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Glossary

AC
ACE
ADA
AE
ALT
AR
AST
BRF
CBER
CDER
CDRH
CDTL
CFR
CHF
Cl
CMC
CRF
CRO
CRT
CSR
cv
CvoT
DBP
DCCT
DDI
DILI
DMC
DPP-4
DUN
EAC
ECG
eCTD
eGFR
ER
FAS

advisory committee

angiotensin converting enzyme
American Diabetes Association

adverse event

alanine aminotransferase

adverse reaction

aspartate aminotransferase

Benefit Risk Framework

Center for Biologics Evaluation and Research
Center for Drug Evaluation and Research
Center for Devices and Radiological Health
Cross-Discipline Team Leader

Code of Federal Regulations

congestive heart failure

confidence interval

chemistry, manufacturing, and controls
case report form

contract research organization

clinical review template

clinical study report

cardiovascular

cardiovascular outcomes trial

diastolic blood pressure

Diabetes Control and Complications Trial
drug-drug interaction
drug-induced liver injury

data monitoring committee

Dipeptidyl peptidase-4
dispensing unit number

Event Adjudication Committee
electrocardiogram

electronic common technical document
estimated glomerular filtration rate
extended release

full analysis set
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FDA
FDAAA
FDASIA
FPG
GCP
GLP-1
GLP-1 RA
GRMP
HbAlc
HDL
HLT
ICH
IGlar
IND

ISE

ISS

ITT

LDL
MACE
MESI
MDRD
MedDRA
Ml
MMRM
NA
mITT
NCI-CTCAE
NDA
NME
NN
NNMQ
OAD
0cCs
OoPQ
OSE
osl
ow
PBRER
PD

Pl

PK
PMC

Food and Drug Administration

Food and Drug Administration Amendments Act of 2007
Food and Drug Administration Safety and Innovation Act
fasting plasma glucose

good clinical practice

glucagon-like peptide 1

GLP-1 receptor agonist

good review management practice

Hemoglobin Alc/glycosylated hemoglobin

High density lipoprotein cholesterol

Medical Dictionary for Regulatory Activities High Level Term
International Council for Harmonization

insulin glargine

Investigational New Drug Application

integrated summary of effectiveness

integrated summary of safety

intent to treat

Low density lipoprotein cholesterol

Major adverse cardiovascular event

Medical Event of Special Interest

Modification of diet in renal disease

Medical Dictionary for Regulatory Activities

Myocardial infarction

Mixed-effects model repeated measures

not applicable

modified intent to treat

National Cancer Institute-Common Terminology Criteria for Adverse Event

new drug application

new molecular entity

Novo Nordisk

Novo Nordisk MedDRA Query

oral antidiabetic drug

Office of Computational Science

Office of Pharmaceutical Quality

Office of Surveillance and Epidemiology
Office of Scientific Investigation

once weekly

Periodic Benefit-Risk Evaluation Report
pharmacodynamics

prescribing information or package insert
pharmacokinetics

postmarketing commitment
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PMR postmarketing requirement

PP per protocol

PPI patient package insert

PREA Pediatric Research Equity Act

PRO patient reported outcome

PSUR Periodic Safety Update report

PT Medical Dictionary for Regulatory Activities Preferred Term
RA receptor agonist

REMS risk evaluation and mitigation strategy

SAE serious adverse event

SAP statistical analysis plan

SAS safety analysis set

SBP systolic blood pressure

SC subcutaneous

SD standard deviation

SE standard error

Sema semaglutide

SGLT2 Sodium-dependent glucose co-transporter-2

Sita sitagliptin

sMQ Standardized Medical Dictionary for Regulatory Activities Query
SOC Medical Dictionary for Regulatory Activities System Organ Class
SuU sulfonylurea

T1/2 terminal half-life

TEAE treatment emergent adverse event

T2DM type 2 diabetes mellitus

TG triglycerides

TZD thiazolidinedione

VAI voluntary action indicated
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1. Executive Summary

1.1. Product Introduction

Semaglutide is a glucagon-like peptide-1 (GLP-1) receptor agonist (RA) studied for daily oral
administration in patients with type 2 diabetes mellitus (T2DM). Semaglutide is already
approved for treatment of T2DM as a once weekly subcutaneous injection under the brand
name OZEMPIC. The applicant proposes two therapeutic doses of oral semaglutide for
commercialization: 7 mg daily, and 14 mg daily. To minimize gastrointestinal adverse events, a
fixed dose escalation regimen was employed in the clinical trials and is proposed for marketing
in a similar manner. All patients started treatment with oral semaglutide with a dose of 3 mg
daily for 4 weeks. The dose was then increased to 7 mg daily. After an additional 4 weeks, the
dose was increased to 14 mg daily for patients randomized to receive 14 mg of semaglutide.

The proposed trade name for oral semaglutide is Rybelsus.
The applicant proposes the following indication for the oral semaglutide:

Rybelsus is indicated as an adjunct to diet and exercise to improve glycemic control in
adults with type 2 diabetes mellitus

1.2. Conclusions on the Substantial Evidence of Effectiveness

The semaglutide phase 3 development program is comprised of 7 multi-national efficacy trials
(PIONEER 1-5, and 7, 8) 2 efficacy trials conducted solely in Japan (PIONEER 9 and 10), and one
safety trial (a pre-market cardiovascular outcomes trial to rule out excessive cardiovascular [CV]
risk) — PIONEER 6.

The clinical trials conducted to support efficacy were conducted on a variety of background
therapies. These included use of semaglutide as monotherapy, in combination with metformin
(with or without other oral antidiabetic drugs [OADs]), in combination with OADs including
sodium-glucose co-transporter 2 (SGLT2) inhibitors, and in combination with insulin. One of the
trials evaluated oral semaglutide in patients with renal impairment vs placebo, and one trial
evaluated flexible dose of oral semaglutide based on need and tolerability vs sitagliptin. In all
the trials, patients treated with semaglutide demonstrated improved glycemic control as shown
by a reduction in HbAlc from baseline (comparator-adjusted range: -0.3% to -1.2%). The
reduction was generally observed in the first 14 weeks of treatment, and then sustained for the
remainder of the study — up to 78 weeks. Three of the multi-national efficacy trials evaluated
more than one dose of semaglutide (PIONEER 1, as monotherapy vs placebo, PIONEER 3 vs
sitagliptin on a background of metformin/metformin and sulfonylurea (SU), and PIONEER 8 vs

CDER Clinical Review Template 17
Version date: September 6, 2017 for all NDAs and BLAs

Reference ID: 4492378



Clinical Review
Andreea Ondina Lungu
NDA 213051

Oral Semaglutide

placebo on a background of insulin. All other multinational trials, including the cardiovascular
outcomes trial, only studied the 14 mg daily dose of semaglutide.

In summary, semaglutide, at both 7 and 14 mg dose, is efficacious as a glycemic lowering agent
in patients with T2DM.

CDER Clinical Review Template 18
Version date: September 6, 2017 for all NDAs and BLAs

Reference ID: 4492378



Clinical Review
Andreea Ondina Lungu
NDA 213051

Oral Semaglutide

1.3. Benefit-Risk Assessment

Benefit-Risk Integrated Assessment
Diabetes mellitus is a serious disease that affects 22 million people in the United States. Diabetes mellitus can lead to macrovascular and
microvascular complications that can reduce the quality of life and longevity of afflicted patients. There are currently 12 classes of diabetes
medications approved for the treatment of type 2 diabetes mellitus including GLP-1 receptor agonists.

Semaglutide would be the 7t" product in the GLP-1 receptor agonist class and would be the 1% oral GLP-1 receptor agonist.

The semaglutide phase 3 development program is comprised of 7 multi-national efficacy trials, one cardiovascular outcomes trial (CVOT) of
short duration (safety outcomes trial to rule out excessive CV risk pre-marketing, rather than an efficacy trial), and 2 Japanese safety trials. The
development program appears generally adequate to evaluate the efficacy of semaglutide in patients with T2DM as monotherapy and on
different antidiabetic background medications (including commonly used therapies, such as metformin, sulfonylureas (SU), and insulin).

In all the efficacy trials, as well as the Japanese trials, semaglutide showed a dose-dependent reduction on HbAlc, sustained over the duration
of the trials. This reduction was statistically superior to placebo as monotherapy and on a background of insulin, as well as in patients with
renal impairment. Semaglutide was also statistically superior to sitagliptin, both on a background of OADs including metformin, and as a
flexible dose. Additionally, semaglutide was statistically superior to empagliflozin, but not to liraglutide. Overall, the clinical program provides
evidence that semaglutide is efficacious in improving glycemic control in patients with T2DM.

Overall, the semaglutide safety profile was generally consistent with the known safety profile for GLP-1 RAs, with gastrointestinal adverse
events being the most common adverse events. Findings from the development program, particularly the findings from the CVOT, support
concluding that there is no increased risk for adverse cardiovascular outcomes with semaglutide. The addition of SNAC as absorption enhancer
raised potential concerns of inhibition of mitochondrial transport chain, and clinical events of lactic acidosis were evaluated during the
development program. However, there was no imbalance in lactic acidosis events, and no safety concerns new to the drug class have been
identified during the review of the oral semaglutide NDA.

The clinical benefits of semaglutide outweigh the risks. The safety profile is similar to other approved GLP-1 Ras.
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| recommend approval of semaglutide for improving glycemic control in patients with T2DM.
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Benefit-Risk Dimensions

Dimension

Evidence and Uncertainties

Conclusions and Reasons

In 2014, the Center for Disease Control estimated that 22 million
people in the United States have diabetes.

Diabetes is associated with multiple complications including
macrovascular and microvascular complications which may shorten
and affect the quality of life of patients.

Studies have shown that improving glycemic control in patients with
diabetes improved clinical outcomes (e.g., reduction in
retinopathy).

Many diabetic patients also have additional risk factors such as
smoking, obesity, hypertension and hyperlipidemia which
contribute to their overall health burden.

Diabetes is a serious condition associated
with chronic morbidity and premature
death.

Glycemic control of diabetes improves
microvascular complications.

Twelve classes of drugs, including GLP1-RAs, are FDA approved in
the United States to improve glycemic control in patients type 2
diabetes.

There are multiple effective treatment
options available for the treatment of type
2 diabetes, including other members of the
GLP-1RA class administered via injection.

Semaglutide reduced HbAlc in a dose-dependent manner in all
phase 3 trials, across a variety of backgrounds.

Patients on semaglutide were more likely to achieve glycemic
targets.

Semaglutide led to sustained weight loss in patients with T2DM.

The efficacy pertaining to glycemic benefit
was seen across all phase 3 trials.

The doses of oral semaglutide proposed for
marketing, 7, and 14 mg, improved
glycemic control as measured by change
from baseline in HbAlc and proportion
achieving a HbAlc target.

Additional findings which may be desirable
for patients include reduction in weight.
This would be the first oral member of the
drug class, with potential for increased
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Dimension

Evidence and Uncertainties

Conclusions and Reasons

patient compliance.

The safety database reflects the expected use in the patient
population.

Semaglutide safety is overall consistent with the GLP1RA drug class.
Gastrointestinal adverse events were more common with
semaglutide. Semaglutide by itself does not appear to increase the
risk for hypoglycemia, but it is expected to lead to an increased risk
for hypoglycemia when used in combination with sulfonylurea or
insulin. Increases in serum amylase and lipase were seen but an
increase in confirmed pancreatitis events was not seen. Increases
in heart rate were seen, but an increase in arrhythmia events was
not seen.

Though skin, prostate, lung, colorectal, and thyroid cancers were
more common with semaglutide vs comparator in the phase 3a
pool but not in the cardiovascular outcomes trial, it is not possible
to draw meaningful conclusions due to the small number of events
and presence of confounders.

There was no liver signal identified in the semaglutide development
program.

Events of lactic acidosis were evaluated as a result of the SNAC
component of oral semaglutide but no imbalance not favoring
semaglutide was seen.

In the premarket cardiovascular outcomes trial, semaglutide was
not associated with increased cardiovascular risk.

The safety profile of semaglutide is
generally consistent with other GLP-1 RAs.
Most of the potential risks associated with
oral semaglutide can be adequately
managed through labeling.

Since semaglutide and SNAC can
potentially be expressed in human milk, a
lactation study will be needed to evaluate
the potential risk associated with SNAC in
this specific situation.
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1.4. Patient Experience Data

Not applicable. Validated patient experience data (e.g., experiences with a disease or
condition, including the impact of such disease or condition, or a related therapy, on patients’
lives; and patient preferences with respect to treatment of such disease or condition) were not
reviewed as part of this review.

2. Therapeutic Context

2.1. Analysis of Condition

Diabetes mellitus is a disease of impaired glucose homeostasis resulting in chronic
hyperglycemia that is associated with significant morbidity and mortality due to microvascular
and macrovascular pathologies, and is a major cause of hospitalization, blindness, renal failure,
amputations and cardiovascular (CV) disease. With Type 1 diabetes mellitus, patients lose the
ability to secrete endogenous insulin and require exogenous insulin replacement. With T2DM,
patients have varying degrees of insulin resistance and are unable to maintain euglycemia with
endogenous insulin secretion.

There is no cure for T2DM, but therapies aimed at improving glycemic control are available.
Currently approved therapies in T2DM aim to improve glycemic control by improving insulin
resistance, enhancing insulin secretion, or increasing glucose excretion. One such therapeutic
approach is through the incretin pathway, which is the pathway relevant for the semaglutide
application.

2.2. Analysis of Current Treatment Options

Several classes of drugs are currently approved for the treatment of T2DM, used either alone or
in combination. These drug classes include:

e Biguanides (i.e. metformin)

e Sulfonylureas

e Thiazolidinediones (TZDs)

e Meglitinides

e Dipeptidyl peptidase-4 (DPP-4) inhibitors

e Glucagon-like peptide-1 receptor agonists (GLP-1 RA)
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e SGLT2 inhibitors

e Alpha-glucosidase inhibitors

e Amylin-mimetics

e Dopamine agonist (i.e. bromocriptine)

e Insulin and insulin analogues

e Bile acid sequestrant (i.e. colesevelam hydrochloride)

Despite the relatively large number of drugs available for the treatment of T2DM, a substantial
proportion of patients either remain under poor glycemic control or experience deterioration of
glycemic control after an initial period of successful treatment with an anti-diabetic drug.
Further, some drug classes may be poorly tolerated by some patients or have limited usefulness
in certain populations. For example, sulfonylureas and insulin are associated with a high risk for
hypoglycemia, thiazolidinedione’s (TZDs) may be associated with edema and are not for use in
many patients with congestive heart failure, while metformin and SGLT2i are contraindicated in
patients with severe renal dysfunction. The GLP-1RAs are only available in injectable form.
Additionally, progressive B-cell dysfunction may lead to secondary treatment failure to the anti-
diabetic therapy over time requiring the addition of other agents. For these reasons, and
because T2DM is a disease that is heterogeneous in both pathogenesis and clinical
manifestation, there is an unmet need for new anti-diabetic therapies and concomitant
treatment options for T2DM.

3. Regulatory Background

3.1. U.S. Regulatory Actions and Marketing History

Semaglutide is already marketed in the US as weekly subcutaneous injection under the trade
name OZEMPIC. Although there are already 7 drugs approved in the GLP-1 RA class of anti-
hyperglycemics, they are all in subcutaneous injection form, and oral semaglutide would be the
first oral GLP-1 RA drug product.

3.2. Summary of Presubmission/Submission Regulatory Activity

The IND for oral semaglutide was submitted on September 26, 2013. Selected presubmission
regulatory activities are summarized below.

June 11, 2015 End of Phase 2 Meeting: Discussion of the phase 3 program
as it pertains to the glycemic lowering indication. The FDA
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April 11, 2018

April 23, 2018

December 28, 2019

CDER Clinical Review Template

expressed concern regarding limited placebo-controlled
data (b) (4)
and that the sponsor includes a placebo arm in the
renal impairment trial for better characterization of the
effect size in this population. For the renal impairment
study, the FDA recommended stratification by eGFR
category.
The sponsor also proposed a pre-approval CVOT to acquire

a minimum of 122 MACE events to rule out 80% excess risk.
(b) (@)

The FDA also
asked the Applicant to be specific when defining the
background medications in order to better characterize the
benefit-risk profile of oral semaglutide in common use
settings. In addition to the common background
medications used in diabetes trials, because of the specific
adverse event profile with SNAC/semaglutide (nausea,
vomiting, potential for dehydration), the FDA recommended
that the applicant study semaglutide on a background of an
SGLT2 inhibitor to further evaluate the potential risk for
dehydration and renal impairment. The primary estimand
and handling of missing data were also discussed. For
safety, because of a few events of CPK elevation, it was
agreed upon that CPK will be collected in all studies, and
abnormal values will be confirmed with a second
measurement. The applicant agreed with the FDA
recommendation to adjudicate acidosis and renal
impairment. Also, due to the SNAC component of the drug
product, the applicant agreed to collect lactate levels in
studies, particularly on a background of metformin.

Type C Meeting — Discussion of CV assessment strategy

Advice/Information request on CV bridging strategy for
semaglutide injection and tablets

Type B meeting, pre-NDA meeting for oral semaglutide for
the T2DM indication. The division and the applicant were in
agreement with the way the NDA data was to be submitted,
data pooling strategy, immunogenicity assessments.
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3.3. Foreign Regulatory Actions and Marketing History

Semaglutide oral tablet is not currently approved for use in any foreign country.

4. Significant Issues from Other Review Disciplines Pertinent to Clinical
Conclusions on Efficacy and Safety

4.1. Office of Scientific Investigations (OSI)

The inspection for this new drug application (NDA) consisted of five domestic and five foreign
clinical sites covering three studies (PIONEER 1, 3 and 6). The OSI reviewer concluded that, in
general, based on the inspections of the ten clinical sites, the inspectional findings support
validity of data as reported by the sponsor under this NDA.

Please see OSl review by Dr Cynthia Kleppinger for details regarding the inspections performed
and results.

4.2. Product Quality

Semaglutide is a long acting analogue of the endogenous GLP-1 molecule, with 94% structural
homology to native GLP-1 with three main modifications:

- Amino acid substitution at position 8 (alanine to alfa-amino isobutyric acid (Aib), a
synthetic amino acid). This is expected to make semaglutide less susceptible to DPP-4
degradation.

- Lysine to Arginine at position 34

- Acylation of the peptide backbone with a spacer and C-18 fatty di-acid chain linked to
the lysine at position 26. The fatty di-acid chain and the spacer are expected to mediate
strong non-covalent binding to albumin, thereby reducing renal clearance and extending
half-life of the product.

Drug substance

The chemical name is N&26 [(S)-(22,40-dicarboxy-10,19,24-trioxo-3,6,12,15-tetraoxa-9,18,23-
triazatetracontan-1-oyl)] [Aib%, Arg34|GLP-1-(7-37) peptide.
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Figure 1 Chemical Structure of Semaglutide
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Source: Figure 1 Introduction document

Drug product
Semaglutide is presented as white to yellow oval shaped tablets and available in three doses,

3,7 and 14 mg tablets. Semaglutide is formulated with 300 mg Salcaprozate Sodium (SNAC) as
absorption enhancer to facilitate oral absorption of the drug. SNAC is considered a novel
excipient and toxicity studies were conducted to assess its safety.

Excipient related information including manufacturing and control information for
salcaprazoate was reviewed by drug product reviewer. The review concluded that the
manufacturing and control information for SNAC and other excipients are adequate.

Please see Integrated Quality Assessment details regarding the manufacturing of semaglutide.

Immunogenicity

The sponsor also conducted studies to assess the immunogenicity of oral semaglutide. The
screening and confirmatory assays used in monitoring the ADA response were validated and
found suitable for their intended purpose, however the assay used to assess neutralizing
activity was found to lack sensitivity. Please see Immunogenicity review by Dr Mohanraj
Manangeeswaran for details.

4.3. Clinical Microbiology

Not applicable.

4.4. Nonclinical Pharmacology/Toxicology

Non-clinical documentation pertaining to semaglutide was submitted and reviewed as part of
the subcutaneous semaglutide NDA 209637 which is FDA approved as Ozempic, and this is
considered the basis of the nonclinical qualification of semaglutide.
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SNAC is considered a novel excipient, and a non-clinical program to qualify SNAC had to be
conducted for this application.

Per the Pharmacology and Toxicology review, SNAC absorption was evaluated after oral
administration in mice, rats, and monkeys. In all test species examined, SNAC was rapidly
absorbed, typically reached Cmax in under 2 hours and had a half-life that ranged between 1-3
hours. Although systemic exposure was highly variable, AUC and Cmax values generally
increased with increasing dose and female rodents tended to have a higher systemic exposure
when compared to male rodents. In dogs and monkeys, the relative oral bioavailability of
semaglutide in the presence of SNAC was estimated to range from 0.04 —4.04%. SNAC
absorption was influenced by the fasting state of the animal. Fasted Sprague Dawley rats given
a single oral dose of *C-SNAC had AUC(0-6h) values 1.4 to 3-fold greater than unfasted rats.

Absorption of semaglutide after co-formulation with SNAC has been investigated both in vitro
and in vivo (rats, dogs and monkeys). Similar to SNAC absorption, SNAC-facilitated absorption
of semaglutide showed very high inter-animal variability in rats, dogs, and monkeys and was
influenced by the fasting state of the animal.

SNAC distribution was evaluated in mice and rats, including pregnant female rats. SNAC and its
five major metabolites distributed to highly perfused tissues within 1.5 hours in rats. SNAC-
related radioactivity present in tissues was considerably higher in females when compared to
males up to 12 hours after dosing. Very little distribution of either SNAC or metabolytes was
seen in the brain. When pregnant rats were allowed to litter and a single oral *C-SNAC dose
was administered 10 day post-partum, SNAC-related radioactivity was detected in the milk of
lactating females for up to 24 hours. Radiolabeled SNAC (500 mg/kg) was present at a
milk/plasma ratio of 12 indicating that SNAC and/or its metabolites accumulate in the lipophilic
milk of lactating rats.

SNAC had a similar in vitro metabolite profile in humans, monkeys and rats. SNAC quickly
undergoes rounds of conjugation into glucuronide metabolites and B-oxidation by phase Il
enzymes. Glucuronidation reactions were facilitated most efficiently by UGT2B7 with
additional contributions by UGT1A8 and UGT1A7 using uridine diphosphate glucuronic acid as a
substrate. B-oxidized metabolites (E494 and E506) were at least 10-times less potent inhibitors
of ATP biosynthesis in mitochondria and glucuronidated metabolites had minimal effect on
cellular respiration indicating that metabolism could be important for detoxification of the
parent compound.

SNAC was generally tolerated at doses up to and including 75-500 mg/kg/day, depending on
species. As outlined in the Pharmacology and Toxicology review, SNAC has been shown to
inhibit cellular respiration in animals at high concentrations. Though SNAC exposure associated
with toxicity in animals was not achieved in Phase 3 studies with semaglutide/SNAC, a risk for
higher exposure to SNAC and/or its metabolites is plausible for individuals with weak
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UGT2B7activity (an enzyme involved in SNAC metabolism) or with compromised hepatic
function. Similarly, pediatric patients and breastfed infants may be at greater risk given the
immaturity of UGT2B7 in this population and because it is unknown if SNAC and or its
metabolites accumulate in milk.

As a result, specific labelling recommendations pertaining to the SNAC component were
suggested by the Pharmacology and Toxicology review team, specifically the recommendation
to not breastfeed due to the potential accumulation of SNAC in the breastmilk in humans.
Please see full Pharmacology and Toxicology review by Dr Elena Braithwhite for details.

4.5. Clinical Pharmacology

The Office of Clinical Pharmacology reviewed the information in this application and found it
acceptable to support approval of semaglutide in the T2DM population. All three doses
proposed for titration and/or efficacy are supported by clinical pharmacology and clinical trials.

The following is a summary of clinical pharmacokinetics of oral semaglutide:

Absorption: ¢ Following oral administration, maximum concentration of semaglutide is reached 1-hour
post-dose. Steady-state exposure is achieved following 4-5 weeks administration. In
patients with type 2 diabetes, the mean population-PK estimated steady-state
concentrations following once daily oral administration of 7 and 14 mg semaglutide were
approximately 6.7 nmol/L and 14.6 nmol/L, respectively. Based on population
pharmacokinetics (PK) estimates, semaglutide exposure increases in a dose-proportional
manner. The Population-PK estimated absolute bioavailability of semaglutide to be
approximately 0.4 - 1%, following oral administration.

Distribution: e Semaglutide is extensively bound to plasma albumin (>99%). The estimated volume of
distribution of semaglutide following oral administration in healthy subjects 1s
approximately 8 L.

Elimination: e The elimination half-life of semaglutide is approximately 1-week. The clearance of
semaglutide following oral administration in healthy subjects is approximately 0.04 L/h.

e The primary excretion routes of semaglutide-related material are via the urine and feces,
with approximately 3% of the absorbed dose excreted in the urine as intact semaglutide.

Metabolism: e The primary route of elimination for semaglutide 1s metabolism following proteolytic
cleavage of the peptide backbone and sequential beta-oxidation of the fatty acid side
chain.

Source: Clinical Pharmacology Review

A total of 30 completed clinical studies conducted in healthy volunteers and T2DM patients
assessed the PK and PD of oral semaglutide. The PK of SNAC was also investigated in these
studies. Oral semaglutide has not been studied in pediatric patients.

Absorption of oral semaglutide was considerably lower under fed conditions compared to
fasting, and exposure increased with post-fasting duration from 15 to 120 minutes.
Additionally, semaglutide exposure was lower when administered with 240 mls of water vs 120
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mls of water. As a result, the recommended dosing condition for semaglutide is to be
administered with 120 mls of water under fasting conditions, at least 30 minutes before the
first food.

SNAC

When administered with semaglutide, SNAC is rapidly absorbed and eliminated. There is no
accumulation of SNAC after multiple daily doses of oral semaglutide and the PK of SNAC
appears similar after single and multiple dosing. Additionally, the PK of SNAC was comparable
between healthy patients and patients with T2DM. Following 10 days of treatment with oral
semaglutide (containing 300 mg SNAC) in patients with T2DM, the geometric mean AUC0-24h
of SNAC was 1034 ng.hr/mL, Cmax was 1038 ng/mL and median Tmax was 0.3 hr. Five major
metabolites of SNAC were identified and quantified in the plasma, accounting for
approximately 95% of the AUC, suggesting that SNAC is extensively metabolized. The primary
routes of elimination for SNAC are urine (82.31%) and feces (3.76%). Some variability was
observed in SNAC exposure when 300 mg SNAC was administered with various doses of
semaglutide, and it also appears that SNAC exposure may be lower when SNAC is co-formulated
with semaglutide vs with placebo.

PopPK analysis did not identify age, body weight, gender, ethnicity and race to have any
clinically relevant impact on the pharmacokinetics of oral semaglutide.

Please see Clinical Pharmacology review for details and drug-drug interactions.
4.6. Devices and Companion Diagnostic Issues

Not applicable.
4.7. Consumer Study Reviews

Not applicable.

5. Sources of Clinical Data and Review Strategy

5.1.Table of Clinical Studies

The semaglutide development program included 10 phase 3 clinical trials and enrolled a total of
9543 patients and included a pre-marketing cardiovascular outcomes trial (CVOT).

Semaglutide was investigated vs placebo as monotherapy, add-on to insulin, and in renal
impairment patients. Semaglutide was also investigated on a background of metformin, alone
in combination with sulfonylurea (SU), SGLT2 inhibitors, and/or other OADs. Active comparator
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trials include trials against sitagliptin, empagliflozin, and liraglutide. Two studies were
performed in Japan, one randomized against liraglutide and placebo, and one open label
against dulaglutide. The phase 3 program included a trial in patients with moderate renal
impairment, PIONEER 5. An event-driven pre-market cardiovascular outcomes trial (PIONEER 6)
compared semaglutide vs placebo on a background ranging from monotherapy to OADs, basal
or pre-mixed insulin. This last trial was only for evaluation of cardiovascular outcomes and
general safety of semaglutide, not for any glycemic lowering claim.

Figure 2 Semaglutide Phase 3 Development Program

PHASE 3A TRIALS

P N = N
9 PIONEER 1 (4233) - monotherapy PIONEER 2 (4223) — vs SGLT2i
5 3,7-and L4 mg vs. placebo (1:1:1:1), double-blind 14'mg vs. SGLT2! (1:1), open-label
Fod 26 weeks, monotherapy, HbA,.: 7.0-9.5% 52 weeks, met background, HbA;.: 7.0-10.5 %
= \ Number of randomised subjacts: 703 4 Number of randomised subjects: 822 Y,
5 .
Q.
il - N
= PIONEER 3 (4222) - long-term safety PIONEER 4 (4224) - vs liraglutide ) BEST
& 3, 7.and 14 mg vs. DPP-4i (1:1:1:1), double-blind 14:mg vs. GLP-1'RA and placeba (2:2:1), doubleblind; double-dummy.
78 weeks, met+SU background, HbA,: 7.0-10.5% 52 weeks, met£SGLT2i background, HbA;.: 7.0-9.5%

>~ N Number of randomised subje:tsc: 1864 Number of randomised subjects: :711 AVAI LAB LE
§ (S NG -,

3 ¥ COPY

PIONEER 5 (4234) - renal impairment PIONEER 8 (4280) - add-an to insulin 1
14mg vs. placebn (1:1), double-blind 3, 7 and 14 mq vs. placebo {1:1:1:1), double-blind
26 weeks, met/SUxmet/insulinxmet background, HbA,, : 7.0-9.5% 52 weeks, Insulinmet background, HbA,.: 7.0-9.5%
\_ Number of randemised subjects v/ith.moderate renal impairment: 324 IR Number of randomised subjects: 731 J
PIONEER 7 (4257) - flexible dose®
oral semaglutide flexible dose vs. DPP-4i (1:1), open-label
52 weeks, 1-2 0ADs background, HbA,\ 7.5-9.5%
Number of randemised subjects: 504

3,7 and 14 mg vs. placebo and GLP-1 RA (1:1:1:1), double-blindfopen-label 3, 7.and 14 mg vs. GLP-1 RA'(2:2:2:1), open-label, safety trial
52 weeks; monotherapy, phase 2/3a, HbA: 6.5-10.0% 52 weeks, OAD hackground, HbA ;. 7.0-10.5%
Number of rardomised subjects: 243 Number of randomised subjects: 456

[ PIONEER 9 (4281) - monotherapy, Japan ] [ PIONEER 10 (4282) - vs dulaglutide, Japan ]
b

CARDIOVASCULAR QUTCOMES TRIAL (PHASE 3A)

PIONEER 6 (4221) - cardiovascular outcomes
oral semaglutidevs. placebo and standard-of-care {(1:1), CVOT
Event-driven duration, HbA, .- no.criteria
Subjects: >50 years+CV disease or =60 years+CV risk only
Number of randomisad subjects: 3183

E investigates the flexible use of oral semaglutide 3, 7 and 14 mg; includes a 52-week extension that is not part of the NDA (blinded safety data from the extension (deaths, serious adverse

events and pregnancies) are, however, included) ® double-blind vs. placebo; open-label vs. GLP-1 RA. CV: cardiovascular; CVOT: CV outcomes trial; DPP-4i: dipeptidyl peptidase-4
inhibitor: GLP-1: glucagon-like peptide-1: met: metformin: OAD: oral anti-diabetic drug: RA: receptor agonist: SGLT2i: sodium-glucose cotransporter-2 inhibitor: SU: sulphonvlurea.

Source: Figure 1-2 Clinical Overview

An overview of the distribution of the background medications by study is presented below.
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Table 1 Background Therapies

Metformin Insulin = OADs S5U+ . SGLTZ—i_i TZDs i Other No bac.kgl'_uuud
anly metformin metformin =~ metformin medication
N (%) N (%) N (%) N (%) N (%) N (%) N (%)
PIONEER 1-10 | 3057 (32.0) 2785 (29.2) 1911 (20.0) 375 (3.9) 107 (1.1)  314(3.3) 992 (10.4)
PIONEER 1 0 0 0 0 0 703 (100}
PIONEER 2 821 (100) 0 0 0 0 0
PIONEER 3 986 (52.9) 0 877 (47.1) 0 0 0 0
PIONEER 4 528 (74.3) 0 183 (25.7) 0 0 0
PIONEER 5 77(23.8) 115 (35.5) 132 (40.7) 0 0 0 0
PIONEER 7 189 (37.5) 1(0.2) 244 (48.4) 51 (10.1) 13 (2.6) 6(1.2) 0
PIONEER & 0 731 (100)° 0 0 0 0
PIONEER 9 0 0 0 0 0 243 (100)
PIONEER 10 0 0 147 (32.1) 78 (17.0) 79 (17.2) 154 (33.6) 0
PIONEER 6 456 (14.3) 1938 (60.9) 511(16.1) 63 (2.0) 15(0.5) 154 (4.8) 46 (1.4)

N (%): number (proportion) of subjects in the full analysis set on glucose-lowering background medication. In PIONEER 8, the

mnsulin regimens were basal, basal-bolus and premix insulin. OAD: oral anti-diabetic drug; SGLTZ1: sodium-glucose co-transporter 2

mhibitor; SU: sulphonylurea; TZD: thiazolidinedione.
Source: Table 1-1 Clinical Overview

The duration of treatment in the phase 3 trials ranged from 26 to 78 weeks. The CVOT was
event-driven, with most patients exposed for up to 79 weeks.

Four of the multinational studies evaluated the highest dose of semaglutide proposed for
marketing, 14 mg. Three of the multinational studies evaluated three doses of oral
semaglutide, 3, 7, and 14 mg. One study evaluated flexible semaglutide dose based on
tolerability. The two Japanese safety trials evaluated the 3, 7, and 14 mg doses of oral
semaglutide. To mitigate gastrointestinal side effects, all semaglutide-treated patients followed
a fixed dose escalation regimen starting at 3 mg for 4 weeks before escalating to 7 mg as
maintenance dose or another 4 weeks before escalating to 14 mg maintenance dose.

Not all trials were blinded. Placebo-controlled trials, as well as trials comparing semaglutide to
liraglutide and most trials vs sitagliptin were blinded. PIONEER 2, comparing oral semaglutide
to empagliflozin, was open label, and so was the flexible dose trial vs sitagliptin.

Table 2 Listing of Clinical Trials

Trial
Identity

Trial Design

Regimen/ schedule/
route

Study
Endpoints

Treatment
Duration/
Follow Up

No. of
patients
enrolled

Study
Population

Controlled Studies to Support Efficacy and Safety
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Trial Trial Design Regimen/ schedule/ Study Treatment | No. of Study
Identity route Endpoints Duration/ | patients | Population
Follow Up | enrolled
PIONEER | Semaglutide 1) Semaglutide | Change from 26 weeks 703 Multinational
1- 4233 vs placebo (3,7,and 14 | baseline in (incl. US); T2DM;
monotherapy mg) HbAlc diet and exercise
DB 2) Placebo only
HbAlc 7-9.5%
PIONEER | Semaglutide 1) Semaglutide | Change from 52 weeks 821 Multinational
2-4223 | vs SGLT2 14 mg baseline in (incl. US); T2DM;
inhibitor HbAlc inadequately
oL 2) Empagliflozin controlled on
25 mg metformin
HbAlc 7-10.5%
PIONEER | Semaglutide 1) Semaglutide | Change from 78 weeks 1862 Multinational
3-4222 | vs DPP-4 (3,7,and 14 | baselinein (incl. US); T2DM;
inhibitor mg) HbAlc Inadequately
DB 2) Sitagliptin controlled on
100 mg metformin +/-SU
PIONEER | Semaglutide 1) Semaglutide | Change from 52 weeks 711 Multinational
4-4224 | vs GLP-1 RA 14 mg baseline in (incl. US); T2DM;
DB 2) Liraglutide HbAlc Inadequately
1.8 mg controlled on
3) Placebo metformin +/-
SGLT2i
PIONEER | Semaglutide 1) Semaglutide 14 mg | Change from 26 weeks 324 Multinational
5-4234 | vs placebo 2) Placebo baseline in (incl. US); T2DM;
DB HbAlc with moderate
renal
impairment
inadequately
controlled on
metformin +/-
SU, basal insulin
alone, or
metformin in
combination
with basal
insulin
PIONEER | Flexible dose 1) Semaglutide | Change from 52 weeks 504 Multinational
7 -4257 | vs sitagliptin flexible dose | baseline in (incl. US); T2DM;
oL 2) Sitagliptin HbAlc inadequately
100 mg controlled on 1-
2 OADs
PIONEER | Insulin add-on 1) Semaglutide | Change from 52 weeks 731 Multinational
8-4280 | vs placebo (3,7,and 14 | baselinein (incl. US); T2DM;
DB for the mg) HbAlc background of
first 26 weeks 2) Placebo insulin
Studies to Support Safety
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cardiovascular
death,

Trial Trial Design Regimen/ schedule/ Study Treatment | No. of Study
Identity route Endpoints Duration/ | patients | Population
Follow Up | enrolled
PIONEER | Semaglutide 1) Semaglutide 14 mg | Time from Event- 3183 Multinational
6-4221 | vs placebo 2) Placebo randomization | driven (incl. US); T2DM;
cardiovascular to first high risk of CV
outcomes occurrence of events
study a MACE,
DB defined as

nonfatal
myocardial
infarction, or
non-fatal
stroke
Other studies pertinent to the review of efficacy or safety — Studies in Japanese population
PIONEER | Monotherapy | 1) Semaglutide (3, 7, 52 weeks 243 Japan; T2DM;
9-4281 | vs placebo and 14 mg)
and liraglutide | 2) Placebo
DB 3) Liraglutide 0.9 mg
daily
PIONEER | Semaglutide 1) Semaglutide 52 weeks 308 1) Japan; T2DM;
10 - vs dulaglutide (3,7, 14 mg) inadequately
4282 oL 2) Dulaglutide controlled on
0.75 mg one OAD
weekly

Source: Reviewer generated using the tabular listing of clinical trials provided by the applicant
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5.2.Review Strategy

The applicant submitted seven multi-national efficacy phase 3 trials, one pre-market CVOT, and
two Japanese trials as evidence of efficacy and safety in patients with T2DM.

