generally similar to or slightly greater 
than in controls until the end of the recovery period. 

The mean absolute body weight for the pair-fed control males and females on Day 98 of 
age was 11% and 7% lower than reference control, respectively. Despite the pair-
feeding, the body weight gain was lower in the semaglutide treated groups than in the 
pair-fed controls.

There was no effect of previous treatment on body weight gain during gestation.

BW gain PND 21-98
Males Females

g % vs. 1M % vs. 2M g % vs. 1F % vs. 2F
1M 477 1F 246
2M 420 -12 2F 225 -9
3M 394 -17 -6 3F 214 -13 -5
4M 377 -21 -10 4F 208 -15 -8
5M 377 -21 -10 5F 216 -12 -4
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Feed Consumption
Food consumption was decreased during the first two weeks of treatment in high-dose 
males and females when compared with the reference control group (28-30% lower 
over the period of Day 21-34 of age). Thereafter, food intake was similar to reference 
controls in females, and steadily increased in males, although it remained slightly lower 
than reference control. During the first two weeks of recovery (Days 1-14), food intake 
of all semaglutide-treated males and females was markedly higher than reference 
control, and was thereafter similar to marginally higher than reference control until 
scheduled termination.
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Physical development
Bone length
Overall, there was no effect on ulna growth. Ulna length was slightly decreased 
between Day 21 and Day 49 of age in all treated males and females compared to pair-
fed controls. 

Sexual maturation
In control females, the lower body weight of the pair-fed control group, compared with 
the ad libitum fed control group, was reflected in a minimal delay of sexual maturation 
and minimally lower body weight at the time of vaginal opening, although the changes 
were not statistically significant. Delay in vaginal opening was observed in all treated 
female groups when compared to pair-fed controls despite higher body weight. 

In males, the reduction of body weight in the pair-fed control group compared with the 
ad libitum fed control group did not cause a delay of sexual maturation, measured as 
the age at onset and completion of preputial separation.  Despite similar body weights in 
the semaglutide treated groups and the pair-fed control group, at the age at onset of 
preputial separation in the pair-fed control group, a delay in onset of preputial 
separation occurred in the high dose semaglutide treated males, and body weight at the 
onset of preputial separation was higher in the high dose males than in the pair-fed 
controls. Completion of preputial separation was delayed in all semaglutide treated 
groups compared with the pair-fed controls and the body weight at completion of 
preputial separation was higher than in the pair-fed control group.
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Neurobehavioral examination
During week 8 and 9 of the dosing period, motor activity, functional observations 
battery, and learning test(morris maze) were evaluated in all recovery/reproductive 
phase animals. 

No treatment related cganges were observed.

Clinical pathology
Slight increase in hematocrit and hemoglobin in high dose males and a trend towards 
an increase in hemoglobin and red blood cell count in high dose females were noted 
compared to both control groups. These findings were accompanied by a trend towards 
a minimal increase in mean cell hemoglobin concentration in semaglutide treated 
groups compared with the ad libitum fed control group. No changes were observed after 
the 4-week recovery period.  In the absence of any correlating pathology findings, the 
above changes were considered non-adverse.

Dose-related decrease in triglycerides was noted in all treated animals

Table 135. Clinical pathology (Applicant’s table)

* p<0.05,  ** p<0.01 (pairwise test, semaglutide treated groups versus pair-fed control)
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Urinalysis
When compared with pair-fed controls, a statistically significant slight decrease in 
urinary pH in HD males and in all treated females and lower sodium/chloride output in 
males at >0.02 mg/kg/day and in all treated females were observed. All differences 
were, however, within the historical control range and were considered to be of no 
toxicological significance.

Table 136. Urinalysis, percent change vs. control (Applicant’s table)

* p<0.05,  ** p<0.01 (pairwise test, semaglutide treated groups versus pair-fed control)
^ p<0.01,  ^^ p<0.01 (pairwise test, pair-fed versus ad lib fed control group
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Reproductive performance
For the reproductive assessment, control males were paired with control females, 
previously treated males were paired with untreated females, and previously treated 
females were paired with stock males. All females were terminated on Day 14 after 
mating (mid-gestation) for a uterine assessment.

No effects were oberved on estrous cycle regularity, pre-coital interval, mating 
performance and fertility, or litter data, including mean number of corpora lutea, 
implantation sites, resorptions, live embryos and percentages of pre- and post-
implantation losses.

Gross Pathology
There were no treatment related changes.

Organ Weights
As a consequence of the lower terminal body weight, when compared to pair-fed 
controls, a decrease in absolute organ weights and a corresponding increase in relative 
organ weights were seen for various organs, predominantly at >0.13 mg/kg/day. 
However, there were no macroscopic or microscopic correlates for any of the organ 
weight differences and the differences were all considered non-adverse.

Histopathology
Adequate Battery: Yes

Peer Review: Yes, by Inger Thorup, Novo Nordisk

Histological Findings
Treatment-related histopathological changes were limited to the duodenum. Minimal or 
slight hypertrophy of the Brunner’s glands were seen in all treated female group and in 
males at >0.13 mg/kg, with dose-related increase in severity. This finding persisted into 
recovery for one LD and MD female each (minimal in severity).

Table 137. Histopathology (Applicant’s table)
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Toxicokinetics
The Cmax and AUCtau increased linearly with the dose and were slightly higher on 
Week 11. No apparent differences in the exposure to semaglutide were observed 
between female and male rats.

Exposure in juvenile rats following 11 weeks of daily subcutaneous administration was 
similar to the exposure in adult rats following 26 weeks of daily subcutaneous. For 
comparison, the AUCtau after repeated dosing of 0.6 mg/kg was 15000 and 18100 
nmol.h/L in juvenile and adult rats, respectively.

Table 138. Toxicokinetic parameters at week 5 and 11 (Applicant’s table)

Dosing Solution Analysis
Analysis of the formulations prepared for use on Day 1 of dosing revealed that the 
achieved concentrations for Groups 3 and 4 (0.02 and 0.13 mg/mL) were outside the 
acceptance criteria and found to be 129.8% and 112.6% of nominal concentrations, 
respectively. Re-analysis of the samples confirmed the original result. 
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10 Special Toxicology Studies

Mechanistic studies to explore effects on embryo-fetal development in rats

Background
In the rat developmental toxicity studies, increased frequency of embryo-fetal loss, fetal 
growth retardation and major fetal malformations were observed at approximately the 
clinical dose. Increase in minor skeletal variations in the rabbit EFD and few sporadic 
fetal malformations in the monkeys EFD were observed, but these were considered 
mostly related to the marked maternal body weight loss. In order to understand the 
mechanism and to assess the potential human relevance of the embryotoxicity findings 
in rats, a series of mechanistic studies was performed. The majority of rat abnormalities 
involved anatomical structures (tail, digits and major blood vessels) for which 
development is generally initiated between gestational day 10 and 13, which coincides 
with the period when the rat embryo is highly dependent on nutrition supplied via the 
inverted yolk sac (Fig. 31) (DeSesso JM 2012). It was therefore hypothesized if 
impairment of the inverted yolk sac placenta could cause the observed embryotoxicity. 
Embryotoxicity caused by functional impairment of the inverted yolk sac placenta 
function in rats has been reported in the scientific literature for other compounds, e.g. 
trypan blue (Roger JM 1985) and a Haemoglobin Based Oxygen Carrier (HBOC-201) 
(Holson JF 2005).

Table 139. Summary of fetal findings in rats (Applicant’s table)
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Table 140. Summary of fetal findings in rabbits (Applicant’s table)

Table 141. Summary of fetal findings in monkeys (Applicant’s table)
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Figure 33. Timing of organogenesis for affected anatomical structures in the rat 
EFD studies and major routes of embryonic nutritional support (Applicant’s 
figure)

Embryofetal nutrition in rodents versus primates
There are marked differences between the anatomical appearance of the yolk sac and 
its involvement in early nutrition between rodents and primates. In rodents, the yolk sac 
inverts and forms an early placenta-like structure, which ensures sufficient early 
nutritional flow to the rapidly growing embryo, initially alone and at later stages of 
gestation in parallel with the chorio-allantoic placenta (CAP). Due to the anatomical 
structure, the rat embryo becomes highly dependent on the inverted yolk sac for 
nutritional support. In primates, the yolk sac has a less prominent role in early nutrition 
and it does not form a placenta-like structure as in the rat. It may be involved in early 
nutritional support to the embryo, but as it retains its balloon-shape with no inversion of 
the absorptive membranes, thus the nutritional contribution is considered to be limited. 
When the need for nutrition increases in the primate embryo, the CAP appears to be 
capable of supporting the embryo alone. As the rodent embryo is more dependent on 
the nutritional support from the yolk sac than the primate embryo, it is reasonable to 
expect that the rodent embryo will be more sensitive towards interference with the yolk 
sac nutritional function compared to the primate embryo. Even though the rabbit embryo 
develops an inverted yolk sac placenta, no major abnormalities were seen when 
semaglutide was administered to dams during organogenesis. According to the 
applicant, this could be because sufficiently high dose levels were not achieved due to 
maternal tolerability, or because of two major differences between the rat and rabbit 
inverted yolk sac: 1) the yolk sac in the rabbit takes much longer to completely enclose 
the embryo than that of the rat, and 2) the size of the extra-coelomic cavity in the rabbit 
is much larger, meaning that the rabbit embryo has greater reserves within the yolk sac 
cavity than does the rat embryo and so is better able to withstand adverse effects on 
histiotrophic nutrition.
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Figure 34. Yolk sac appearance in rodent and primate (Applicant’s figure)

Mechanistic studies key findings
 GLP-1R is expressed in the inverted yolk sac membrane in the rat, but not in the 

monkey.
 Embryonic exposure to native GLP-1 and semaglutide caused a dose dependent 

reduction in yolk sac diameter and embryonic growth. These effects could be 
prevented by a specific GLP-1R antagonist, demonstrating that the effects were 
mediated by the GLP-1R.

 Semaglutide reduced the number of pinocytotic vesicles in the rat yolk sac 
membrane and the rate of pinocytotic transport.

 Continuous intravenous infusion of unacetylated semaglutide (short half-life, ~2-
4h) for ten days before mating up to GD 8, GD13, and GD17 caused no 
malformations on GD 8, when the yolk sac has not begun to invert to optimise 
supply of nutrients for the embryo. Skeletal malformations (short, bent, thickened 
long bones, bent scapula and bent clavicola) were observed starting at >GD 13 
when the rat embryo is dependent on the inverted yolk sac placenta for nutrition. 
There was a clear correlation between the size of the semaglutide treated 
embryos and the degree of limb abnormalities, i.e. the smaller embryos had more 
severe malformations.

Conclusion
Semaglutide activates the GLP-1R on the inverted yolk sac membrane of the rat 
embryo, leading to decreased pinocytotic transport, embryonic malnutrition, growth 
retardation and major skeletal and visceral malformations. The applicant concluded that 
due to anatomical and functional differences between the rat and primate yolk sac, and 
similarity between the monkey and human structure, embryotoxicity in rat is unlikely to 
be of relevance in primates; however, involvement of additional mechanisms leading to 
embryotoxicity in rats cannot be completely excluded.
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Mechanistic studies
The following key elements were investigated:

Time dependency of embryonic effects

Assessment of potential effects on inverted yolk sac and embryonic development 
of the rat in vitro and in vivo (Study #209213)
Purpose

a) To compare effects on the inverted yolk sac and embryonic development and 
survival after in vitro and in vivo exposure over the same developmental period.

b) To investigate the time course and possible etiology of adverse effects on 
embryonic and fetal development after maternal exposure of pregnant rats to 
NNC 0113-0217.
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Key findings
Maternal treatment with semaglutide affected growth and development of embryo in 
vitro and in vivo as early as Day 11 of gestation. Malformations and evidence of delayed 
morphological development were detectable in the early stage in vivo and in vitro 
embryos on GD 11 and became more apparent in the in vivo embryos at GD 13 and 15.