The efficacy review of the semaglutide program was performed by individual trial review (not
including the Japanese trials) and by comparisons across trials. For the individual trial review,
the reviewer focused on the individual clinical trial reports, protocols and statistical analysis
plan; this review is located in sections 6.2 to 6.7. For the review across trials, the reviewer used
the summary of clinical efficacy, and clinical overview documents provided in the submission.
The integrated review of effectiveness is located in section 7.

The CVOT was not reviewed here for efficacy, as it is not relevant for the glycemic reduction
indication, and it will be reviewed under NDA 213182 where the applicant is requesting a CV
risk reduction indication for the oral semaglutide product. The safety data from PIONEER 6 will
be reviewed in the safety section of this review.

Safety was assessed in individual studies as well as using pools of studies. These pools included:
- Phase 3a pool excluding PIONEER 6
- Placebo pool
- CQvot

A more detailed discussion of the approach to the review of safety is located in section 8.

6. Review of Relevant Individual Trials Used to Support Efficacy

6.1.PIONEER 1 (4233)
6.1.1. Study Design
Overview and Objective

Study title: A 26-week, randomized, double-blind, placebo-controlled trial to investigate the
efficacy and safety of oral semaglutide vs placebo in patients with type 2 diabetes mellitus
treated with diet and exercise only

Primary objective: To compare the effects of three dose levels of once-daily oral semaglutide (3,
7 and 14 mg) vs once-daily placebo on glycemic control in patients with type 2 diabetes treated
with diet and exercise only.
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Secondary objective:
- To compare the effects of three dose levels of once-daily oral semaglutide (3, 7 and
14 mg) vs once-daily placebo on body weight in patients with type 2 diabetes treated
with diet and exercise only.
- To compare the safety and tolerability of three dose levels of once-daily oral
semaglutide (3, 7 and 14 mg) vs once-daily placebo in patients with type 2 diabetes
treated with diet and exercise only.

Trial Design

The trial was randomized, double-blind, placebo-controlled multinational, multi-center efficacy
and safety trial with a 26-week treatment period (including an 8-week dose escalation period)
and a 5- week follow-up period.

A total of 704 adults with T2DM treated with diet and exercise only were planned to be
randomized to once-daily treatment with oral semaglutide (3, 7 or 14 mg) or placebo.

Key inclusion/exclusion criteria:
e Inclusion criteria included adult patients with T2DM, HbAlc 7-9.5%, treated with diet
and exercise for at least 30 days prior to screening.

e Exclusion criteria included treatment with any glucose lowering agent within 90 days
before screening, history of pancreatitis, personal or family history of medullary thyroid
carcinoma or multiple endocrine neoplasia syndrome type 2, impaired renal function
(eGFR <60 mL/min/1.73 m2 per MDRD formula), acute coronary or cerebrovascular
event within 90 days before randomization, heart failure (New York Heart Association
class IV), known proliferative retinopathy or maculopathy.

Dose selection/Study treatments:

Absorption of oral semaglutide is significantly affected by food and fluid in the stomach;
therefore, trial products were to be administered once daily in the morning in a fasting state
and at least 30 minutes before the first meal of the day. The trial product was to be taken with
up to half a glass of water (approximately 120 mL/4 fluid oz) and was to be swallowed whole
and not broken or chewed. Oral medication other than trial product could be taken 30 minutes
after administration of trial product.

This type of administration was preserved for all PIONEER trials. The dose escalation, also
preserved throughout PIONEER trials, is presented in Table 3 below.
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Table 3 Dose Escalation and Treatment Periods

Treatment periods
Treatment arm Dose escalation Dose escalation Maintenance dose
Week 0 to 4 Week 4 to 8 Week 8 to 26
Oral semaglutide 3 mg 3 mg 3 mg 3Img
Oral semaglutide 7 mg 3 mg 7 mg 7 mg
Oral semaglutide 14 mg 3mg 7 mg 14 mg
Placebo Placebo Placebo Placebo

Source: Table 9-1 CSR

Administrative structure:

The trial was monitored by a Novo Nordisk internal safety committee. The safety committee
could recommend unblinding of any data for further analysis; in such cases, an independent
group was to be established ad hoc to maintain the blinding of trial personnel.

An independent external event adjudication committee (EAC) performed ongoing, blinded
evaluation of specific pre-defined events, throughout all PIONEER trials.

Procedures and schedule:
The patients had in person visits at screening, randomization, weeks 4, 8, 12, 14, 20, 26 (end of
treatment), and 31 (follow-up). A phone visit occurred at week 2.

The patients were to attend most visits in a fasting state, defined as no food or liquid intake
within the last 8 hours before sampling; water was allowed up until 2 hours before blood
sampling. Trial product was not to be taken until after blood sampling. Other oral medication
could be taken 30 minutes after trial product and injectable medications could be administered
after blood sampling.

Eye examination was to be performed at screening and end of treatment. ECGs were
performed at randomization, end of treatment, and follow up.

Please see study protocol for study procedures details.
Concurrent medications:

The patients were treatment naive, no other antidiabetic medications were allowed except for
rescue medication.
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Treatment compliance
Compliance was assessed by monitoring of drug accountability.

Rescue medications

Patients with unacceptable hyperglycemia on the trial product alone or who had trial product
discontinued could start other antidiabetic medications at the discretion of the investigator,
after week 8. GLP-receptor agonists, DPP-IV inhibitors and pramlintide were not allowed as
rescue medication.

There were no set criteria for the use of rescue medication in PIONEER 1.

Use of antidiabetic medications for <21 days was not considered additional antidiabetic
medication by the applicant.

Patient completion, discontinuation, or withdrawal

The trial product had to be discontinued in case of safety concern related to the trial product or
unacceptable tolerability, violation of any inclusion/exclusion criteria, pregnancy or intention to
become pregnant, calcitonin >100ng/dL, and simultaneous participation in another clinical trial.

If the trial product was discontinued prematurely, it was not to be re-initiated.

A trial completer was defined as a patient who attended the final scheduled visit.

Study Endpoints

Primary endpoint:
- Change from baseline in HbAlc to week 26.

Confirmatory secondary endpoint:
- Change in body weight from baseline to week 26!

A multitude of other efficacy and safety supportive endpoints were predefined by the sponsor,
but not included in the testing hierarchy. The results will not be discussed in detail in this
review as they are not relevant to approval and/or labelling for the current application.

Statistical Analysis Plan

Per the applicant, the sample size calculation was based on the primary endpoint and allowed
for at least 90% power to confirm superiority of semaglutide vs placebo. Per this calculation,

1 Secondary endpoint with control for type 1 error
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176 patients/treatment group were needed, amounting to 704 patients planned to be
randomized to the 4 treatment arms.

The testing hierarchy tested for superiority for the primary endpoint, followed by testing for
superiority for the confirmatory secondary endpoint, for each of the semaglutide doses in turn.

Table 4 Statistical Testing Hierarchy

Oral semaglutide 14 mg

HbA . (%-point) i plcale

Su pe:igr(i)ty Body weight (kg)
Qlocai=0.05 Superiority
Glocal=0
V2

Oral semaglutide 7 mg

HbA, (%-point) vs. placebo

SUDEHSHW Body weight (kg)
Qioca=0 Superiority
=0
1/2 Ojocal
WV
HbAsc (%-point) Sl kool
SUDQV'?“W Body weight (kg)
Ojocs =0 Superiority
0102 =0

The total significance level of a = 0.05 (two-sided) was initially allocated to the hypothesis of superiority of oral
semaglutide 14 mg vs placebo on change from baseline at week 26 in HbA.: if that hypothesis was confirmed. the local
significance level (u-local) was reallocated to the other hypotheses in the testing strategy according to the indicated
weight (Y2 or 1) of the arrows. Each hypothesis was tested at its updated local significance level (a-local) until all
hypotheses had been confirmed or until no hypothesis could be confirmed.

Source: Figure 9-7 CSR PIONEER 1

Definition of the analysis sets
- Full analysis set (FAS) included all randomized patients.
- Safety analysis set (SAS) included all randomized patients who had received at least one
dose of randomized semaglutide or placebo.

Definition of observation periods

- ‘In-trial’ observation period represents the period after randomization until the final
scheduled visit, including any period after initiation of rescue medication or premature
discontinuation

- ‘On-treatment’ observation period includes the period when the patients were expected
to be treated and exposed to the trial product.

- ‘On-treatment without rescue medication’ period included observations recorded from
the first dose of trial product until the occurrence of initiation of rescue medication
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Missing data:

The treatment policy estimand was used to evaluate efficacy, with missing data at week 26
imputed using pattern-mixture models.

Protocol Amendments

There were three substantial amendments to the protocol (2 local amendments, and 1 global
amendment). The global amendment referred mainly to the introduction of eye examinations
and additional data collection for diabetic retinopathy.

| reviewed the protocol amendments and they are not likely to have impacted the results of the
study.

6.1.2. Study Results
Compliance with Good Clinical Practices

The applicant states that the study was conducted in accordance with ICH GCP.

Financial Disclosure

The applicant submitted adequate financial disclosures for the investigators that participated in
this trial.

There was a total of 529 investigators, out of which 9 reported financial disclosures. See
Appendix 13.3 for details.

Patient Disposition

Of the 1006 patients screened, 303 were screening failures, thus 703 patients were randomized
at a 1:1:1:1 ratio to receive semaglutide (3, 7 or 14 mg) or placebo. Most of the screen failures
— 240 patients, failed due to non-fulfillment of HbAlc inclusion criterion. All randomized
patients received trial product. A total of 630 patients (89.6%) completed the treatment with
the trial product, and 663 (94.3%) completed the trial, with no major differences across
treatment groups.

A total of 5.7% of all patients withdrew from the trial; more patients in the oral semaglutide 7
mg (8.0%) and 14 mg (6.9%) groups withdrew from the trial than from the oral semaglutide 3
mg (3.4%) and placebo (4.5%) groups. The proportion of patients who completed treatment
without receiving rescue medication was greater with oral semaglutide (85.1-87.4%) than with
placebo (75.3%). A higher proportion of discontinuations due to AEs was observed with
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semaglutide (2.3-7.4 % vs 2.2%) vs placebo, and this was dose dependent.

Table 5 Patient Disposition PIONEER 1

Oral sema ©Oral sema Oral sema Placsbo Total
3 mg T mg 14 mg
N (%) H (%) N (%) N (%) N (%)
Screened 1006
Screening failures 303 (30.1)
Randomised 175 175 175 178 703
Exposad 175 {( 100y 175 ( 1o0) 175 ( iQo) 178 ( 100) 703 ( 100)
Bnalysis sets
Full analysis set 175 {( 100y 175 ( 1o0) 175 ( 100) 178 { 100} 703 ( 140}
Safetv analysis set 175 {( 1p0) 175 ( 1o0) 175 { 100} 178 { 100) 703 ( 100)
Treatment completers [1] 163 (93.1) 157 (8e.7) 151 (B6.3) 159 (£9.3) 630 (8%.&)
Without rescus medication 152 (86.9) 153 (B7.4) 149 (85.1) 134 (75.3) 588 (B3.%8)
With rescus medication 11 { 6.3) 4 { 2.3) 2 ( 1.1y 25 (14.9) 42 { 6.0}

Premature trial product discont. 12 { 6.9) 18 (10.3) 24 (13.7) 19 (10.7) T3 (10.4)
— Drimary reason

Adwverse event (s) 4 { 2.3) T 2.0) 13 { 7.4) 4 { 2.2) 28 ([ 4.0}
Pregnancy 0 0 o] 0 0
Participation in anothesxr 1 [ 0.8) a 1 ( 0.86) 0 2 { 0.3)
clinical triall[2]
Subject withdrawal frem trial q 3 ([ 2.9) 3 { 2.9) 3 1.7) 13 ( 1.8)
Violation of in-/excl. crit. 2 [ 1.1) 1 { D.6) 0 i} 3 { 0.4)
Exclusion criteria 2 1 { 0.8) 0 i} 0 1§ 0.1)
Exclusion criteria 7 1 { 0.8) 0 i} 0 i {0.1)
Exclusion criteria 13 q 1 0.6) i} 0 i {0.1)
Other 3 2.9) 30 2.9 S 2.%) 12 { &.7) 27 { 3.8)
Trial completers [31 169 {(896.6) 1el (92.0) 163 (93.1) 170 {95.3) &63 (9£4.3)
Withdrawal from trial 6 { 3.4) 14 ( 8.0) 12 { 6.9 g ( 4.5) 40 ( 5.7)
— Pprimary TeEason
Withdrawal by subject 4] 3 ( 2.9) 3 { 2.9) 4 ( 2.2) 14 ( 2.0)
Lost to follow-up 5 ([ 2.9) T 4{ 4.40) 5 ([ 2.9) 2 { 1.1) { 2.7)
Other 1 { D.8B) 2 (1.1) 2 { 1.1) 2 {1.1) { 1.0}
Diad 4] o 1 { D.6B) 0 1 ([ 0.1)
"[1]1': subjects who complated trs2atment with trial product according to the snd-ocfi-trial form;
"[2]': simultan=sous participation in any othesr clinical trial receiving an investigational medicinal
product; "[31': subjects who attended the final scheduled wvisit; 'Rescue medication': use of new

anti—diabatic medication as add-on to trial product and usad for morz than 2Z1 days with the
initiation at or after randomisation and before last day on trial product; N: number of subjects; %:
proportion of randomisad subjects sxcept for screening failures whers it is proportion of screensed
subjects. For exclusion criteria see the protocol (Eppendix 16.1.1, S=sction 6.3)

Source: Table 10-1 CSR PIONEER 1

Protocol Violations/Deviations

Protocol deviations (PDs) were categorized as important or non-important and according to
project-wide PD categories and subcategories. A PD was categorized as important if the PD
could significantly impact the completeness, accuracy or reliability of the trial results or if the
PD could significantly affect the rights, safety or well-being of the patient(s).

In total there were 142 important PDs; the PDs comprised one trial-level PD, one country-level
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PD as well as 17 site-level PDs and 123 patient-level PDs.

The trial-level PD belonged to the ‘Assessment deviation (incl. lab)’ category and concerned the
reporting of body weight measurements with precisions less than the one specified in the trial
protocol (0.1 kg/pounds) at some trial sites due to use of scales with a precision of 0.5
kg/pound or due to rounding off to the nearest half or whole kg/pound by the site staff.

The one important country-level PD was reported from the US after the database lock. The PD
belonged to the ‘Other’ category and concerned a 2-day delay in the delivery of a SUSAR report
from Novo Nordisk to the investigators.

The distribution of site and patient-level PDs is outlined in the table below. Only 5PDs which

were related to eligibility criteria led to withdrawal of the patients from the trial. None of the

other deviations led to exclusion of patients or data points from the statistical analyses.

Table 6 Summary of Important Site-Level and Patient-Level Protocol Deviations PIONEER 1

Category Site-level Subject-level PDs (n)
PDs (n)
Screening | Oralsema  Oralsema Oral sema T(_)tallno
failures 3mg 7 mg 14 mg Placebo | of subject-
= CE = level PDs

Informed consent 3 9 3 3 9 6 30
Inclusion/exelusion/ - - 6 4 2 2 14
randomisation criteria
Trial product handling - - - 7 3 4 14
Treatment compliance - - 5 3 10 2 20
Assessment deviations - - 6 11 10 7 34
Other 14 - 3 2 1 4 10
Total 17 9 23 30 35 25 122

n: number of PDs; PD: protocol deviation: sema: semaglutide. Summary includes important protocol deviations closed

by database lock.

Source: Table 10-5 CSR PIONEER 1

| evaluated details provided by the applicant regarding these deviations, and | agree that it is

unlikely that they impacted the outcome of the trial.

Patient Demographics and Other Baseline Characteristics

The demographic and baseline characteristics were generally similar across treatment groups.

The population was evenly distributed between male and female patients with a mean age of
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around 55 years. The mean weight and waist circumference were similar across groups. Most
patients had a BMI >25 kg/m2 and the mean BMI was 31.8 kg/m2. T2DM was relatively
recently diagnosed, with an overall mean duration of 3.5 years (SD 4.9). The mean HbAlc was
8.0%, similar between treatment groups.

Renal function (based on baseline eGFR) was normal for 73.7% of the patients; 25.5% had mild
renal impairment and 0.9% had moderate renal impairment. Compared with the other groups,
slightly more patients in the oral semaglutide 7 mg group had mild renal impairment. The
mean estimated GFR was 98 mL/min/1.73 m? and was similar across treatment groups.

Table 7 Demographics and Baseline Characteristics — Continuous Variables, PIONEER 1

Oral sema Oral sema Orzl sema
3 mg 7 mg 14 mg Placebo Total
N (%) N (%) N (%) ] (%) Hig)
Humber of subjects 175 175 175 178 702
Lge (v=ars)
H 175 175 175 178 703
Mzan (3D) 55 (11) 38 (11) 24 (11) 34 (11) 55 (11)
HhRlc (%)
N 175 175 175 178 703
M=zan (5D) 7.9 (0.7} 3.0 (0.8&) B.0 (0.7) 7.9 (0.7} B.0 (0.7)
Duration of diabetes (yesars)
N 175 175 178 703
M=zan (5D) 3.8 (5.3) 3.4 (4.4) 3.4 (4.8) 3.5 (4.9)
Body waight (kg)
H 175 175 178 703
Mzan (3D) 36.9 (21.0) ] g8.1 (22.1) 3B.6 (23.4) E3.1 (22.1)
M=dian 34.2 E7.1 3.7 85.5
Min; Max 41.2 ; 140.8 .3 47.7 ; 153.2 46€.3 ; 210.8 41.2 ; 210.5
=GFR (mL/min/1.73 m"2)
N 175 175 175 178 703
M=zan (5D) 4o (14) 85 (1g) 47 {lg) 100 (15 g8 (15)

The =GFR wa
priar to th
subjects; 5

]

=
I:

hay

stimated using the CED-EPTI formula.'Baseline’:

T
an
T

3

domisation wisit; eGFR: estimated glomerular filtration rate; CEKD_EPI; H:
andard deviation.

Source: Modified from Table 10-2 CSR PIONEER 1

CDER Clinical Review Template
Version date: September 6, 2017 for all NDAs and BLAs

Reference ID: 4492378

defined as the latest asssssment ac

number

or

43


http:mL/min/1.73

Clinical Review
Andreea Ondina Lungu
NDA 213051

Oral Semaglutide

Table 8 Demographics and Baseline Characteristics for Categorical Variables — PIONEER 1

Sama 0.3 =g Serxa 1.0 mg Digceho Total

Hanber of sabjects Ched ] 1zad 174 287
Age [years]

i 28 120 123 aa7

H=an (3D} J4.6 (11.1] 2.7 [11.9) 32.5 (11.0] 22.7 [21.3
Hbalc [%]

" 128 120 i2a 2a7

Hean (3D} 8.05 [0.349) 8.12 (0.81] 785  [0.33) 84.03 (0.83]
Tasting pla=ma giacose [mgfdL)

i) 23 1256 27 2481

Hean (30} i7=_31 [43_A5] 1785 (24.549) iy2_2 [459.85) 175.7 (28.139)
Daration of Digbete= [i=acs)

" 27 lzg 123 383

H=an (3D} =.85 [EB.11) F.63 (4.85] 206 [&.48) 4.1  (3.32]
Body mas=s Znde=x [Egi=2]

H i2a 120 123 247

Hean (51] 22.4a [7.6&) 33.92 (A_23] 2240 [6.34) 2293 (7.46d]

HOOn GER 'e=timasad!

[mifmins/i_ 73 m~2]

H i2a 120 133 287

Hegn (3D 45.51 [24.23) 100.& (27.72) go_g [2=.37]) 53_02 (26.37)

Hot=s: The ba=zeline valaze Z= desined as the Zatest pre-dos=ing waize.

Body mas=s Iadex I= calcaifased based on ba=eline meg=urement o body we=ight and heighs-
SZbbreviatioas: H: Naxber of sabjects=; 8D: Standard dewviation, TV: Coelficient of wvariation:
HoOn: Hodification of diet in r=pai dis=a=e=, EoZ: glomerular =iltraticoo rat=

Source: Modified from Table 10-3 CSR PIONEER 1
Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs)

The most frequent and clinically relevant concomitant ilinesses for all treatment groups were;
dyslipidemia (24.7—-30.9%), obesity (20.6—-23%), gastrointestinal disorders (11.4-18.3%), hepatic
steatosis (9.7-12.6%) and hypothyroidism (1.7-8.0%), neoplasms (3.4—8.0%), vascular disorders
(1.7-8.0%), psychiatric disorders (8.0-11.4%), which included depression (1.1-6.9%). All were
balanced between treatment groups.

The most frequently reported histories of cardiovascular disease were ischemic heart disease
(7.4%, 10.3%, 8.0% and 8.4%) and hypertension (60.6%, 57.7%, 51.4% and 55.1%) for oral
semaglutide 3 mg, 7 mg and 14 mg, and placebo, respectively.

Most patients did not have diabetic retinopathy at baseline with no clinically relevant
differences across treatment groups observed for history of diabetes retinopathy; the
proportions of patients with diabetic retinopathy were 8.0%, 5.7%, 8.0% and 4.5% for oral
semaglutide 3 mg, 7 mg and 14 mg, and placebo, respectively (all reported as nonproliferative
diabetic retinopathy).

Other diabetic complications included diabetic neuropathy (8.6%, 6.9%, 8.0% and 5.1%) and
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diabetic nephropathy (2.3%, 5.7%, 5.1% and 3.4%) for oral semaglutide 3 mg, 7 mg and 14 mg,
and placebo, respectively.

Treatment Compliance, Concomitant Medications, and Rescue Medication Use

There were 20 patient-level deviations for treatment compliance, 2 of them because the
patient did not take more than 50% of the scheduled doses (one on semaglutide and one on
placebo). The remaining deviations (15 on semaglutide and one on placebo) were filed because
the patients reported a treatment pause of more than 10 days.

At baseline, the reported use of concomitant medications was similar across the treatment
groups with no clinically relevant differences. The most frequently used concomitant
medications were HMG CoA reductase inhibitors, ACE inhibitors and platelet aggregation
inhibitors excluding heparin.

The proportion of patients receiving additional anti-diabetic medications was lower with
semaglutide compared to placebo, as expected.

Table 9 Additional Anti-Diabetic Medication and Rescue Medication PIONEER 1

Cral s=ma Cral s=ma Oral sema Placebo Total
3 mg 7 mg 14 mg
N (&) N (&) N (%) N (%) ¥ (%)
Humber of subjects 175 175 175 178 703

ADDITIONAL ANTI-DIABETIC MEDICATION

Number of subjects 16 (9.1) 8 (4.6) 7 (4.0) 35 (19.7) 66 (9.4)
BIGUANIDES 12 {8.9) a (3.4) g [(3.4) 25 (14.0) 48 (7.0)

SULFONYLURELS 2 (1.1} 1 (0.6} 2 (1.1) g ( 4.5) 13 {1.3)

INSULINS, FAST-ACTING 1 (0.8) a u] 0 1 (0.1}

INSULINS, IN.MED-RACTING 0 a u] 1 ( 0.8) 1 0.1y

INSULINS, LONG-ACTING 4 (2.3) a u] 3 (1.7) T (1.0}

S5GLTZ INHIBITORS 1 {0.§) 1{0.§) I 2 1.1) 4 (0.6)

DPP-4 TNHIBRITORS a u] u] 2 {1.1) 2 10.3)

RESCUE MEDICATION (subset of additional anti-diabetic medication)

Number of subjects 13 (7.4) 4 (2.3) 2 (1.1) 27 (15.2) 46 (6.5)

BIGUANIDES 9 (5.1) 2 (1.1} 2 (1.1) 20 (11.2) 33 (4.7)

SULFONYLURELS 2 (1.1) L {0.8) 0 7 (2.9 10 {1.4)

INSULINS, LONG-ACTING 3 (1.7) a u] 2 [ 1.1) 5 (0.7}

INSULINS, IN.MED-RACTING 0 a u] 1 ( 0.8) 1 0.1y

S5GLTZ INHIBITORS 1{0.§) 1{0.§) a 2 1.1) 4 {0.6)
THIZZOLIDINEDIONES 1 (0.8) u] u] 0 1 {0.1)

Source: Table 10-4 CSR PIONEER 1

Efficacy Results

Primary and Confirmatory Secondary Endpoint
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Superiority of oral semaglutide (all doses) vs placebo was confirmed for the primary endpoint of

change from baseline in HbA1lc at week 26 (treatment policy estimand, in-trial observation
period). Superiority of the confirmatory secondary endpoint (change in weight) was only
confirmed for the 14 mg of semaglutide.

Table 10 Primary and Confirmatory Secondary Endpoints — Primary Statistical Analyses —
Treatment Policy Estimand, PIONEER 1

Endpoint Estimate [95% CI] p-valus alpha Hvpothesis Conclusion

Primary endpoint: Change from baseline at week 26 in HblAlc (%-points)

Oral sema 14 mg - Placehbo -1.1 [-1.3 ; -0.9] <0.0001 Superiority Confirmed

Oral sema 7 mg - Placehbo -0.% [-1.1 ; -0.8] <0.0001 Superiority Confirmed

Oral sema 3 mg - Placehbo -0.& [-0.8B ; -0.4] <0.0001 Superiority Confirmed
Confirmatory secondary endpoint: Change from baseline at week 26 in body weight (kg)

Oral sema 14 mg - Placsbo -2.3 [-3.1 ; -1.5] <0.0001 Superigrity Confirmed

Oral sema 7 mg - Placsbo -0.% [-1.% ; D.1] 0.086¢6 0.025 3Superigrity Hot confirmed

Oral sema 3 mg - Placsbo 0.1 [-0.% ; D.8] 0.3692 0.025 3Superigrity Hot confirmed

"alpha': leccal significance level according to the testing strategy for hypotheses that are not
ed; CI: ceonfidence interval; 'p-wvalus': unadjusted two-sided p-value for test of ne
differsnce from 0.

Source: Table 11-1 CSR PIONEER 1

HbA1C decreased from baseline to week 20 with all semaglutide doses, while not much change
was seen on placebo. The observed changes from baseline were -0.9, -1.3 and -1.5 %-points

with oral semaglutide 3, 7 and 14 mg, respectively, and —-0.3 %-points with placebo.

Figure 3 Mean HbAlc by Week — Mean Plot — PIONEER 1

8.5
- 65
8.0
3
- -60 E
S 7.5 =
= E
= -55 £
o o
7.0 —
£5 <
o
F50 I
6.5
— 45
6.0
Oral sema 3 mg 175 172 169 169 165 167
Oral sema 7 mg 175 169 164 160 161 160
Oral sema 14 mg 175 169 167 161 160 160
Placebo A 178 174 170 171 166 168
T T T

o] 4 8 14 20 26

Time since randomisation (Weeks)

Oralsema3mg —®— Oralsema7 mg
—&—— Oral sema 14 mg Placebo

Observed data from the in-trial observation period. Error bars are +/- standard error of the mean. Numbers shown in the lower panel represent
the number of subjects contributing to the means.

Source: Figure 11-2 CSR PIONEER 1
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Sensitivity analyses were supportive of the primary endpoint results. Please see Biometrics
review by Dr Robert Abugov for details on the FDA statistical evaluation.

Data Quality and Integrity

Datasets and study documents appear adequate; | did not identify any issues.

Efficacy Results — Secondary and other relevant endpoints

Change in body weight

At baseline, weight was similar between treatment groups (86.9-89 Kg). Body weight

decreased in all treatment arms by week 26. The estimated decrease from baseline were -1.5, -

2.3, -3.7 kg with semaglutide 3, 7, and 14 mg respectively, and -1.4 Kg with placebo.

Figure 4 Mean Body Weight Over Time PIONEER 1
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Source: Figure 11-1 CSR PIONEER 1

HbAlc treatment targets

A higher proportion of patients achieved a target HbAlc <6.5% after 30 weeks with either of

the semaglutide doses (semaglutide 3 mg — 35.9%, semaglutide 7 mg — 47.5%, semaglutide 14

mg — 63.8%) compared to placebo (17.9%). Similarly, a higher proportion of patients on
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semaglutide achieved a HbA1lc target of <7% (semaglutide 3 mg — 55.1%, semaglutide 7 mg —
68.8%, semaglutide 14 mg — 76.9%) compared to placebo (31%).

An HbA1c<7% without severe or BG-confirmed symptomatic hypoglycemia and no weight gain
was more likely in patients exposed to semaglutide 3 mg (37.1%), semaglutide 7 mg (56.9%)
and semaglutide 14 mg (68.8%) when compared with placebo (23.2%).

Dose/Dose Response

The placebo-adjusted HbA1C reduction was greater with semaglutide 14 mg compared to 7 mg,
and 3 mg, and a clear dose-response was seen for efficacy.

Durability of Response

Most of the effect on HbAlc and weight was observed in the first 20 weeks of treatment and
was sustained for the duration of the study (week 26). This study was not of sufficient duration
to assess the durability of response.

Persistence of Effect
Not applicable. The effect after discontinuation of study drug was not assessed.
Additional Analyses Conducted on the Individual Trial

Sensitivity analyses are discussed above in the context of the primary analysis for the primary
and secondary endpoints. They were generally consistent with the results of the primary
analysis.

6.2. PIONEER 2 (4223)
6.2.1. Study Design
Overview and Objective

Study title: A 52-week randomized, open-label, active-controlled trial to investigate the efficacy
and safety of oral semaglutide versus empagliflozin in patients with type 2 diabetes mellitus

Primary objective: To compare the effect of once-daily dosing of 14 mg oral semaglutide versus
25 mg empagliflozin, both in combination with metformin, on glycemic control in patients with
type 2 diabetes mellitus.

Secondary objective:
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- To compare the effect of once-daily dosing of 14 mg oral semaglutide versus 25 mg
empagliflozin, both in combination with metformin, on body weight in patients with
type 2 diabetes mellitus.

- To compare the safety and tolerability of once-daily dosing of 14 mg oral semaglutide
versus 25 mg empagliflozin, both in combination with metformin, in patients with type 2
diabetes mellitus.

Trial Design

This was a multinational, multi-center, randomized, open-label, active-controlled efficacy and
safety trial with a 52-week treatment period (including an 8-week dose escalation period) and a
5-week follow-up period. The applicant states that the trial was open label because
manufacturing placebo tablets resembling empagliflozin was not feasible.

The trial was conducted at 108 sites in 12 countries.

Figure 5 PIONEER 2 Trial Design

A=8i6 3 mg 7 mg 14 mg oral semaglutide
Randomisation (1:1)
/
Week -2 Week 0 Week 4 Week 8 Week 26 Week 52 Week 57
L E J /]\
T T
Screening Dose escalation Primary endpoint End of treatment Follow-up visit

Source: Figure 9-1 CSR PIONEER 2

Key inclusion/exclusion criteria:

Patients with T2DM treated with metformin only at a stable dose for at least 90 days with a
maximum HbA1c of 7-10.5%, both inclusive. Otherwise, the inclusion/exclusion criteria were
similar to PIONEER 1.

Dose selection/Study treatments:

Dose escalation of semaglutide was similar to PIONEER 1, with the difference that only the
highest dose of semaglutide was to be studied against the highest approved dose of
empagliflozin.

Empagliflozin treatment was started at 10 mg daily for 8 weeks, followed by increase to 25 mg
daily from week 8 on.

Absorption of oral semaglutide is significantly affected by food and fluid in the stomach;
therefore, trial products were to be administered once daily in the morning in a fasting state
and at least 30 minutes before the first meal of the day. The tablet could be taken with up to
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half a glass of water (approximately 120 mL/4 fluid oz) and was to be swallowed whole and not
broken or chewed. Oral medication other than oral semaglutide could be taken 30 minutes
after administration of the tablet.

Randomization was 1:1.

Dose modification/discontinuation:
Similar to PIONEER 1.

Administrative structure:
Similar to PIONEER 1 with an internal safety committee and an event adjudication committee.

Procedures and schedule:
The patients had in person visits at screening, randomization, weeks 4, 8, 14, 20, 26, 32, 38, 45,
52 (end of treatment), and 57 (follow up). One phone visit occurred at week 2.

Of note, fundoscopy or fundus photography was to be performed at randomization, and end of
treatment.

Detailed study proceedings can be found in the study protocol submitted as part of this NDA.

Concurrent medications:

Patients were to continue their background anti-diabetic medication (metformin) throughout
the entire trial, preferably at the same dose unless rescue medication was needed or a safety
concern related to use of metformin arose.

Treatment compliance
Compliance was assessed by monitoring of drug accountability.

Rescue medications
Similar to PIONEER 1.

Patient completion, discontinuation, or withdrawal
Similar to PIONEER 1.

Study Endpoints

The primary endpoint was change from baseline to week 26 in HbAlc (%-points).

The confirmatory secondary endpoint was change from baseline to week 26 in body weight
(kg).
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A variety of supportive endpoints were described by the sponsor, but they are not relevant for
this review as they are not included in the prescribing information.

Statistical Analysis Plan

The sample size was calculated to ensure a statistical power of at least 90% to confirm
superiority on change from baseline to week 26 in HbAlc for the treatment policy estimand of
oral semaglutide 14 mg vs empagliflozin 25 mg.

Based on the applicant predictions, 408 patients to each of the two arms would provide a 290%
statistical power to confirm HbA1lc superiority and a 285% statistical power to confirm body
weight superiority of oral semaglutide 14 mg versus empagliflozin 25 mg. In total 2x408 = 816
patients were planned to be randomized.

The first hypothesis to be tested was non-inferiority on HbAlc of oral semaglutide 14 mg vs
empagliflozin 25 mg. The hypothesis was tested at %5 overall significance level. If the
hypothesis was confirmed, the significance level was reallocated as specified in the figure
below.

Figure 6 Statistical Testing Strategy, PIONEER 2

HbA, . (%-point)
Non-inferiority

s Qipe2=0.05 /s
) 4
HbA . (%-point) L </ Body weight (kg)
Superiority 55 Superiority
Qlocal'_o Qiocai=0
*, L \*

The total significance level of o = 0.05 (two-sided) was initially allocated to the hypothesis of non-inferiority of oral
semaglutide 14 mg vs empagliflozin on change from baseline in HbA;.. If that hypothesis was confirmed. the local
significance level (u-local) was reallocated to the other hypotheses in the testing strategy according to the indicated
weight (¥2) of the arrows. Each hypothesis was tested at its updated local significance level (a-local) until all hypotheses
had been confirmed or until no hypothesis could be confirmed.

Source: Figure 9-7 CSR PIONEER 2

Analysis populations

The following analysis sets were specified:
- The full analysis set (FAS) comprises all randomized patients.
- Per protocol (PP) analysis set comprises all patients in the FAS who have not violated
any inclusion criteria, have not fulfilled any exclusion criteria, have a valid baseline
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HbA1lc measurement and were exposed to trial product and have at least one valid
HbA1lc measurement while on treatment without rescue medication at or after week 14.

- The safety analysis set (SAS) comprises all randomized patients who received at least
one dose of trial product.

The FAS was used for the evaluation of the efficacy endpoints

Observation periods

For the efficacy and safety evaluations, three different observation periods were defined:

- The in-trial observation period — the time period from when a patient was randomized
until the final scheduled visit, including any period after initiation of rescue medication
or premature discontinuation of trial product

- The on-treatment observation period — the time period when a patient was on
treatment with trial product, including any period after initiation of rescue medication

- The on-treatment without rescue medication observation period — the time period
when a patient was on treatment with trial product, excluding any period after initiation
of rescue medication

The definitions of additional antidiabetic-therapy, rescue therapy, and trial completers were
the same as for PIONEER 1.

Protocol Amendments

There was one substantial amendment to the protocol, which was global. The changes
introduced by the amendment were as follows:
- Introduction of additional eye examinations and additional data collection on diabetic
retinopathy
- Added text to highlight the investigator’s responsibility in ensuring evaluation and
management of certain risk factors and complications
- Clarification of the criteria for completion, withdrawal and lost to follow-up
- Other minor corrections and clarifications

Overall this is unlikely to have impacted the results of the study.
Data Quality and Integrity: Sponsor's Assurance

The trial was conducted in accordance with ICH good clinical practice (GCP) per the applicant.
Investigators had to be trained in GCP, and all principal investigators provided written

assurances of compliance with GCP. The trial was monitored by Novo Nordisk via on-site visits,
telephone calls, and regular inspection of the eCRFs.
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6.2.2. Study Results
Compliance with Good Clinical Practices
The trial was conducted in accordance with ICH GCP.
Financial Disclosure

The applicant submitted adequate financial disclosure documents.

Of the 427 total investigators that participated in the trial, 5 had financial disclosures. See
Appendix 13.3 for details.

Patient Disposition

In total, 1122 patients were screened and 300 patients failed screening; thus, 822 patients were
randomized to receive either oral semaglutide 14 mg (412 patients) or empagliflozin 25 mg (410
patients). Of the randomized patients, one patient in each group was not exposed to trial
product; thus, there were more patients in the FAS than in the SAS for each treatment group.

One patient (patient ID: ®®) was a duplicate patient, already enrolled in the trial at another
site, 704 patients (85.6%) completed the treatment with trial product and 787 patients (95.7%)
completed the trial. The proportion of patients completing treatment was lower with oral
semaglutide 14 mg (82.3%) than with empagliflozin 25 mg (89.0).