Study Design
Semaglutide or vehicle was administered to two subsets of adult female CD rats for five 
weeks (three weeks dose escalation, two weeks target dose). The first subset of 
animals was mated and treatment continued throughout gestation (groups 1-3), while 
the second subset consisting of unmated females (groups 4-6) was terminated 10 hours 
after the final treatment and serum collected for subsequent use during in vitro embryo 
culture. GD9.5 is the earliest time when embryos can be explanted and cultured in vitro. 
GD11.5 is the latest time the embryo and embryonic membranes can remain viable.
The influence of maternal treatment upon embryonic growth and development in vivo 
was assessed at Days 11, 13 and 15 of gestation. Additionally growth and development 
in vitro was assessed in Day 9 embryos obtained from treated females and cultured in 
medium containing serum from treated non-pregnant females. All embryos were 
evaluated after approximately 48 hours in culture.

Escalating dose phase

Two weeks target dose
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Mated females in each of Groups 1-3 were allocated to subgroups as follows:
Subgroup A (3 females) Embryos harvested Day 9.5 of pregnancy for culture
Subgroup B (3 females) Embryos harvested Day 11 of pregnancy for evaluation
Subgroup C (3 females) Embryos harvested Day 13 of pregnancy for evaluation
Subgroup D (3 females) Embryos harvested Day 15 of pregnancy for evaluation

Cultured embryos (subgroup A)
For in vitro culture, embryos were harvested from 3 pregnant animals per group (groups 
1-3) on Day 9.5 of gestation. Five embryos per female were selected and allocated to 
the following groups:

Results
Maternal toxicity 

 There were no deaths, treatment-related clinical signs or macroscopic changes.
 Marked reduction in bodyweight gain was noted in all treated groups.
 The number of corpora lutea, implantations and live embryos were significantly 

lower in treated females compared to controls.

Figure 35. Body weight
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Table 142. Litter data (Applicant’s table)

Table 143. Plasma concentration (Applicant’s table)
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Embryo assessment
 Reductions in yolk sac, embryonic growth and development were seen in both 

cultured embryos and in vivo embryos on GD 11, 13 and 15.

 There were no embryonic deaths during culture (subgroup A). Increase in 
embryonic deaths was apparent on GD 13 at the high-dose and on GD 15 at 
both doses. 

 Low incidences of morphological abnormalities were observed in cultured 
embryos (allantois defect, enlarged heart, and pericardial sac defect) on GD 9.5.

 On GD 11, pericardial sac defect and flexion to left side were noted.

 Heart abnormalities, irregular brain formation, deformed otic, optic, and olfactory 
systems, small head, absent or small forelimbs/hind limbs were observed on GD 
13 and 15. 

Table 144. Growth and development of cultured embryos, subgroup A 
(Applicant’s table)
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Table 145. Summary of observations in cultured embryos, subgroup A 
(Applicant’s table)

Table 146. Growth and development at GD 11, subgroup B (Applicant’s table)
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Table 147. Growth and development at GD 13, subgroup C (Applicant’s table)

Table 148. Growth and development at GD 15, subgroup D (Applicant’s table)
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Table 149. Summary of observations on GD 11, subgroup B (Applicant’s table)
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Table 150. Summary of observations on GD 13, subgroup C (Applicant’s table)
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Table 151. Summary of observations on GD 15, subgroup D (Applicant’s table)

Study of effect on inverted yolk sac and embryonic development of the rat in vitro 
(Study # 210019)
Key findings
Reduction in yolk sac diameter and embryonic growth, and morphological abnormalities 
were observed.

Method
The effect of semaglutide on growth and development of yolk sacs and embryos was 
assessed in Day 9.5 embryos from rats. Semaglutide was added directly to the culture 
medium at concentrations of 0.85, 2.7, 8.5, 27, 85, 125, 575 and 1000 μM. Embryos 
were evaluated after approximately 48 hours in culture. 

Due to a calculation error, the actual exposure levels were 1000-fold higher than 
intended.
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Results
 There were no deaths during culture.

 Reductions in yolk sac diameter, crown rump length, and head length were 
apparent in all treated groups compared with control embryos, without clear dose 
relationship.

 Flexion deficient, heart enlarged in yolk sac, caudal neural tube open, 
hemorrhagic neural tube, irregular somites, small head, and deformed otic and 
optic vesicles were observed with clear dose relationship.

Table 152. Growth and development (Applicant’s table)
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Table 153. Summary of observations (Applicant’s table)

Effects of semaglutide (NNC-0113-0217), unacetylated semaglutide (NNC-0113-
0236), and native GLP-1 on rat embryo (Study # 211213, 211341, 211342)
Key findings
GLP-1R stimulation during GD9.5 to GD11.5 inhibited yolk sac growth. 

Study design
Embryos from female SD rats were incubated at 37C for approximately 48h with GLP-
1R antagonist exendin 9-39 followed by test substances (semaglutide, NNC 0113-0236-
unacetylated semaglutide with shorter half-life, and native GLP-1). Further groups 
received the test substance alone or the GLP-1 receptor antagonist alone. After 
termination of culture, embryos were washed in saline, and the yolk sac diameter, 
crown-rump length and head length was measured using a micrometer disk in a 
focusing eyepiece. The number of somites was counted and each embryo was 
examined for the presence of a heartbeat and dysmorphogenesis, and the 
morphological score was assessed
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Results
 All GLP-1 R agonists (semaglutide, un-acetylated semaglutide, and native GLP-

1) decreased yolk sac diameter. This decrease was prevented in the presence of 
by GLP-1R antagonist exendin 9-39. 

 Semaglutide and unacetylated semaglutide had no significant effect on crown-
rump length at concentration up to 5000nM and 850nM, respectively. The lack of 
effect on crown-rump length is in contradiction to the findings in the pilot study 
(Study # 210019) and was considered due to semaglutide lower exposure 
concentration and an unusually low crown-rump length in the control group. 
Crown-rump length was decreased in the presence of native GLP-1 (at >100nM). 
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Figure 36. Yolk sac diameter and crown-rump in WEC study with semaglutide 
(Applicant’s figure)

Figure 37. Yolk sac diameter and crown-rump in WEC study with native GLP-1 
(Applicant’s figure)
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Figure 38. Yolk sac diameter and crown-rump in WEC study with NNC0113-0236 
(Applicant’s figure)

Investigative study for effects on embryo-fetal development in the CD rat by 
continuous intravenous infusion administration with a pre-pairing dosing period 
(Study # 211412)
The aim of this study was to investigate the link between the time when the embryo is 
dependent on yolk sac function for nutrition and the presence of fetal abnormalities in 
the rat. 