The proportion of randomized patients completing the treatment without receiving rescue
medication was slightly lower with oral semaglutide 14 mg (75.2%) than with empagliflozin 25
mg (78.5%).

A total of 118 patients (14.4%) discontinued trial product prematurely for the following
reasons: adverse events (7.9%), violation of inclusion or exclusion criteria (0.2%), participation
in another clinical trial (0.4%), patient withdrawal from trial (1.6%), and ‘Other’ reasons (4.0%).
The proportion of patients who prematurely discontinued trial product due to AEs was larger
with oral semaglutide 14 mg (10.9%) than with empagliflozin 25 mg (4.9%). With oral
semaglutide 14 mg, gastrointestinal AEs were the event type that most frequently led to
premature trial product discontinuation (8% for oral semaglutide 14 mg and 0.7% with
empagliflozin 25 mg); with empagliflozin 25 mg, infections and infestations were the event type
that most frequently led to premature trial product discontinuation (no patients with oral
semaglutide 14 mg and 1.2% with empagliflozin 25 mg).
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Table 11 Patient Disposition PIONEER 2

Oral sema 14 mg Empa 25 mg Total
N (%) N (%) N (%)
Screenead 1122
Screening failures 300 (Ze.7T)
Randomised 412 410 gz22
Exposad 411 {98.8) 408 (9g.8) 320 (99.8)
Lnalysis sets
Full analysis set 411 (%5.8) 410 ( 100} 821 (85%.9)
Safety analysis s=t 410 (99.5) 409 (99.,3) gla (9&.g)
Per protocol analysis set 382 (B7.9) 384 (93.7) Td4e (90.8)
Treatment completers [1] 339 (BZ.3) 365 (B9.0) T04 (25.6)
Without rescues medication 310 (75.2) 322 (78.3) 632 (76.9)
With rescus medication 28 { 7.0} £3 (10.5) 72 ( 8.8)
Premature trial product discontinuation - primary T3 {(17.7) 43 (11.0) 113 (14.4)
reason
Exposed
Ldwerse swvent(s) £5 (10.%9) 20 ( 4.9) 63 ([ 7.%
Viclation of inclusion and/or exclusion criteria a 2 {( 0.5) 2 (0.2
Intention of kescoming pregnant N a 0
Participation in ancther eclinical trial [2] 3 { 0.7) a 300 0.4)
Calcitonin walue »>= 100 ng/L [u} 0 0
Subject withdrawal from trial 6 { 1.5} 7(1.7) 13 ( 1.g)
Pregnancy a a 0
Othsr 18 ( 4.4) 15 ( 3.7) 33 ( £.0)
Not esxposad
Viclation of inclusion and/or exclusion critsria 1} 1 {0.2) 1 (0.1)
Othsr 1 ( 0.2) a i (0.1)
Trial completers [3] 400 (&87.1) 387 (e84.2) TET (85.7)
Withdrawal from trial - primary reascn 12 ( 2.9) 23 ( 5. 35 ( 4.3)
Lost te follow-up 4 1.0) i0 ( 2.4) 14 ( 1.7)
Withdrawal by subject B { 1.9) 1z { 2.8 Z0 [ 2.4)
Cther i 1 (0. (0.1
i=d a 1 { 0. (0.1
'[1]': subjects who completed treatment with trial product according to the end-ocf-trial form;
'[2]': simultansous participaticn in any cther clinical trial receiving an investigational medicinal
product; "[3]': subjscts who attended ths final scheduled wisit; 'primary reascn': according to the

end-of-trial form; 'Eescue medication': use of new anti-diabetic medication as add-on to trial

product and used for more than 21 days with the initiation at or after randomisation and before last
day on trial product, and/or intensification of anti-diabetic medication (a more than 20% increase
in dose relatiwve to baseline) for more than 21 days with the intensification at or after
randomisation and before last day on trial product; W: numbsr of subjscts; %: proportion of
randomised subjscts except for screening failures where it is proportion of screened subjscts.

Source: Table 10-1 study report

Out of the 300 patients who failed screening, the majority (212 patients, 70.7%) failed due to
nonfulfillment of HbAlc inclusion criterion 4. Other reasons for screen failures included:
impaired renal function, 12.7% of all screening failures.

Protocol Violations/Deviations

In total, there were 379 important PDs reported as follows: 2 trial level PDs, 42 site-level PDs
and 335 patient-level PDs.

Trial-level PDs
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One PD belonged to the ‘Assessment deviation (incl. lab)’ category and concerned the reporting
of body weight measurements with precisions less than the one specified in the trial protocol
(0.1 kg/pound) at some trial sites. This occurred due to use of scales with a precision of 0.5

kg/pound or rounding off to the nearest half or whole kg/pound by the site staff. The PD was
not considered to have had any impact on the data interpretation.

The second PD belonged to the ‘Other’ category and concerned a deviation from the
predefined process for compilation of adjudication packages, which could have led to
unblinding of some EAC members when events were sent for adjudication at the EAC. The trial
treatment assignment, dose or administration route was not consistently redacted from the
adjudication packages by the vendor responsible for the event adjudication which could have
unblinded the EAC. As a result, 7 previously adjudicated events underwent re-adjudication in
PIONEER 2 by uncompromised EAC members. Additionally, staff training and preventive
measures were also instituted.

The other protocol deviations are summarized in the table below.

Table 12 Important Site and Patient-Level Protocol Deviations, PIONEER 2

Category Site-level Subject-level PDs (n)
PDs (n)
Screening Oral Empagliflozin Total no of
failures semaglutide 25 mg subject-level PDs
: N 14 mg

Informed consent 16 13 53 54 120
Inclusion/exclusion’ - - G 8 14
randomisation criteria

Trial product handling 6 - 8 16 24
Treatment compliance 1 - 11 13 24
Assessment deviations 5 - 63 53 116
Other 14 2 16 19 37
Total 42 15 157 163 335

n: number of PDs; PD: protocol deviation: -

Source: Table 10-5 study report

mndicate no PDs reported under this category

Six of the PDs (all related to the eligibility criteria) led to prematurely discontinuation from the

trial product.

While the trial protocol deviation which led to unblinding of the EAC is concerning, it is unlikely
to have impacted efficacy findings. Additionally, the events were readjudicated by independent
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committee members, and, in the safety section, | reviewed all events send for adjudication,

whether they were confirmed or not.

Table of Demographic Characteristics

The population was evenly distributed between male and female patients with a mean age of
58 years. The T2DM had an overall mean duration of 7.4 years (SD 6.1), and the mean HbA1c

was 8.1%.

Generally, the baseline demographic characteristics were matched between the treatment
groups. The renal function (based on baseline eGFR) was normal for 66.5% of the patients;
32.6% had mild renal impairment and 0.9% had moderate renal impairment. The mean

estimated eGFR was 95 mL/min/1.73 m2 and was similar across treatment groups.

Table 13 Baseline Characteristics and Demographics — Continuous Variables PIONEER 2

Oral sema 14 mg mpa 25 mg Total

Number of subjects 411 210 821
Rges (yesars)

o) 411 210 1

Mean (5D) 57 (10) 58 (14d) 58 (140)
Heilc (%)

j2) 211 210 821

Mezan (5D) B.1 (0.9) 8.1 (0.9) g (0.9)
Duration of diabetes (yszars)

j2) 411 410 821

Mzan (5D) 7.2 (5.8} 7.7 (&.3) 7.4 (6.1}
Body weight (kg) - i )

j2) 411 210 821

Mean (5D) 81.8 (20.5) 81.3 (20.1) 91.6 (20.3
2GFR (mL/min/l.73 m~2)

j2) 211 210 821

Mszan (5D) 9g (15) 95 (13) 95 (13)

The eGFR was cestimated using the CED-EPI formula.
'Baseline': defined as ths latest assessment at or priox

subjects; SD: standard deviation.

Source: Modified from Table 10-2 CSR PIONEER 2
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Table 14 Baseline Characteristics and Demographics — Categorical Variables — PIONEER 2

Oral sema 14 mg Empa 25 mg Total
N (%) N (%) N (%)
Number of subjects 411 410 B21
Ags group (v=ars)
n 411 { 100) 410 ( 100) 821 ( 100Q)
18 «= to « €5 306 (74.3) 300 (73.2) 606 (73.8)
65 «= to < 75 92 (22.4) g8 (23.9) 190 (23.1)
75 <= to < B35 13 ( 3.2) 12 { 2.9) 25 ( 3.0)
25 «= a a] a
Sex
n 411 ( 100) 410 ( 100) 821 ( 100)
Female 205 (48.9) 201 (49.0) 408 (49.5)
Mals 206 (50.1) 208 (51.0) 415 (50.5)
Region
n 411 { 100) 410 { 100) 821 { 100)
Europe 221 (53.8) 204 (49.8) 425 (51.8)
North Emerica 115 (28.0) 127 (31.0) 24z (28.5)
South Zmerica 52 (12.7) el {14.¢9) 113 (13.8)
Lsia 23 { 5.€) 18 { 4.£) £1 { 5.0)
Race
N 411 ( 100) 410 ( 100) 821 ( 100)
White 355 (Be.4) 353 (Be.1l) 708 (Bg.2)
Black or African Zmerican 26 ( ©.3) 33 ( 8.0) 58 ( 7.2)
Asian 28 { &.8) 21 { 5.1) 29 { 5.0)
American Indian cor Alaska Native a a a
Native Hawaiian cor other Pacific Islandex 0 0 0
Cther 2 { 0.3) 3 { 0.7) 5 { 0.6)
Ethnicity
N 411 { 100) 410 ( 100) 821 { 100)
Hispanic or Latino 21 (22.1) 108 (26.3) 129 (24,2
Mot Hispanic or Latino 320 (77.%9) 302 (73.7) 622 (73
Not applicable a v
Renal function, =5FR (nlL/min/1.73 m"2
N 411 { 100) 410 { 100) 821 ( 100)
Normal (90 «= ) 278 (87.86) 268 (B85.4) 546 (€6.5)
Mild RI (60 <= to « 80) 130 (31.8) 138 (33.7) 268 (32.8)
Moderate RI (30 <= to <« &0) 3 (0.7) 4 (1.0) 7 ( 0.9)
Severe RI (15 <= tao < 30) 0 0 i}
End-stage renal disease | < 13) i} 0 0
W&: for ethnicity wvaluss recorded as 'missing', "nmot dons', or 'not-available'; 'Bassline': definsd

as the latest assessment at or pricr to the randomisation visit; 'Smoking': defined as smoking at
least one cigarstte or eguivalent daily; The renal function categories are based on the eGFR as per
CKD-EPI; CED-EPI: Chronic Kidnsy Dissase Epidemiology Collaboration; eGFR: estimated glomerular
filtraticon rate: RI: renal impairment: N: number of subiscts: %: wroportion of subiscts.

Source: Modified from Table 10-3 CSR PIONEER 2
Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs)

The most frequent and clinically relevant concomitant illnesses for oral semaglutide 14 mg and
empagliflozin 25 mg were, respectively; obesity (26.3% and 28.5%), dyslipidemia (23.6% and
23.2%), hepatic steatosis (10.0% and 10.2%) and hypothyroidism (7.1% and 9.0%). These
comorbidities were generally evenly distributed between the treatment groups.
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No clinically relevant differences across treatment groups were observed for histories of
cardiovascular disease. The most frequently reported histories and risk factors of cardiovascular
disease were ischemic heart disease (13.9% and 11.2%) and hypertension (72.5% and 74.4%)
for oral semaglutide 14 mg and empagliflozin 25 mg, respectively.

The proportions of patients with diabetic retinopathy were 7.8% and 11.2% for oral
semaglutide 14 mg, and empagliflozin 25 mg, respectively (the majority reported as non-
proliferative diabetic retinopathy). At screening, the proportion of patients that had normal
fundoscopy findings were similar with oral semaglutide 14 mg (left eye: 72.1% and right eye:
71.9%) and empagliflozin 25 mg (left eye: 72.5% and right eye: 71.6%). The proportions of
patients with ‘abnormal, not clinically significant’ and ‘abnormal, clinically significant’ were
similar across treatment groups at screening. Other diabetic complications included diabetic
neuropathy (12.9% and 15.6%) and diabetic nephropathy (4.1% and 3.7%) for oral semaglutide
14 mg and empagliflozin 25 mg, respectively.

Gallbladder and Gl disorders were also balanced between the treatment groups at baseline.
Treatment Compliance, Concomitant Medications, and Rescue Medication Use

Treatment compliance was monitored throughout the trial through monitoring of drug
accountability. Semaglutide plasma concentrations were measured three times during the trial
(weeks 4, 26, and 52).

At baseline, the reported use of concomitant medications was similar across the treatment
groups with no clinically relevant differences. The most frequently used concomitant
medications were HMG CoA reductase inhibitors, ACE inhibitors and platelet aggregation
inhibitors excluding heparin.

A comparable number of patients had initiated rescue medication at week 26, whereas at week

52, more patients on empagliflozin 25 mg (44 patients) had initiated rescue medication
compared to oral semaglutide 14 mg (31 patients).
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Table 15 Additional Anti-Diabetic Medication and Rescue Medication at week 26 and 52 —

PIONEER 2

Oral sema 14 mg

Empa 25 mg

=

N (%) N (%)
Ldditiomnal Bescue Ldditional Rs=scue
anti-diabetic medication anti-diabetic medication
medication medication
Number of subjects in FAS 411 210
Week 26 17 (4.1) 8 (1.9) 13 {3.2) 5 (1.2)
Sulfonylureas B {1.%) 3 (0.7) 3 (1.2) 2 (0.3)
Metformin 2 (0.5) 2 (0.5) 3 (0.7) 2 (0.5)
DFP-4 inhibitors 2 {0.3) 2 (0.35) 1 {0.2)
Insulins 7 (1.7) 3 (0.7) L (0.2)
SGLT-2 inhibitors 3 (0.7)
GLP-1 analoguss 2 (0.3) 1 {(0.2)
Week 52 52 (1z2.7) 31 (7.5) 36 (13.7) 44 (10.7)
Sulfonylureas 34 (8.3) 21 (5.1) 21 (10.0) 36 (8.8)
Metformin 3 {0.7) 3 (0.7) g (2.2) B (2.0}
DPP-4 inhibitors 3 {1.2) 3 (1.2) 3 {0.7)
Insulins 14 (3.5) T (1.7) 3 (0.7) 1 {0.2)
SGLT-2 inhibitors 3 {0.7) 1 (0.2) 2 (1.0}
GLP-1 analoguss 1 {(0.2) 3 (0.7) 1 {(0.2)
Thiazoclininediones 1 (0.2)

Source: Table 10-4 CSR PIONEER 2

Efficacy Results - Primary Endpoint

Change in HbAlc

At baseline, mean HbA1c levels were similar for the two treatment groups (8.1%). Superiority

of oral semaglutide 14 mg vs empagliflozin 25 mg was confirmed for the primary endpoint of

change from baseline in HbAlc at week 26 (treatment policy estimand).
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Table 16 Primary and Confirmatory Secondary Endpoints — PIONEER 2

Endpoint Estimate [953% CI] p-valuse alpha Hypothesis Conclusion

Primary endpoint: Change from baseline at week 26 in HbAlc (%-points)
Oral sema 14 mg - Empa 25 mg -0.4 [-0.€e ; —-0.3] <«0.0001 Non-inferiocrity Confirmed
Cral sema 14 mg — Empa 25 mg -0.4 [-0.g ; -0.3] <0.0001 Supsriority Confirmed

Other confirmatory endpoints: Change from baseline at week 26 in body weight (kg)

Cral sema 14 mg — Empa 25 mg -0.1 [-0.7 ; 0.5] 0.7593 0.05 Supericrity Not confirmed
'alpha': local significance level according to the testing strategy for hypothsses that are not
confirmed; CI: confidence interval 'p-wvalus': unadjusted two-sided p-value for test of no diffesrence

from 0 (supericrity) cor for test of no difference from the non-infericrity margin (non-infericority).

Source: Table 11-1 CSR PIONEER 2

HbA1c levels decreased from baseline to week 8 in both treatment group. From week 8
through weeks 20-26 the HbAlc levels decreased additionally with oral semaglutide 14 mg;
while with empagliflozin 25 mg a plateau was reached.

Figure 7 HbA1lc (% and mmol/mol) by Week — PIONEER 2

8.5
E - 65
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~ 45
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Oralsema 14 mg-[ 4117 390 385 374 384 392 379 372 378 384
Empa 25 mg—_410 390 387 389 392 395 384 375 382 382
I I I I I I | I 1 1
0 4 8 14 20 26 32 38 45 52
Time since randomisation (weeks)
—@— Oral sema 14 mg J Empa 25 mg
Observed data from the in-rial observation period. Error bars are +/- standard error of the mean. Numbers shown in the lower panel represent
the number of subjects confributing to the means.
Source: Figure 11-2 CSR PIONEER 2
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The estimated changes from baseline in HbAlc at week 26 were -1.3% with oral semaglutide 14
mg, and -0.9% with empagliflozin 25 mg.

Please see Biometrics review by Dr Robert Abugov for details regarding the FDA analyses.
Data Quality and Integrity - Reviewers' Assessment

Datasets and study documents appear adequate; | did not identify any issues.

Efficacy Results - Secondary and other relevant endpoints

Change in body weight

At baseline, the mean body weight was similar in the oral semaglutide and empagliflozin
groups, 91.9 kg and 91.3 kg, respectively. The body weight decreased in both treatment groups
at week 26. The observed mean reductions in body weight at week 26 were similar with oral
semaglutide 14 mg (-3.9 kg) and empagliflozin 25 mg (-3.8 kg).

HbAlc treatment targets
At weeks 26 and 52, the proportions of patients who reached the AACE (<6.5%) or ADA (<7.0%)
HbA1lc treatment targets were greater with oral semaglutide than with empagliflozin.

For HbAlc <7%, the proportion of patients reaching target at week 26 was 66.8% with
semaglutide vs 40 % with empagliflozin, and at 52 weeks it was 66.1% and 43.2%, respectively.
Similar results were obtained for HbA1C <6.5%. with 47.4% of patients on semaglutide and
17.2% of patients on empagliflozin achieving this endpoint at week 26. At week 52, 47.4% of
patients on semaglutide and 21.7% of patients on empagliflozin achieved this target.

Various other secondary endpoints were explored by the applicant, but | will not discuss them
in this review as they are not relevant for the prescribing information.

Dose/Dose Response
Not applicable as only one dose of semaglutide was studied.
Durability of Response

While most of the response was noticed in the first 14 weeks, the results were sustained for the
remaining of the study.

Persistence of Effect

Not applicable.
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Additional Analyses Conducted on the Individual Trial
Not applicable.
6.3. PIONEER 3 (4222)
6.3.1. Study Design
Overview and Objective

Study title: Efficacy and long-term safety of oral semaglutide versus sitagliptin in patients with
type 2 diabetes

Primary objective: To compare the effect of once-daily dosing of three dose levels (3 mg, 7 mg
and 14 mg) of oral semaglutide versus sitagliptin 100 mg once-daily, both in combination with
metformin with or without SU, on glycemic control in patients with T2DM.

Secondary objectives:
- To compare the effect of once-daily dosing of three dose levels (3 mg, 7 mg and 14 mg)
of oral semaglutide versus sitagliptin 100 mg once-daily, both in combination with
metformin with or without SU, on body weight in patients with T2DM.

- To compare the long-term safety and tolerability of once-daily dosing of three dose
levels (3 mg, 7 mg and 14 mg) of oral semaglutide versus sitagliptin 100 mg once-daily,
both in combination with metformin with or without SU, in patients with T2DM.

Trial Design

The trial was a 78-week, randomized, double-blind, double-dummy, active-controlled, trial with
four arms comparing efficacy and safety of oral semaglutide 3 mg, 7 mg and 14 mg once-daily
with sitagliptin 100 mg once-daily.
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Figure 8 Trial Design PIONEER 3
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Source: Figure 9-1 CSR PIONEER 3
A total of 1860 adult male and female patients with T2DM were planned for enrolment.

Key Inclusion/Exclusion Criteria:
Similar to PIONEER 2 with the following difference:

- Background medication was stable daily dose of metformin (21500 mg or maximum
tolerated dose as documented in the patient medical record) alone or in combination
with SU (= half of the maximum approved dose according to local label or maximum
tolerated dose as documented in the patient medical record) within 90 days prior to the
day of screening.

Dose selection/Study treatments:

Patients were randomized 1:1:1:1 to receive once-daily treatment for 78 weeks with oral
semaglutide 3 mg, 7 mg or 14 mg or with sitagliptin 100 mg. The semaglutide titration and
details of administration were the same for all PIONEER trials.

Dose modification/discontinuation:
Similar to PIONEER 2.

Administrative structure:
Similar to PIONEER 2.

Procedures and schedule:

Similar to PIONEER 2. The patients had in person visits at screening, randomization, weeks 4, 8,
14, 29, 26, 32, 38, 45, 52, 59, 66, 72, 78 (end of treatment), and 83 (follow-up). A telephone
visit occurred at week 2.
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Eye examinations occurred at screening, week 52, and end of treatment.
For detailed procedures please see study protocol.

Concurrent medications:

Details of any concomitant medication were to be recorded at the first visit (screening).
Changes in concomitant medication were to be recorded at each visit as they occurred. If a
change was due to an AE, this was to be reported.

Upon inclusion, patients were to continue anti-diabetic pre-trial background medication
throughout the entire trial. The background medication was to be maintained at the stable,
pre-trial dose and frequency during the whole treatment period unless rescue medication was
needed.

Treatment compliance
Compliance was assessed by monitoring of drug accountability.

Rescue medications

Rescue medication criteria based on FPG and HbA1lc were applied to ensure acceptable
glycemic control in all treatment groups. Patients with persistent and unacceptable
hyperglycemia were to be offered treatment intensification from week 8 onwards.

FPG criteria for rescue:
- 14.4 mmol/L (260 mg/dL) from week 8 to end of week 13
- 13.3 mmol/L (240 mg/dL) from week 14 to end of week 25
- 11.1 mmol/L (200 mg/dL) from week 26 to end of treatment

In addition, a patient was to be offered rescue medication if:
- HbA1c>8.5% (69.4 mmol/mol) from week 26 to end of treatment

The rescue medication was at the investigator’s discretion according to professional guidelines,
with the exception that GLP-1 RAs, DPP-4 inhibitors and pramlintide were not allowed.

Patient completion, discontinuation, or withdrawal
Similar to PIONEER 2.

Study Endpoints
Primary and confirmatory secondary endpoints were the same as for PIONEER 2.

Statistical Analysis Plan
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The sample size was calculated to ensure a statistical power of at least 90% to jointly confirm
HbA1c superiority of oral semaglutide 14 mg vs sitagliptin 100 mg, HbA1lc superiority of oral
semaglutide 7 mg vs sitagliptin 100 mg and HbA1c non-inferiority of oral semaglutide 3 mg vs
sitagliptin 100 mg. All nine pre-specified confirmatory tests were assumed to be independent.

Because some of the tests were expected to be positively correlated, the assumption of
independence is conservative. The testing strategy is outlined in the figure below.

Figure 9 Statistical Testing Strategy PIONEER 3
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The overall significance level of a = 0.05 (two-sided) was initially allocated to the hypothesis of non-inferiority of oral
semaglutide 14 mg vs sitagliptin 100 mg on HbA ;.. If that hypothesis was confirmed. the local significance level (-
local) was reallocated to the other hypotheses in the testing strategy according to the weight (1/3. 1/2 or 1) as indicated
arrows. Each hypothesis was tested at its updated local significance level (¢-local) until all hypotheses had been

confirmed or until no hypothesis could be confirmed.
Source: Figure 9-7 CSR PIONEER 3

Analysis sets and observation periods were the same as for the other PIONEER trials.

Protocol Amendments
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There were 5 amendments to the protocol as seen below.

Table 17 Amendments to the Protocol PIONEER 3

Amendment Issue date Timing of change Countries Key changes
number (before/after FSFV) affected  (for changes issued after FSFV)
1 10-Nov-2015  Before Global The cut off level for repeat testing of increased

levels of aminotransferases has been updated from
ALT/AST >10x ULN to =>5x ULN. The rationale is
to prompt follow-up of potential clinically
significant aminotransferase levels.

In addition several sections have been updated to
add clarity. i.e. stratification. drug accountability,
ECG reporting. antibodies and safety reporting.

2 22-Jan-2016 Before France Addition of two new sites and withdrawal of one
site.

3 03-Mar-2016  After France Addition of one new site and update of
investigators at two other sites.

4 02-May-2016  After France Addition of sub-investigators to four sites

5 14-Nov-2016  After Global Eye examinations and additional data collection for

diabetic retinopathy were introduced along with
additional minor clarifications.

First subject first visit (FSFV) took place 15-Feb-2016
Source: Table 9-13 CSR PIONEER 3

Data Quality and Integrity: Sponsor's Assurance

The investigators were required to have been trained in ICH GCP. Training of the investigators
in the protocol was carried out through training sessions at the investigator meetings as well as
an e-learning session, to ensure compliance and standardize performance across the trial. All
principal investigators provided written commitments to comply with ICH GCP and conduct the
trial per the protocol, prior to participation in the trial. The trial was monitored by Novo
Nordisk by on-site visits, telephone calls and regular inspection of the eCRFs.

6.3.2. Study Results
Compliance with Good Clinical Practices
The trial was conducted in accordance with ICH GCP per the applicant.
Financial Disclosure
Of the 261 investigators, 12 had disclosable information. See Appendix 13.3 for details.

Patient Disposition
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In total, 2463 patients were screened for the trial and 599 patients were screening failures, and
1864 patients were randomized to receive either oral semaglutide 3 mg (466 patients), 7 mg
(466 patients), 14 mg (465 patients), or sitagliptin 100 mg (467 patients). Out of the 599
patients who failed screening, the majority (388 patients, 64.8%) failed due to nonfulfillment of
HbA1c inclusion criterion.

In total, 1863 patients contributed to the FAS, and 1861 patients contributed to the SAS. In
total, 1566 patients (84.0%) completed the treatment with trial product and 1758 patients
(94.3%) completed the trial. A total of 5.7% of patients withdrew from the trial for the
following reasons; lost to follow-up, withdrawal by patient and other reasons (including death).
More patients in the oral semaglutide groups withdrew from the trial; oral semaglutide 3 mg
(7.1%), oral semaglutide 7 mg (6.4%) and oral semaglutide 14 mg (5.8%) compared to 3.4% in
the sitagliptin 100 mg group.

The proportions of patients who completed the treatment without receiving rescue medication
were 52.1%, 64.6% and 72.0% with oral semaglutide 3 mg, 7 mg and 14 mg, respectively, and
60.6% with sitagliptin 100 mg.

A total of 298 patients (16.0%) discontinued trial product prematurely, primarily due to the
following reasons: adverse events (5.4-11.6%), patient withdrawal from trial (0.4-2.6%),
violation of inclusion or exclusion criteria (0.6-1.1%) and ‘Other’ reasons (4.9-7.3%).
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Table 18 Patient Disposition Summary PIONEER 3

Cral sema Oral sema Oral sema Sita Total
3 mg T mg 14 mg 100 mg
N (%) N (%) N (%) N (%) N (%)
Scresned 2463
Screening failures 599 (24.3)
Randomised 466 466 465 467 1864
Exposed 466 (100 ) 464 (99.8) 465 (100 ) 466 (99.8) 186l (29.8)
Lnalyszis s=ts
Full analysis set 466 (100 ) 465 (99.8) 465 (100 ) 467 (100 ) 18632 (99.9)
Safsty analysis set 466 (100 ) 464 (55.6) 465 {(Ll0D ) 466 (59.8) 186l (99.8)
Pesr protocol analysis set 426 (91.4) 430 (%2.3) 422 (%0.8) 440 (%4.2) 1718 (322.2
Treatment completsrs [1] 388 (83.3) 396 (85.0) 376 (8O0.9) 40 (B6.9) 1566 (84.0)
Without rescue medication 243 (52.1) 301 (€4.€) 235 ({72.0) (60.6) 1162 (£2.3)
With rescus medicaticon 145 (31.1) 95 (20.4) 41 { §.8) 123 (26.3) 404 (21.7)
Premature trial product discont.
- primary reason 78 (16.7) 70 (15.0) 29 (19.1) 61l (13.1) 288 (16.0)
Exposed
Ldverse =svent(s) Ze { 5.8) 28 ( 9.0) 4 (ll.¢) 25 { 5.4) 132 ( 7.1)
Violation of in—/excl. crit. 5 ( 1.1) 5 ( 1.1) 3 { D.8) 3 ( 0.8) 1le ( 0.%)
Intensgion of bescoming pregnant a 1 (0.2 a a 1 ( 0.1)
Participaticon in another CT [2] o] 1 (0.2 a 1 ( 0.2) 2 ( 0.1)
Calcitonin value >= 100 ng/L [u} 4] 1 { 0.2 o} { 0.1}
Subject withdrawal from trial 12 {( 2.6) & { 1.3) 8 ({1.7) 2 ( 0.4) 28 ( 1.5)
Pregnancy 1 (0.z2 u} Q 4] [T ]
Other 34 ( 7.3) 27 ( 5.8) 23 { 4.9) 2 { 6.2) 113 ( &6.1)
Mot expossad
Violation of in—/excl. crit. o} 1 (0.2 o] 1 { 0.2) 2 0.1)
Cther ] 1 (0.2 a a 1 {( 0.1)
Trial completers [3] 433 (5%2.9) 436 (93.8) 438 (94.2) 4531 (%6.6) 1758 (94.3)
Completsd treatment 287 (83.0) 395 (84.8) 374 (80.4) 405 (86.7) 1561 (83.7)
Discontinued trial product 4¢ ( 9.9) 41 ( 2.8) g4 (l3.8) 4¢ ( 9.%9) 197 (l0.€)
Withdrawal from trial
- primary reason 33 ( 7.1) 30 ( 6.4) 27 ( 5.8) 1e ( 3.4) 106 ( 5.7)
Lost to follow-up 5 ( 1.9) 7 (1.5) 7 ( 1.5) 5 (1.1) 28 ( 1.5)
Withdrawal by subjsct 18 { 3.%) 18 ( 3.%9) 17 { 3.7) 8 (1.7) 6l ( 3.3)
Other e ( 1.3) 5 (1.1) 3 { D.8) 3 ( D.8) 17 ( 0.9)
Died 5 (1.1) 4 ( 0.9) 1 {( 0.2) 2 ( D.8) 13 ( 0.7)
'"[1]': subjescts who completed treatmsnt with trial product according to the end-of-trial form;
'[2] simultanscus participation in any other clinical trial recsiving an investigational medicinal

product; "[3]': subjects who attended the final scheduled wvisit;

end-of-trial form; 'Rescus medication':

'primary reascon'

: according
use of new anti-diabetic medication as add-on

to the
to trial

product and used for mors than Z1 days with the initiation at or after randomisaticon and befors last

day on trial product, and/or intensification of anti-diabstic msdication
in dose relative to baselins) for more than 21 days with the intensification at or after

randomisation and befors last day on trial product; N:

rancdomised subjscts except for screening failures where it is proportion of screened subjscts.

Source: Table 10-1 CSR PIONEER 3
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The proportion of patients who prematurely discontinued trial product due to AEs was greater
with oral semaglutide 14 mg (11.6%) than with oral semaglutide 3 mg (5.6%), oral semaglutide
7 mg (6.0%) and sitagliptin 100 mg (5.4%). Gastrointestinal AEs were the most frequently
reported events which led to premature trial product discontinuation, and more patients
discontinued trial product due to gastrointestinal AEs with oral semaglutide 14 mg (6.9%) than
with oral semaglutide 3 mg (2.4%), oral semaglutide 7 mg (3.4%) and sitagliptin 100 mg (2.6%).

Protocol Violations/Deviations

In total, 907 important PDs were disclosed; the PDs comprised 2 trial-level PDs, 2 country-level
PDs, 77 site-level PDs and 826 patient-level PDs.

One trial-level deviation belonged to the ‘Assessment deviation (incl. lab)’ category and
concerned the reporting of body weight measurements with precisions less than the one
specified in the trial protocol (0.1 kg/pound) at some trial sites. This occurred due to use of
scales with a precision of 0.5 kg/pound or rounding off to the nearest half or whole kg/pound
by the site staff. The PD was not considered to have had any impact on the data interpretation.

The second trial-level PD belonged to the ‘Incl./Excl./Rand. Criteria’ category and concerned
violation of stratification criteria. This occurred due to an IWRS system error which led to
incorrect stratification of 8 patients. These patients were randomized according to the strata
decided at screening, instead of the eligibility criteria information available before the
randomization.

One country level PD belonged to the ‘Informed consent’ category and concerned an error in
the patient information and informed consent form for United Kingdom. It was incorrectly
stated that blood samples instead of urine were to be used for pregnancy testing. During the
study, all pregnancy tests were conducted using urine samples.

The second country-level PD belonged to the ‘Other’ category and concerned late distribution
of the Council for International Organizations of Medical Sciences safety reports. Due to an
administrative error, 3 safety reports were sent late to the active sites in the USA. No safety
concerns were reported because of this.

Site and patient-level deviations are summarized in the table below:
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Table 19 Summary of Important Site and Patient-Level Protocol Deviations PIONEER 3

Category Site-level Subject-level PDs (n)
PDs (n)
Screening | Oral sema | Oral sema | Oral sema | Sitagliptin Total no of
failures 3 mg 7 mg 14 mg 100 mg | subject-level PDs
Informed consent 11 42 37 45 44 58 226
Inclusion/exclusion/ 1 3 16 22 15 15 71
randomisation
criteria
Trial product 12 - 22 15 25 30 92
handling
Treatment 1 - 32 22 35 21 110
compliance
Assessment 4 - 45 36 47 33 161
deviations
Discontinuation - - 1 1 - 1 3
criteria
Other 48 B 37 34 47 41 163
Total 77 49 190 175 213 199 825

Abbreviations: PD: protocol deviation: n: number of PDs
‘=*: indicate no PDs reported under this category

Source: Table 10-5 study report
No significant differences were observed between the treatment arms regarding PDs.

Considering that this was a relatively large study, it is unlikely that these PDs impacted the trial
results, or patient safety.

Table of Demographic Characteristics

The demographic and baseline characteristics were generally similar across treatment groups.
The mean age was around 58 years and more males were represented (52.8%) compared to
females (47.2%). All patients had T2DM with an overall mean duration of 8.6 years. The overall
mean HbAlc was 8.3%. The trial was conducted in 14 countries; the countries with most sites
and patients were United States (538 patients) and Japan (207 patients). Most patients were
White (71.1%) and the treatment groups were similar with regards to race and ethnicity.

The mean eGFR was 96 mL/min/1.73 m2 and eGFR values were similar across treatment

groups; 70.5% of the patients had normal renal function; 28.3% had mild renal impairment and
1% had moderate renal impairment.
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Table 20 Demographics and Baseline Characteristics for Continuous Variables — PIONEER 3

Oral s=ma Oral sema Oral sema Sita
2 mg 7T mg 14 mg 100 mg Total
N %) N %) o) (%) g (%) M%)
Humbsr of subjects 466 465 465 467 1863
Lge (years)
o 468 465 465 47 1863
M=an (SD) 38 (10} 58 (10) 37 (10) 58 (10) 58 (10)
HbL;: (%)
o 488 465 465 47 1863
M=an (S8D) 8.3 (1.0} 8.4 (1.0} 8.2 (0.9) 8.3 (0.9) 5.3 (0.9)
Duration of diabetes (years)
N 488 465 485 467 1883
M=an (S8D) B.4 (&6.1) 8.3 (5.8) 8.7 (6.1) 5.8 (6.0) B.& (&£.0)
Body weight (ko)
N 466 465 465 467 1863
M=an (SD) 91.6 (22.0) 91.3 (20.8) 91.2 (21.7) 90.% (21.0) 31.2 (21.4)
eGFR (mL/min/1.73 m*2)
N 466 465 465 467 1863
M=an (SD) 96 (153) 96 (1) 35 {1&) 96 (13) 96 (16)
The =5FR was estimated using the CED-EPI formula.'Bassline': defined as the latest asssssment at or

prior to the randomisation visit; =GFR: estimated glomerular filtration rate; CED-EPI:

Chronic Fidney Dissase Epidemioclogy Collaboration; W: numbsr of subjects; 3D: standard deviation.

Source: Adapted from Table 10-2 CSR PIONEER 3

CDER Clinical Review Template 71
Version date: September 6, 2017 for all NDAs and BLAs

Reference ID: 4492378



Clinical Review
Andreea Ondina Lungu
NDA 213051

Oral Semaglutide

Table 21 Demographics and Baseline Characteristics for Categorical Variables — PIONEER 3

Cral sema Cral zena Oral sema Sita

3 mg 7T ng 14 mg 100 mg Total
" (%) " (%) H (%) H (%) H{%)
Number of subjects dgg 4E5 485 487 1863

Lge group (vears)

H 46 ( 100) 465 ( 100) 4g5 ( 10Q) 487 ( 100) 183 ( 100)
18 <= to < &5 334 (72.7) 335 (7z.0 342 (73.5) 34 (74.1) 1382 (73.1)
65 <= to « 75 107 (23.0) 113 (24.3) 10% (23.4 106 (22 435 (23.3)
75 <= to « 85 20 [ 4.3) 17 { 3.7) 14 { 3.0 15 { 3. 66 [ 2.5)
B85 <= u} 0 0 0 0
Sex
H 4¢& ( 100} 485 ( 100) 485 { 100} 4&7 ( 100) 18&3 { 100)
Female 212 (45.5) 220 (47.3) 213 (46.9) 229 (49.0) 879 (47.2)
Male 254 (54.5) 245 (52.7) 247 (53.1) 238 (51.0} 934 (52.8)
4ée ( 100) 4&5 { 100) 45 ( 100) 4&7 ( 100) 13e3
185 (39.7) 186 (40.0) 181 (38.%) 18 (29.8) 738
139 (29.8) 134 (28.8) 134 (2B.B) 131 (2B.1) 538
57 (12.2) 56 (12.0) 56 (12.0) &7 (14.3) 236
33 (7.1 37 { 8.0) 43 { 9.2) 31 ( B.8) 144
532 (11.2) 52 (11.2) 51 (1L.0) 52 (11.1) 207
de& ( 100} 4e5 | 100) 487 { 100) 1883 { 100)
344 (73.B) 330 (71.0) 333 (71.3) 13z4 (71.1)
Black or African Amsrican 38 { 8.2) 33 [ B.2) 39 [ 8.4) 1led { B.g)
Asian 56 (12.0) B9 (14.8) 5% (12.8) 245 (13.2)
Imerican Indian or Rlaska Natiwve 4 [ 0.9) 3 ( 0.8) E (1.3} 18 { 1.0)
Hative Hawaiian or other Pacific
Islander 1 { 0.2) 0 0 0 1 {«<0.1)
Other 13 [ 2.8) 11 | 2.4 20 { 4.3) 12 { 2.8) 58 { 3.0}
HR* 10 { 2.1} 14 { 3.0} 17T { 3.7) 18 ( 3.9) 58 ( 32.2)
Ethnicity
H 4¢& ( 100) 465 ( 100) 465 ( 100} 4&7 ( 100) 1883 ({ 100)
Hispanic or Latinc 76 (16.3) 77 {16.8) 75 {(16.1}) 93 (19.%) 321 (17.2)
Hot Hispanic or Latino 385 (B2.e) 378 (8l.3) 377 (Bl.1) 366 (78.4) 1l50& (80.8)
HR*= 3 {1.1) 10 { 2.2} 13 { 2.8) B {1.7) 36 ( 1.9)
Eznzl function, =2GFR [(mL/min/l.73 m*2)
[} 44 ( 100) 485 ( 100) 465 ( L00) 467 ( 100) 1863 ( 1o0)
Hormal {90 <= } 329 (70.8) 326 ([70.1) 324 (69.7) 335 (71.7) 1314 (70.3)
Hild BT {60 «= to < 90) 130 (27.9) 134 (23.8) 133 (28.6) 131 (28B.1) 523 (28.3)
HModeratzs RI {30 <= to < &0} 7 (1.5) 5 [ 1.1) g { 1.3) 1 [ 0.2) 19 { 1.0)
Severz RI {15 <= to < 30) u} 0 1 { 0.2) o 1 («<0.1)
End-stags renzl dissase | < 15) 1] ] 1 ( 0.2) u] 1 («0.1)

WNa®: race 15 recordad &5 'HA' for Brazil and Frence; NAX¥: ethnicity is rscorded as 'HA' for France.
FA: for ethnicity wvaluss recordsd as 'missing', 'not done', or 'not-availabls'; 'Basslins': defined
23 the latsst assessment 2t or prior ©o th2 randomisation wigit; 'Smoking': defined as smoking at
lzast one cigarstte or zcuivelent daily, The renal function categories ars basad on the =GFR as par
CED-EPI; CKD-EPI: Chronic Hidney Disesse Epidemiology Collaboration; =2GFR: estimatad giomerular
filitration rate; RI: rensl impairment; ¥ nomber o subjects; %: proportion of subjects.

Source: Adapted from Table 10-3 CSR PIONEER 3
Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs)

Medical history and concomitant illnesses were relatively balanced between the treatment
groups.
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The most frequent and clinically relevant concomitant illnesses for all treatment groups were;
dyslipidemia (28.4-30.2%), obesity (25.6-30.5%), gastrointestinal disorders (17.6—20.6%), eye
disorders (21.2-27.7%), hepatic steatosis (10.1-12.0%), hypothyroidism (6.2—7.7%), neoplasms
(5.2-6.5%), vascular disorders (8.8—13.1%) and psychiatric disorders (16.3—17.6%) of which
depression constituted 6.9-10.1%.

At baseline, diabetic retinopathy was present in 15.7-17.3% of patients, with no relevant
differences across treatment groups. Other diabetic complications included diabetic
neuropathy (21.9-27.6%) and diabetic nephropathy (8.6—11.2%), with no relevant differences
across treatment groups.

The most frequently reported cardiovascular diseases were: hypertension (70.5-76.8%),
ischemic heart disease (15.7-17.3%) and heart failure (7.1-9.0%).

Treatment Compliance, Concomitant Medications, and Rescue Medication Use

At baseline, 100% of patients were on metformin and 46.9-47.3% of patients were on
metformin + SU.

Other most frequently used concomitant medications ongoing at time of randomization were
HMG-CoA reductase inhibitors (51.0-53.4%), angiotensin-converting-enzyme (ACE) inhibitors
(28.4-36.6%), platelet aggregation inhibitors excluding heparin (27.5-33.1%), beta blockers
(17.6-20.8%) and angiotensin Il antagonists (17.6-20.2%).

Additional and rescue diabetes medication use is outlined in the table below.
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Table 22 Additional Concomitant Anti-Diabetic Medication and Rescue Medication at Weeks
26,52 and 78

Oral sema Oral sema Oral sema Sita Total

3 mg 7 mg 14 myg 100 mg

N (%) N (%) H (%) N (%) N (%)
Humber of subjects 1686 485 4G5 467 1863
WEEK 26
LDD. ANTI-DIAZBETIC MEDICATICON 33 ( 7.1) 20 ( 4.3) 15 ( 3.2) 20 4.3) a8 ( 4.7)
RESCUE MEDICRTICH Z5 ( 5.4) 11 { £.4) 3 (1.1) 13 ( 2.3) 534 ( 2.9)
WEEK 52
LDD. ANTI-DIAZBETIC MEDICATICON 137 (29.4) 86 (18.5) 51 (11.0) 111 (23.8) 385 (20.7)
RESCUE MEDICRTICH 121 (2E.1) 73 (15.7) 3L 68.7) 94 (20.1) 319 (17.1)
WEEK 78
LDD. ANTI-DIAZBETIC MEDICATICON 179 (38.4) 119 (25.8) 75 (16.1) 148 (31.7) 521 (23.0)
RESCUE MEDICATION 160 (34.3) 103 ({22.2) 47 (10.1) 129 (27.8) 439 (23.E)

'"Bescus medication': use of new anti-diazbetic medication as add-on to trial product and used for
more than 21 days with the initiation at or after randeomisation and before last day on trial
product, and/or intensificaticn of anti-diazbetic medication (& more than 20% increase in doass
relative to basslins) for more than 21 days with the intensification at or after randomisation and
before last day on trizl product. N: number of subjects; %: proporticn of subjects; ADD: additional.

Source: Table 10-4 CSR PIONEER 3

Efficacy Results - Primary Endpoint

Change in HbAlc

At baseline, the HbAlc levels were similar between the semaglutide and sitagliptin arms. The
results of the primary and confirmatory secondary endpoints are summarized below. At week
26, the superiority of the 7 and 14 mg doses of semaglutide vs sitagliptin were confirmed for
both HbAlc and weight.
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Table 23 Primary and confirmatory secondary endpoints — PIONEER 3

Endpoint Estimate [95% CI] p-valus Hvpothesis Conclusicn

Primary endpoint: Hbi,, ($-points) changs from basslins at week Zo

Cral sema 14 mgy - Sita 100 mg -0.5 [-0.6 ; -0.4 <0.0001 Mon-inferioricy Confirmed
Cral sema 14 mg - Sita 100 mg -0.5% [-0.0 ; -0.4 <0.0001 Superiority Confirmed
COral sema 7 mg - Sita 100 mg -0.2 [-0.4 ; -0.1] <0.0001 Hon-inferioricy Confirmed
Oral sema 7 mg - Sita 100 mg -0.3 [-0.4 » -0.17 «<0.0001 Superiority Confirmed
Cral sema 2 mg - Sita 100 mg 0.2 0.1 ; 0.31 0.0856%* Hon-inferiority Hot confirmed
Cral sema 2 mg - Sita 100 mg 0.2 .0 ;5 0.31 0.00380 Superiority Hot tested

Cther confirmatory endpoints: Body weight (kg) changs from baseline at week 26

Cral sema 14 mgy - Sita 100 mg -2.5 [-3.0 ; -2.0] <0D.0001 Confirmed

Oral sema 7 my - Sita 100 mg -l.o [-2.0 ; -1.1] <0.0001 Confirmed

Cral sema 3 m3 - Sita 100 mg -0.8 [-1.1 ; -0.1] 0.0185 Hot tested
"alpha': *0.05 local significance lewvel according to the testing strategy for hypotheses that are
not confirmed; CI: confiden interval 'p-value': unadjusted two-sided p-value for test of no
diff nce from 0 (supsriority) or for test of no differsnce from the non-inferiority margin (non-

inferiority).

Source: Table 11-1 CSR PIONEER 3

The observed changes from baseline at week 26 were -0.6, -1.1 and -1.3 % with oral
semaglutide 3 mg, 7 mg and 14 mg, respectively, and -0.8 % with sitagliptin 100 mg. HbAlc
levels decreased from baseline through to week 14 in all treatment groups, and then the
changes were sustained for the remaining of the trial.

CDER Clinical Review Template 75
Version date: September 6, 2017 for all NDAs and BLAs

Reference ID: 4492378



Clinical Review
Andreea Ondina Lungu
NDA 213051

Oral Semaglutide

Figure 10 HbA1c (% and mmol/mol) by Week — PIONEER 3
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Oral sema 3 mg -{ 466 452 446 442 441 435 427 422 420 427 420 418 416 421
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Source: Figure 11-1 CSR PIONEER 3

Oral sema 3 mg
—&@— Oral sema 14 mg

Observed data from the in-trial observation peniod. Error bars are +/- standard emor of the mean. Numbers shown in the lower panel represent
the numbaer of subjects contributing to the means

Time since randomisation (weeks)

—& — Oral sema 7 mg

Sita 100 mg

The applicant also performed sensitivity analyses, and the results were supportive of the

primary analysis.

Data Quality and Integrity - Reviewers' Assessment

HbA1c (mmol/mol)

The datasets and the study documents were adequate. | did not identify any quality or integrity

issues.

Efficacy Results - Secondary and other relevant endpoints

Change in body weight

At baseline, body weight was similar between the treatment groups. The mean body weight

decreased for all treatment groups at week 26 and was sustained for the remainder of the trial.
The estimated changes from baseline for body weight at week 26 were -1.2, -2.2 and -3.1 kg

with oral semaglutide 3 mg, 7 mg and 14 mg, respectively, and -0.6 kg with sitagliptin.
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HbA1lc targets

The observed proportions of patients achieving the AACE HbA1lc treatment target (< 6.5%) were

greater with oral semaglutide 7 mg and 14 mg than with sitagliptin week 26, 52 and 78. The

same was true of the ADA target of HbA1C <7%.

Figure 11 Proportion of Patients Achieving HbAlc < 6.5% at Week 26, 52 and 78 — PIONEER 3

100 -
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s
=]
L
=
w
&
o

30 A

HbA;. < 6.5% (AACE)

201 126
10 4

Proportion of subjects achieving

week 26

438 436 446 427 431 434 436
week 52

| oral sema 3 mg

B cralsema 7 mg
Il oral sema 14 mg
. sita 100 mg

424 425 439

week 78

Observed data for the in-trial observation period. The odds were statistically significantly i favour of oral semaglutide
(*) at a 5% significance level. Numbers shown in bottom of bar charts represent the number of subjects contributing to

the proportions. AACE: American Association of Clinical Endocrinologists.

Source: Figure 11-9 CSR PIONEER 3
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Figure 12 Proportion of Patients Achieving HbAlc < 7.0% at Week 26, 52 and 78 — PIONEER 3

| oral sema 3 mag
. oral sema 7 mg

100 1 Il cral sema 14 mg
90 . sita 100 mg
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60 A 4 004 54.8 *
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Proportion of subjects achieving
HbA;. <7.0% (ADA)

week 26 week 52 week 78
Observed data for the in-trial observation period. The odds were statistically significantly in favour of oral semaglutide
(*) at a 5% significance level. Numbers shown in bottom of bar charts represent the number of subjects contributing to
the proportions. ADA: American Diabetes Association.
Source: Figure 11-10 CSR PIONEER 3

Dose/Dose Response
A dose-response for HbAlc reduction was seen for semaglutide in this trial.
Durability of Response

In all treatment arms, HbA1lc decreased from baseline until weeks 14, and was sustained for the
remainder of the trial.

Persistence of Effect
Not applicable. Effect after discontinuation of study drug was not assessed.
Additional Analyses Conducted on the Individual Trial
The applicant conducted various sensitivity analyses, all supportive of the primary analysis.
6.4.PIONEER 4 (4224)
6.4.1. Study Design

Overview and Objective
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Title: Efficacy and safety of oral semaglutide versus liraglutide and versus placebo in patients
with type 2 diabetes mellitus.

Primary objective

To compare the effect of once-daily dosing of 14 mg oral semaglutide versus 1.8 mg liraglutide
subcutaneous and versus placebo, all in combination with metformin with or without a SGLT-2
inhibitor, on glycemic control in patients with T2DM.

Secondary objective
- To compare the effect of once-daily dosing of 14 mg oral semaglutide versus 1.8 mg
liraglutide subcutaneous and versus placebo, all in combination with metformin with or
without a SGLT-2 inhibitor, on body weight in patients with T2DM.
- To compare the safety and tolerability of once-daily dosing of 14 mg oral semaglutide
versus 1.8 mg liraglutide subcutaneous and versus placebo, all in combination with
metformin with or without a SGLT-2 inhibitor, in patients with T2DM.

Trial Design

This was a multinational, multi-center, randomized, double-blind, double-dummy, active- and
placebo-controlled, parallel-group efficacy and safety trial comprised of a 52-week treatment
period (including an 8-week dose escalation period) and a 5-week follow-up period.

Figure 13 Trial Design PIONEER 4

3 mg 7 mg 14 mg oral semaglutide
n=690 : o
0612 1.8 mg s.c. liraglutide
Randomisation
(2:2:1) Placebo
Week -2 Week 0 Week 2 Week 4 Week 8 Week 26 Week 52 Week 57
\ A J
b = A A A
Screening Dose escalation Assessment of End of Follow-up
primary endpoint treatment visit

Source: Figure 9-1 CSR PIONEER 4
A total of 690 patients were planned for enrollment.

Key inclusion/exclusion criteria:
Similar to PIONEER 2 with the following differences:

- HbA1C 7-9.5 both inclusive
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- Stable daily dose of metformin (21500 mg or maximum tolerated dose as documented
in the patient medical record) alone or in combination with a stable daily dose of a
SGLT-2 inhibitor for at least 90 days prior to the day of screening (fixed-dose
combinations are allowed).

Dose selection/Study treatments:

Patients were randomized 2:2:1 to receive once-daily treatment for 52 weeks with oral
semaglutide 14 mg, liraglutide 1.8 mg (s.c. injection) or placebo, respectively. The trial included
dose escalation for both oral semaglutide and liraglutide. Semaglutide administration details
were the same in all PIONEER trials.

Dose modification/discontinuation:
Similar to PIONEER 2

Administrative structure:
Similar to PIONEER 2.

Procedures and schedule:
The patients had in person visits at screening, randomization, weeks 4, 8, 14, 20, 26, 32, 38, 45,
52 (end of treatment), and 57 (follow up). One phone visit occurred at week 2.

Of note, fundoscopy or fundus photography was to be performed at randomization, and end of
treatment.

Detailed study proceedings can be found in the study protocol submitted as part of this NDA.

Rescue medication:
The following rescue criteria were set for the study, from week 8 onward.
- FPG values (including SMPG; at central laboratory) exceeding 240 mg/dL from week 8 to
end of week 13
- FPG values (including SMPG; at central laboratory) exceeding 200 mg/dL from week 14
to end of treatment
- HbAlc (at central laboratory) >8.5 % from week 26 to end of treatment

Rescue medication was to be prescribed at the investigator’s discretion according to guidelines.
GLP-1 RAs, DPP-4 inhibitors and amylin analogues were not allowed as rescue medication.

Treatment compliance:
Patient compliance was assessed by monitoring of drug accountability.
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Study Endpoints
The primary and secondary confirmatory endpoint were the same as for PIONEER 1.
Statistical Analysis Plan

The sample size was calculated to ensure a statistical power of at least 90% to confirm four out
of the five pre-specified confirmatory hypotheses, namely:

- HbAlc superiority of oral semaglutide 14 mg vs. placebo

- HbAlc non-inferiority of oral semaglutide 14 mg vs. liraglutide 1.8 mg (margin 0.4%)

- Body weight superiority of oral semaglutide 14 mg vs. placebo

- Body weight superiority of oral semaglutide 14 mg vs. liraglutide 1.8 mg

A total of 690 patients were planned to be randomized.
The testing strategy is outlined in the figure below.

Figure 14 Testing Strategy PIONEER 4

HbA . (%-point)
Superiority vs.

placebo
Qjocal = 0.05
1
V
HbA - (%-point) 1. Body weight (kg)
Non-inferiority vs. B Superiority vs.
liraglutide 1.8 mg placebo
alocal =0 Olo:a1 =0
2 1
V ~ - y
HbA - (%-point) 1 Body weight (kg)
Superiority vs. > Superiority vs.
liraglutide 1.8 mg € liraglutide 1.8 mg
Qlocal =0 v, i e Qjgeal = 0

The overall significance level of o = 0.05 (two-sided) was initially allocated to the hypothesis of superiority of

oral semaglutide 14 mg vs. placebo on change from baseline at week 26 in HbA .. If a hypothesis was confirmed. the
local significance level (a-local) was reallocated to the other hypotheses in the testing strategy according to the
indicated weight (¥ or 1) of the arrows. Each hypothesis was tested at its updated local significance level (u-local) until
all hypotheses had been confirmed or until no hypothesis could be confirmed.

Source: Figure 9-7 CSR PIONEER 4

Please see Biometrics review by Dr Robert Abugov for comments and the FDA's statistical
analyses.
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The analysis populations and treatment periods were the same as for the previously reviewed
PIONEER trials.

Protocol Amendments

There was one substantial amendment to the protocol, with the following changes:

- Introduction of additional eye examinations and additional data collection on diabetic
retinopathy

- Added bicarbonate as a part of the biochemistry laboratory assessment

- Added text to highlight investigator’s responsibility in ensuring evaluation and
management of certain risk factors and complications

- Clarification of the criteria for completion, withdrawal and lost to follow-up

- Other minor corrections and clarifications

Data Quality and Integrity: Sponsor's Assurance

The investigators were trained in GCP. The trial was monitored as an internal safety committee
performed ongoing safety surveillance throughout the trial.

6.4.2. Study Results
Compliance with Good Clinical Practices
The applicant stated that the trial was conducted in accordance with ICH GCP.
Financial Disclosure

Of the 381 investigators participating in the trial, 13 had disclosable financial information. See
Appendix 13.3 for details.

Patient Disposition

In total, 950 patients were screened, and 239 patients failed screening; thus, 711 patients were
randomized 2:2:1 to receive once-daily oral semaglutide 14 mg (285 patients), liraglutide 1.8
mg (284 patients), or placebo (142 patients), respectively. All randomized patients were
exposed to trial product; thus, the FAS and SAS are identical. Of the 239 patients who failed
screening, the majority (158 patients, 66.1%) failed due to nonfulfillment of HbAlc inclusion
criterion.

In total, 614 patients (86.4%) completed the treatment with trial product and 685 patients
(96.3%) completed the trial. The proportion of patients completing treatment was lower but
somewhat similar with oral semaglutide (84.6%) compared with liraglutide (87.3%) and placebo
(88.0%).
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The proportion of patients completing the treatment without receiving rescue medication was
higher in the oral semaglutide (78.2%) and liraglutide (81.3%) groups compared with the
placebo group (58.5%).

Table 24 Patients Disposition PIONEER 4

Oral sema 14 mg Lira 1.8 mg Placeshko Total
N (%) N (®) N (%) N (%)
Scrassned 50
Screening failures 239 (25.2)
Randomised 285 284 142 711
Exposed 285 (100 ) 284 (100 ) 142 (100 ) 711 (1a3d )
Znalysis s=ts
Full analysis sst 285 (100 ) 284 (100 ) 142 (100 ) T11 (100 )
Safety analysis set 285 (100 ) 284 (100 ) 142 (100 ) 711 (100 )
Per protocol analysis sst 259 (50.9) 26 (91.9) 130 (91.5) 650 (91.4)
Treatment completers [1] 241 (84.8) 248 (87.3) 125 (88.0) 6l4 (86.4)
Without rescus medicaticon 223 (78.2) 231 (81.3) 83 (58.5) 537 (75.3)
With rescus medication 12 [ €.2) 17 ( €.0) 42 (29.6) 77 (10.8
Premature trial product 44 (15.4) 26 (12.7) 17 {(12.0) 97 (13.8)
discontinuation — primary reason
Exposed
Ldwerse event (s) 33 (11.8) 27 ( 2.5) 6 ( 4.2) 66 ( 9.3)
Viclation of inclusion and/or 1 ( 0.4) a ] 1 ( 0.1)
exclusion criteria
Intention of bscoming pregnant o] 0 0 o
Participation in another o] 1 ( 0.4) u] 1 (0.1
clinical trial [2]
Calcitonin walue >=100 ng/L o 0 0 1]
Subject withdrawal from trial 3 (1.1} 3 { 1.1) 3 (2.1 g ( 1.3)
Pregnancy o ] o o
Cther T 0 2.5) 5 ( 1.8) g ( 5.8) 20 2.8)
Trial completers [3] 277 (97.2) 274 (96.5) 134 (94.4) 685 (96.3)
Completed treatmsnt 241 (g4.8) 248 (87.3) lz4 (87.3) 6l3 (8€.2)
Discontinued trial product 38 (12.8) 26 { 9.2) 10 { 7.0) 72 (10.1)
Withdrawal freom trial - primary reason g8 ( 2.8) 10 ( 2.5) g { 3.98) 26 ( 3.7)
Lost to follow-up a 1 (0.4) 4 ( 2.8) 5 (0.7)
Withdrawal by subject 3 ( 1.8) 5 ( 1.8) (0 2.1 13 ( 1.8)
Other 30 1.1) 4 ( 1.4) 1 (0.7) 2 (1.1
Died 30 1.1) 4 ( 1.4) 1 {0.7) 2 (1.1
"[1]"': subjscts who complsted trsatment with trial product according to the end-of-trial form;
"[2]"': simultaneous participation in any other clinical trial recsiving an investigational medicinal
product; '[3]': subjects who attended the final scheduled wisit; 'primary reason': according to the
end-of-trial form; 'Rescuese medication': use of new anti-diabetic medication as add-on to trial

product and used for more than 21 days with the initiation at or after randomisation and besfores last
day on trial product, and/or intensification of anti-diabetic medication (a more than 20% increase
in dose relative to baseline) for more than 21 days with the intensification at or after
randomisation and befors last day on trial product; N: number of subjects; %: proportion of
randomised subjects except for scresening failures whers 1t is proportion of screesned subjects.

Source: Table 10-1 CSR PIONEER 4

Premature trial product discontinuation in the oral semaglutide and liraglutide groups mainly
occurred during the dose escalation period.
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The proportion of patients who prematurely discontinued trial product due to AEs was larger
with oral semaglutide (11.6%) compared with liraglutide (9.5%) and placebo (4.2%). Gl AEs
were the event type that most frequently led to premature trial product discontinuation; the
proportion of patients who prematurely discontinued trial product due to Gl AEs was larger
with oral semaglutide (7.7%) compared with liraglutide (6.0%) and placebo (2.1%).

Protocol Violations/Deviations

There were 310 important PDs in total; the PDs comprised 2 trial-level PDs, 3 country-level PDs
37 site-level PDs and 268 patient-level PDs.

One trial-level PD concerned the reporting of body weight measurements with precisions less
than that specified in the trial protocol (0.1 kg/pounds) at some trial sites. This occurred due to
use of scales with a precision of 0.5 kg/pound or due to rounding off to the nearest half or
whole kg/pound by the site staff. The PD was not considered to have had any impact on the
data interpretation.

The other trial-level PD concerned incorrectly performed bicarbonate testing which resulted in
reporting of bicarbonate results below the normal range. The central lab inadvertently analyzed
bicarbonate after the last biochemistry analyte in a separate step that included reopening of
the tube lid. Bicarbonate dissipates from the tube and therefore should have been measured as
the first analyte after opening the tube lid. All bicarbonate samples analyzed after the last
biochemistry testing were considered invalid.

Two important country-level PDs were reported. One PD belonged to the category ‘Other’ and
was related to late submission of Polish label of urine dip-stick test to the Central Ethics
Committee. The other PD belonged to the category ‘Informed consent’ and was related to the
late distribution of updated SI/IC to the sites, resulting in a delay in re-consenting.

Important site and patient-level deviations are summarized in the table below:
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Table 25 Summary of Important Site-Level and Patient-Level Protocol Deviations

Category Site- Subject-level PDs (m)
level
PDs () Oral . . Placebo | Totalno of
. . . Liraglutide )
Screening failures semaglutide : subject-level
= = 1.8 mg
14 mg = PDs
Informed consent 4 12 24 19 5 60
Inclusion/exclusion/
o e - - 3 2 4 9
randomisation criteria
Discontinuation criteria - - 1 - - 1
Trial produect handling 11 - 18 23 3 44
Treatment compliance - - 13 18 7 38
Assessment deviations 2 3 22 37 23 85
Other 20 - 12 9 8 29
Total 37 15 93 108 50 266
n: number of PDs; PD: protocol deviation; *-: indicate no PDs reported under this category

Source: Table 10-5 CSR PIONEER 4

Review of the information available regarding these PDs did not raise any concerns regarding
the integrity of the efficacy or safety results.

Table of Demographic Characteristics

The demographic characteristics were similar between the treatment groups. Details are
presented in the tables below.

The population was evenly distributed between male and female patients with a mean age of
56 years. All patients had T2DM with an overall mean duration of 7.6 years (SD 5.5). The overall
mean HbAlc was 8.0%. The mean baseline body weight was slightly higher in the liraglutide
group (95.5 kg) compared with the oral semaglutide (92.9 kg) and placebo (93.2 kg) groups.
The proportions of patients per region were similar across the three treatment groups. The
majority of patients were white (73.0%) and there was no difference between

treatment groups in terms of race and ethnicity.

Renal function at baseline (based on eGFR) was normal for 70.2% of the patients; 29.1% of

patients had mild renal impairment. Compared with the active treatment groups, slightly more
patients in the placebo group had mild renal impairment.
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Table 26 Baseline Characteristics and Demographics — Continuous Variables — PIONEER 4

Oral s=ma 14 mg Lira 1.8 mg Placsbo Total
Number of subjects 285 Z84 l42 711
Lge (years)
N 285 284 142 711
M=an (SD) 56 (10} 56 (10) 37 (10) 56 (10)
HbZlc (%)
N 285 284 l42 711
M=an (S8D) 8.0 (0.7) 8.0 (0.7) T.8 (0.7) 8.0 (0.7)
Duration of diabetss (years)
N 285 Z84 142 711
Msan (SD) 7.8 (5.7) 7.3 (5.3) 7.8 (5.5) 7.6 (3.53)
Body weight (kg)
N 285 284 142 711
Mean (SD) 92.9 (20.6) 95.5 (21.9) 93.2 (20.0) 54.0 (21.0)
eGFE (mL/min/1.73 m"2})
N 285 284 142 711
M=an (SD) 96 (13) e (13) 953 (15) 96 (13)
The =GFR was estimated using thes CED-EPI formula.
"Bassline': defined as the latest assessment at or pricr to the randomisation wisit; =GFR: estimated
glomerular filtration rates; CRD-EPI: Chronic Kidney Dissase Epidemiclogy Ceollaboration; N: number of
subij=scts; 8D: standard deviation.
Source: Adapted from Table 10-2 CSR PIONEER 4
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Table 27 Demographics and Baseline Characteristics for Categorical Variables — PIONEER 4

Oral sema Lira
14 mg 1.8 mg Placsbo Total
N (%) M (%) N (%) N (%)
Numbsr of subjscts 285 284 142 711
Ags group (yesars)
N 285 ( 100) 284 ( 100) 142 ( 100) Ti1 0 100)
18 <= to < &5 232 (8l1l.4) ZZ0 (77.3) 108 (76.8) 361 (78.9)
63 <= to = 75 43 (1l6.8) 36 (1%.7) 27 (15.0) 131 (18.4)
75 <= to < 85 S [ 1.8) B o( 2.8) 6 ( 4.2) 13 ( 2.7)
85 «<= [} o] o o]
Sex
N 285 ( 100) 284 ( 100) 142 { 100) T1L 0 100)
Female 138 (48.4) 135 (47.5) 68 (47.9) 341 (48.0)
Males 147 (51.8) 143 (52.5) 74 (52.1) 370 (52.0)
Region
N 285 ( 100) 284 ( 100) 142 ( 100) T1L 0 100)
Eurcps 151 (53.0) las (32.1) g2 (57.7) 381 (33.8)
North Zmerica 75 (26.3) 76 (26.8) 28 (19.7) 179 (25.2)
Lfrica 23 [ 8.1) 17 { &€.0) 12 { B8.53) 52 ( 7.3)
Lsia 3e (1z2.8) 43 (15.1) 20 (14.1) 99 (132.9)
Race
N 285 ( 100) 284 ( 100) 142 ( 100) T1L 0 100)
White 208 (73.0) 212 (74.8) 99 (&85.7) 518 (73.0)
Black or Zfrican Zmsrican 12 { 4.2) 3 { 3.2) 8 { 5.€) 29 { 4.1)
Lsian 39 (12.7) 36 (12.7) 19 (13.4) 94 (13.2)
Lmerican Indian or LZlaska Native C 1 ( 0.4) 1 ( 0.7) 2 0.3)
Native Hawallan or other Pacific v L ( 0.4) u] 1 (0.1)
Islander
Other 2 (1.1 8 (2.8) 3 2.1) 14 ( 2.0)
NR* 23 [ 8.1) 17 ( &.0) 12 ( 8.53) 52 ( 7.3)
Ethnicity
N 285 ( 100) 284 ( 100) 142 ( 100) T1L O 100)
Hispanic or Latino 17 ( €.0) 18 ( €.3) 5 [ 32.9) 40 ( 5.8)
Mot Hispanic or Latino 2e8 (94.0) 2e6 (92.7) 127 (26.5) 671 (94.4)
Renal function, eGFR (mL/min/l.73m"2)
N 285 ( 100) 284 ( 100) 142 { 100) 711 ( 100)
Normal (90 == 1 205 (T71.%) 200 (70.4) 94 (66.2) 45% (70.2)
Mild BRI (60 <= to < 50) 78 (27.4) 81 (28.5) 48 (33.8) 207 (29.1)
Moderate RI (30 <= to < &0) 2 (0 0.7) 2 (0 0.7) 0 4 ( 0d.8)
Severe RI (15 <= to < 30) a 1 ( 0.4) a 1 ( 0.1)
End-stags renal diseass ( < 13) 0 0 o o
NL*: race is recorded as 'N&' for Scuth Africa; 'Bas=line': definsd as the latest assessment at or
prior to ths randomisation wisit; 'Smoking': defined as smoking at lsast one cigarstte or sguivalent
daily; The renal function categories ars bassd on the eGFR as per CED-EPI; CED-EPI: Chronic Eidnsy

Dissase Epidesmioclogy Collakboration; eGFR: estimated gleomerular filtration rate; RI: renal
impairment; N: number of subijects; %: proportion of subjects.

Source: Adapted from Table 10-3 CSR PIONEER 4

Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs)

Medical history and concomitant illnesses

There were no clinically relevant differences in medical history and concomitant illnesses
between the treatment groups. Frequent and clinically relevant medical history for oral
semaglutide 14 mg, liraglutide 1.8 mg and placebo were, respectively: infections and
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infestations (7.4%, 4.9%, and 8.5%), gastrointestinal disorders (6.3%, 5.6%, and 4.9%),
neoplasms (4.2%, 7.4%, and 5.6%), renal and urinary disorders (3.2%, 1.4%, and 4.9%), eye
disorders (1.8%, 3.9%, and 4.9%), cardiac disorders (1.4%, 0.4%, and 1.4%), and metabolism and
nutrition disorders (0.7%, 0, and 1.4%). The most frequent clinically relevant concomitant
illnesses for oral semaglutide, liraglutide, and placebo were, respectively: obesity (25.3%,
23.9%, and 29.6%), dyslipidemia (18.9%, 26.1%, and 25.4%), gastrointestinal disorders (16.8%,
19.0%, and 13.4%), psychiatric disorders (15.4%, 20.1%, and 14.8%; of which depression
constituted 7.7%, 10.9%, and 6.3%), hepatic steatosis (14.4%, 13.7%, and 12.0%), vascular
disorders (11.2%, 13.0%, and 14.1%), renal and urinary disorders (10.2%, 9.2%, and 14.1%),
cardiac disorders (9.5%, 9.9%, and 8.5%), hypothyroidism (8.1%, 8.1%, and 10.6%) and
neoplasms (3.2%, 3.5%, and 5.6%).

No clinically relevant differences across treatment groups were observed for histories of
diabetic retinopathy and other diabetes complications. The proportions of patients with
diabetic retinopathy were 9.8%, 8.8%, and 9.9% for oral semaglutide, liraglutide, and placebo,
respectively (the majority reported as non-proliferative diabetic retinopathy). Other diabetic
complications included diabetic neuropathy (18.2%, 18.7%, and 22.5%) and diabetic
nephropathy (8.1%, 7.4%, and 9.9%) for oral semaglutide, liraglutide, and placebo, respectively.

The most frequently reported histories and risk factors of cardiovascular disease were
hypertension (77.9%, 75.7%, and 68.3%) and ischemic heart disease (13.3%, 11.3%, and 8.5%)
for oral semaglutide, liraglutide, and placebo, respectively.

Treatment Compliance, Concomitant Medications, and Rescue Medication Use

Patient compliance was assessed by monitoring of drug accountability. As seen in the protocol
deviations section, only a small proportion of patients were reported with compliance issues.

Rescue medications:

The proportions of patients receiving additional anti-diabetic medication, including rescue
medication, differed at weeks 26 and 52 for the three treatment groups, and were higher for all
groups at week 52 compared to week 26. A higher proportion of patients on placebo had
initiated additional anti-diabetic medication or rescue medication at weeks 26 and 52
compared with oral semaglutide and liraglutide.
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Table 28 Additional Anti-Diabetic Medication and Rescue Medication PIONEER 4

Oral sema 14 mg Lira 1.8 mg Placebo

N (%) N (%) N (%)

Additional Rescus Additional Rescus Additional Rescus

anti- medication anti- medication anti— medication

diakbstic diaketic diabstic

medication medication medication
Numbsr of subjscts 285 2g4 142
in FAS
Week 26 20 (7.0) 13 {3.5) le (5.49) 9 (3.2) 12 (8.3) 11 (7.7)
Sulfonylursas 8 (2.8) 5 (1.8) g8 (2.8) o (2.1) 5 (3.3) 5 {3.5)
3GLT-2 inhibitors T (2.53) 3 (1.1) 3 (1.1} 2 (0.7) 1 (0.7) 1 (0.7}
Metformin 4 (1.4) 1 (0.4) 1 (0.4) 1 (0.4) 0 a
Insulins 2 (0.7 1 (0.4) a v] 3 (2.1) 2 {1.4)
DPP-4 inhikitors 0 a 5 (L.8) 1 (0.4) 0 a
GLF-1 analoguss 2 (0.7 Q Q o] 0 4]
Thiazolininsdiones 0 [u] [u] u] L (0.7) 1 {0.7)
Zlpha glucosidase 0 a [} o] 2 (1.4) 2 (1.4)
inhibitors
Mitiglinids calcium 1 (0.4) a [u] v} 0 a
Week 52 3% (13.7) 20 (7.0) 28 (10.2) 13 (&€.3) 46 (32.4) 43 (30.3)
Sulfonylursas 1% (&.7) 12 (4.Z) le (5.4q) 13 (4.8) 24 (1le.9) 23 (le.Z2)
3GLT-2 inhibitors S (3.2) 4 (1.4) 5 (1.8) 2 (0.7) 11 (7.7) 11 (7.7)
Metformin T (2.5) 2 (0.7} 1 (0.4) 1 (0.4) 4 (2.8) 4 {Z2.8)
Insulins 3 (1.1) 2 (0.7} 3 (1.1} 3 (1.1) 5 (3.3) 3 (2.1}
DPP-4 inhikitors 4 (1.4) a & (2.1) 1 (0.4) 0 a
GLF-1 analogues 3 (1.1) 1} 1l (0.4) o] 0 1]
Thiazeolininsdicones L (D.4) a 1 (0.4) 1 (0.4) 2 (1.4) 2 {1.4)
Zlpha glucosidase 0 a Q o] 32 (2.1) 3 (2.1)
inhibitors
Mitiglinide calcium 1 (0.4) a [u] u] 0 o]
‘Insulins’ includes insulins and analogues for injection, including long-acting, fast—acting, and
intermediate—- or long-acting combinsd with fast-acting.