Key findings
Skeletal malformations (short, bent, thickened long bones, bent scapula and bent 
clavicola) were observed when semaglutide was administered up to GD13 and GD17. 
These were no treatment related abnormalities where treatment was withdrawn on 
GD8.

Study design
Female rats (24/group) were treated with NNC 0113-0000-0236 (unacylated 
semaglutide peptide, with shorter half-life, to accurately target the specific fragmented 
periods of organogenesis of interest) by continuous intravenous infusion for ten days 
before mating up to GD 8 (Group 2), GD 13 (Group 3) and GD17 (Group 4). Control 
group received the vehicle for ten days before pairing and up to Day 17 after mating. All 
dams were killed on GD 20 and fetuses examined. Following a dose escalation to 
ensure tolerability, all treated groups received a continuous infusion dose of 2160 
nmol/kg/day (90 nmol/kg/hr). The dose level was selected on basis of a DRF study to 
produce a clear effect on embryo-fetal growth and development.
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Results
Dams

 No treatment related mortality was observed.

 Piloerection, hunched posture and underactivity were observed amongst a large 
number of treated animals on Day 3 of dosing when the animals were receiving 
the initial dose of 288 nmol/kg/day. In most cases these signs were no longer 
evident on escalation of the dose on Day 5 of treatment to 1440 nmol/kg/day. 
Hunched posture or piloerection was first observed in a small number of females 
when the dose was escalated to 1440 nmol/kg/day (Days 6 – 8) or 2160 
nmol/kg/day (Days 10 – 11) before pairing. There were no signs associated with 
treatment during the gestation phase.

 Marked reductions in bodyweight and food consumption was observed at 288 
nmol/kg/day. On escalation of the dose there were no subsequent reductions in 
bodyweight or food consumption but values remained lower than that of the 
controls. Gravid uterine weight was lower at 2160nmol/kg/day compared to 
controls.

 Systemic exposure to NNC 0113-0236 in the dosed animals ranged between 40 
to 48 nmol/l. The terminal half-life was in the range 1.9 to 4.5 hours.

Table 154. Clinical signs (Applicant’s table)
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Figure 39. Body weight (Applicant’s figure)
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Table 155. NNC 0113-0236 plasma concentration (Applicant’s table)

Litter data
 The numbers of corpora lutea and implantations were lower in all treated groups 

compared to controls. In Group 4 where treatment was withdrawn on Day 17 of 
gestation, there was a clear increase in late embryo-fetal deaths compared with 
controls and this resulted in a higher mean percentage post-implantation loss. 
There was no increase in post-implantation losses amongst the litters of dams 
where treatment was withdrawn on Day 8 or on Day 13 of gestation.

 Fetal and placental weights were similar in animals that had treatment withdrawn 
on Day 8 of gestation (Group 2) and controls. Fetal weight was decreased in 
animals that had treatment withdrawn on Day 13 (Group 3) and Day 17 (Group 4) 
of gestation, with the effect being most marked in Group 4. Mean placental 
weight was low in Group 4 compared with controls.

Table 156. Litter data (Applicant’s table)
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Fetal malformation
 These were no treatment related abnormalities where treatment was withdrawn 

on Day 8 of gestation.

 Bent long bones were observed on GD 13 and 17, with time related incidence. 
Short/bent/thickened long bones, bent scapula and bent clavicola were noted on 
GD17.  According to the applicant, the effects on GD 17 are likely caused by the 
continued inhibitory effect on the yolk sac function which persists even after the 
establishment of the CAP. 

Table 157. Fetal malformations (Applicant’s table)
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Presence of functional GLP-1 receptors in yolk sac and embryo

Study of GLP-1 receptor localization in embryonic tissue of the rat (Study # 
212301)
Design
The expression of GLP-1R was evaluated in rat embryonic tissue and yolk sac. GLP-1R 
protein expression was investigated by in situ ligand binding (ISLB) with 125I-GLP-1 and 
125I-Exendin9-39. GLP-1R mRNA expression was investigated by in situ hybridization 
(ISH). The tissue used for ISLB was obtained from time mated, untreated rats. Embryos 
were dissected with (GD 6.5, 9.5, 11.5, and 13.5) and without (GD11.5, 13.5, and 16.5) 
membranes and cryo-fixed in OCT in 2-methylbutane on dry ice. In situ hybridization 
was performed with riboprobes transcribed from linearized rat GLP-1R cDNA plasmid 
(rGLP-1R-4, base pair 952-1285 corresponding to the rat GLP-1R cDNA). Antisense 
and sense (negative control) probes were labelled with [35S]- Uridine 5`-(a-thio) 
triphosphate, (NEN, 1250 Ci/mmol) using T7 and T3 RNA polymerase. Sections 
adjacent to ISLB sections were used for ISH 

Results
 In the yolk sac, GLP-1 receptor was identified from GD 9.5, with increasing levels 

of expression seen at GD 11.5 and GD 13.5. 
 In embryonic tissue, GLP-1R expression was seen at GD 13.5 and GD 16.5.

Table 158. GLP-1R expression in embryonic tissue and yolk sac (Study # 212301, 
Applicant’s table)
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Exploratory study for effects on embryo-fetal development in rats (Study # 
212080)
Design
Female rats were dosed with semaglutide once daily by subcutaneous injection at 
doses of 0, 0.1, and 0.25 mg/kg/day. Treatment was initiated at least 9 days prior to 
mating, and continued throughout pregnancy and until the day before termination on GD 
12 and GD 14. For GD 12 females, the pregnancy status and number of implantation 
sites were recorded, and yolk sacs and embryos were collected. From GD 14 females, 
the intact uterus was dissected out for further investigation of the yolk sac in Ussing 
chambers and for whole embryo imaging.