Source: Table 10-4 CSR PIONEER 4
Efficacy Results - Primary Endpoint

At baseline, mean HbA1c levels were similar across treatment groups (7.9-8.0%). The
estimated changes from baseline in HbA1lc at week 26 were -1.2% with semaglutide, -1.1%
with liraglutide, and —-0.2%-points with placebo;

HbA1c decreased from baseline through weeks 14-26 for the oral semaglutide and liraglutide
groups. From week 26 to week 52, HbA1lc levels remained relatively stable in the oral
semaglutide group, while a modest increase was observed with liraglutide. HbAlc levels
remained relatively stable with placebo until week 8 after which a small decrease was observed
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through week 52. Oral semaglutide 14 mg was superior to placebo and non-inferior to

liraglutide for the primary endpoint, however, superiority to liraglutide was not demonstrated.

Table 29 HbA1lc - Primary Statistical Analysis — FAS — PIONEER 4

Endpoint Estimate [95% CI] p-valus alpha Eypothesis Conclusion
Primary endpoint: Changs from baseline at wesk 26 in HbZlc (%-points)
oral sema 14 mg - Placebo -1.1 [-1.2 ; -0.%] =<0.0001 Superiority Confirmed
Oral sema 14 mg - Lira 1.8 mg -0.1 [-0.3 ; 0.0] <0.0001 Non-inferiority Confirmed
Oral sema 14 mg - Lira 1.8 mg -0.1 [-0.3 ; 0.0] 0.0645 0.05 Supericrity Not confirmsd

Other confirmatory endpoints: Change from baseline at week 26 in body weight (kg)

Oral sema 14 mg - Placebo -3.8 [-4.7 ; -3.0] =<=0.0001 Supericrity Confirmed

Cral sema 14 mg - Lira 1.8 mg -1.2 [-1.% ; -0.&] ©0.0003 Supsricrity Confirmed
'alpha': local significance level according to the testing strategy for hypotheses that are not
confirmed; CI: confidence interval

Source: Table 11-1 CSR PIONEER 4

Figure 15 HbA1c (% and mmol/mol) by Week — Mean Plot — PIONEER 4
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Source: Figure 11-1 CSR PIONEER 4
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Data Quality and Integrity - Reviewers' Assessment
| did not identify any issues with the data submitted by the applicant.
Efficacy Results - Secondary and other relevant endpoints

Change in body weight

At baseline, the mean body weight in the semaglutide group was 92.9 kg, compared with 95.5
kg in the liraglutide group and 93.2 kg in the placebo group. The observed change in body
weight at week 26 was greater with semaglutide (-4.4 kg) vs liraglutide (-3.2 kg) or placebo
(-0.6 kg). Of note, the observed maximal weight loss was not achieved at week 26. From
weeks 26 through 38, body weight levels decreased further in all treatment groups, and
thereafter increased modestly in all treatment groups through week 52.

For the secondary endpoint, change in body weight at week 26, semaglutide was statistically
superior to both placebo and liraglutide.

HbAlc treatment targets

For the in-trial observation period, at weeks 26 and 52, the observed proportions of patients
who achieved the AACE (£6.5%; Figure 11-9) and ADA (<7.0%; Figure 11-10) HbA1lc treatment
targets were greater with oral semaglutide than with liraglutide or placebo, however this was
an exploratory endpoint.

Figure 16 Proportion of Patients who Reached the HbAlc <6.5% Treatment Target at Week 26
(Left Panel) and at Week 52 (Right Side Panel) — PIONEER 4
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Source: Figure 11-9 CSR PIONEER 4
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Figure 17 Proportion of Patients who Reached the HbAlc <7.0% Treatment Target at Week 26
(Left Side Panel) and at Week 52 (Right Side Panel) — PIONEER 4
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Source: Figure 11-10 CSR PIONEER 4
Dose/Dose Response
Not applicable as only one dose of semaglutide was evaluated.
Durability of Response
It appears that the HbAlc lowering persisted for the duration of the trial.
Persistence of Effect
Not applicable. Effect after discontinuation of study drug was not assessed.
Additional Analyses Conducted on the Individual Trial
Sensitivity analyses for the primary endpoint were generally supportive of the primary analysis,
6.5.PIONEER 5 (4234)
6.5.1. Study Design
Overview and Objective

Study title: Efficacy and Safety of Oral Semaglutide Versus Placebo in Patients with Type 2
Diabetes and Moderate Renal Impairment

Primary objective:
To compare the effect of once daily dosing of 14 mg oral semaglutide versus placebo, both in
combination with metformin and/or sulfonylurea, basal insulin alone or metformin in
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combination with basal insulin on glycemic control in patients with type 2 diabetes mellitus and
moderate renal impairment.

Secondary objectives

- To compare the effect of once daily dosing of 14 mg oral semaglutide versus placebo,
both in combination with metformin and/or sulfonylurea, basal insulin alone or
metformin in combination with basal insulin on body weight in patients with type 2
diabetes mellitus and moderate renal impairment.

- To compare the safety and tolerability of once daily dosing of 14 mg oral semaglutide
versus placebo, both in combination with metformin and/or sulfonylurea, basal insulin
alone or metformin in combination with basal insulin in patients with type 2 diabetes
mellitus and moderate renal impairment.

Trial Design

This was a randomized, double-blind, placebo-controlled, parallel-group, multicenter,
multinational trial with a 26-week treatment period (including an 8-week dose escalation
period).

A total of 324 adults with T2DM were planned for randomization.

Figure 18 Trial Design PIONEER 5

n=324 3 mg 7 mg 14 mg oral semaglutide

Placebo
Randomisation (1:1)

| ) ;
[ 1 / pre
Week -2 Week 0 Week 4 Week 8 Week 26 Week 31

Screening End of treatment Follow-up visit

Source: Figure 9-1 CSR PIONEER 5

Key inclusion/exclusion criteria:
Similar to other PIONEER trials except for the following:
- HbAlc of 7.0-9.5%
- Moderate renal impairment defined as estimated glomerular filtration rate of 30-59
mL/min/1.73 m2
- Stable daily dose(s) within 90 days prior to the day of screening of any of the following
treatment regimens:
o 1-2 of the following oral anti-diabetic drugs:
=  Metformin 2 1500 mg or maximum tolerated dose documented in the
patient medical record),
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= Sulfonylurea (2 half of the maximum approved dose according to local
label or maximum tolerated dose as documented in patient medical
record)
- Basal insulin alone (20% change in total daily dose of insulin glargine, insulin
detemir, insulin degludec or NPH insulin) or
o Metformin (= 1500 mg or maximum tolerated dose documented in
the patient medical record) in combination with basal insulin (20%
change in total daily dose of insulin glargine, insulin detemir, insulin
degludec or NPH insulin)

Please see full inclusion and exclusion criteria in the study protocol.

Dose selection/Study treatments:

Patients were randomized 1:1 to receive once-daily treatment for 26 weeks with oral
semaglutide 14 mg, or with placebo. The trial product regimens, including the dose escalation
approach for oral semaglutide 14 mg, were the same as for other PIONEER trials. Semaglutide
dosing and administration details were also the same across all PIONEER trials.

Dose modification/discontinuation:

Same as other PIONEER trials. Patients on basal insulin were to reduce their total daily insulin
dose by 20% at randomization and to continue to measure SMPG values regularly throughout
the trial. After having reached the maximum dose of oral semaglutide (14 mg), basal insulin
could be up-titrated by the investigator from week 10 to week 16 based on the lowest of three
fasting pre-breakfast SMPG values.

Administrative structure:
Same as other PIONEER trials.

Procedures and schedule:

The patients attended in-person visits at screening, randomization, 4, 8, 14, 20, 26 (end of
treatment), and 31 weeks (follow-up). Additionally, telephone visits were scheduled for weeks
2, and 16. For patients on basal insulin, additional phone visits occurred at weeks 10, 11, 12,
13.

Eye examinations were performed at screening and end of treatment.
See study protocol for a full schedule of events.

Treatment compliance:
Similar to other PIONEER trials.
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Rescue medications:

FPG-based rescue medication criteria were applied to ensure acceptable glycemic control in
both treatment groups. Patients with persistent and unacceptable hyperglycemia (as judged by
the investigator) were to be offered treatment intensification. To allow time for dose
escalation of trial product, dose adjustment of basal insulin, and to observe the expected effect
of treatment on glycemic parameters, rescue criteria were to be used from week 12 and
onwards. The choice of rescue medication was at the investigator’s discretion, with the
exception that GLP-1 RAs, DPP-4 inhibitors or amylin analogues were not allowed as rescue
medication. For patients with basal insulin as part of their background medication, increase of
basal insulin dose was to be first choice.

Study Endpoints

The primary and confirmatory secondary endpoints were the same as for the previously
reviewed PIONEER studies.

Statistical Analysis Plan

The sample size was calculated to ensure a statistical power of at least 90% to confirm
superiority on change from baseline at week 26 in HbA1lc for the treatment policy estimand of
oral semaglutide vs placebo. 324 patients were planned to be randomized.

The testing strategy involved testing for superiority for the HbAlc endpoint semaglutide vs
placebo, followed by superiority testing for body weight at week 26.

Analysis sets were FAS and SAS, defined as for all other PIONEER trials.
Observation periods were the same as for the other PIONEER trials.

Protocol Amendments

There were 2 amendments to the protocol, as outlined in the table below.

Table 30 Amendments to the Protocol PIONEER 5
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Amendment Issue date Timing of Countries Key changes
number change affected
(before/after
FSFV)
No 1-SE 10-Tun-2016 Before FSFV Sweden Local substantial amendment requested by the

Medical Products Agency:

* Changed definition of adequate
contraception measures

No 2- Global 14-Nov-2016 After FSFV All Global substantial amendment based upon
feedback from FDA regarding retinopathy.

*  Additional eye examinations and fundus
photography or dilated fundoscopy at end
of trial and after premature
discontinuation of trial product

e  Fundoscopy requires pharmacological
dilation of both pupils

* Eye examination category added as
supportive secondary endpoint

¢  Diabetic retinopathy and related
complications added as adverse events
requiring additional data collection

¢  Addition of ‘Diabetic retinopathy
complications’ subsection to “Benefit-
risk assessment of the trial” section of the
protocol.

Source: Table 9-11 CSR PIONEER 5

None of these amendments is likely to have impacted the results of the study.
Data Quality and Integrity: Sponsor's Assurance

The trial was monitored by Novo Nordisk using on-site visits, telephone calls and regular
inspection of the eCRFs.

6.5.2. Study Results
Compliance with Good Clinical Practices

The sponsor stated that the trial was conducted in accordance with ICH GCP.

Financial Disclosure

Of the 538 investigators that participated in the trial, 13 had disclosable financial interests. See
Appendix 13.3 for details.

Patient Disposition
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In total, 721 patients were screened, 397 failed screening; and 324 patients were randomized
to receive either oral semaglutide (163 patients) or placebo (161 patients).

Out of the 397 patients who failed screening, the majority (256 patients, 64.5% of all screening
failures) failed due to non-fulfilment of inclusion criterion 5: moderate impaired renal function
(defined as estimated glomerular filtration rate [eGFR] of 30-59 mL/min/1.73m?2

In total, 273 patients (84.3%) completed the treatment with trial product and 314 patients
(96.9%) completed the trial. The proportion of patients completing treatment was lower with
oral semaglutide 14 mg (81.0%) than with placebo (87.6%), whereas the proportion of patients
completing the trial was identical across treatment groups (96.9%). A total of 3.1% (10
patients) of all patients withdrew from the trial, 3.1% in each treatment group.

A total of 50 patients (15.4%) discontinued trial product prematurely. This occurred mainly
during the dose escalation period in the oral semaglutide 14 mg group whereas trial product
was discontinued throughout the course of the trial with less clear time dependency in the
placebo group. Trial product was prematurely discontinued for the following reasons: AEs
(10.5%), violation of inclusion and/or exclusion criteria (1.2%), patient withdrawal from trial
(0.6%) and ‘other’ reasons (3.1%).
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Table 31 Patient Disposition PIONEER 5

Oral sema 14 mg Placsbo Total
N (%) N (%) N (%)
Scresned 721
Screening failures 387 (55.1)
Randomised 163 181 324
Expossd 163 ({ 100) 161 ( 100) 324 ( 100)
LZnalysis sets
Full analysis sst le3s ( 100 161 ( 100) 324 ( 100)
Safety analysis set 163 ( 10O 16l { 140a) 324 [ 100)
Treatment completsrs [1] 1323 (Bl.g&) 141 (B7.¢&) 274 (B4.¢
Without rescue medication 127 (77.%) 127 (78.9) 254 (78.4)
With rescus medication a (3.7 14 ( 8.7) 20 ( 6.2
Premature trial product discontinuation - primary 30 (18.4) 20 (12.4) 50 (15.4)
reason
Adwerse =vent (=) z24 (14.7) 10 ( 6.2) 34 (10
Viclation of inclusion and/or sxclusion criteria 1 { 0.8) 2 (1 4 (L.
Intention of becoming pregnant o a a
Participation in another clinical trial [2] o] a 0
Calcitonin valus >=100 ng/L o] o] o
Subject withdrawal from trial o] 2 1.2) 2 ([ 0.8)
Pregnancy o] a 1]
Other S 2.1) 5 ( 3.1) 10 ( 3.1)
Trizal completers [3] 158 (96.9) 156 (96.9) 314 (96.9)
Completed treatmsnt 122 (B1l.) 141 (B7.¢&) 272 (84.3)
Discontinued trial product 2 (1le.0) 15 ( 9.3) 41 (12.7)
Withdrawal from trial - primary reascon 5 {( 3.1) S [ 2.1) 10 ( 3.1
Lost to follow-up 3 {1.8) 1 { 0.86) 4 ( 1.2)
Withdrawal by subject 1 ( 0.8) 2 (1.2) 2 0.9)
Cther 1 ( 0.8) 2 (1.2) 3 0.9
Died 1 ( 0.6) 2 ( 1.2) 3 ( 0.9)
"[1]": subjects who completed tresatment with trial product according to the end-of-trial form;
"[2]": simultaneous participation in any cther clinical trial recsiving an investigational medicinal
product; "[3]': subjects who attended the final scheduled wisit; 'primary reason': according to the
end-of-trial form; "Rescuse medication': use of new anti-diaketic medication as add-on to trial

product and used for mors than Z1 days with the initiation at or after randomisation and before last
day on trial product, and/cr intensification of anti-diabetic medication (a mors than 20% increass
in dose relative to baseline) for more than 21 days with the intensification at or after
randomisation and befores last day on trial product; N: number of subjects; %: proportion of
randomised subjects except for screening failures where it is proportion of scresned subjscts.

Source: Table 10-1 CSR PIONEER 5
Protocol Violations/Deviations

In total, there were 147 important PDs; the PDs comprised 1 trial-level PD (Section 10.5.2), 21
site-level PDs and 125 patient-level PDs (Section 10.5.4). No important country-level PDs were
reported. The one trial level PD was common with the other PIONEER trials, and it belonged to
the ‘Assessment deviation (incl. lab)’ category and concerned the reporting of body weight
measurements with precisions less than the one specified in the trial protocol (0.1 kg/pound) at
some trial sites. This occurred due to use of scales with a precision of 0.5 kg/pound or rounding
off to the nearest half or whole kg/pound by the site staff. The PD was not considered to have
had any impact on the data interpretation.
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Important site-level and patient-level PDs are summarized below by category.

Table 32 Summary of important site-level and patient-level protocol deviations

Category Site-level Subject-level PDs
PDs (n)
Screening Oral semaglutide Placebo Total no of subject-
failures 14 mg level PDs
Informed consent 1 20 10 10 40
Inclusion/exclusion/ 1 0 3 11 14

randomisation criteria

Trial product handling 1 0 3 3 6

Treatment compliance 0 0 5 8 13
Assessment deviations 2 1 13 19 33
Other 16 0 13 6 19
Total 21 21 47 57 125

n: number of PDs; PD: protocol deviation
Source: Table 10-16 CSR PIONEER 5

There were no relevant differences across treatment groups in the number of PDs for any PD
category or subcategory.

Table of Demographic Characteristics

The demographic and baseline characteristics were generally similar across treatment groups.
The population was evenly distributed between male and female patients with a mean age of
70 years. All patients had T2DM with an overall mean duration of 14.0 years (SD 8.0). The
overall mean HbAlc was 8.0%. The mean body weight in the oral semaglutide group was 91.3
kg compared to 90.4 kg in the placebo group. The mean estimated eGFR was 48 mL/min/1.73
m2 and was similar across treatment groups.
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Table 33 Selected Demographics and Baseline Characteristics for Continuous Variables -
PIONEER 5

Oral sema 14 mg Placebo Total

Humber of subjects 1E3 161 324
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H 163 161 324
Mean (SD) 14.1 (8.6) 13.9 (7.4) 14.0 (8.0}

Body weight (kg)

H 162 16l 323

M=an (5D) 91.3 (17.8) %0.4 (17.5) 90.8 (17.8)
2GFR (mL/min/l1.73 m*2)

H 163 lel 324

Mean (5D) 47 (10) 48 (10) 43 (10

Mediar 47 4B 43

Min; Max 24 ; B0 26 ; 77 24 ; 80

Urinary albumin to creatinine ratio (mg/g)
N lez 156
: =1

Gecm. M=an (CV) 3.5 (500.7) (619.49

The GFR was estimated using the CKD-EPI formula. "Bassline': 4

C cmisation wisit; =GFR: estimated glomerular filt
Disease Epidemiology Collaboration; N: number of subjects; SD:
geometricy CV: coefficient of wvariation

Source: Modified from Table 10-2 CSR PIONEER 5
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Table 34 Selected Demographics and Baseline Characteristics for Categorical Variables -
PIONEER 5

Cral sema 14 mg Placebo Total
2 (%) N (%) N (%)
Humber of subjects 1e3 1l 324
Lge group (ysars)
H 183 ( 100) 1l { 100) 324 ( 100)
18 <= to < &5 26 [1&.0) 29 [24.Z) ES (20.1)
ES <= to < 75 79 (43.5) T3 (45.3) 152 (4€.9)
75 <= to < 85 51 [31.3) 48 (29.B) 59 (30.8)
BS <= T 4.3) 1 { 0.8) 8 [ 2.5)
Sex
H 1€3 { 100} 1l { 100} 324 ( 100)
Female BO (49.1) BE (54.7T) 188 (51.9)
Male B3 (50.9) 73 [45.3) 156 (48.1)
Eegicn
H 183 ( 100) 1el { 100) 24 ( 100)
Europe 120 (73.8) 110 (88.3) 230 (71.0)
Horth America 43 [26.4) 51 (31.7) 84 (28.0)
Racs
H 163 | 100) 1el { 100) 324 ( 100)
White 158 (9€.9) 152 (94.4) 310 (95.7)
Black or African American 4 | 2.5) 9 [ 5.8) 13 ( £.0)
REsian 1 0.8) 0 1 [ 0.3)
Emerican Indian or ARlaska Native o] o] o
Hative Hawaiian or other Pacific Islander o o] o
Other 0 o 1]
Ethnicity
H 13 ( 100) lel 324 ( 100)
Hispanic or Latino T 4.3) 14 21 [ €.5)
Not Hispanic or Latino 156 (95.7) 147 ) 303 (93.35)
Not applicabls 0 0 1]
Urinary albumin to creatinine ratio (mg/lfg)
H 183 | 100) 18l | 1040 324 | 100)
Mormal to mildly increassed | < an) S8 (53.9) 105 (85.2) 201 (82.0)
Moderately increassd {20 <= to <= 300) 44 (27.0) 25 ({15.5) g9 [21.3)
Severely increased { > 300) 22 (13.5) 26 (le.1) 43 (14.8)
Unclassified 1 0.8) 5 ( 3.1) & ( 1.9)
Renal function, &GFR [(mL/min/1.73m"2)
H 163 ( 100} lel { 100} 324 ( 100)
Hormal (S0 <= 1 1] o 1]
Mild RI [80 <= to < 90) 15 | %.2) 16 [ %.9) 31 [ 9.8)
Maderats RI {30 <= to < &0) 143 (B7.T) 142 (88.2) ZB5 (EB.0)
Savers RI {15 <= to < 30) 50 3.1) 3 [ 1.9) 3 [ 2.5)
End-stage renal dissase | < 15} 1] o a
Renal function strata, GFR (mL/min/l.73m"2)
H 183 | 1009 1l ( 100) 324 ( 100)
30 <= to < 45 Ed [39.3) Ed (38.8) 1283 (39.5)
45 <= to < &0 59 (80.7T) o7 (e0.2) 1% (80.5)

Hot applicable: for ethnicity valuss recorded as 'missing', '"not done', or 'not-available':
'Baseline': defined as thes latest assessment at or pricr to the randomisation wisit; '"Smoking':
defined as smeoking at least one cigarstte or sgquiwvalent daily; The renal function categories are

based on the &GFR as psr CKD-EPI; CED-EPI: Chronic Kidney Dissase Epidemioalogy Collaboration; eGFR:
e2stimated glomerular filtraticon rate; RI: renal impairment; N: number of subjects; %: proportion of
subjects.

Source: Modified from Table 10-3 CSR PIONEER 5
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Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs)

Medical history/Concomitant illnesses

The most frequent and clinically relevant concomitant illnesses for oral semaglutide 14 mg and
placebo were, respectively; obesity (38.7% and 41.6%), dyslipidemia (25.8% and 31.7%), hepatic
steatosis (6.7% and 8.7%) and hypothyroidism (12.3% and 9.9%).

Diabetic retinopathy was reported at baseline in 41.1% and 35.4% for oral semaglutide 14 mg,
and placebo, respectively (the majority reported as non-proliferative diabetic retinopathy).
Other diabetic complications included diabetic neuropathy (49.1% and 50.3%) for oral
semaglutide 14 mg and placebo, respectively.

No clinically relevant differences across treatment groups were observed for histories of renal
impairment at screening. The most frequently reported histories and risk factors of renal
impairment were hypertension (34.4% and 42.2%) and diabetic nephropathy (81.6% and 81.4%)
for oral semaglutide 14 mg and placebo, respectively.

The most frequently reported histories and risk factors of cardiovascular disease were ischemic
heart disease (46.0% and 42.9%), myocardial infarction (19.0% and 14.9%) and percutaneous
coronary intervention (16.0% and 13.0%) for oral semaglutide 14 mg and placebo, respectively.

Treatment Compliance, Concomitant Medications, and Rescue Medication Use

Concomitant and anti-diabetic medications

The most frequently used concomitant medications were HMG CoA reductase inhibitors,
platelet aggregation inhibitors excluding heparin, beta blocking agents and ACE inhibitors. They
were evenly distributed between the treatment groups.

In this trial, randomization was stratified based on renal function and pre-trial anti-diabetic
background medication (metformin alone, SU + metformin or basal insulin + metformin) to
ensure an even distribution of the two treatment arms within the three strata. In total, 23.8%
of patients were on metformin alone, 40.7% of patients were on SU + metformin and 35.5% of
patients were on basal insulin £ metformin with an equal distribution between treatment
groups.

The total daily mean insulin dose was 44 units (range of 8—132 units) in the oral semaglutide 14
mg group (59 patients) and 47 units (range of 4-162 units) in the placebo group (56 patients)
The proportions of patients receiving additional anti-diabetic medication, including rescue
medication, was lower in the oral semaglutide 14 mg group compared to the placebo group at
week 26. The additional and rescue medications are summarized in the table below.
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Table 35 Additional Anti-Diabetic Medication and Rescue Medication PIONEER 5

Orzl sema 14 mg placsbo
H (%) N (%)
Additicnal Eescus Additional Rescuse
anti-diabetic medication anti-dizbetic medication
medication medication
Humber of subjects in FAS 1&3 1681
Humber of subjscts on 12 {7.4) T {4.3) 21 (13.0) 1le (9.9)
additiconal anti-diabstic
madication and rescus
medication at Week Z2g
Sulfonylureas 1 (0.8} 0 3 (1.9) 2 (1.2)
Mztformin 1 (0.8} 1 (0.8) 3 (1.9) 3 (1.9)
DPP-4 inhibitors 2 (1.2) 0 5 {3.1) 2 (1.2}
Insulins
Long-acting 4 (2.5) 3 (1.8) T (4.3) T (4.3
Fast-acting 2 {1.2) L 2 {1.2) 1 (D.E)
Inter-mediate-acting 1 (0.&) 1 (0.8) 3 (1.9) 3 (1.9
Inter-mediate- or long- 1 (0.8} 1 (0.8) 1 {0.86) 1 (0.3)
acting combinsd with
fast-acting
S5GLT-2 inhibitors 1 (0.8} 1 (0.8) 0 0
Other blood glucose a - 1 ({0.8) -

lowering drugs

Source: Table 10-5 CSR PIONEER 5
Efficacy Results - Primary Endpoint

Superiority of semaglutide vs placebo was shown for both the primary endpoint (change from
baseline at week 26 in HbAlc), and the confirmatory secondary endpoint (change from baseline
at week 26 in body weight). At baseline, HbAlc levels were similar across treatment groups
(7.9-8.0%). For the in-trial observation period (used in the evaluation of the treatment policy
estimand), HbA1lc levels decreased from 8.0% at baseline to 6.9% at week 26 with oral
semaglutide and remained relatively stable with placebo. The observed changes from baseline
were -1.1% with oral semaglutide compared to -0.1%.

Table 36 Primary and Confirmatory Secondary Endpoints — PIONEER 5
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Endpoint Estimate [95% CI] p-valus alpha Hypothesis

Conclusion

Primary endpoint: Change from baseline at week 26 in HblAlc (&-points)

Oral sema 14 mg - Placebo -0.8% [-1.0 ; -0.8] <0.0001 Superiority Confirmsd
Other confirmatory endpoints: Change from baseline at week 26 in body weight (kg)

Oral sema 14 mg - Placebo -2.5 [-3.2 » -1.8] <0.0001 Supericrity Confirmsd
'alpha': local significance lewvel according to the testing strategy for hypotheses that are not

confirmed; CI: confidence interval

Source: Table 11-1 CSR PIONEER 5

The decline in HbAlc with semaglutide was seen at week 14 and was sustained throughout the

rest of the trial.

Figure 19 Mean HbA1c (%) by Treatment Week - FAS — PIONEER 5
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tha ritimhar of @ doscte carkek fing In P mnane

Source: Figure 11-1 CSR PIONEER 5
Data Quality and Integrity - Reviewers' Assessment
| did not identify any issues with the data integrity.

Efficacy Results - Secondary and other relevant endpoints

Body weight
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At baseline, body weight was similar across treatment groups (90.4-91.3 kg). At 26 weeks, the
observed reduction in body weights were —3.5 kg and —0.9 kg with oral semaglutide 14 mg and
placebo, respectively. The body weight decreases with semaglutide did not plateau, but it was
rather a gradual decrease to week 26. A small decrease in weight was seen with placebo
between baseline and week 20.

HbAlc treatment targets

For the in-trial observation period, at week 26 the observed proportions of patients who had
reached the ADA (<7.0%) or AACE (<6.5%) HbAlc treatment targets were greater with oral
semaglutide 14 mg (57.8% and 39.0%, respectively) than with placebo (22.6% and 7.7%,
respectively);

Dose/Dose Response

Not applicable as only the 14 mg semaglutide dose was evaluated.

Durability of Response

The HbAlc decrease was progressive to week 20, and it was sustained from week 20-26.
Persistence of Effect

Not applicable, patients were not studied after the end of the trial.

Additional Analyses Conducted on the Individual Trial

The applicant conducted sensitivity analyses for the primary endpoint, and all were supportive
of the primary endpoint.

6.6.PIONEER 7 (4257)
6.6.1. Study Design
Overview and Objective

Only the main phase of this study will be reviewed here, as this is proposed for inclusion in the
prescribing information, and the applicant is planning to submit the results of the extension
phase in a separate report.

Study Title: Efficacy and Safety of Oral Semaglutide Using a Flexible Dose Adjustment Based on
Clinical Evaluation versus Sitagliptin in Patients with Type 2 Diabetes Mellitus
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Primary Objective

To compare the effect of once-daily dosing of oral semaglutide using a flexible dose adjustment
based on clinical evaluation versus sitagliptin once daily, both in combination with 1-2 OADs on
glycemic control in patients with T2DM.

Secondary objective

- To compare the effect of once-daily dosing of oral semaglutide using a
flexible dose adjustment based on clinical evaluation versus sitagliptin once
daily, both in combination with 1-2 OADs on body weight in patients with
T2DM.

- To compare the safety and tolerability of once-daily dosing of oral
semaglutide using a flexible dose adjustment based on clinical evaluation
versus sitagliptin once daily, both in combination with 1-2 OADs in patients
with T2DM.

Trial Design

This trial consisted of two 52-week treatment periods: a 52-week main phase and a 52-week
extension phase. The main phase was a 52-week randomized, open-label, active-controlled, 2-
arm, parallel-group, multi-center, multi-national treatment period with an initial 2-week
screening period and, for patients that did not continue in the extension phase, a 5-week
follow-up period.

Figure 20 Trial Design PIONEER 7

n=500 Oral semaglutide 3 mg, 7 mg or 14 mg
Sitagliptin 100 mg
BT ¢ A -
*®

Wk -2 Wk0 Wk 8 Wk 16 Wk 48 Wk 52 Wk 60 Wk 100 Week 104 Week 109

R . 11\| Y J’T‘ 1\
Screening Main phase Sitagliptin arm Extension End of Follow-up

re-randomisation treatment visit

1:4 phase

Source: Figure 9-1 CSR PIONEER 7

A total of 500 adult patients with T2DM treated with 1-2 OADs (metformin, SU, TZD or SGLT-2
inhibitors) were planned to be randomized in the main phase. Of these, a minimum of 380
patients were planned to continue in the extension phase.
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Key Inclusion/Exclusion criteria
Same as other PIONEER trials with the following details:
- HbA1c 7.5-9.5% (58-80 mmol/mol) (both inclusive).
- Treatment target of HbAlc < 7.0% (53 mmol/mol), as judged by the investigator.
- Stable daily dose(s) of 1-2 of the following anti-diabetic drugs within 90 days prior to the day
of screening:
a. Metformin (21500 mg or maximum tolerated dose documented in the patient
medical record).
b. Sulfonylureas (> half of the maximum approved dose according to local label or
maximum tolerated dose as documented in patient medical record).
c. Sodium glucose co-transporter 2 inhibitors.
d. Thiazolidinediones (= half of the maximum approved dose according to local

Dose selection/study treatments:
In the main phase, patients were randomized 1:1 to receive once-daily treatment for 52 weeks
with oral semaglutide flexible dosing (3, 7 or 14 mg) or with sitagliptin 100 mg.

Patients randomized to oral semaglutide in the main phase initiated treatment on the 3 mg
dose level and were to maintain this dose for the first 8 weeks. For the remainder of the
treatment period, the dose of oral semaglutide was adjusted every 8 weeks according to the
dose adjustment criteria:
- HbAlc
o When HbAl1c < 7.0%, the current dose of oral semaglutide was to be
continued
o When HbAl1c > 7.0%, the dose of oral semaglutide was to be
escalated to the next dose level
- Tolerability
o In case the patient reports moderate to severe nausea or vomiting for
3 or more days in the week prior to the scheduled visit, the dose of
oral semaglutide was to be maintained or reduced, at the
investigator’s discretion, regardless of HbAlc.

Patients on 3 mg oral semaglutide could not have their dose reduced.

Administration details for oral semaglutide were the same as outlined for the other PIONEER
trials.

Procedures and Schedule:
The patients were to attend visits in person at screening, randomization, week 8, 16, 24, 32, 40,
48, 52 (end of treatment), and 57 (follow-up). One telephone visit was set up for week 4.

Eye examinations were performed at screening and end of treatment.
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Please see study protocol for complete study procedures.

Concurrent medications:
Patients were to continue their anti-diabetic background medication throughout the main
phase of the trial at the same dose level as given at trial entrance and with the same frequency
during the entire treatment period unless any of the following:

- Rescue medication was needed

- Any safety concerns related to the background medication arose.

- The patient had unacceptable hypoglycemia on a background SU, in which

case the dose of SU could be reduced.

Treatment compliance
Treatment compliance was to be assessed by monitoring of drug accountability.

Rescue Medications

Patients with persistent and unacceptable hyperglycemia were to be offered treatment
intensification with rescue medication (i.e. intensification of existing anti-diabetic medication
and/or initiation of new anti-diabetic medication) if HbAlc > 8.5% from week 32 to end of
treatment. Rescue medication was to be prescribed at investigator’s discretion as add-on to
the randomized treatment and according to ADA/EASD guidelines. As for all PIONEER trials,
GLP-1 RAs, DPP-4 inhibitors and amylin analogues were not allowed as rescue medication.

Short-term use (< 21 days) of anti-diabetic medication (e.g. in connection with intercurrent
iliness) was not considered additional anti-diabetic medication (nor rescue medication).

Patient completion, discontinuation, or withdrawal
Same as for other PIONEER trials.

Study Endpoints

The primary endpoint was if a patient after week 52 achieved (yes/no) HbAlc < 7.0% as per the
ADA target.

The confirmatory secondary endpoint was the change from baseline to week 52 in body weight
(kg).

Statistical Analysis Plan

The sample size was calculated to ensure a statistical power of at least 90% to confirm
superiority on HbAlc < 7.0% (yes/no) at week 52 for the treatment policy estimand of
semaglutide flexible dosing versus sitagliptin. A total of 500 patients were planned to be
randomized.
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The hierarchal testing strategy was used to preserve the overall type-1 error at a two-sided 5%
significance level for the treatment policy estimand only. The statistical testing strategy was
based on the principle that glycemic effect was to be established in terms of HbAlc superiority
before testing for added benefits in terms of body weight superiority.

Analysis sets and observation periods were as defined for PIONEER 1.

Protocol Amendments
There were 2 substantial amendments to the protocol as outlined in the table below.

Table 37 Amendments to the Protocol PIONEER 7

Amendment Issue date Timing of change Countries Key changes

number (before/after affected (for changes issued after FSFV)
FSFV)

1 09 November 2016  Approx. 3 weeks Global Introduction of additional eye examinations
after FSFV and additional data collection on diabetic

retinopathy; addition of bicarbonate as part of
the biochemistry laboratory assessment;
investigator’s responsibility in ensuring
evaluation and management of certain risk
factors and complications: clarification of the
criteria for completion, withdrawal and lost to
follow-up and other minor adjustments.

5]

14 March 2017 Approx. 6 months  Global Created to add a 52-week extension period to
after FSFV the trial in order to assess: (1) sustainability of

glycaemic control and long-term safety in
subjects exposed to oral semaglutide using
flexible dose adjustment for a period of up to
104 weeks and (2) effect of switching from
sitagliptin to oral semaglutide on glycaemic
control and safety for a period of up to 52
weeks

Source: Table 9-11 CSR PIONEER 7

None of these amendments are likely to impact evaluation of safety and efficacy from PIONEER
7.

Data Quality and Integrity: Sponsor's Assurance

The trial was conducted in accordance with ICH GCP per the sponsor. The investigators were
required to have been trained in GCP. The trial was monitored by the sponsor using a risk-
based approach by means of on-site monitoring visits, off-site monitoring visits, telephone calls,
and regular inspection of the electronic case report forms (eCRFs).
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6.6.2. Study Results
Compliance with Good Clinical Practices
The trial was conducted in accordance with ICH GCP.
Financial Disclosure
Of the 411 investigators, 6 had financial disclosures. See Appendix 13.3 for details.
Patient Disposition

In total, 804 patients were screened and 300 patients failed screening; thus, 504 patients were
randomized to receive either oral semaglutide flexible dosing (253 patients) or sitagliptin 100
mg (251 patients). Out of the 300 patients who failed screening, the majority (228 patients,
76.0%) failed due to nonfulfillment of HbAlc inclusion criterion.

In total, 439 patients (87.1%) completed the treatment with trial product and 485 patients
(96.2%) completed the main phase of the trial. The proportion of patients completing
treatment was lower in the semaglutide group (83.4%) compared to the sitagliptin group
(90.8%). For patients completing the main phase of the trial, the proportion of patients were
similar between the treatment groups (95.3% and 97.2%, respectively). A total of 3.8% of all
patients withdrew from the trial; more patients in the semaglutide group (4.7%) than from the
sitagliptin group (2.8%).

A total of 65 patients (12.9%) discontinued trial product prematurely for the following reasons:
adverse events (6.3%), violation of inclusion and/or exclusion criteria (1.2%), patient withdrawal
from trial (0.8%), pregnancy (0.2%) and ‘Other’ reasons (4.2%).