Results
 Body weight loss (10%) was observed at the beginning of dosing. Despite 

a slight body weight gain from Day 4 of dosing, the body weights 
continued to be significantly lower as compared to the control group. On 
GD 12, a statistically significantly lower litter size was recorded for the HD 
group.

 GLP-1 receptor is expressed in rat yolk sac and embryos at GD12. The 
expression levels are approximately 4000 times lower in the embryos 
compared to the yolk sacs. Pre-treatment with semaglutide did not 
significantly change GLP-1 receptor expression in the yolk sacs. Both 
native GLP-1 and semaglutide stimulated cAMP release from the rat yolk 
sacs dose-dependently at GD12 (data not submitted).

 The investigations in the Ussing chamber showed that in vivo exposure of 
semaglutide to pregnant rats result in a reduction in pinocytotic transport 
of FD70 across the visceral yolk sac of the rat embryo.

 By single plane illumination microscopy (SPIM), and 3D digital 
reconstruction, embryos from pregnant females treated with 0.25 
mg/kg/day were found to be significantly smaller than the vehicle treated 
embryos and various degrees of skeletal abnormalities could be observed 
in the developing fore limbs on semaglutide treated embryos. There was a 
clear correlation between the size of the semaglutide treated embryos and 
the degree of limb abnormalities, i.e. the smaller embryos had more 
severe malformations.
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Table 159. Crown/rump (C/R) length (Applicant’s table)

Figure 40. Limb defects and embryo size correlation (Applicant’s table)

GLP-1 receptor expression in cynomolgus monkey yolk sac tissue (Study # 
JHES150306)
Key findings
No GLP-1R expression could be detected in yolk sacs from cynomolgus monkeys using 
immunohistochemistry, in situ hybridisation or RT-PCR.

Design
Yolk sacs were isolated from four cynomolgus monkeys during early organogenesis 
(GD 34-42). Of each yolk sac, one half was fixed for immunohistochemistry and in situ 
hybridisation, while the other half was processed for RT-PCR. All three methods were 
subsequently employed to test for the presence of GLP-1R expression in the yolk sac 
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tissue. Maternal pancreas and kidney were used as positive control for GLP-1R 
detection.

Results
 No GLP-1R protein or mRNA was detected in the four yolk sacs examined. 
 Using in situ hybridisation, no GLP-1R mRNA was detected in 3 yolk sacs, while 

tissue from one yolk sac had a weak signal in the endodermal layer of the 
membrane. 

 Using RT-PCR, no expression of GLP-1R was detected. 
 GLP-1R expression was detected in the maternal pancreas and kidney using 

each of the three modalities.

Distribution of semaglutide to the inverted yolk sac placenta 

[3H]-Oct-NNC 0113-0217: The study of distribution of radioactivity in the rat 
embryo following subcutaneous administration to the dam, using 
microautoradiography techniques (Study # 210018).
Key findings
Semaglutide distributed to the yolk sac membranes. Embryonic tissue exposure was 
low.

Design
Qualitative micro-autoradiography was performed on pregnant rats to determine the 
tissue distribution of semaglutide on GD9, GD10, GD11 and GD12 in the inverted 
visceral yolk sac and embryonic tissues following a single dose of radioactively labelled 
semaglutide (3H-Octsemaglutide) to the pregnant dam. The dams had been dosed with 
“cold” semaglutide from 2 week before mating through the day of receiving the 
radioactive dose. Tissue sections were evaluated 24 hours after the radioactive dose 
was administered.
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Results
 At the earlier sampling times (days 9 and 10 of gestation) high levels of 

radioactivity were noted in maternal endometrium but not the uterine crypts. On 
GD 11 and 12 levels of radioactivity in the endometrium had fallen to moderate 
but high levels were recorded in the uterine crypts together with the presence of 
red blood cells. This observation reflects a normal developmental stage occurring 
in rat pregnancy whereby uterine blood sinuses rupture on approximately day 
10.5 of gestation and release maternal blood into the uterine lumen via the 
crypts. Levels of radioactivity in the uterine glands remained low in all samples.

 In the decidual tissue, at all sampling times, there appeared to be a common 
gradient of radioactivity from high or moderate levels in the outer decidual to low 
levels in the inner regions close to the trophoblast.

 Levels of radioactivity in the yolk cavity, between the trophoblast and the visceral 
yolk sac, were elevated compared with the surrounding tissues. On GD 9 the 
level was considered to be moderate, but from GD 10, when the embryo was 
fully enclosed by the visceral yolk sac, high levels were recorded. This finding is 
suggestive of the visceral yolk sac acting as some form of barrier.

 In general, radioactivity in embryonic tissues was low. However, GD 11 and 12 
higher levels of radioactivity were seen in the fluid within the brain ventricles but 
not within the neural tissue itself.

Figure 41. Micro-autoradiography image of a GD10 rat embryo and yolk sac 
membrane (Applicant’s figure)
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Table 160. Subjective analysis of the levels of radioactivity in uterine and 
embryonic tissues of pregnant rats (Applicant’s table)
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Functional effects of semaglutide on inverted yolk sac pinocytosis 
Glucagon was reported to cause embryotoxicity via an inhibition of pinocytosis in the 
yolk sac, and it was hypothesized that yolk sac pinocytosis was the cellular process 
affected following activation of the GLP-1R (Brown J et al. 1977).  Therefore, the effect 
of semaglutide on yolk sac pinocytosis was evaluated.
Ex vivo trans-epithelial transport across the visceral yolk sac membrane (Study # 
212241)
Design
The effect of semaglutide on trans-epithelial transport across the visceral yolk
sac membrane was investigated by an Ussing chamber system. Untreated, pregnant 
SD rats were sacrificed on gestation day 13. The uterus was removed and moved to ice 
cold Krebbs-Ringar buffer, followed by immediate dissection of the visceral yolk sacs. 
The isolated yolk sacs were mounted onto the CHM8 chambers (World Presicion 
Instruments) and semaglutide was added to the apical side of the yolk sacs to a final 
concentration of 850 nM. Following 30 minutes equilibration, FITC-dextran 70kD (the 
non-receptor mediated trans-cellular transport of the macropinocytotic marker) or FITC-
Dextran 4kD was added to the apical side of all the yolk sacs. 4 kD dextran has been 
suggested to be transported across the rabbit conjunctiva paracellularly (Horibe et al. 
1997) and has been used as a paracellular marker in intestinal in vitro models (Elamin 
et al., 2012). The 4 kD dextran can thus provide information on membrane integrity. The 
larger 70 kD dextran is a classic macropinocytotic tracer (Falcone et al., 2006; Mercer 
and Helenius, 2009), which has successfully been used in a variety of tissues. Samples 
were collected basolaterally every ten minutes for the duration of the 60 minutes 
experiment. Apical samples were collected at 0 and 60 minutes.

Results
Semaglutide tended to reduce the non-receptor mediated trans-cellular transport of the 
macropinocytotic marker FITC-dextran 70kD. In contrast, the transport of the 
paracellular marker FITC-dextran 4kD remained unaffected by the semaglutide 
treatment. These results suggest that the effect of semaglutide on the visceral yolk sac 
is isolated to transcellular activities, rather than causing a general disturbance of the 
epithelial sheet.
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Figure 42. FD70 transport across visceral yolk sacs from GD13 embryos

Ex vivo trans-epithelial transport across the visceral yolk sac membrane 
following long term exposure to semaglutide (Study # 212080)
Design
Rats were treated with semaglutide 0.10 and 0.25 mg/kg/day starting before mating and 
continuously throughout the pregnancy, until sacrifice on GD 14. The uterus was 
removed and visceral yolk sacs were dissected and mounted onto the CHM8 chambers. 
Following 30 minutes equilibration, 2.5 mg/ml FITC-dextran 70kD was added to the 
apical side of the yolk sacs. Samples were collected basolaterally every ten minutes for 
the duration of the 60 minutes experiment. Apical samples were collected at 0 and 60 
minutes.

Results
Semaglutide reduced trans-cellular transport of FITC dextran across the visceral yolk 
sac and the number of pinocytotic vesicles and late endosomal compartments in the 
yolk sac membrane. The late endosome compartments are a result of prior pinocytosis, 
but while pinocytotic vesicles and early endosomes have a life time of less than a 
minute, late endosomes persist for longer. Therefore, an effect on the number of late 
endosomes in treated cells is indicative of a preceding effect on the pinocytotic activity 
in these cells.
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Figure 43. FD70 transport across visceral yolk sacs (Applicant’s figure)

11 Integrated Summary and Safety Evaluation
Semaglutide has been engineered to have a low clearance and thereby a long 
elimination half-life of approximately one week in humans, which makes the compound 
suitable for once-weekly administration. 
The principal mechanism of protraction is albumin binding facilitated by a large fatty acid 
derived chemical moiety attached to the lysine in position 26. The specific modifications 
in the molecule are: 

1. a modification in position 8 (alanine to 2-aminoisobutyric acid) of the peptide 
backbone in order to further increase stability against DPP-4, and a change in 
position 34 from a lysine to an arginine in order to only have one lysine in the 
sequence; 

2. a large hydrophilic linker between the lysine in position 26 and the gamma 
glutamate whereto the fatty acid is attached

3. a C18 fatty diacid with a terminal acidic group. The latter two contribute to 
increased albumin binding which results in decreased renal clearance. In addition 
to slowed degradation in plasma and decreased renal clearance, delayed 
absorption from subcutis also contributes to a prolonged half-life of approximately 
1 week making semaglutide suitable for once-weekly s.c. administration.

Safety Pharmacology
A standard battery of safety pharmacology studies was conducted to assess the effect 
of semaglutide on central nervous system, cardiovascular and respiratory system, and 
renal function.  
In the Irwin’s test in rats, abnormal gait (walking on toes), decreased touch response, 
passivity, increased urination, dirty muzzle, lethargy and piloerection were observed at 
the clinical exposure within the first 8h hours after dose. Similar CNS-related clinical 
signs were also noted in single-dose and 2-week toxicity studies in mice and rats. When 
doses were increased by titration for 3 weeks prior to study start, no adverse CNS signs 
were observed, indicating that tolerance to these effects can occur over time.  Hunched 
posture and piloerection were observed in the chronic studies, but were generally well 
tolerated. 
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Semaglutide was shown to have a diuretic effect in rats at the clinical exposure, which 
consisted of increases in urinary excretion of sodium, potassium, chloride, and protein 
as well as increased urine volume and pH. These effects were most noteworthy during 
the first 8 hours after dosing. A similar effect was also noted in the chronic rat and 
monkey studies, as diuresis is a known pharmacological effect of GLP-1R agonists in 
the rat (Moreno C 2002; Larsen PJ 2001).

Semaglutide did not inhibit hERG tail current and had no effect on cardiac action 
potential parameters in cardiac Purkinje fibers isolated from New Zealand white rabbits 
at concentration up to >242X the clinical dose. There were no treatment related ECG 
changes in telemetered conscious monkeys following an acute dose up 14X MRHD. In 
the 52-week monkey study, a chronic left bundle-branch-block occurred in one high-
dose female at an exposure 27-fold above the exposure at the maximum recommended 
human dose, based on AUC. Cardiac bundle-branch-blocks are occasional findings in 
monkeys and in humans and are, in most cases, a consequence of other underlying 
cardiac diseases (Bristow JD 1965; Francia P 2007). However, a relation to treatment 
could not be excluded.

There were no adverse effects on respiratory function.

General toxicity
The toxicity profile of semaglutide has been evaluated in mice, rats, and cynomolgus 
monkeys for up to 3-, 6- and 12-month duration, respectively. In all species, dose levels 
were limited by the pharmacological effects on food intake and body weight. When high 
dose levels were administered acutely, CNS-related effects such as decreased 
locomotor activity, abnormal gait (walking on tip toes), decreased touch response, 
passivity, lethargy, and/or piloerection were observed in rats and mice. However, when 
dose levels were escalated slowly over a few weeks, CNS-related signs and effects on 
body weight and food consumption were diminished, indicating that tolerance occurs 
after repeated dosing. A dose-escalation approach was utilized in all of the pivotal 
toxicology studies to minimize the initial treatment-related effects on body weight.