CDER Clinical Review Template 110
Version date: September 6, 2017 for all NDAs and BLAs

Reference ID: 4492378



Clinical Review
Andreea Ondina Lungu
NDA 213051

Oral Semaglutide

Table 38 Patient Disposition PIONEER 7

Oral sema flex Sita 100 mg Total
N (%) N (%) N (%)
Scresned S04
Screening failures 300 (37.3)
Randomised 253 251 S04
Exposed 2533 ( 100y 250 (95%.¢) 502 (99.8)
Enalysis sets
Full analysis set 2533 ( 100y 251 ( 100) 504 ( L0Da)
Safety analysis set 253 ( 100) 250 (9%5.8) 503 (85.8)
Treatment completsrs [1] 211 (83.4) 228 (90.8) 43% (87.1)
Without rescues medication 202 (80.2) 1890 (75.7) 393 (78.0)
With rescus medication g ( 3.2) 38 (15.1) 46 [ 9.1)
Premature trial product discontinuation - primary 42 (1&6.6 23 ( 9.2) 65 (12.9)
reason
Exposed
Bdverse =vent(s) 22 T 10 ( 4.0) 32 { 6.3)
Viclation of inclusion and/or sxclusicon critsria 5 (2.0) 1 ( 0.4) & (1.2
Intention of bscoming pregnant 0 o] 0
Participation in another clinical trial [2] 0 a o]
Calcitonin valus >=100 ng/L 0 o] 0
Subject withdrawal from trial 32 1.2) 1 ( 0.4) 4 ( 0.8)
Pragnancy o] 1 ( 0.4) L ( 0.2)
Other 12 ( 4.7) g ( 2.6) 21 ( 4.2)
Not sxposed
Viclation of inclusion and/or sxclusion criteria ] 1 ( 0.4) 1 ( 0.2)
Trial complsters [3] 241 (95.3) 244 (27.2) 485 (96.2)
Completed treatmsnt 211 (83.4) 227 {(90.4) 438 (Be.9)
Discontinued trial product 320 (11.9) 17 | €6.8) 47 | 9.3)
Withdrawal from trial - primary reason 12 ( 4.7) 70 2.8) 19 3.8)
Lost to follow-up 7 ( 2.8) 4 [ 1.6) 11 ( 2.2)
Withdrawal by subject 5 ( 2.0) 1 ( 0.4) 6 (1.2)
Other 0 2 { 0.8) 2 [ 0.4)
Died 0 2 ( 0.8) 2 ( 0.4)
"[1]": subjects who completed treatment with trial product according to the end-of-trial form;
'[2]': simultanecus participation in any other clinical trial receiving an investigational medicinal
product; "[3]': subjects who attended the final scheduled wvisit; '"primary reason': according to the

end-of-trial form; "Rescue medication': use of new anti-diabetic medication as add-on te trial
product and used for more than 21 days with the initiation at or after randomisation and before last
day on trial product, and/or intensification of anti-diabetic medication (& mors than 20% increase
in doses relative to basslins) for mors than 21 days with the intensificaticon at or after
randomisation and before last dayv on trial product;

N: number of subjscts; %: proportion of randomised subjscts sxcept for scresening failurss whers it
is proportion of screened subjects.

Source: table 10-1 CSR PIONEER 7

Protocol Violations/Deviations
In total, 223 important PDs were closed before the main phase DBL; the PDs comprised 3 trial-
level PDs, 1 country-level PD, 10 site-level PDs and 207 patient-level PDs.

Trial-level PDs
Two PDs belonged to the ‘Assessment deviation (incl. lab)’ category:
- One PD concerned the reporting of body weight measurements with
precisions less than the one specified in the trial protocol (0.1 kg/pound) at
some trial sites. This was due to misunderstanding of the trial protocol
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requirement at these trial sites. The PD was not considered to have had any
impact on the data interpretation.

One PD concerned incorrectly performed bicarbonate testing which resulted
in reporting of bicarbonate results below the normal range. The central
laboratory inadvertently analyzed bicarbonate after the last biochemistry
analyte in a separate step that included reopening of the tube lid.
Bicarbonate dissipates from the tube and therefore should have been
measured as the first analyte after opening the tube lid. All bicarbonate
samples analyzed after the last biochemistry testing were considered invalid.
One PD belonged to the ‘Other’ category and concerned a deviation from the
predefined process for compilation of adjudication packages, which could
have led to potential unblinding of events sent for adjudication. The
deviation occurred due to inconsistent redaction of trial treatment
assignment, dose or administration route by the CRO. To ensure
adjudication was performed on blinded events, all 3 events that had been
adjudicated before the deviation was identified were readjudicated by new,
uncompromised EAC members after necessary redaction had been ensured.

One important country-level PD was reported in the category ‘Other’. This PD concerned the
use of an older version of ‘log of staff’ which led to a few errors in the delegation list. A new
version of ‘log of staff’ was distributed to all sites.

A summary of site and patient level PDs is presented in the table below.
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Table 39 Site- and Patient-Level PDs — PIONEER 7

Category Site-level Subject-level PDs (n)
PDs (n)
. Oral . e
Stl.t‘ enlm_g semaglutide Sitagliptin Total no of subject-level PDs
failures ) . 100 mg
flexible dosing
Informed consent - 8 17 18 43
Inclusion/exclusion/ - 1 22 18 41
randomisation
criteria
Discontinuation - 1 - 1
criteria
Trial product - 9 3 12
handling
Treatment - 20 15 35
compliance
Assessment - 1 32 22 55
deviations
Other 10 13 7 20
Total 10 10 114 83 207

n: number of PDs; PD: protocol deviation:

‘-*: indicate no PDs reported under this category

Source: Table 10-5 CSR PIONEER 7

Table of Demographic Characteristics

The population consisted of more male (56.5%) than female (43.5%) patients, with a mean age
of 57 years. The mean body weight was similar between the two treatment groups: 88.9 kg
with semaglutide and 88.4 kg with sitagliptin. The mean T2DM duration for the trial population
was 8.8 years. The mean baseline HbAlc was 8.3%. Most patients were White (75.6%) and the
treatment groups had similar distributions in terms of race and ethnicity. Renal function (based
on baseline eGFR) was normal for 71.8% of the patients: 27.8% had mild renal impairment and
0.4% had moderate renal impairment.
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Table 40 Baseline Characteristics and Demographics — Continuous Variables — FAS

Oral sema flex Sita 100 mg Total

Numbsr of subjects 253 251 504
Rge (years)

N 253 251 504

Mean (S3D) 57 (10) 58 (10) 57 (10)
HoRle (%)

N 253 251 504

Mszan (SD) 8.3 (0.8€) 8.3 (0.€) 8.3 (0.8€)
Duraticn of diabetes (yesars)

N 253 251 504

Mean (SD) 8.6 (6.3) 5.0 (6.2) B.8 (6.2)
Body weight (kg)

N 253 251 504

M=an (SD) 88.9 (19.8€) 88.4 (20.1) B8.E6 (19.8)
=GFR tmLfminfl.?S m*Z2)

N 253 251 504

Mean (SD) 57.0 (14.4) 95.3 (15.¢6) 956.2 (15.0)

Median 98.0 97.0 98.0

Min; Max 5%.0 ; 137.0 51.0 ; 14€.0 51.0 ; 14€.0

The =GFR was estimated using the CED-EPI formula.

'"Baseline': defined as the latest assessment at or prior to the randomisation visit; eGFR: estimated
glomerular filtration rate; CED-EPI: Chronic Kidney Disease Epidemiclogy Collaboration; N: number of
subijects; SD: standard deviation.

Source: Modified from Table 10-2 CSR PIONEER 7

Table 41 Baseline Characteristics and Demographics — Categorical Variables —=PIONEER 7
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Oral sema flex Sita 100 mg Total
N (%) N (%) H [%)
Humber cof subjects 253 251 504
Lge group (vears)
H 253 ( 100} 251 ( 100) 504 ( 100)
18 <= to < &5 187 (73.9) 180 (71.7) 387 (72.8)
g2 <= to < 15 6l (24.1) 58 (23.1) 119 (23.€)
75 «= to < 85 5 ( Z2.0) 12 { 4.8) 17 ( 3.4)
B85 < 0 1L { 0.4) 1 ( 0.2)
Sex
H 253 ( 100} 251 ( 100) 504 ( 100)
Female 108 (42.7) 111 {44.2) 218 (43.5)
Male 145 (57.3) 140 (55.8) 285 (56.5)
Begicn
H 253 ( 100} 251 ( 100} 504 { 100}
E 893 (36.8) 71 {2B.3) 164 (32.5)
1 T3 (28.9) 37 (34.7) 180 ({31.7)
South Emerica 35 ({13.8) 3% ({15.5) 74 (14,7}
Africa 24 { 9.5) 21 { B.4) 45  B.%)
Asia 28 {11.1}) 33 (13.1) &1 (12.1})
Racs
H 253 ( 100) 251 ( 100) 504 { 100)
White 185 (77.1) 186 (74.1}) 381 (75.€)
Black or African Zmerican 22 { 8.T7) 25 (10.0) 47 { 9.3}
Lzian 34 (13.4) 38 (15.1}) T2 (14.3)
Anerican Indian or Rlaska Natiwve 0 0 0
Hatiwve Hawaiian or other Pacific Islander 0 0 0
Other 2 ( 0.8) 2 { 0.8) 4 { 0.8}
Ethnicity
H 253 ( 100} 251 ( 100) 504 ( 100)
Hispanic or Latinc 48 (19.0) 57 (22.7) 105 (20.8)
Mot Hispanic or Latino 205 (BL.0) lad (77.3) 389 (79.2)
Hot applicables 0 0 0
Renal function, 2GFR (mL/min/l.73m2)
H 253 ( 100} 251 ( 100} 504 ( 100}
Hormal (90 <= ) 192 (75.9) 170 {87.7) 282 (71.8)
Mild RI (60 <= To < 20) B0 [23.7) 50 (31.9) 140 (27.8)
Maderate RI (30 <= tTo < ©0) 1§ 0.4) 1 [ 0.4) 2 ( 0.4)
Saverse RI (15 <= to < 30) o o g
End-stage renal dissases | < 15} a o] a

N&: for ethnicity valuss recorded a5 'missing', 'not dome', or "not-available'; 'Bassline': defined
25 the latest assessment at or prior to the randomisation wisit; "Smoking': defined as smcking at
lsast one cigarstte or sguivalent daily; The renal function catsegories are based on the =GFR as per
CED-EPI; CED-EPI: Chronic Kidney Disease Epidemioclecgy Collabeoration; eGFR: sstimated glomerular
filtration rate; RI: renal impairment: N: number of subjects: %: proportion of subjsects.

Source: Modified from table 10-3 CSR PIONEER 7
Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs)

Most patients did not have diabetic retinopathy, only 7.1% on semaglutide and 11.6% of
patients on sitagliptin reported a history of non-proliferative diabetic retinopathy. Other
diabetic complications included diabetic neuropathy (17.0% and 18.7%) and diabetic
nephropathy (6.7% and 5.2%) for semaglutide and sitagliptin, respectively.

Frequent and clinically relevant medical history included: gastrointestinal disorders (5.9% and
7.2%), infections and infestations (7.5% and 8.4%), neoplasms (6.3% and 8.0%), renal and
urinary disorders (3.2% and 6.8%), metabolism and nutrition disorders (0.8% and 1.6%), eye
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disorders (2.0% and 2.8%) and cardiac disorders (0.4% and 1.6%), for patients on semaglutide
and sitagliptin, respectively.

The most frequent and clinically relevant concomitant ilinesses were: hyperlipidemia (36.8%
and 39.0%), dyslipidemia (17.4% and 16.7%), obesity (12.3% and 16.3%), gastrointestinal
disorders (13.0% and 14.3%), hepatic steatosis (9.9% and 10.0%), hypothyroidism (7.5% and
7.6%), neoplasms (6.3% and 6.4%), vascular disorders (5.9% and 6.4%) and psychiatric disorders
(15.4% and 19.1% [of which depression constituted 7.9% and 10.4%]) for patients on
semaglutide and sitagliptin, respectively.

Overall the treatment groups were well matched regarding baseline characteristics.
Treatment Compliance, Concomitant Medications, and Rescue Medication Use

At baseline, the reported use of concomitant medications was similar between the treatment
groups. The most frequently used concomitant medications were lipid lowering agents,
especially HMG CoA reductase inhibitors (51.6% of patients). A large proportion of patients
used platelet aggregation inhibitors excluding heparin (33.3% of patients) and
antihypertensives, especially ACE inhibitors (21.2% of patients), angiotensin Il antagonists
(20.8%) and selective beta blocking agents (15.3%).

At randomization, a total of 98.0% of patients in the semaglutide group and 94.8% in the
sitagliptin group were on metformin, and 49.0% in the semaglutide group and 50.2% in the
sitagliptin group were on sulfonylureas.

The proportion of patients receiving additional anti-diabetic medication, including rescue
medication, was lower with semaglutide than with sitagliptin.
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Table 42 Additional Anti-Diabetic Medication and Rescue Medication PIONEER 7

Orzl sema flex Sita 100 mg
0 (%) H (%)
Additional Rescue Rdditional Rescus
anti-diabetic medication anti-diabetic medication
medication nedication
Humber of subjects in FAS 253 251
Total 22 { B.T) B { 3.2) 47 (18.7) 40 (15.9)
Sulfonvliureas g [ 2.4} 2 [ 0.8) 19 | 7.8) 18 { 7.2)
SGLT-2 imhibitors 5 {2.0) 3 (1.2) 12 ( 4.8) 12 { 4.8)
Insulins, long-acting 4 [ 1.8} 1 (0.4 30 2.0) 5 ( 2.0)
Insulins, intermediate-acting L { 0.4) 1 ( 0.4) 3 ( 1.2) 3 ( 1.2)
Insulins, fast-acting 0 1 ( 0.4)
:nfg;ins, ;gt?rmEQiﬁri— fr ;fpg— 1 (0.4) o 2 00 E 1 ( 0.4)
acting combined with fast-acting
22-4 inhibitors 7 ( 2.8) 0 ¢ ( L.g) a
Mztfiormin 0 o] & 2.4) 4 ( 1.8}
GLE-1 analogues 1 { 0.4) o 20 0.8) 0
Thiazolidinediones 0 a] 2 ( 0.8) 1 { 0.4)
Other 1 {0.4) 1 (0.4 1 ( 0.4) 1 {0.4)

Source: Table 10-4 CSR PIONEER 7
Efficacy Results - Primary Endpoint

Superiority of flexible dose semaglutide vs sitagliptin was confirmed for both the primary
endpoint (HbAlc < 7.0% at week 52) and the confirmatory secondary endpoint (change from
baseline at week 52 in body weight). The estimate in the table below represents the estimate
of odds ratios for semaglutide vs sitagliptin, for both the primary and confirmatory secondary
endpoint.

Table 43 Primary and Confirmatory Secondary Endpoints —PIONEER 7

Endpoint Estimate [95% CI] p-value alpha Hypothesis Conclusion

Primary endpoint: HbAlc < 7.0% (ADA) at week 52

Oral sema flex / Sita 100 mg 4.40 [2.89 ; €.70] «<.0001 Superiority Confirmed
Confirmatory secondary endpoint: Change from baseline at week 52 in body weight (kg)

Oral sema flex - Sita 100 mg -1.9 [-2.6 ; -1.2] <.0001 Superiority Confirmed
'alpha': local significance level according to the testing strategy for hypotheses that are not
confirmed; CI: confidence interval; 'p-value': unadjusted twoc-sided p-value for test of no
difference

Source: Table 11-1 CSR PIONEER 7

CDER Clinical Review Template 117
Version date: September 6, 2017 for all NDAs and BLAs

Reference ID: 4492378



Clinical Review

Andreea Ondina Lungu

NDA 213051
Oral Semaglutide

At baseline, HbAlc levels were similar between the two treatment groups (8.3%). HbA1c levels
decreased for both treatment groups from baseline to week 8, after which a separation of the

HbA1c levels for semaglutide and sitagliptin was observed. From week 8 through week 32,
HbA1c levels further decreased with semaglutide; with sitagliptin, HbAlc levels decreased

through week 16. At week 52, the observed changes from baseline were -1.3 % with

semaglutide and -0.8 % with sitagliptin.

Figure 21 HbAlc by Week — Mean Plot —PIONEER 7
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Source: Figure 11-1 CSR PIONEER 7

Data Quality and Integrity - Reviewers' Assessment

| did not find any issues with the data quality.

Efficacy Results - Secondary and other relevant endpoints

Body weight
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At baseline, body weight was similar between the two treatment groups (semaglutide: 88.9 kg,
sitagliptin: 88.4 kg). The estimated changes from baseline in body weight were -2.6 kg with
semaglutide and -0.7 kg with sitagliptin.

HbA1lc targets

More patients on semaglutide achieved either the ADA (HbAlc <7%) or the AACE (HbA1lc
<6.5%) targets compared to sitagliptin. The target of HbAlc <7% was achieved by 58.3% of
patients on semaglutide at 52 weeks, vs 25.2% of patients on sitagliptin. The target of HbAlc
<6.5% was achieved by 33% of patients on semaglutide at 52 weeks, vs 12.2% of patients on
sitagliptin.

Durability of Response

The semaglutide effect on glycemic control and weight appeared to be sustained for the
duration of the study.

Persistence of Effect

Not applicable as effect persistence was not assessed.
Additional Analyses Conducted on the Individual Trial
Not applicable.

6.7. PIONEER 8 (4280)
6.7.1. Study Design
Overview and Objective

Study Title: Efficacy and Safety of Oral Semaglutide versus Placebo in Patients with Type 2
Diabetes Mellitus treated with insulin.

Primary objective
- To compare the effect of once-daily dosing of three dose levels of oral
semaglutide (3 mg, 7 mg and 14 mg) versus placebo on glycemic control in
patients with type 2 diabetes mellitus treated with insulin.
Secondary objectives
- To compare the effect of once-daily dosing of three dose levels of oral
semaglutide (3 mg, 7 mg and 14 mg) versus placebo on body weight in
patients with type 2 diabetes mellitus treated with insulin.
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- To compare the safety and tolerability of once-daily dosing of three dose
levels of oral semaglutide (3 mg, 7 mg and 14 mg) versus placebo in patients
with type 2 diabetes mellitus treated with insulin.

Trial Design

This was a 52-week, randomized, double-blind, placebo-controlled, parallel-group, multicenter,
multinational trial. The total trial duration for the individual patient was approximately 59
weeks. The trial included a 2-week screening period followed by a 52-week randomized
treatment period and a 5-week follow-up period. The 52-week randomized treatment period
was split into two treatment periods; an initial 26-week fixed insulin treatment period where
the insulin treatment was restricted, followed by a 26-week period where the insulin treatment
was adjustable without any restrictions. The efficacy endpoints were assessed at 26 weeks.

Figure 22 Trial Design PIONEER 8
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Source: Figure 9-1 CSR PIONEER 8

Randomization was 1:1:1:1.

Key Inclusion/Exclusion criteria
Similar to PIONEER 2.

For complete inclusion/exclusion criteria please see study report.

Dose selection/study treatments:
All three semaglutide dose were studies. Dose titration, and semaglutide administration was
similar to that used in all other PIONEER trials.

Procedures and Schedule:
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The patients were to attend in person visits at screening, randomization, weeks 4, 8, 14, 20, 26,
32, 38 45, 52 (end of treatment), and 57 (follow-up). Telephone visits were scheduled for
weeks 2, 10, 12, 16, 29, 35, and 41.

Eye examinations were performed at screening and end of treatment.

Concurrent medications:

At baseline, the reported use of concomitant medications was similar across the treatment
groups with no clinically relevant differences and reflecting what would be expected in the
enrolled population. The most frequently used concomitant medications were HMG CoA
reductase inhibitors, platelet aggregation inhibitors excluding heparin, angiotensin Il
antagonists, ACE inhibitors, dihydropyridine derivatives, beta blocking agents and proton pump
inhibitors.

The concomitant non-insulin antidiabetic medications reported at screening and at
randomization are presented below. No imbalances are noted between treatment arms. Most
patients were on metformin in all treatment groups, in addition to insulin.

Table 44 Concomitant Non-Insulin Anti-Diabetic Medication Ongoing at Screening and
Randomization PIONEER 8

Oral sema Oral sema Oral sema

3 mg 7 mg 14 mg Placebo Total

N (%) N (%) N (%) N (%) N (%)
Number of subjects 184 182 181 184 731
On-going at screening
Biguanides, 123 (66.8) 122 (67.0) 121 (66.9) 125 (€7.9) 491 (67.2)
DPP-4 inhibitor 0 1 (0.5) 0 o] 1 (0.1)
On-going at randomisation
Biguanides 123 (e6.8) 122 (e7.0) 121 (e6.9) 125 (67.9) 491 (67.2)
DPP-4 inhibitor Q 1 (0.5) 0 0 1 (0.1)
N: number of subijects; %: proportion of subijects. nn99%24/nn99%24-4280/20181130 ctr er

Source: Table 10-4 CSR PIONEER 8

Treatment compliance
Compliance was assessed by monitoring of drug accountability.

Rescue medications

Patients with persistent and unacceptable hyperglycemia (as judged by the investigator) were
to be offered treatment intensification. To allow time for dose escalation to maximum dose
and to observe the expected effect of treatment on glycemic parameters as well as the effect of
insulin up-titration from week 8 to week 16, a rescue medication was to be offered if a
confirmatory FPG was 200 mg/dL from week 16 to end of treatment. In addition, patients were
to be offered rescue medication if their HbAlc was >8.5% from week 26 to end of treatment.
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Rescue medication was to be prescribed at the investigator’s discretion as add-on to trial
product and according to ADA/EASD guidelines; GLP-1 RAs, DPP-4 inhibitors and amylin
analogues were not allowed as rescue medication.

Total daily insulin dose adjustments during the trial
At randomization, a 20% reduction in total daily insulin dose was recommended to minimize
the risk of hypoglycemia when trial product was initiated.

During the fixed insulin treatment period, an increase in the total daily insulin dose before week
18 was to be avoided, unless required to prevent acute diabetic complications.

Between weeks 18-26, insulin could be adjusted by titration of either basal or premixed insulin.
However, the protocol specified that the total insulin dose should not have been adjusted to
above the dose recorded at randomization. After week 26, until the end of the trial, there were
no restrictions to insulin adjustments.

Insulin was titrated based on the lowest of three SMPG values measured on three consecutive
days prior to each phone contact/site visit.

Table 45 Increase in Insulin Dose Guidelines

Lomrsit oif 3 sl Chni preinner LG e Titration of dose of basal or premixed insulin including
mmol/L mg/dL combinations of soluble insulins IU (*)
40-55 71-99 No titration
56-17.0 100 — 126 +2
7.1 -8.0 127 — 144 +4
8.1-9.0 145 - 162 +6
=9.0 =162 +8
")
* V5 to P9 (both included): The total daily insulin dose should not be adjusted above the dose taken prior to
randomisation. recorded at V2 as pre-randomisation dose.
e V11 to V18: No restrictions on maximum total daily insulin doses

Source: Table 9-2 CSR PIONEER 8
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Table 46 Decrease in Insulin Dose Guidelines

Lowest of 3 pre-breakfast/pre-dinner SMPG values

Titration of dose of basal or premixed insulin including
combinations of soluble insuling TU (*)

mmol/L mLC.r..-’dL

<3.1 <56 P

o - (for doses =45 IU. suggest dose reduction of 10%)
-2

3.1-39 56 -70

(for doses =45 TU, suggest dose reduction of 5%)

(*) Entire trial: No restrictions on minimum total daily insulin doses

Source: Table 9-3 CSR PIONEER 8

Patient completion, discontinuation, or withdrawal

Similar to PIONEER 1.

Study Endpoints

The primary endpoint was change from baseline to week 26 in HbAlc (%-points).

The confirmatory secondary endpoint was change from baseline to week 26 in body weight

(kg).

Statistical Analysis Plan

The analysis sets and observation periods were defined as for all other PIONEER trials.

The sample size was calculated to ensure a statistical power of at least 90% to confirm
superiority on change from baseline at week 26 in HbAlc for the treatment policy estimand of
all doses of oral semaglutide versus placebo. A total of 720 patients were planned to be

randomized.

The hypothesis testing is outlined in the figure below.
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Figure 23 Statistical Testing Strategy PIONEER 8
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The total significance level of o = 0.05 (two-sided) was initially allocated to the hypothesis of superiority of oral
semaglutide 14 mg versus placebo on change from baseline at week 26 in HbA: if that hypothesis was confirmed. the
local significance level (u-local) was reallocated to the other hypotheses in the testing strategy according to the
indicated weight (¥ or 1) of the arrows. Each hypothesis was tested at its updated local significance level (o-local) until
all hypotheses had been confirmed or until no hypothesis could be confirmed.
Source: Figure 9-7 CSR PIONEER 8

Protocol Amendments

There were 3 substantial amendments to the protocol.
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Table 47 Protocol Amendments PIONEER 8

Timing of
change
Amendment (before/after Countries
number Issue date FPEV) affected Key changes
1 06-Oct-2016  Before FPFV  Canada New text addressing exclusion criteria and the

recommended contraceptive methods concerning women
of childbearing potential was added to accommodate the
request of the Canadian Regulatory Authority

| S]

22-Nov-2016  Before FPFV  Global New text addressing :

e Additional eye examinations and additional data
collection on diabetic retinopathy

e Investigator’s responsibility in ensuring evaluation and
management of certain risk factors and complications

e Clarification of the criteria for completion, withdrawal
and lost to follow-up

e Week 26 reporting of trial results

e Other minor corrections and clarifications

3 15-May-2017  Approximately Global New text addressing the inclusion in the flow chart of the
3 months after 7-point SMPG profile at visit 18A. and inclusion of an
FPFV “Eye Examination Category” in section 17.2 “Definition

of analysis sets™, and correction of a minor typographical
error in section 8.1.5.

Source: Table 9-13 CSR PIONEER 8

It is not likely that either these amendments had any effect on evaluation of efficacy and/or
safety.

Data Quality and Integrity: Sponsor's Assurance

The trial was monitored by Novo Nordisk by on-site visits, telephone calls and regular
inspection of the eCRFs.

6.7.2. Study Results
Compliance with Good Clinical Practices
The trial was conducted in accordance with ICH GCP per the applicant.

Financial Disclosure

Of the total of 615 investigators, 7 had financial disclosures. See Appendix 13.3 for details.
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Patient Disposition

In total, 1038 patients were screened and 307 patients were screening failures; thus, 731
patients were randomized to receive either oral semaglutide 3 mg (184 patients), 7 mg (182
patients) or 14 mg (181 patients), or placebo (184 patients). One patient in the oral
semaglutide 7 mg group was not exposed to trial product; thus, the FAS contains 1 patient
more than the SAS.

Out of the 307 patients who failed screening, the majority failed due to non-fulfilment of HbA1lc
inclusion (175 patients, 57.0% of all screening failures), due to renal exclusion criteria (64
patients, 20.8% of all screening failures), and due to the proliferative retinopathy or
maculopathy exclusion criteria 15 (24 patients, 7.8% of all screening failures).

In total, 614 patients (84.0%) completed the treatment with trial product and 697 patients
(95.3%) completed the trial.

A total of 117 patients (16.0%) discontinued trial product prematurely for the following
reasons: adverse events (8.2%), violation of inclusion or exclusion criteria (1.4%), intention to
become pregnant (0.1%), patient withdrawal from trial (1.0%), pregnancy (0.1%) and ‘Other’
reasons (5.1%).

The proportion of patients who prematurely discontinued trial product due to AEs was greater
with oral semaglutide 14 mg (14.4%) than with oral semaglutide 7 mg (8.8%), 3 mg (7.1%) and
placebo (2.7%). Gastrointestinal AEs were the event type that most frequently led to premature
trial product discontinuation (4.9%, 6.6% and 10.5% for oral semaglutide 3 mg, 7 mg and 14 mg,
respectively, and 0.5% with placebo).
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Table 48 Patient Disposition — PIONEER 8

Oral ssma Oral sema Oral ss=ma Placebo Total
3 mg 7 mg 14 mg
N (%) N (%) N (%) N (%) N (%)
3cresnesd 1038
cresning failurss 307 (29.€)
Randomised 154 182 181 154 731
Expossed 134 (Lody 181 (%9.5) 181 (100) 184 (100) 730 (599.9)

Treatment completers [1] 160 (87.0) 148 (81.3) 144 (79.6) 12 (88.0) 614 (B4.0)
Without rescue medicaticon 113 (39.8) 115 (£3.2) 115 (&32.53) 100 (54.3) 440 (0.2
With rescus medication 30 (27.2 33 (18.1) 29 (le.0) 62 (33.7) 174 (23.8)

Fremature trial product discontinuation 24 (13.0) 34 (18.7) 37 (20.4) 22 (12.0) 117 (1&.0)
Exposed

Ldverse event (=) 13 (7.1) 16 (8.8) 26 (14.4) 5 (2.7) 60 (8.2)
Viclation of in-/excl. crit. 2 (1.1) 4 2.2) 2 (1.1) 2 (1.1) 10 (1.4)
Intention of becoming pregnant 0 o] v} 1 (0.5) 1 {0.1)
Participate another clin. trial [2] O 1] 0 a o]

Calcitonin wvalue >= 100 ng/L a a a o] 0

Sukject withdrawal from trial o] 2 (1.1) 2 (1.1) 3 (1.8) 7 (1.0}
Pregnancy Q 1 (0.5) [n] 0 1 (0.1)
Cther ) (4.9) 10 (3.5) 7 {(2.9) 11 (6.0) 37 (3.1)

Not sxpossd

Viclation of in-/fexcl. crit. o 1 (0.5) o] [u} 1 (0.1}

Trial complsters [3] 174 (94.6) 173 (85.1) 175 (2e.7) 175 (95.1) 697 (85.3)
Completed treatmsnt 157 (85.3) 148 (81.3) 144 (75.¢) 1ed (87.0) 609 (83.3)
Discontinusd trial product 17 (9.2 25 (12.7) 31 (17.1) 15 (&8.2 28 (12.0)

Withdrawal from trial- primary reason 10 (5.4) g (4.%) [ {(3.3) ] (4.%) 34 (4.7)
Lost to follow-up 14 (5.4) 3 (l.g) 1 (0.6} 4 (2.2 18 {2.5)
Withdrawal by subject 0 & (3.3) 2 (1.1) 5 (2.7) 12 (1.8)
Other 0 0 3 (1.7) a 3 (0.4)

Died a a 3 {L.7) a 3 (0.4)

"[1]': subjscts who complsted treatment with trial product according to the end-of-trial form;

'[2]': simultanecus participation in any other clinical trial recsiving an investigational medicinal

product; '"[3]': subjects who attended the final scheduled wisit; 'primary reason': according to the

end-of-trial form; 'Rescus medication': use of mew anti-diabetic medication as add-on to trial

product and used for more than 21 days with the initiation at or after randomisation and before last
day on trial product, and/or intensification of anti-diabetic medication other than insulin (a mors
than 20% increase in dose relative to basslins) for more than 21 days with ths intensification at or
after randomisation and bsfore last day on trizl product, and/or intensification of insulin (a2 mors
than 20% increass in dose relative to kbassline) across 2 consscutive visits or more, with the
intensification at or after randomisation and bsfore last day on trial product; N: number of
subjscts; %: proportion of randomised subjects except for screening failures where it is proportion
of screened subjects.

Source: Table 10-1 CSR PIONEER 8
Protocol Violations/Deviations

Protocol deviations

PDs were categorized as important/non-important and reported into different categories
according to a set of pre-specified categories and subcategories. Important PDs were
considered those that could significantly impact the completeness, accuracy and/or reliability of
the trial data or that could significantly affect the patient’s rights, safety or well-being.

In total, 285 important PDs were closed; the PDs comprised 28 site-level PDs and 253 patient-
level PDs, 1 trial-level PD, and 3 country-level PDs.
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Important PDs at trial level

One important trial level PD was reported: during review of EDC data, it was noted that some
sites appear to use scales with a precision of 0.5 kg (and not 0.1 as expected) or to round the
weight value to the nearest half or whole kilogram. Sites were instructed to use the same scale
if more than half of the planned patients at the site have been randomized, or to switch to a
scale with a precision of one decimal if less than half of the planned patients have been
randomized at the site.

The applicant did not consider these PDs to have impacted the trial results, and | agree with the
assessment.

Important PDs at country level

A total of 3 important PDs were reported: all involved patient diaries. In Canada, the patient
diary for premature discontinuation was not submitted for approval to the central Institutional
Review Board (IRB) and was therefore not used at the sites. In India, the patient diary that had
to be provided to patients who had prematurely discontinued treatment was not provided to
patients. In Mexico, a section for the date and time of the last trial medication prior to a low
blood glucose episode section was not included in the Spanish version of the diary. Per the
applicant, these protocol deviations did not impact patient safety or data interpretation.

Site and patient level PDs
The site and patient level deviations are summarized in the table below.

CDER Clinical Review Template 128
Version date: September 6, 2017 for all NDAs and BLAs

Reference ID: 4492378



Clinical Review
Andreea Ondina Lungu
NDA 213051

Oral Semaglutide

Table 49 Site and Patient-Level Protocol Deviations PIONEER 8

Category Site-level i . )
PDs (n) Subject-level PDs (m)

Screening | Oral sema | Oral sema | Oral sema Oral Total no of

failures 3 mg 7 mg 14 mg placebo | subject-level PDs
Informed consent 1 20 5 12 12 10 59
Inclusion/exclusion/ - - 5 14 7 9 35
randomisation
criteria
Discontinuation - - 1 - - - 1
criteria
Trial product 3 - 3 5 5 10 23
handling
Treatment 1 - 3 5 14 5 27
compliance
Assessment 2 - 19 12 11 13 55
deviations
Other 21 - 17 15 8 13 53
Total 28 20 53 63 57 60 253

Abbreviations: PD: protocol deviation: n: number of PDs
‘=% indicate no PDs reported under this category
Source: Table 10-9 CSR PIONEER 8

In total, 20 patients were excluded from the FAS because the patients were screening failures
that were randomized in error and were never exposed to the trial product.

Table of Demographic Characteristics

Overall, demographics and baseline characteristics were well matched between patients in all
treatment groups. More male (395 patients, 54%) than female patients (336 patients, 46%)
were randomized in the trial. The mean age of the population was 61 years. The mean T2DM
duration was around 14-16 years. The mean HbAlc was 8.2%. The proportions of patients per
region were similar across the treatment groups. Most patients were either White (51.4%) or
Asian (36.0) and there was no noteworthy difference between the treatment groups in terms of
race and ethnicity. Renal function (based on baseline eGFR) was normal for 59.1% of the
patients; 39.0% had mild renal impairment and 1.9% had moderate renal impairment. The
overall mean GFR was 92 mL/min/1.73 m2, with no relevant differences observed across
treatment groups.
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Table 50 Selected Demographics and Baseline Characteristics for Continuous Variables — FAS —
PIONEER 8

Oral szema Oral sema Oral sema
3 mg T mg 14 mg Placsbo Total
N (%) N (%) N (%) H (%) N{%)
Lgs (vears)
H 184 182 131 184 731
Mzan (3SD) &l (9} &0 (10} Bl (10) &0 (10} &1 (10}
HbZ,. (%)
H 154 152 181 154 731
Hzan (5SD) g.2 (0.7) g.2 (0.7} 8.2 (0.7) g.2 (0.7) 8.2 (0.7)
Duration of diabetes (years)
H 1z4 1g2 181 1z4 731
Hzan (SD) 15.1 (7.9) la.2 (8.8) 14.1 (8.0} 14.8 (7.49) 15.0 (8.1)
Body weight (kg)
H 184 182 131 184 731
M=an (5D) 35.9 (21.3) 37.1 (23.8) Gd.5 (Z1.0) Bg.0 (21.4 85.9 (21.18)
=2GFR (mL/min/1.73 m~2)
H 184 182 13 184 731
Mzan (SD) 92 (la) 22 (lg) 91 (14 91 (13) 82 (15)
The =GFR was estimated using the CED-EPI formula. '"Baseline': defined as the latest assessment at
or pricr to the randomisation wvisit; eGFR: estimated glomerular filtration rate; CED_EFI;
HN: number of subjects; 3D: standard deviation. nnis24/nno924-4280/20181130 ctr =r
Source: Modified from Table 10-2 CSR PIONEER 8
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Table 51 Selected Demographics and Baseline Characteristics for Categorical Variables — FAS —
PIONEER 8

Cral ssma Cral scema Cral sema

3 mg T mg 14 mg Placebo Total
H (%) 2y (%) H (%) H (%) Hi%)
Humber of subjects 1s4 182 1351 134 731
Lge group (vears)
N ig4 ( 100) 182 { 100) 131 ({ 100) 134 { 100 731 ( 100)
18 <= to < &5 110 {595.8) 121 (e8€.5) 108 (59.7 114 {g2.0) 453 (g2.0)
ES <= to < 75 a7 (36.4) 49 (26.9) &0 (33.1) &3 (34.2) 2398 (32.7)
75 <= to < 35 7 { 3.8) 12 { &.8) 11 | &.1) T [ 3.8) 3T [ 5.1)
BS «= a o 2 (1.1) 0 2 (0.3
Sex
H ig4 ( 100) 182 ( 100) 131 ( 100) 154 ( 100) 731 ( 100)
Female B2 [(d44.8) T4 (43.4) 96 (53.0) 7% (42.%) 336 (4e6.0)
Male 102 (55.4) 103 (5&6.86) 85 (47.0) 105 (57.1) 395 (54.0)
E=sgicn
H ig4 { 100) 182 { 100) 131 ( 100) 134 { 10d) 731 { 100}
Eurcpe 50 (27.2) 48 (26.4) 4g [25.4) 31 (27.7) 185 (2e.7)
Horth America a7 (36.4) gd (33.2) &0 (33.1) &0 (3Z.8) 251 (34.3)
South AZmerica & [ 3.3) 10 | 5.5) 14 { 7.7} 10 { 5.4) 40 | 5.5)
Asia el (33.2) gl (33.0) &1 (33.7) &3 (34.2) 245 (33.5)
Racs
N ig4 ( 100) 182 { 100) 131 ({ 100) 134 ( 100) 731 ( 100)
Whitce 39 (48.4) 895 (52.2) 4 (51.9) 98 (53.3) 376 (51.4)
Black or African Zmerican 15 [ 8.2) 10 [ 5.5) 11 { 6.1) 13 ( 7.1) 43 ( £6.7)
Esian 66 (35.9) g6 (36.3) &6 (36.5) &5 (35.3) 283 (36.0)
Imerican Indian or RAlaska Hative 1 ( 0.5) o 1 { 0.8) 0 2 [ 0.3)
Hative Hawaiian or other Pacific a o 0 0 a
Other 1 { 0.9) L { 0.53) L { 0.g) 0 3 { 0.4)
HRx 2 [ &.5) 10 { 5.5) B[ 4.4) g ( 4.3) 38 [ 5.2)
Ethnicity
H ig4 | 100) 182 { 100) 131 ( 100) 184 ( 100) 7T31 ( 100)
Hispanic or Latino 13 | 8.8) z4 (13.2) 30 (lg.g) 25 (13.8) 97 (13.3)
Hot Hispanic or Latino 154 (33.7) 148 (81.3) 143 (79.0) 150 (Bl1.%5 585 (81.4)
HLv= 1z [ &.5) 10 | 5.5) B { 4.4) @ { 4.9) 39 [ 5.3)
Renzl function, GFR (mL/min/l.73 m~2)
H 14 ( 100) 182 ( l00) 131 { 104) 184 ( 100) 731 ( 100)
Hormal (90 <=} 112 (g0.%) 109 (5%.9) 104 (57.5) 107 (58.2) 432 (59.1)
Mild RI (60 <= To < 20} 66 (33.9) 71 (3%8.0) T3 (4l.4) T3 (39.7) 235 (39.0)
HMaoderace RI (30 <= to < &80) & [ 3.3) 2 (1.1 2 [ 1.1) 4 [ 2.2) 14 { 1.5}
Severs RI (153 <= to < 30) a a o 0 0
End-stage renzal dissase (< 15) a 0 0 0 a

NA*: race is recorded as 'NA' for France as per lo
'MA'" for France as per local ragulation; HA: for e
or 'not-available'; 'Basslins': defined as the lat
visit; 'Smoking': defined as smoking at lsast ons

cal regulation; NA**: gsthnicity is recordsd as
thnicity walues recorded as 'missing', 'not done',
23T asssssment at or pricr to the randomisaticon
cigarette or =quivalent daily; The renal function

categories are based on the =2GFR as per CE BI; CE PI: Chronic Kidney Dissases Epidemiology
Collaboration; =GFR: estimated glomerular filtration rate; BI: renal impairment; Ni numbsr of
subjects: %: proportion of subjscts. nno9z24,/nn9924-4230/20181130_ctr_er

Source: Modified from Table 10-3 CSR PIONEER 8
Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs)

Medical history and concomitant illnesses
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There were no clinically relevant differences in medical history and concomitant illnesses
between the treatment groups. Frequent and clinically relevant concomitant illnesses for all
treatment groups were: metabolism and nutrition disorders (74.5-81.3%), musculoskeletal and
connective tissue disorders (37.5-45.1%), eye disorders (25.4-29.1%), gastrointestinal disorders
(17.1-29.3%), respiratory thoracic and mediastinal disorders (16.8—-25.8%), hepatobiliary
disorders (15.9-22.8%), psychiatric disorders (17.9-20.4%), renal and urinary disorders (13.0—
19.8%), infections and infestations (11.4-19.0%), cardiac disorders (8.2—-13.6%) and neoplasms
(6.0-7.2%).

The most frequent and clinically relevant concomitant ilinesses for all treatment groups were:
dyslipidemia (36.4-46.2%), obesity (14.4-21.7%), osteoarthritis (13.2-16.0%), hepatic steatosis
(13.7-15.8%), cataract (12.0-19.2%), hypothyroidism (6.6—14.4%) and depression (7.1-12.5%).

At baseline, diabetic retinopathy was present in 28.6—37.0% of patients, with no relevant
differences across treatment groups. Most of the diabetic retinopathies were reported as
nonproliferative. Other diabetic complications included diabetic neuropathy (33.7-36.4%),
with no relevant differences across treatment groups. The proportion of patients with a
reported history of diabetic nephropathy was 14.3-20.7%.

No clinically relevant differences across treatment groups were observed for histories of
cardiovascular disease at screening. The most frequently reported histories of cardiovascular
disease were hypertension (76.2—79.9%) and ischemic heart disease (16.8—-20.9%).

Treatment Compliance, Concomitant Medications, and Rescue Medication Use

Background antidiabetic medications

Patients were to be on a stable insulin regimen (basal insulin alone, basal and bolus insulin in
any combination, premixed insulin including combinations of soluble insulin) for > 90 days prior
to screening. Patients were also allowed to be taking a stable daily dose of metformin (= 1500
mg or maximum tolerated dose) for > 90 days prior to the day of screening.

The concomitant non-insulin antidiabetic medications reported at screening and at
randomization are presented below. Notably, one patient was on DPP-4 inhibitor. This was
discovered at day 100. Although the patient continued in the trial, data points after the
premature trial product discontinuation visit were excluded from the analysis of effect for this
patient which is in violation of eligibility criteria.
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Table 52 Concomitant Non-Insulin Anti-Diabetic Medication Ongoing at Screening and
Randomization — PIONEER 8

Oral sema Oral sema Oral sema

3 omyg T my 14 my Placebo Total

N (%) N (%) H %) H (%) M%)
Humber of subjects 184 182 131 134 731
On-going at screening
Biguanides, 123 (66.8) 122 (€7.0) 121 (&€.9) 125 (E7.9) 451 (87.2)
DPP-4 inhibitor a 1 0.5) 0 0 1 {0.1)
On-going at randomisation
Biguanides 123 (6€.8) 122 (67.0) 121 {66.%) 125 (E7.%) 451 (67.2)
DEP-4 inhikitor L 1 (0.5} 0 a 1 {0.1)
H: number of subjects: %: proporticon of subjects. nn9924/nnd924-4280/20181130_ctr_er

Source: Table 10-4 CSR PIONEER 8

At screening, long-acting (basal) insulin was the most commonly used insulin regimen, used by
41.9% of the trial patients, followed by a basal and bolus insulin regimen (38.9%) and a premix
insulin regimen (17.6%). The concomitant insulin types reported at screening and at
randomization are presented in the table below.

Table 53 Concomitant Insulin at Screening and Randomization — PIONEER 8

Oral sema Oral zema Oral sema

3 omyg T omyg 14 my Placebo Total

1) (%) i (%) H (%) N (%) Hi(%)
Humber of subjects 14 182 131 134 731
On-going at screening
Basal insulin: 76 (41.3) 76 (41.8) 75 (41.4 79 (42.9 306 (41.%)
Basal and bolus insulin: T1 (38.8) T2 (39.8) 70 (3B.T) 71 (3B.8) 28B4 (3B.9)
Premix insulin: 35 (18.0) 28 [15.4) 34 (1g.8) 32 (17.4) Lz® (17.¢g)
Bolus insulin: 1 (0.3} 2 (1.1} 1 (D.g) 1 (0.3} 5 (0.7}
Basal and premix insulin: 0 2 (1.1} 0 1 (0.5} 3 (0.a)
Bolus and premix insulin: 1 (0.5} 2 (1.1} 1 (0.8} 0 4 (0.5)
On-going at randomisation
Basal insulin 77 (41.8) 73 (40.1) 74 (40.%) 31 (44.0) 305 (41.7)
Basal and bolus insulin 70 (36.0) 71 {39.0) &8 (37.8) &8 (35.%) 275 (37.8)
Premix insulin 34 (13.5) 28 [15.4) 32 (17.7) 30 (le.3) Lz4 (17.0)
Bolus insulin o] 1 (0.5) 0 0 1 (0.1)
Basal and premix insulin L 1 (D.5) L L 1 (0.1}
Bolus and premix insulin L 1 (D.5) L L 1 (0.1}
H: number of subijects; %: proportion of subiescts. nn9924/nn9924-4280/20181130 ctr er

Source: Table 10-5 CSR PIONEER 8

The insulin doses are presented below by treatment arms. No major differences were seen for
the insulin regimens that were used by a significant proportion of patients, however, wide
variations were seen for insulin regimens used by only a few patients (for example only a few
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patients were using premixed insulin and insulin bolus, and the minimum and maximum total
daily dose varied from tens to hundreds of units).

Table 54 Insulin Dose at Screening by Insulin Treatment — PIONEER 8

Cral sema Cral sema Oral sema

3 mg 7 my 14 mg Placebo Total
H (%) 2 (%) i (%) H (%) H (Z)
Total daily doss (T)
N 134 182 181 731
Mean (3D) e (50) gz (g4) 4 (4Z) (4g) 33 (51)
Median 43 44 44 4z 44
Min; Max 10 ; 360 0 ; 500 10 ; 330 10 ; 300 10 ; 500
Basal insulin:
Total daily dose (T)
H 76 76 75 74 3086
Mean (5D) 35 (24) 35 (29) 23 {25) 34 (z7 34 {2g)
Median 28 25 25 28 28
Min; Max 10 ; 100 10 ; 1e0 10 ; 174 0 ; 1&2 10 ; 174
Basal and Bolus insulin:
Total daily dase (U)
H 71 12 70 71 254
Mean (3D) 53 (43) g9 (g4) T5 (49) 34 (5Z2) B3 (54)
Median 70 75 &5 75 72
Min; Max 14 ; 220 11 ; 443 14 330 lg ; 300 11 ; 443
Premix insulin:
Total daily dose (U)
H 33 25 24 32 1z9
Mean (3D) el (&0) 47 (50) 53 (3g) 42 (22} 51 (45)
Median 43 28 48 38 4z
Min; Max 14 ; 360 10y 244 12 ; 1340 1q ; 100 10 ; 3a0
Bolus insulin:
Total daily dose ()
N 1 2 1 1 s
Mean (3D) 220 (0) 293 (293) 3z (o) 200 (0} 208 (181)
Median 220 293 32 200 200
Min; Max 220 ; 220 3e 00 3z iz 200 ; 200 3z 500
Basal and Premix insulin:
Total daily dose ()
N a 2 0 1 3
Mean (3D} B4 (g) &9 (0} 79 (10}
Median 34 ] E0d
Min; Max Bo : 38 &% ; 69 69 ; BE
Bolus and Premix insulin:
Total daily dose (U)
" 1 2 1 0 4
Mean (3D) 150 (0) 36 [(14) 120 (0} BE (59%)
Median 1540 3g 120 B3
Min; Max 150 ; 150 26 ; 48 120 ; 120 2g& ; 150

H: number of subjects contributing to the summary statistiecr 3D: standard deviation: U: unit.

Source: Table 10-6 CSR PIONEER 8

Additional antidiabetic medications and rescue medications

A total of 36 patients (4.9%) initiated additional anti-diabetic medication prior to week 26. The
proportions of patients initiating additional anti-diabetic medication prior to week 26 were
comparable across treatment groups (4.4-6.0%).
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A total of 20 patients (2.7%) initiated rescue medication (as add-on to trial product) prior to
week 26. The proportions of patients initiating rescue medication prior to week 26 were lowest
in the oral semaglutide 7 mg and 14 mg groups (1.1% and 2.2%, respectively) compared to the
oral semaglutide 3 mg and placebo groups (2.7% and 4.9%, respectively).

Table 55 Additional Anti-Diabetic Medication and Rescue Medication Initiated Prior to Week

26 — PIONEER 8
Oral sema Oral sema Oral sema Placebo Total
3 mg 7 mg 14 mg
N (%) N (%) N (%) N (%) N (%)
Number of subjects 184 182 181 184 731

ADDITIONAL ANTI-DIABETIC MEDICATION

Number of subjects 9 (4.9) 8 (4.4) 8 (4.4) 11 (6.0) 36 (4.9
TNTENSTIFICATION OF TINSULIN 8 (4.3) 4 (2.2) 6 (3.3) 10 (5.4) 28 (3.8
DFP-4 INHIBITORS 0 3 (1.6) 1 (0.6) 0 4 (0.5)
SULFONYLUREAS, A10EBB 1 (0.5) 1 (0.5) 0 1 (0.5) 3 (0.4)
BIGUANIDES, RI10BA 0] 0 2 (1.1) 0 2 (0.3)
SGLT2Z TNHIBITORS 1 (0.5) 0 0 1 (0.5) 2 {0.3)
GLP-1 ANALOGUES 0 1 (0.5) 0 0 1 (0.1)
OTHER GLUCOSE LOWERING DRUGS 0 0 0 1 (0.5) 1 (0.1)
RESCUE MEDICATION (subset of additicnal anti-diabetic medication)

Number of subjects 5 (2.7) 2 (1.1) 4 (2.2) 9 (4.9) 20 (2.7)
INTENSIFICATION OF INSULIN 5 (2.7) 2 (1.1) 3 (1.7) 8 (4.3) 18 (2.5)
SULFONYLUREAS 1 (0.5) 0 0 1 (0.5) 2 (0.3)
BIGUANIDES 0 0 1 (0.6) 0 1 (0.1)
SGLTZ INHIBITORS 0 0 0 1 (0.5) 1 (0.1)
OTHER GLUCOSE LOWERING DRUGS 0 0 0 1 (0.5) 1 (0.1)

Source: Table 10-7 CSR PIONEER 8

A total of 225 patients (30.8%) initiated additional anti-diabetic medication prior to week 52.
Intensification of insulin was the additional anti-diabetic medication initiated most by patients
by week 52 (by 199 of the 225 patients initiating additional anti-diabetic medication). The
proportions of patients intensifying insulin as an additional anti-diabetic medication prior to
week 52 decreased with increasing oral semaglutide dose and was highest in the placebo group
(31.0%, 21.4%, 18.8% and 37.5% for the oral semaglutide 3 mg, 7 mg, 14 mg and placebo
groups, respectively).

A total of 185 patients (25.3%) initiated rescue medication (as add-on to trial product) prior to
week 52. As seen with additional anti-diabetic medication, the proportions of patients initiating
rescue medication prior to week 52 decreased with increasing oral semaglutide dose and was
highest in the placebo group (29.3%, 18.1%, 17.1% and 36.4% for the 3 mg, 7 mg, 14 mg and
placebo groups, respectively). Intensification of insulin was the rescue medication initiated
most by patients at week 52 (by 167 of the 185 patients initiating rescue medication). The
proportions of patients intensifying insulin as a rescue medication prior to week 52 decreased
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with increasing oral semaglutide dose and was highest in the placebo group (27.2%, 17.6%,
13.8% and 32.6% for the 3 mg, 7 mg, 14 mg and placebo groups, respectively).

Table 56 Additional Anti-Diabetic Medication and Rescue Medication Initiated Prior to Week

52 - PIONEER 8
Oral sema Oral sema Oral sema Placebo Total
3 mg T mg 14 mg
N (%) No(%) N (%) N (%) N (%)
Number of subjects 184 182 181 184 131

ADDITIONAL ANTI-DIABETIC MEDICATION

Number of subjects 61l (33.2) 45 (24.7) 44 (24.3) 75 (40.8) 225 (30.8)
INTENSIFICATION OF INSULIN 57 (31.0) 39 (21.4) 34 (18.8) 69 (37.5) 199 (27.2)
SGLT2 INHIBITORS, 3 (l1.6) 1 (0.5) 3 (1.7) 7 (3.8) 14 (1.9)
SULFONYLUREAS 3 (l.6) 4 (2.2) 2 (1.1) 4 (2.2) 13 (1.8)
BIGUANIDES 2 (1.1) 0 7 (3.9) 3 (l.e) 12 (l.e)
DPP-4 INHIBITCORS 0 4 (2.2) 2 (1.1 0 6  (0.8)
GLP-1 ANALOGUES 0 2 (1.1) 1 (0.6) 0 3 (0.4)
COMB ORAL GLUCOSE LOWERING DRUGS 1 (0.5) 0 0 a 1 (0.1)
ALPHA GLUCOQOSIDASE INHIBITORS 0 0 1 (0.8) 0 1 (0.1)
OTHER LOWERING DRUGS 0 0 0 1 (0.5) 1 (0.1
RESCUE MEDICATION (subset of additional anti-diabetic medication)

Number of subjects 54 (25.3) 33 (18.1) 31 (17.1) 67 (36.4) 185 (25.3)
INTENSIFICATION OF INSULIN 50 (27.2) 32 (17.8) 25 (13.8) 60 (32.6) 167 (22.8
SGLT2 INHIBITORS 2 (1.1) 1 (0.5) 2 (L.1) 7 (3.8) 12 (1.6
SULFONYLUREAS 3 (1.6) 3 (l.6) 2 (1.1) 3 (l.6) 11 (1.
BIGUANIDES 2 (1.1) 0 4 (2.2) 3 (l.6) 9 (1.2
DPP-4 INHIBITORS 0 0 1 (0.8) 0 1 (0.
OTHER GLUCOSE LOWERING DRUGS 0 0 0 1 (0.5) 1 (0.1

Source: Table 10-8 CSR PIONEER 8
Efficacy Results - Primary Endpoint

For the primary endpoint (change from baseline in HbAlc at week 26) superiority of all doses of
semaglutide vs placebo was confirmed.

Table 57 Primary and Confirmatory Secondary Endpoints — PIONEER 8
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Endpoint Estimate [95% CI] p-value alpha Hypothesis Conclusion

Primary endpoint: HbA,. (%-points) change from baseline at week 26

Oral sema 14 mg - Placebo -1.2 [-1.4 ; -1.0] <0.0001 Superiority Confirmed
Oral sema 7 mg - Placebo -0.9 [-1.1 :; -0.7] <0.0001 Superiority Confirmed
Oral sema 3 mg - Placebo -0.5 [-0.7 ; -0.3] <0.0001 Superiority Confirmed

Other confirmatory endpoints: Body weight (kg) change from baseline at week 26

Oral sema 14 mg - Placebo -3.
Oral sema 7 mg - Placebo -2.
Oral sema 3 mg - Placebo -0.¢

.20y -2.3] <0.0001 Superiority Confirmed
.05 -1.0] 0.0001 Superiority Confirmed
8 ; -0.0] 0.0392 Superiority Confirmed

'alpha': local significance level according to the testing strategy for hypotheses that are not
confirmed; CI: confidence interval; 'p-value': unadjusted two-sided p-value for test of no
difference from 0

Source: Table 11-1 CSR PIONEER 8

At baseline, HbAlc levels were identical for all treatment groups (8.2%). For the in-trial
observation period (used in the evaluation of the treatment policy estimand), HbAlc levels
decreased from baseline through weeks 14-20 in all three oral semaglutide treatment groups.
The decreases were sustained through to week 52. HbAlc levels increased through week 8 with
placebo and decreased slightly thereafter through week 52.

Figure 24 HbAlc by Week — Mean Plot —PIONEER 8
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Source: Figure 11-1 CSR PIONEER 8

For week 26, the observed HbA1lc changes from baseline were -0.5% with semaglutide 3 mg,
-1.0% with semaglutide 7 mg, -1.3% with semaglutide 14 mg and -0.1%- with placebo.

Data Quality and Integrity - Reviewers' Assessment
| did not find any issues with the data quality.
Efficacy Results - Secondary and other relevant endpoints

Body weight

For the secondary confirmatory endpoint of change from baseline at week 26 in body weight,
superiority of all doses of semaglutide vs placebo was also confirmed.

At baseline, the mean body weight was similar for all treatment groups; the mean body weight
for the trial population was 85.9 kg. The observed decrease in body weight at week 26 was
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greater with semaglutide 3 mg (-1.4 kg), semaglutide 7 mg (-2.6 kg) and semaglutide 14 mg
(-3.7 kg) than with placebo (-0.5 kg). From weeks 26 through 52, body weight was sustained in
the semaglutide 14 mg group, while body weight in the semaglutide 3 and 7 mg, and placebo
groups increased through week 52.

HbAlc targets

More patients on semaglutide (dose-dependent) achieved either the AACE goal (HbAlc <6,5%)
or the ADA goal (HbAlc <7%) when compared to placebo. The differences at week 26, and 52,
are summarized in the figures below.

Figure 25 Proportion of Patients with HbAlc <6.5% at Week 26 (Left) and at Week 52 (Right) -
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Source: Figure 11-8 CSR PIONEER 8

Figure 26 Proportion of Patients with HbAlc <7.0% at Week 26 (Left) and at Week 52 (Right) —
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Durability of Response
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The semaglutide effect on glycemic control and weight appeared to be sustained for the
duration of the study.

Persistence of Effect
Not applicable as effect persistence was not assessed.
Additional Analyses Conducted on the Individual Trial

See Biometrics review by Dr Robert Abugov for FDA analyses pertaining to PIONEER 8.

7. Integrated Review of Effectiveness

7.1. Assessment of Efficacy Across Trials
7.1.1. Primary Endpoints

The primary endpoint for most phase 3 studies pertained to glycemic control as evidenced by
the change in HbAlc from baseline to week 26 (or week 52 in PIONEER 7). The endpoints were
met for the 7 and 14 mg doses of oral semaglutide in all trials, therefore supporting the
indication.

Change in HbA1lc from baseline

Baseline levels of HbAlc ranged from 8% to 8.3% in the efficacy trials. HbAlc was reduced by
up to 0.9 % with oral semaglutide 3 mg, 1.2 % with 7 mg, 1.4 % with 14 mg, and 1.3 % with oral
semaglutide flexible dose. The HbAlc reduction with semaglutide 7 and 14 mg was statistically
superior to placebo, and sitagliptin 100 mg. Semaglutide 14 mg was statistically superior
empagliflozin 25 mg, but not statistically superior to liraglutide 1.8 mg (it was non-inferior)
regarding glycemic control. The HbA1lc reduction with semaglutide 3 mg was superior to
placebo only. The results for the primary analyses based on the intention-to-treat principle are
summarized below.

Table 58 Confirmatory Analyses of Change from Baseline in HbAlc (%) — PIONEER 1-5 and 8
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Hb2&,. (%-point) Estimate [95% CI] p-value alpha Hypothesis Conclusion

PIONEER 1 - week 26

Qral s=zma 14 mg - Placsho -1.1 [-1.3 ; —-0.4] <0.0001 Supsriority Confirmed
Oral sema 7 mg - Placsbo -0.8 [-1.1 ; -0.6] <0.0001 Superiority Confirmed
Oral sema 3 mg - Placesbo -0.&e [-0.8 ; -0.4] <0.0001 Superiority Confirmed
PIONEER 2 - week 26

QOral sema 14 mg - Empa 25 mg -0.4 [-0.6 ; -0D.3] <0.0001 Non—inferiority Confirmsd
Oral sema 14 mg - Empa 25 mg -0.4 [-0.6 ; —-0.3] <0.0001 Superiority Confirmed
DIONEER 3 - wesk 26

Qral s=ma 14 mg - Sita 100 my -0.5 [-0.8 ; —-0.4] <0.0001 Non—-inferiority Confirmsd
QOral sema 14 mg - Sita 100 mg -0.5 [-0.6 ; -0.4] <0.0001 Superiority Confirmed
Oral sema 7 mg - Sita 100 mg -0.2 [-0.4 ; -0.1] <0.0001 Non-inferiority <Confirmed
Oral sema 7 mg - Sita 100 mg -0.3 [-0.4 ; -0.1] <0.0001 Superiority Confirmed
Qral s=ma 2 mg - Sita 100 my 0.2 [ 0.1 ; 0.3] 0.085 0.03% Non—-inferiority Not confirmed
QOral sema 3 mg - Sita 100 mg 0.2 [ 0.0 ; 0.3] 0.0080 Superiority Not tested
PIONEER 4 - week 26

Oral sema 14 mg - Placsbo -1.1 [-1.2 ; =-D.9] <0.0001 Superiority Confirmed
QOral s=ma 14 mg - Lira 1.8 mg -0.1 [-0.3 ; 0.0] <0.0001 Non—inferiority Confirmsd
QOral sema 14 mg - Lira 1.8 mg -0.1 [-0.3 ; 0.0] 0.0645 0.03 Superiority Not confirmed
PICHNEER 5 - week 26

Oral sema 14 mg - Placsbo -0.8 [-1.0 ; -D.& <0.0001 Superiority Confirmed
PIONEER 8 - week 26

Oral sema 14 mg - Placesbo -1.2 [-1.4 ; -1.0] <0.0001 Superiority Confirmed
Oral sema 7 mg — Placsbo -0.8 [-1.1 ; -0.7] <0.0001 Superiority Confirmed
Qral szma 3 mg - Placshbo -0.5 [-0.7 ; —-0.3] <0.0001 Supsriority Confirmed
'alpha': local significance level according to the testing strategy for hypotheses that are not
confirmed; CI: confidence interwval; 'p-valus': unadjusted two-sided p-value for test of no

difference from 0 (supsriority) or for test of no diffesrence from the non-inferiority margin (non-
infericzity);

Source: Table 3-6 Summary of Clinical Efficacy

The reduction in HbAlc with oral semaglutide occurred in the first 14 weeks of treatment and
was sustained for the duration of the trials, from 26 weeks, up to 78 weeks as observed in
PIONEER 3. The reduction in HbAlc by trial is presented in the Figure 27 below. Most of the
results presented below are at week 26 which was the set point for the primary endpoint,
except for PIONEER 7 where the 52 weeks timepoint was used for the primary analysis.

A numerical dose-response was seen in the trial that evaluated more than one dose of
semaglutide.

Figure 27 Estimated Change from Baseline in HbA1lc (%—-Point) — Phase 3 Trials
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Source: Excerpted from Figure 4-1 clinical overview

Reviewer Comment: Overall, the clinical development program is supportive of the glycemic
lowering indication of semaglutide 7 and 14 mg doses, in a variety of patients, both as
monotherapy and on a background of oral antidiabetics and insulin. Semaglutide was also
found to be efficacious and superior to placebo in patients with moderate renal impairment
(PIONEER 5).

7.1.2. Secondary and Other Endpoints

A summary of selected secondary endpoints is presented below.

Body Weight

The change in body weight was the confirmatory secondary endpoint in all trials, included in
the testing hierarchy and controlled for type 1 error.

Semaglutide was found to be superior in body weight reduction when compared to placebo,

sitagliptin, and liraglutide, but not when compared to empagliflozin. The analyses for the
confirmatory secondary endpoint are summarized in the table below.

CDER Clinical Review Template 142
Version date: September 6, 2017 for all NDAs and BLAs

Reference ID: 4492378



Clinical Review
Andreea Ondina Lungu
NDA 213051

Oral Semaglutide

Table 59 Confirmatory Analyses of Change from Baseline in Body Weight (kg) — PIONEER 1-5,
7,and 8

Endpoint Estimate [95% CI] p-values alpha Hypothesis Conclusion

PICHNEER 1 — week 26

Oral sema 14 mg - Placebo -2.3 [-3.1 ; -1.5] I Supsricrity Confirmed

Cral sema 7 mg - Placebo -0.% [-1.9 ; 0.1] i 0.025 Superiority Not confirmed

Oral sema 3 mg - Placebo -0.1 [-0.9% ; 0.8] N 0.025 Superiority Mot confirmed
PIONEER 2 - week 26

Oral sema 14 mg - Empa 2% mg -0.1 [-0.7 ; 0.5 0.7593 0.035 Supsricrity Not confirmed
PIONEER 3 — week 26

Oral sema 14 mg - Sita 100 mg -2.5 [-3.0 ; -2.0] =<0.0001 Supsricority Confirmed

Oral sema 7 mg - Sita 100 mg -1.6 [-2.0 ; =-1.1] <«0.0001 Supsriocrity Confirmed

Oral sema 3 mg - Sita 100 mg -0.e [-1.1 ; -0.1] 0.0185 Supsricrity Mot tested
PIONEER 4 - week 26

Oral sema 14 mg - Placebo -3.8 [-4.7 ; —-3.0] =<0.0001 Supsriority Confirmed

Oral sema 14 mg - Lira 1.8 mg -1.2 [-1.8 ; -0.6] 0.0003 Superiocrity Confirmed
PIONEER 5 - week 26

Oral sema 14 mg - Placebo -2.5 [-3.2 ; -1.8] <0.0001 Supsricrity Confirmed
PIONEER 8 - week 26

Cral sema 14 mg - Placebo -3.3 [-¢.2 ; -2.3] <0.0001 Supsricrity Confirmed

Cral sema 7 mg - Placebo -2.0 [-3.0 ; -1.0 0.0001 Supsricrity Confirmed

Cral sema 2 mg - Placeko -0.% [-1.8 ; -0.0] 0.03ez2 Supsricrity Confirmed
PIONEER 7 — week 52

Oral sema flex - Sita 100 mg -1.9% [-2.8& ; -1.2] =<«0.0001 Supsriocrity Confirmed
'alpha': local significance level according to the testing stratsgy for hypothssss that ars not
confirmed; CI: confidence interval; 'p-valus': unadjusted two-sided p-value for test of ne

difference frem 0 (supesriority).

Source: Table 3-7 Summary of Clinical Efficacy
Body weight was reduced by up to 1.5 kg with oral semaglutide 3 mg, 2.4 kg with 7 mg and 4.4
kg with 14 mg at week 26. The maximum body weight reduction was achieved around week 26

and was sustained for the remainder of the trials (52 to 78 weeks).

The reduction in body weight was numerically dose-dependent when more than one dose of
semaglutide was evaluated.
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Figure 28 Estimated Change in Body Weight (Kg) — Phase 3 Trials
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Source: Excerpted from Figure 4-4 Clinical overview

HbA1lc targets

The proportion of patients achieving the treatment targets defined by ADA and AACE of

HbAlc <7% and HbA1lc <6.5%, respectively, were evaluated as exploratory outcomes in all trials.
In line with the reduction observed in mean HbA1lc with semaglutide, greater proportions of
patients with semaglutide than with comparators achieved pre-defined treatment targets of
HbAlc <7% (ADA target), HbAlc <6.5% (AACE) which were nominally significant, with the
exception of the comparison between semaglutide 14 mg and liraglutide, and semaglutide 3 mg
and sitagliptin 100 mg. The proportion of patients achieving HbAlc <7% by trial is represented
in the figure below.
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Figure 29 Proportion of Patients Reaching HbAlc <7.0% PIONEER Trials
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Source: Figure 4-3 Clinical overview
7.1.3. Subpopulations

Subgroup analyses were performed by the applicant based on the treatment policy estimand
for the efficacy trials to evaluate whether the overall treatment effect of oral semaglutide on

glycemic control is consistent across subgroups and can be applied broadly to the T2DM
population.

Generally, the efficacy response to semaglutide was consistent across sub-populations of major
demographic factors (age, sex, race and ethnicity), relevant disease factors at baseline (duration
of diabetes, body weight, BMI, and renal function), background diabetes treatment (metformin
monotherapy, metformin + SU, other) and region (Africa, Asia+Australia, Europe, North America
[US+Canada] and South America); hence, the estimated mean change from baseline and

estimated treatment differences (ETD) between semaglutide and comparator were comparable
across and within the different subgroups.

Refer to Biometrics review by Dr Robert Abugov for the FDA’s analysis of subgroups.
7.1.4. Dose and Dose-Response

Five of the ten phase 3a trials (PIONEER 1, 3 and 8-10) evaluated all three doses of oral
semaglutide. Of these, | will focus on the three multinational studies as the Japanese studies
were not evaluated for efficacy as part of this NDA review.
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The dose-response of oral semaglutide 3, 7 and 14 mg is evaluated for the estimated treatment
differences in HbAlc and body weight at week 26, and the odds ratios of the proportion of
patients achieving HbAlc <7.0% at week 26 (week 52 for PIONEER 7).

A larger reduction in HbAlc from baseline to end-of-treatment was obtained with semaglutide
14 mg vs 7 mg vs 3 mg in all trials. No differences were seen across subgroups suggesting that
the treatment response to various doses of semaglutide is similar across subgroups.

Similar results were observed for HbAlc targets and body weight, with the higher semaglutide
dose having a stronger effect.

Because the lower dose of semaglutide, 3 mg, was shown to have limited efficacy, the applicant
is only proposing the 7 and 14 mg for the diabetes indication, and the 3 mg dose as a
start/titration dose.

7.1.5. Onset, Duration, and Durability of Efficacy Effects

The change in HbA1lc overtime for semaglutide for the phase 3 multi-national trials is discussed
in the individual trial sections. Overall, reduction in HbAlc occurred in the first 14 weeks for
most trials, and remained relatively stable or increased slightly over time for treatment periods
going up to 52 and 78 weeks

The decrease in weight with semaglutide also appeared relatively early and appeared to persist
for the duration of the trials.

7.2. Additional Efficacy Considerations
7.2.1. Considerations on Benefit in the Postmarket Setting

In general, semaglutide has been studied in a variety of diabetic patients, and on a variety of
therapeutic backgrounds. The clinical program appears adequate for the NDA submission. The
premarket assessment of cardiovascular risk was also performed in a short-term cardiovascular
outcomes trial. However, oral semaglutide has only been studied for less than 2 years. In this
context, events such as pancreatitis, gallbladder disease, malignancies, acute renal events, etc.
could potentially be more common postmarketing, and with longer use of the drug. This would
be in line with what was observed with other drugs in this class, and with injectable
semaglutide. So far, for the currently marketed GLP-1 RAs, the benefit-risk profile has not
changed significantly in the post-marketing setting.

7.2.2. Other Relevant Benefits

Semaglutide is to be administered orally, once daily. Of the currently marketed GLP-1 RAs, all
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are injectable and administered from twice daily to once weekly. Semaglutide would offer an
additional option for the patients who prefer oral administration to injectable products. With
the available data, it is not clear how semaglutide compared to the other members of the GLP-1
RA class of drugs, as such comparison is not the purpose of an anti-diabetic development
program. Semaglutide appears to offer robust glycemic control based on the data in the clinical
development program, which is the mainstay of diabetes treatment. Additionally, reductions in
body weight, which is a class effect, could also be regarded as advantageous in patients with
T2DM and obesity, which constitute the great majority of patients with T2DM.

7.3. Integrated Assessment of Effectiveness

Semaglutide is the first oral GLP-1 RA, evaluated for the treatment of T2DM. As presented in
Section 2.2, GLP1 RAs are a class of medications commonly used in the treatment of T2DM.
Semaglutide is already approved for treatment of T2DM in subcutaneous injection form
(Ozempic).

Semaglutide is administered orally once daily, as opposed to all other members of the class
which are injectable. While this could potentially constitute an advantage for semaglutide, the
administration is very specific due to low bioavailability. The efficacy and safety of oral
semaglutide was studied fasting, at least 30 minutes before a meal or other oral medications,
with up to 120 ml water. Any deviations from the above could result in more, or less
semaglutide being absorbed, and therefore affect both efficacy and safety of the product.

The semaglutide phase 3 development program is comprised of 7 efficacy trials, one CVOT
which was conducted to rule out excess CV risk pre-marketing, and two Japanese trials. Of the
efficacy trials, two were open label as blinding would have been difficult due to the nature of
the comparator (PIONEER 2 vs empagliflozin, and PIONEER 7 — flexible dose semaglutide vs
sitagliptin). The remaining 5 efficacy trials were double-blind as follows: three vs placebo — one
as monotherapy in treatment-naive patients (PIONEER 1), one in renally impaired patients
(PIONEER 7), and one on a background of insulin (PIONEER 8), one trial vs sitagliptin on a
background of metformin +/- SU (PIONEER 3), and one vs liraglutide and vs placebo, all in
combination with metformin with or without a SGLT-2 inhibitor (PIONEER 4).

In all the efficacy trials, semaglutide showed a dose-dependent reduction on HbAlc, sustained
over the duration of the trials. This reduction was generally shown to be superior to placebo as
monotherapy, on a background of insulin, and in patients with renal impairment. Semaglutide
was also found to be statistically superior to empagliflozin and sitagliptin, but not to liraglutide,
regarding HbAlc lowering.

In conclusion, regarding glycemic outcomes, the clinical program provides evidence that oral

semaglutide, at 7 and 14 mg daily dose, is efficacious in improving glycemic control in patients
with T2DM both as monotherapy, and as add-on to various OADs/insulin.
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8. Review of Safety

8.1. Safety Review Approach

The primary focus of the safety evaluation is on the data from the 8 completed multinational
phase 3 trials, including the CVOT, as these trials represent the intended target population as
well as the majority of the overall exposure to the studied semaglutide doses. The two studies
conducted in Japan are also included in the evaluation of safety. Details regarding the 10
PIONEER trials are presented below.

Table 60 Key Trial Designs for the Phase 3 Trials

. . o Stratification o .
Tllf.ll D . Dl[-l ation Oral semaglutide Camparator Rand(.]m.ls:mon Blinding By background By other Bﬂ(.:kgl.l)lll’ld apu—dmbe.t.'lc
(Subjects) (weeks) ratio medicaton parameters medication during the trials
PIONEER 1 - Japanese/
2 5 hu Bl -
N=703) 26 3mg | 7mg | 14mg Placebo 1:1:1:1 Double-blind non-Japanese None
PIONEER 2 Empa B . .
(N=519) 52 ldmg | oo mg 11 Open-label 1o stratification Met
PICNEER 3 Sita I Double-blind, met/ L
(N=1861) % Smg | Tmg | lmg 100 mg . double-dummy met + ST Met=3U
PIONEER 4 Lira Double-blind, met/ Japanese/ .
A 22 . ES -2
(N=711) 2 14mg 1.8mg Placebo 1 double-dummy met+ SGLT-2i non-Japanese Met= SGLT-21
- met/ eGFR ,
Pl&ifig{ 5 26 14mg Placebo 11 Double blind SU = met/ 30-44/ 4559 M;:Afh*ﬁi}]i;’ : i
- basal insulin = met | mL/min/1.73m’ i
Presence of

. : Add-on to
PI(I[\)ILE:;; ‘ iif::z 14mg” Placebo 11 Double-blind cardiovascular standard of care® at the

disease or risk . - , y
investigator’s discretion

factors only
PIONEER 7 . Sita : 1-2 0ADs
(N=503) 52 Flexible dose adjustment 100 mg 11 Open-label SU/no SU (Met, SU, SGLT-2i, TZD)
. Basal insulin/ ‘basal insulin £ met or
PIONEER § 52 3mg | 7mg | 14mg Placebo 1:1:1:1 Double-blind basal-bolus/ Japanese/ basal-bolus insulin + met or
(N=730) . 5 non-Japanese . S
premix insulin premix insulin + met
PIONEER 9 Lira e Double-blind, | OAD at screening/
(N=243) 52 3mg | 7mg | 14mg 0.9 mg Placebo 1:1:1:11 Open-label’ | no OAD at screening None
PIONEER 10 Dula s SU/ glinide/ TZD/ 1 0AD (SU, glinide, TZD,
(N=458) 2 | 3mg | Tmg | Mmg | o5, 2221 Open-label .GV SGLT-2i -G or SGLT-21)

 Number of subjects based on SAS for PIONEER 1-5 and 7-10 and FAS for PIONEER G.  Subjects were to remain on the 14 mg, but were allowed to reduce the dose
or delay dose escalation due to tolerability issues. “Antidiabetic medication (excluding GLP-1 RAs, DPP-4 inhibitors and pramlintide from wisit 1 to 17) could be
adjusted or added at the investigator’s discretion and in accordance with standard of care and the current local label; 4 Combination of basal-bolus or premix insulin with
metformin was not allowed for Japanese subjects; * Double-blind versus placebo, open-label versus lita.

u-GI: alpha-glucosidase inhibitor; DPP-4i: dipeptidyl peptidase-4 inhibitor; dula: dulaglutide; empa: empagliflozin; GLP-1 RA: glucagon-like peptide-1 receptor agonist;
lira: liraglutide; met: metformin; OAD: oral anti-diabetic drug; SGLT-2i: sodium-glucose cotransporter-2 inhibitor; sita: sitaglipting SU: sulfonylurea;

TZD: thiazolidinediones.