In a 3-month study in the mouse, body weight loss during the first week of dosing and 
decrease in body weight gain thereafter were observed at all doses. The thyroid was the 
main target of toxicity: mild focal C-cell hyperplasia, C-cell nests, and dilated 
ultimobranchial ducts were noted starting at the lowest dose tested (17X MRHD). 
Calcitonin levels were increased in all treated groups compared to control animals, 
without dose-relationship. At higher doses, liver necrosis and centrilobular hypertrophy 
were noted, mostly in the males (175X MRHD).

In a 6-month study in the rat, dose-related decrease in body weight and food 
consumption were observed at the clinical exposure. Minimal to moderate Brunner’s 
gland hypertrophy was noted in nearly all treated rats. This finding was reversible and 
was considered non-adverse, given the absence of associated inflammatory or 
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degenerative changes. A dose-related increase in the incidence of fluid distension and 
luminal dilatation in the uterus was observed and was considered likely due to the stage 
of the sexual cycle. No treatment-related adverse microscopic lesions were observed in 
the pancreas or thyroid at any doses (up to 27X MRHD). 

In the 12-month study in monkeys, there were no definitive signs of toxicity other than 
the expected effects on body weight and food consumption. ECG abnormalities (a 
bigeminal rhythm with two episodes of sinus tachycardia in Week 13 and a continuous 
left bundle branch block-like recording that persisted from Week 26 to Week 52) and 
slight multifocal myocardial vacuolation and degeneration, with karyomegaly, in the left 
ventricle were observed in one high-dose female and male, respectively (27X MRHD). A 
relationship to treatment could not be excluded. Increased mean absolute and relative 
thyroid weights in treated females and increased mean weights for prostate and testes 
were observed, without correlative microscopic findings.

Genotoxicity
A standard battery of in vitro and in vivo genetic toxicology studies indicated that 
semaglutide is devoid of mutagenic or clastogenic activity.

Carcinogenicity
The administration of semaglutide once daily by subcutaneous injection to CD-1 mice 
and SD rats for two years resulted in an increased incidence of thyroid C-cell adenoma 
and combined C-cell adenoma and carcinomas in all treated groups. Thyroid neoplasms 
occurred at the clinical exposure in rats, and at slightly higher than the clinical exposure 
in mice (2X and 5X in female and males, respectively). The incidence of C-cell 
carcinomas was statistically significant increased in male rats at ≥0.01 mg/kg/day (0.4X 
the clinical exposure). A numerical increase in C-cell carcinoma was noted in mice (n=2, 
2, 2 in LD, MD and HD male mice; n=1, 2, 2 in LD, MD and HD female mice). 
Proliferative C-cell changes in rodents are a known class effect of long-acting GLP-1R 
agonists and have been reported in rodent carcinogenicity studies with liraglutide, 
exenatide, lixisenatide, and dulaglutide. Madsen et al. have demonstrated that C-cell 
hyperplasia and calcitonin release associated with liraglutide are GLP-1-receptor 
dependent (GLP-1R-KO mice do not secrete calcitonin and do not develop C-cell 
hyperplasia in response to GLP-1R agonists) and are not associated with the activation 
of the rearranged-during-transfection (RET) proto-oncogene, which is often seen in 
human medullary thyroid cancer. Evaluation of cell signaling pathways downstream 
from RET activation indicated liraglutide did not activate MEK1/2, but activated the 
mammalian target of rapamycin (mTOR) pathway which in turn results in downstream 
phosphorylation of ribosome S6 (50). In short term mouse and rat studies with 
semaglutide, plasma calcitonin levels were increased after a single dose in male and 
female mice, and after 6 week of dosing in male rats, but not female rats. There was no 
increase in plasma calcitonin and no C-cell hyperplastic or neoplastic changes in 
monkeys treated with semaglutide or other GLP-1R agonists. Based on the mechanistic 
data available for semaglutide and other GLP-1R agonists, the absence of GLP-1Rs on 
normal monkey or human thyroid C-cells (Pike C 2014; Waser B 2015), and the 
absence of changes in calcitonin levels or proliferative lesions in chronic monkey 
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studies, the applicant believes that the human relevance of rodent C-cell tumors is low. 
However, it is currently unclear whether a lack of calcitonin secretion in non-human 
primates and humans is a valid indicator that a mitogenic signal is not being initiated in 
these non-rodent species. Therefore, the human relevance of C-cell tumors is unknown.  

DART
Developmental toxicity studies were performed in rats, rabbits, and monkeys. In 
combined fertility and embryonic development studies in rats, no effects were observed 
on male fertility. In females, an increase in estrus cycle length was observed at all 
doses, together with a small reduction in numbers of corpora lutea. Both findings 
occurred at the clinical exposure, but were likely an adaptive response secondary to the 
pharmacological effect of semaglutide on food consumption and body weight. 
Embryotoxicity (decrease in live litter size, and litter and fetal weights), skeletal (cranial 
bones, caudal vertebra, ribs, short tibia) and visceral malformations (retroesophageal 
aortic arch, double aortic arch, membranous ventricular septal defect) were observed at 
the clinical exposure. Malrotated, absent, shortened, curved, kinked, misaligned, 
partially fused, and/or displaced bones (scapula, long bones, ribs, digits, vertebrae and 
cranial bone(s) were observed at higher doses (3X MRHD). Although these findings 
were considered in part related to pharmacologically-mediated decrease in body weight 
gain, additional causative agents couldn’t be excluded. 

In pregnant rabbits administered semaglutide once daily by subcutaneous injection at 
doses of 0.001, 0.0025, and 0.0075 mg/kg/day (0.03, 0.3, 2X MRHD, respectively) from 
GD 6 through GD 19, maternal body weight loss during GD6-GD14 and decrease in 
body weight gain thereafter was noted at the clinical exposure. There was not a 
definitive treatment-related effect on the incidence of major abnormalities. There were 
marginally higher than expected incidences of fetuses/litters with minor skeletal 
abnormalities/variants starting at the mid-dose (additional sternebral centers, bridge of 
ossification/partially fused/fused sternebra, unossified/incompletely ossified 
metacarpals/phalanges) and visceral abnormalities/variants at the high-dose (dilated 
renal pelvis, additional liver lobe, and forepaw flexure). The dose-dependent increase in 
skeletal variations observed in rabbits is likely related to the marked maternal weight 
loss; however, a direct drug-related effect on fetal development as a contributing factor 
cannot be ruled out.

In pregnant Cynomolgus monkeys administered semaglutide at 0.015, 0.075, and 0.15 
mg/kg (1, 5, and 15X MRHD) every third day by subcutaneous injection from GD16 to 
GD50, body weight loss was observed in all treatment groups throughout dosing. There 
was no apparent treatment related effect on fetal mortality, placental weights, fetal 
weights, or fetal development.  Few sporadic abnormalities (blood accumulation under 
the skull causing misshapen right brain hemisphere in one high dose fetus; shift in 
alignment of the vertebrae, ribs, and first sternebra at the cervico-thoracic border in one 
mid-dose and high dose fetus) were observed at >5X clinical exposure. Because these 
findings exceeded the concurrent control values and the historical control range, a 
relationship to treatment could not be excluded. The NOAEL was established at 0.015 
mg/kg (1X MRHD).
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In the peri- and post-natal development study, pregnant Cynomolgus monkeys received 
semaglutide at 0.015, 0.075, and 0.15 mg/kg (~1, 3, and 7X MRHD) every third day by 
subcutaneous injection from GD16 to GD140. Body weight loss in all treatment groups 
throughout GD 50, and decrease in body weight gain thereafter resulted in increased 
incidence of early pregnancy loss at >0.075 mg/kg (3X MRHD). Infant weight was lower 
at birth in the high-dose group, but was similar to controls by postnatal day 91. There 
was no apparent treatment related effect on fetal or infant development.

In order to elucidate the mode of action behind the observed embryotoxicity in rats, a 
series of mechanistic studies was performed. The majority of fetal abnormalities 
observed in rats involved anatomical structures (tail, digits and major blood vessels) for 
which development is generally initiated between gestational day 10 and 13, which 
coincides with the period when the rat embryo is highly dependent on nutrition supplied 
via the inverted yolk sac (DeSesso JM 2012). Therefore, the mechanistic studies were 
designed to investigate the presence of functional GLP1-R in the yolk sac, the 
distribution of semaglutide in the yolk sac, and the timing and functional effects of 
semaglutide on the yolk sac. These studies demonstrated that GLP-1 receptors are 
expressed in the rat yolk sac tissue between GD9-13, and activation of these receptors 
by semaglutide resulted in the reduction of yolk sac diameter, number of pinocytotic 
vesicles, and rate of pinocytotic transport (nutrients transport) in vitro. These effects 
were prevented by addition of a specific GLP-1R antagonist. Continuous intravenous 
infusion of unacetylated (short-acting) semaglutide in rats from before mating up to GD 
8, GD13, and GD17 induced skeletal malformations similar to those observed in the 
embryofetal toxicity studies in rats (short, bent, thickened long bones, bent scapula and 
bent clavicola) starting at >GD 13 when the rat embryo is dependent on the inverted 
yolk sac placenta for nutrition. Furthermore, there was a clear correlation between the 
size of the semaglutide treated embryos and the degree of limb abnormalities, i.e. the 
smaller embryos had more severe malformations. 

In contrast to the rat, the yolk sac in primates does not invert to function as a placenta, 
and does not expressed GLP-1 receptors. Based on anatomical and functional 
differences between the rat and primate yolk sac, and similarity between the monkey 
and human structure, the applicant concluded that the rat embryotoxicity is unlikely to 
be of relevance in primates, but involvement of additional mechanisms leading to 
embryotoxicity in rats cannot be completely excluded.
The Division agrees the mechanistic data suggest a role for an effect on the visceral 
yolk sac; however, the data do not eliminate the possible involvement of other 
mechanisms and do not necessarily imply species (rat) specificity or a lack of human 
relevance, based on: 1) the increase in fetal deaths in the monkey peri- and post-natal 
developmental toxicity study; 2) ultrastructural similarities between human and primate 
yolk sacs and the rodent visceral yolk sac; 2) the important role of the human yolk sac in 
the histotrophic nutrition of early pregnancy; 3) the fact that yolk sac pathology has been 
associated with developmental toxicity and spontaneous abortion in humans; 4) the 
prototypical yolk sac poison, trypan blue, is reportedly teratogenic in multiple species, 
including dogs, pigs, and monkeys. 
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Semaglutide was absorbed and secreted in the milk after a single subcutaneous 
administration in rats at day 10 post-partum. Semaglutide levels in milk were 3 to 12 fold 
lower than in maternal plasma.

Local tolerance
In a single-dose study in pigs and rabbits, no treatment related effects at the injection 
sites were observed following subcutaneous, intramuscular, intravenous, and intra-
arterial injections. Minimal to slight cellular infiltrate with or without edema in the pig, 
and minimal or slight inflammatory cell reaction, perivascular or vascular necrosis, 
intima proliferation and hemorrhage in the rabbits were observed in all study groups, 
including controls.
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PHARMACOLOGY/TOXICOLOGY FILING CHECKLIST FOR 
NDA/BLA or Supplement

NDA/BLA Number: 209637 Applicant: Novo Nordisk Stamp Date: 12-5-2016

Drug Name: Semaglutide 
Injection

NDA/BLA Type: 505(b)1

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 (b)(1) and (b)(2) 

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).

N/A 

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, degradant, 
extractable/leachable, etc. issues been 
addressed?    (New toxicity studies may not 
be needed.)

X

Four new impurities that arisied from a new 
manufacturing process were qualified in a 
13-week toxicity study in the rat and in two 
in vitro genetic toxicology studies

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

N/A

12 If the applicant is entirely or in part 
supporting the safety of their product by 
relying on nonclinical information for 
which they do not have the right to the 
underlying data (i.e., a 505(b)(2) application 
referring to a previous finding of the agency 
and/or literature), have they provided a 
scientific bridge or rationale to support that 
reliance? If so, what type of bridge or 
rationale was provided (e.g., nonclinical, 
clinical PK, other)?

N/A

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.
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