Source: Table 1-1 ISS

Analysis sets
For PIONEER 1-5 and 7-10 and the trial pools, the safety analysis set (SAS) was used for the
safety evaluation, whereas the full analysis set (FAS) was used for PIONEER 6.

- The full analysis set (FAS) comprises all randomized patients. Patients
contribute to a treatment group based on the trial product they were
randomized to receive.

- The safety analysis set (SAS) comprises all randomized patients who received
at least one dose of trial product. Patients contribute to a treatment group
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based on the trial product they actually received for the majority of the on-
treatment observation period.

The phase 3a trials were designed to follow-up and collect data on all randomized patients for
the planned duration of the trials, including the period after premature discontinuation of trial
product or initiation of rescue medication and until the planned end-of-treatment visit.

Observation periods

Three different observation periods were defined for the safety evaluations:

- The in-trial observation period — entire time period from when a patient was randomized
until the final scheduled visit, including any period before initiation of treatment or after
initiation of rescue medication or premature discontinuation of trial product.

- The on-treatment observation period — time period when a patient was on treatment with
trial product, including any period after initiation of rescue medication and until stop of trial
product

- The on-treatment without rescue medication observation period — time period when a
patient was on treatment with trial product, excluding any period after initiation of rescue
medication.

Figure 30 Observation Periods PIONEER Trials

Randomisatiarn A Planned end of Planned
and first dose ?f trfal product treatment visit ' follow-upylsit
‘f', .'?
1
i
]
‘ On-treatment = i
without rescue R |
- 1
| - On-treatment I‘-’_-_ =
1 ]
LExample 1 —— | I N-trial S it s o 2 ."
= i Premature Premature Planned end of.  Planned
) Flrst dose of First dose of end of treatment  follow-up treatment vislt  follow-tp
Randemisation  trial produck rescoe medlcat?n vIslt Visit visit
! 3 i 3 2
N : N oo : 2
| | ;
1 | 1
i On-treatment 5 i
1 - i
! without rescue ¢ ;
1] i
{ —— On-treatment = R R 5
i 1
Example 2 [P PR, ¢ = 7| e e 5 b

The on-treatment period includes an ascertainment window after last dose of trial product of either +3 days (laboratory

assessments, physical examination and vifal signs) or +38 days (AEs, adjudicated events, hypoglycaemic episodes,

ECGs and eye examination results). The same ascertainment windows apply to the on-treatment without rescue

medication period, unless rescue medication was initiated, in which case the period stops at the date of initiating rescue

medication. The in-trial period stops at the final scheduled visit and does not include any ascertainment windows. The

dashed lines illustrate the part of an observation period outside the period when a subject is taking trial product.
Source: Figure 1-5 ISS
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The observation period determined which post-baseline data points a patient contributed with
for an evaluation. Baseline values were by definition included in all observation periods. In
PIONEER 6, treatment pauses were allowed. Although trial product was stopped during a
treatment pause, data from the treatment pause was still included in the on-treatment period.
Treatment pauses were not allowed in any of the other trials.

The on-treatment period was used for most safety evaluations, except for deaths and event
types with potentially long latency between onset and diagnosis for which the in-trial period
was used. AEs with onset during the on-treatment period correspond to treatment-emergent
adverse events.

Applicant defined pools used for safety evaluation:

Three different pools were defined by the applicant.

Three different trial pools were defined:

- The phase 3a pool comprising all phase 3a trials, except PIONEER 6 — to compare oral
semaglutide (all doses combined) to all comparators (active and placebo) combined.

- The placebo pool comprising the multinational placebo-controlled phase 3a trials (PIONEER
1, 4, 5 and 8) — to compare oral semaglutide (all doses combined) to placebo.

- The placebo dose pool comprising the two multinational placebo-controlled phase 3a trials
investigating all three doses of oral semaglutide (PIONEER 1 and 8) — to evaluate dose
response of oral semaglutide versus placebo.
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Table 61 Phase 3 trials Contributing to Different Pools

Treatments Trial pools
T1‘ial.ID Duration Oral semaglutide Camparator Ph[?ljzlsa PI;:S}JG ;1::;];21
(Subjects) (weeks) (N=6352) (N=2184) (N=1433)
?l\-—;:?? 0333) 26 3mg | Tmg | 14mg Placebo X X X
?15382 12 93) 52 14 mg | Empagliflozin X
8\3]312 82 62 1 78 3mg | Tmg | 14mg Sitagliptin X
(P1:11=472 12 1‘; 32 14mg | Liraglutide Placebo X X
?1\:13:32’_)3 :) 26 14 mg Placebo X X
fb?:%s()(; 52 3mg | Tmg | 14mg Placebo X X X
(Pl\!;=422 fgl) (F) 52 3mg | 7Tmg | 14mg | Liraglutide Placebo X
?1\-—;2:523{;2 P) 32 3mg | 7Tomg | 14mg | Dulaglutide X

* PIONEER 7 has a 52-week extension phase that is included as ongoing.
N: number of subjects in the safety analysis set; JP: Japanese trial.

Source: Table 1-2 ISS

Data from PIONEER 6 is presented separately, since the CVOT differs on important parameters
making it unsuitable for pooling with the other phase 3 trials. Key differences include a longer
trial duration, a trial population at high risk of CV events, limited reporting for AEs that were
not SAEs or events of special interest, and randomized treatment provided in addition to
standard-of-care.

In addition to the trial pools, data from PIONEER 3, and 5 are used to address specific topics:

- PIONEER 3 —to assess dose-response and long-term safety as the trial had extension to 78
weeks.

- PIONEER 5 —to assess the safety and tolerability of oral semaglutide in patients with
moderate renal impairment.

8.2. Review of the Safety Database
8.2.1. Overall Exposure

The cut-off date for data in this application was November 2, 2018, corresponding to the
database lock (DBL) date for PIONEER 6. This cut-off date allowed inclusion of data from 28
completed clinical trials with oral semaglutide (10 phase 3a trials, 1 phase 2 trial and 17 clinical
pharmacology trials) and 2 clinical pharmacology trials with SNAC. For the 3 ongoing trials
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(trials 4248 and 4427, and PIONEER 7ext) only blinded information about deaths, SAEs and
pregnancies reported in these trials is included.

Exposure was defined as the length of the on-treatment observation period including the 38
day ascertainment window.

The total exposure to oral semaglutide in the on-treatment observation period was 4379
patient-year of exposure (PYE) in the phase 3a pool (PIONEER 1-5 and 7-10), 1197 PYE in the
placebo pool (PIONEER 1, 4, 5 and 8) and 1932 in PIONEER 6.

Table 62 Total Exposure — Phase 3a Trials and Pools

323 Cral sema COral sema 0ral sema Oral sema” I::n:urﬂparai—,u:ir.=I Blacshbo
3 mg T mg 14 mg
n PYE ho) PYE o) PYE N FYE ) FYE n PYE
Phase 3a pool 4114 4379 2236 2335
Placebo pool 1518 1197 663 523
Placebo dose pool 35% 288 356 274 356 267 362 290
Pl 4233 175 101 175 S8 175 96 525 29%e6 178 101
PZ 4223 410 400 410 400 409 420
P3 4222 466 662 464 669 465 650 1395 1981 466 687
P4 4224 285 281 285 281 284 285 142 143
P3 4234 1la3 B9 le3 8o lel El
BT 4257 253 238 250 247
P8 4280 184 186 181 176 181 170 546 532 184 1350
P9 4281 49 20 49 o3 48 20 L14e 133 48 21 49 o4
P10 4282 131 139 132 138 130 133 393 410 65 ca
Fn3 oral sema” Placsbo
N PYE N PYE
PG 4221 1591 1932 1582 1987

Phase 3a pool: PIONEER 1-5 and 7-10. Placelo pool: PIONEER 1, 4, 5 and 8.

Placebo dose pool: PICOHNEER 1 and 8. "Oral ssma': data from all thres oral ssmaglutide doses

(3, 7 and 14 mg).  In PIONEER 1-5 and 8-10 this column is the pooled oral ssmaglutide data across
the doses used in the individual trials. In PIONEER 7 and &, subjects were allowed to dslay dose
escalation of oral semaglutide to 124 mg and to decreass the doss if experisncing unaccspitabls AEs.
1 subject in the placsbo group of PIONEER 6 was not exposed to trial product. b'Comparator' for the
phase 3a pool: sitagliptin, smpagliflozin, liraglutide and placsbo; ‘Comparator’ for the individual
trials only includes the active comparator. N: number of subjects; PYE: patisnt-years of exposure

Source: Table 11-1 ISS

CVOT exposure
The on-treatment period relates to the exposure time for each patient. The mean time on-
treatment was 14.8 months, ranging from 0 to 19.9 months.

The treatment time (i.e. duration of exposure including any treatment pauses) for the individual
patients ranged from 0 to 82 weeks with most patients being treated for 53 to 79 weeks.

In PIONEER 6 the target maintenance dose was 14 mg, however, if treatment with the trial
product was associated with unacceptable AEs (as judged by the investigator), treatment
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pauses, dose reductions and extensions of dose escalation periods were allowed. At end-of-
treatment, most patients were treated with 14 mg (oral semaglutide: 69.5%; placebo: 85.9%).

Table 63 Duration of Exposure — PIONEER 6 — FAS

Oral semagluticde Placebo Total
N (%) N (%) o (%)
Wumber of subjscts 1591 1582 3183
Duration of sxposure (weeks)
0 <= to <4 25 { 1.8) 10 [ 0.86) 353 (1.1}
4 <= to <8 31 { 1.8) 26 { 1.8) 37 { 1.8)
8 <= to <12 32 { 2.0) 12 ( 0.8) 44 [ 1.4)
12 <= to <18 1g ( 1.0) S ( 0.86) 25 [ 0.8)
16 <= to <2¢§ 35 { 2.2) 30 [ 1.%) a3 { 2.0}
26 <= to <53 296 {18.8) 285 (17.9) 581 (18.3)
23 <= to <79 1152 (72.4) 1215 (76.¢6) 2371 (74.3)
78 <= 4 { 0.3) ] 4 ([ 0.1)
'Duration of exposurs': tims from first date to last date of doss of trial product (both dates
inclusiws); N: number of subjects; %: proportion of subjects.

Source: Table 1-14 ISS
8.2.2. Relevant characteristics of the safety population:

Per the applicant, the inclusion and exclusion criteria in the phase 3a trials were chosen to
allow enrolment of patients from the intended target population in terms of demographics,
comorbidities, concomitant medication, duration of T2DM and diabetes complications including
CV disease and renal impairment.

In the phase 3a pool, treatment completers were defined as patients that did not discontinue
treatment prematurely. Trial completers were defined as patients who were not lost to follow-
up, or withdrawn from the trial, or did not die.

In PIONEER 6, trial completers were defined as patients that either attended the last follow-up
visit or who died while considered active trial participants. A patient was considered lost to
follow-up if the patient did not complete the trial and did not withdraw consent.

In the phase 3a pool, 4116 patients were exposed to oral semaglutide. In the nine trials of the

phase 3a pool and in PIONEER 6, the proportions of patients on oral semaglutide completing
the trials was 93.6-99.7% and completing the treatment with trial product was 81.6-94.5%.
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Table 64 Patient Disposition — Phase 3a Trials and Pools

Trial Oral semaglutide (all doses) Comparators
Number of Number of completers of Number of Nuniber of completers of

subjects treatment/trial subjects treatment/trial

axposed axposed
Phase 3a pool 4116 3507 (85.2%)/3923 (95.3%) 2236 1988 (88.9%)/2147 (96.0%)
Placebo pool 1519 1297 (85.4%)/1449 (95.4%) 665 587 (883%,/635 (95.5%)
Placebo dose pool 1071 923 (86.2%)/ 1014 (94.7%) 1433 1244 (86.8%)/1359 (94.8%)
PIONEER 1 525 471 (89.7%)/493 (93.9%) 178 159 (893%)/170 (95.5%)
PIONEER 2 411 339 (82.3%)/400 (97.3%) 409 365 (89%0)/387 (94.4%)
PIONEER. 3 1395 1160 (83.1%)/1307 (93.6%) 466 406 (86.9%)/451 (96.6%)
PIONEER 4 285 241 (84.6%)/277 (97.2%) 426 373 (87.6%)/408 (95.8%)
PIONEER 5 163 133 (81.6%)/158 (96.9%) 161 141 (87.6%)/156 (96.9%)
PIONEER 6 1591° 1347 (84.7)/1586 (99.7%) 1592° 1435 (90.1)/1586 (99.6)
PIONEER. 7 253 211 (83.4%)/241 (95.3%) 250 228 (90.8%)/244 (97.2%)
PIONEER 8 546 452 (82.8%)/522 (95.6%) 184 162 (88.0%)/175 (95.1%)
PIONEER. 9 146 138 (94.59%)/142 (97.3%) 97 93 (95.9%)/95 (97.9%)
PIONEER. 10 393 362 (92.1%)/385 (98.0%) 65 61 (93.8%)/63 (96.9%)

Subjects exposed are subjects exposed fo at least one dose of oral semaglutide or comparator. Treatment completers are
subjects who completed the planned treatment period according to the investigator; trial completers are subjects who
were not lost to follow-up or withdrawn from the frial, or did not die. Proportions are number of completers relative to
the number of subjects in the safety analysis set. * PIONEER 6 is based on FAS data, comprising all randomised
subjects instead of exposed subjects.

Source: Table 1-17 ISS

In both phase 3 pool and PIONEER 6, the primary reasons for not completing treatment were
adverse events. The proportion of patients who discontinued the trial product prematurely
was higher with semaglutide vs comparator in both pools, and this was driven, as expected, by

Gl events.
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Table 65 Patient Disposition Overview Phase 3 Pool SAS

Oxzl s=ma Compazasor Tosal
f2) (=] o} (&) H %]
lipmhar o =ubj=acss 4116 ([ 100) 2236 { 100} 6252 ([ 100]
Treatm=nt comoissers [3] 3307 {B85.2) 1985 (BB.9] 5485 [(S26.35)
Hithout rescu= medicasion 2880 [(T2.6) igl2 {71.g] 4502 [(72.3)
Hith rescus m=dication 317 [(i2.6) 286 (17.3] 903 (12.E)
remature trisi product discontinuation — primary resson €08 [(314_3) 2435 {11 3} 857 (13.35)
Advearss syans(=) 226 [ B.2) ins [ &.9] a43 [ 7.0
Vioiasion of Inclusion andfor sxclusion criteria 21 [ 0.8} 11 { 0.3} 42 [ 0.7)
Intanticon of becoming pregnans 1 [(=0.1} 1 (<03 2 [=0.1)
Dazsipcipation in smnoshar clinipal t=xial [2] 6 [ 0.1) 2 [ 0.1} B [ 0.1}
Caloisonin wvaiue == 100 ngfl 1 [<0.1} v} I (=0.1)
Subj=ct withdrawal Zrom trial 37 [ 1.4} 27 1.2} B2 [ 1.3)
Dregnancy 2 [=0.1) 1 {<0.1 2 (=0.1}
Othe=r 175 [ 2.3) 37 [ 2.2] E72 [ 4.3)
Trial completeza [3] 3822 {35.3) 2327 (86.0] 6070 (53.6)
Withdrawal Zzom Srizl — primazy raa=zon 102 [ £.7) 85 { 4.0} ZB2 [ 4.4)
Lo=s So Sollow-up B0 [ 1.7} ax { 1.3} a3 ( 1.8)
Hithdrawal by =ubj=cs 100 ([ 2.4) 24 { E.0] ilds ([ 2.3)
Other 24 [ D.E) iz [ 0.7] 2% [ 0.8)
Di=d 17 [ 0.4) 13 { 0.&} an [ 0.5]
Zhase 3a pool: PIONEZIR i-5 and T-10.
'"Ozzl mama': dasa Zzom all thres oral =samaglutide do=as (2, 7 and 14 mg). "Compazasor': =isagliptin,
P ozin, Liragluside, dulaglutide and placsbo.
N: nurke=r of subject=; %: proporsicon of smubjects; "[1]': subjects wheo compi=ted traatmant wish t=zial
producs accozding to the and-of-tSrizl form; '"[21': =imuisanecus=s participasion in any other cliniczi
trizl receiving an invsstigational medicinal pzoduct; '[21': subj=ct= who attends=d She Zipal
=chadulisd wizis; 'Bescus medicasion': us= of naw anti-diabetic madication a= add-on to trial pzoducs
and us=d Zor mor= than 231 days with the Initistion at or after zandomisation and beZore iast day on
trizl prodeck, and/or ZnsSen=ification of anti—-diabetic m=dication (2 mo== Shan PO0% inczez== in do==
relztive to bass=iine] for moze Shan 21 day=s with sShe int=naification abt or aZter randomisasion and

befoz= ia=t dayv on tzial producs.

Source: Table 7.1.2 ISS
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Table 66 Patient Disposition Placebo Pool SAS

Oxzl ==ma 2iace=ho Tosal
) (=] i (&) H %]
Humber of =ubj=css 1518 [ 100) 63 { 100} Z18< ( 100}
Trestment compi=ters [i] 1257 {B85.4) ST (BE.32] 18EB< [E6.2)
Hithout rescu= medicasion 1144 [?5.3) 224 (66_8] 1588 (F2.7)
Hith rescu= m=dication 132 (20.1) i23 (21.3] 29§ (13.4)
Premasure trifni producs discontinuation — primary resson ZEE (L4_£) 78 {11_7) 200 (13.7)
== evens (=) 136 [ 5.0) 23 [ 2.8} 11 [ 7.4}
Sicn of inclusion andfoz =xclusion criba=ia 12 [ O.%) Z [ 0.8} ig [ @.8)
o 1 { 0.2] I o[=3.1)
cipation in snothar =linical &xiali [2] 2 [ 0.1} 1] 2 [ 3.1)
Sonin vaiuoae == 100 ngfl o 1} [a]
Suhj=ct withdrawal from trizl i7 [ 1.1) 11 § 3.7 28 { 1.2}
Dragnancy I [ 0.1} 1] R -l v |
Oth=r 32 [ 3.3 36 [ 5.¢] g3 4.1)
Trizl completers [3] laag {95.4) 825 (85.5] 20B= (85.4)
Withdrawal fxom Srizl — primarzy rea=on 70 [ 2.6} 33 { 2.5] igo [ 4.8)
Los=s So Zollow—up 24 [ 2.2) 11 { 1.7} 45 [ 2.1)
Hithdrawal by =ubj=cs 24 [ i.6) la [ 2.1 28 [ 1.7)
12 [ 0.8) 3 ( 0.8] 17 [ 0.8)
8 [ 0.3) 3 [ 0.5} ii [ 0.5}
Placebo pool: PEONMEEZR i, 4, § and S.
'"Ozzl ==ma': dasa Zzom ail thre= oral s=maglutid= do=as (2, 7 and id

H: number o subjects; %: proporsion of subjects; '[1]': subjects

producs accozding to th= end-oi-Srial form; '"[E1": simuisanecus participasion in any obther clinicii
ct= who astends=d She =
ication as add-om to ©
b=fore

trizl r=ceiving an invessigational medicinal pzoduct; "[31": =subj
schedulisd vwisis; "Bescus medicasion': uss o new anti—diabetic m
and used Zoz mors than 21 days with the Ini

stion at oz afiter zandomisatlon an

befoz= ias=t dawvy on tzial producs.

Source: Table 7.1.7 ISS

Table 67 Patient Disposition PIONEER 6
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COral =ema Flacebo Total
H (%] ¥ (%] (%]
Jcresned 241E
Scresning faiiuras 225 | BE.5]
Randomizad izal izaz 2183
Cxposed 3541 { 100 315481 {8.8._49) 2182 { 100}
Hot =xpo=ed a 1§ 0.1} 19 a}
Fuli analysis =et 3331 o 100] 1332 ( 100] 2183 ( 100]
Treatment completerzs il3 3347 (94.7] 1435 (90.1) 2782 {a7.4
Bermznent trial product discontinnasion — primary rezson 224 {i5_Z) 156 { 9_E] 400 {iZ_&6}
Edverse =vant(s] 183 (il._g) 04 { B.5] 285 ( 5.1]
Zack of =ffecc 4 { D.2) 5 4{0.2)] 8 {D.2
Darsicipastion in another clinical trial [2] a a a
Bragnancy o u] u]
Intention of becoming pregnans a a a
Calcitonin waiwe >= LOD ng/L a a a
Withdrawzi of consent a a [u]
Zo=t 3o foliow-up 2§ 0.1} 2 { 0.1} 4 | 0.1}
Ochex 32 ( 2.3) 25 { Z.E] ag { 2.1
Trial completers i23 igsgg {99.7) igfgg {99.5] 2172 {85.7)
Astended foillow-up visis ([P1E)] 3562 (98.2) 1341 (96.18) 2104 (37.5]
Died during trial 22 { 1.4) 25 { 2.E] 8B { 2.1}
Hon-completers - primary reas=on snd las=t known vitsl sbatos 5 (0.2] E { 0.4} il | 0.3
Withdrawzi by =ubject 2§ 0.2} 1§ 0.1) 4 {D.1
Aiive 2 1 0.2) 1 0.1) 2 { 0.1}
Dececsed a u] u]
Tnkinown a a a
Zo=t 3o foliow-up 2 { D.1] 5 {D.2 7 { D.2)
Riige 1§ 0.1} 4 § 0.3) 2 0.2}
Decessed 14 0.1} 1 {D0.1] 2 {01
i suhjecss who were eaposed and who did oot disconsiooe sriai producs peomanenslys 'i23': sizaitaneowus parsicipasion io any obher
c= i srizi receivi n invessigasional medicinal prodact: "[2]": subjects who atsended the foliow-up wisit {Tl8) or who disd whiis
considered acsive in = ; "primary rea=on': zccording to she Dose Change form. H: number of =ubjects: %: proporsion of randomfi=ed =ubjects

anceps for scrzening £ re= whers iz I= proportion of screesnsd sabjecs=.

Source: Table 14.1.1 CSR

Baseline characteristics for each phase 3 study are detailed in Section 6 of this review.
8.2.3. Adequacy of the safety database

The phase 3 clinical program for oral semaglutide include 7 trials comparing semaglutide to
placebo or active comparator drugs with treatment duration from 26 to 78 weeks. The phase 3
program also included an event-driven, pre-market CVOT (PIONEER 6). Two additional studies
were conducted in Japan, required by the Japanese authorities, and they are somewhat
redundant for the purpose of this NDA. Regardless, all these studies are included in the safety
database. The clinical program also included a study in patients with moderate renal
impairment (PIONEER 5).

A total of 4116 patients with T2DM were exposed to oral semaglutide in the completed phase 3
trials, and an additional 1591 patients were exposed to oral semaglutide in the pre-market
CVOT. The size of the safety database appears adequate for pre-marketing safety assessment.

8.3. Adequacy of Applicant’s Clinical Safety Assessments
8.3.1. Issues Regarding Data Integrity and Submission Quality

OSl audits did not identify any issues regarding data integrity, and the submission is well
organized.

CDER Clinical Review Template 157
Version date: September 6, 2017 for all NDAs and BLAs

Reference ID: 4492378



Clinical Review
Andreea Ondina Lungu
NDA 213051

Oral Semaglutide

8.3.2. Categorization of Adverse Events

An adverse event (AE) was defined as any untoward medical occurrence in a patient
administered a product, whether it had a causal relationship with the treatment, and it
included clinically significant worsening of a concomitant illness. All AEs were collected via
investigator reporting and were to be reported on the AE for in the CRF.

For SAEs, a safety information form (SIF) was to be completed in addition to the AE form, to
collect additional safety information to be included in the narrative. SAEs were to be followed
until the outcome of the event was recovered, recovered with sequelae or fatal, and until all
queries had been resolved except for cases of chronic conditions, cancer or AEs ongoing at the
time of death (where death is due to another AE). Non-serious AEs were to be followed until
the outcome of the event was recovering, recovered, or recovered with sequelae or until the
end of the follow-up period, whichever came first, and until all queries related to the AEs had
been resolved.

In PIONEER 6, systematic collection of data on AEs was limited to SAEs, AEs leading to
treatment discontinuation and a few other AE categories of special interest (medication errors,
severe hypoglycemic episodes, hepatic events, diabetic retinopathy and related complications,
and pregnancies).

Additionally, certain events of special interest were defined for the oral semaglutide program as
requiring additional data collection or an event to be sent for adjudication. Such events are

presented in the table below.

Table 68 AEs with Additional Data Collection and/or in Scope for Event Adjudication
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Event categories with additional data collection

Events in scope for adjudication

Amte coronary syndrome Apmte nryocardial imdaret
Silent myocardial inforct
VAP requinng hospitalisation

Cerebrovasonlar event Stroke
TIA

Heart failme Heart faihme reguinne bospitalisation

Eenal event Acute kidney mjnry

Pancreatifiz Apute pancreafifis

Arute gallstone disease None

Neoplasm Walignant neoplasm

Thyroid dizeaze Malignant fhyroid neoplasm
C-cell hyperplasia

Lactic acidosis Lactic acidosis

Bypersensitivity reaction None

Medicahon eror None

Increazed areatine kinaes (CE =1 0=ULIN) Mons

Hepatic events, defined as: None

o ATTor AST=3=ULN
o ATT or AST =3xULN and TBL =2UILN
s  Hepatic events leading to prematire

discontiniation of trial product
Dighetic retinopathy or telated complications None
Death Al events with fatal outcome

Source: Table 1-4 ISS

The investigator was to evaluate whether an AE matched one of the AE categories of special
interest and if yes, in addition to the standard AE form, the investigator was to fill in the
relevant event-specific forms. The information collected on the additional data collection forms
was used for the evaluation of individual AEs and is included in the case narratives and/or data
listings in the CTRs.

Event adjudication

Adjudication of events was done by an external event adjudication committee (EAC). The
adjudication was based on blinded review of pre-defined clinical data related to the specific
event types according to criteria and guidelines outlined in the EAC charter. For randomized
patients, all events in scope were adjudicated, including events with onset during the screening
period. Events sent for adjudication were identified by the investigator, central ECG review,
EAC (review of the source document), and preferred term search. An overview of the
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adjudication process is presented below.

paths for idantifying Investigator Central review of EAC Preferrad term
events for adjudication [ TSR P p PR ECGs Review of source search
relavant far adjudication To.ldentify new Mis documeptation Scraening amang all’AEs

Not sent for
adjudication

‘=ICardiologisks = Neuratogists s Nepliralop]sts «/Gastoenterologists =
{Endacrinoleqista sloncologsta eCriticol carc/specialist

Source: Figure 1-4 ISS

PIONEER 6 followed the same adjudication process as described above, and included the same
event categories for adjudication as in the other phase 3a trials. The applicant submitted all
adjudication packages for PIONEER 6.

Narratives were submitted for fatal events, other SAEs, non-serious AEs within a safety focus
area leading to trial product discontinuation, pregnancies, rare events, laboratory outliers. The
applicant did not prepare narratives for Gl AEs leading to discontinuation that were non-serious
because these were expected, and case narratives were unlikely to contribute any new
information to the safety profile of oral semaglutide.

Episodes of hypoglycemia were to be reported on the hypoglycemic episode form rather than

the AE form. Initially hypoglycemia episodes were categorized using the ADA 2013 definition,
but they were re-classified using the ADA 2018 and IHSG 2017 classification of hypoglycemia.
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Table 69 Hypoglycemia Definition

Level Glycaemic criteria Description

Sufficiently low for treatment with
fast-acting carbohydrate and dose
adjustment of glucose-lowening
therapy

Level1l Hypoglycaenuia alert value <=3.9 mmol/L (70 mg/dL)

Sufficiently low to indicate serious,

Level2 Chmcally sigmificant hypoglycaemia  <3.0 mmol/T, (54 mg/dL) clinically important hyposlycaemia

Hypoglycaemia associated with
Level3 Severe hypoglycaemia No specific glucose threshold severe cognitive impainment requiring
external assistance for recovery

Source: Table 1-8 ISS
The following clinical laboratory tests were collected during the oral semaglutide trials.

Table 70 Clinical Laboratories

Biochemistry (measured in serum) Hormones (measured in serum)
Amylase Calcitonin
Lipase
ATT, AST, ALP, TBL Renal function tests (measured in serum or urine)
CK Creatinine
Albumin eGFR. (CKD-EPI)
Trea TACR®
Calcivan (total)
Potassiim Haematology (measured whole blood)
Sodium Haemoglobin
CRP® Haematocrit
Bicarbonate” Leucocyies
Lactate® Thrombocytes
Lipids (triglycerides, FFA, and HDL-, LDL-, VLDL- Differential cell count {eosinophils, nentrophils,
and total cholesterol) basophils, monocyies and lymphocytes)

Glucose parameters (HbA; ., FPG, and fasting values of

insulin, C-peptide, pro-insulin and glucagon)
? only collected in the renal impajrment trial PIONEER 5; ” only collected in PIONEER 1, 2 and 5; © only collected in
PIONEER 4. 6, 7 and 10; 9 only collected in PIONEER. 1 and 2. AT.T: alanine aminotransferase; AST: aspartaie
aminotransferase; ATLP: alkaline phosphatase; CK: creatine kinase; CRP: C-reactive protein; eGFR (CED-EPT):
estimated glomerular filtration rate (eGFR) as per the Chronic Kidney Disease Epidemiology Collaboration formula
(CKED-EPI); TBL: iotal bilimubin; UACE: urinary albumin to creatinine ratio

Source: Table 1-5 ISS

For all laboratory parameters, except for ALT, AST, TBL and CK, there was no threshold for what
outliers should elicit an AE report. For abnormal clinically significant findings discovered
through screening or baseline assessments, the investigator was to include a comment in the
patient’s medical record and record this in the concomitant illness and medical history form.

Semaglutide plasma concentrations were measured in all patients in PIONEER 1, 2, 5, 8 and 9,
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and in half of the patients in PIONEER 3.
Anti-semaglutide antibodies were measured in PIONEER 1-5 and 9.

Safety assessments related to SNAC:

SNAC is the absorption enhancer used to facilitate oral administration for the semaglutide
formulation under review. Nonclinical findings have shown that SNAC may impair cellular
respiration at exposure levels much higher than the intended clinical exposure. The expected
clinical manifestation of impaired cellular respiration includes lactic acidosis, and the
occurrence of lactic acidosis was therefore considered a safety focus area. SNAC plasma levels
and concurrent venous lactate levels were measured in PIONEER 1 and 2, per regulatory
request. SNAC and lactate were measured at week 4 and 26 in both trials. Lactate

was measured pre-dosing, and 25 and 40 minutes post-dosing.

Arterial lactate and other blood gas parameters were assessed in the clinical pharmacology trial
NN9924-4247 that explored the effect of SNAC on the QTc interval where SNAC was dosed at
supra-therapeutic doses of up to 3.6 g, which is 12 times higher than what is administered in an
oral semaglutide tablet.

Systolic and diastolic blood pressure and pulse rate were measured in all phase 3a trials at
designated site visits, in a sitting position after the patient had been resting for at least 5
minutes and by using the standard clinical practice at the site.

Eye examination

In all phase 3a trials, a fundus photography or a dilated fundoscopy was performed at:
- Screening visit (results available before randomization)

- End-of-treatment visit (or within 5 weeks thereafter)

- In PIONEER 3 and 6, the examination was also performed after 1 year in the trials

The fundus photography or fundoscopy was performed by the investigator or other qualified
health care professional according to local practice. The fundoscopy required pharmacological
dilation of both pupils.

Coding of AEs

All serious and non-serious AEs were coded according to the Medical Dictionary for Regulatory
Activities (MedDRA) using the current MedDRA version at the time of reporting. MedDRA
version 20.1 was used for reporting of all phase 3 trials.

8.3.3. Routine Clinical Tests

Routine clinical tests performed during the semaglutide phase 3 trial are discussed in section 6
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under the individual trials.

8.4.

Safety Results

8.4.1. Deaths

The evaluation of death was based on the entire development program for oral semaglutide. A

total of 106 deaths were reported in the 28 trials as follows:
- One death in the hepatic impairment clinical pharmacology trial (bacterial peritonitis in a

patient with severe hepatic impairment, the patient received oral semaglutide in the trial,

however the baseline disease is likely what caused the death)
- 31 deaths in phase 3a pool
- 74 deaths in PIONEER 6

Phase 3a pool

One of the 31 deaths was in a patient in PIONEER 3 who was randomized but never treated, the
other 30 deaths were in patients exposed to either semaglutide or comparator, all had onset
and occurred during the in-trial period. The breakdown of deaths by study is presented below.

Table 71 Deaths by Trial — Phase 3a Pool

Trial Treatment group Number of deaths per
treatment group
PIONEER 1 Semaglutide 14 mg 1
PIONEER 2 Empa 25 mg 1
PIONEER 3 Not treated 1
Semaglutide 3 mg 5
Semaglutide 7 mg 3
Semaglutide 14 mg 1
Sitagliptin 100 mg 3
PIONEER 4 Semaglutide 14 mg 3
Liraglutide 1.8 mg 4
Placebo 1
PIONEER 5 Semaglutide 14 mg 1
Placebo 2
PIONEER 7 Sitagliptin 100 mg 2
PIONEER 8 Semaglutide 14 mg 3

Source: Abbreviated from Table 2-4 Summary of Clinical Safety

In the placebo pool, 11 patients experienced a fatal event, 0.6% with semaglutide, and 0.4%

with placebo. In the phase 3a pool, the proportion of patients who died was similar between

pooled semaglutide (0.4%) and all comparators (0.5%).

CDER Clinical Review Template

Version date: September 6, 2017 for all NDAs and BLAs

Reference ID: 4492378

163



Clinical Review
Andreea Ondina Lungu
NDA 213051

Oral Semaglutide

Table 72 Total Deaths and EAC-Confirmed Deaths in the Phase 3a Pool and Placebo Pool

Oral sema Comparator/Placebo
M (dj.%) E zdj.Rr W (2dj.%) E zdj.Rr
FPhase 3a pool
Number o0f subjscts 4116 2236
Ohservation time [ysars) 4719 2452
Fatal REs 17 ( 0.4) 21 0.4 13 { 0.3} 1s 0.5
ELAC confirmed death
Cardiowvascular death 5 (0.1) 5 0.1 5 ( 0.2) 5 0.2
Undsterminad causs of death 6 ( 0.1) 4] 0.1 3 (0.1) 3 0.1
Non—cardiovascular d=ath 6 ( 0.1) 4] 0.1 5 ( 0.2) 5 0.2
Placebo pool
Number o0f subjects 1519 GES
Observation time [(ysars) 1292 548
Fatal REs B [ 0.8) A 0.7 3 ( 0.4) 3 0.3
EBAC confirmed death
Cardiowvascular death 2 [ 0.2) 2 0.3 1 (0.1} 1 0.2
Undsterminad causs of death 4 (1 0.2) 4 0.3 1 {(0.1) 1 0.2
Non—-cardiovascular death 2 [ 0.1) 2 0.1 1 (0.1} 1 0.1

Source: Excerpted from Table 2-5 Summary of Clinical Safety

The breakdown of deaths by SOC and PT is presented below for the phase 3a pool. Overall no
trends can be observed due to the small number of deaths under each SOC.
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Table 73 Deaths in the Phase 3a Pool by SOC and PT - In-Trial

Oral ssma Comparator
N (2dj.%) E 2dj.R ¥ (2d5.%) E 2dj.R

Number of subjscts 4116 2236
Observation time (ys=ars) 4719 2452
211 events 17 ( 0.4) 21 0.4 13 ( 0.3) 1a 0.4
Cardiac disorders S [ 0.2} a 0.2 4 (0.1 4 0.1

Myocardial infarction 3 (<0.1) 3 <0.1 1 [=0.1 1 <0.1

Cardio-respiratory arrest 2 («0.1) 2 <0.1 o]

Zoute myocardial infarctiom 1 {=0.1) i <0.1 2 (=<0.1) 2 <0.1

Cardiogsnic shock 1 (<0.1) 1 <0.1 0

Ltrial fibrillation 1 (<0.1) 1 <0.1 0

Cardiac arrest 1 (<=0.1) 1 <0.1 1 (=0.1} 1 <0.1
Infsctions and infestations 3 («0.1) 4 <0.1 1 (=0.1) 1 <0.1

Postopsrative wound infection 1 {=0.1) i <0.1 o

Encephalitis 1 (<0.1) 1 <0.1 0

Peritonitis bacterial 1 («0.1) 1 <0.1 0

Ssptic shock 1 {=0.1) i <0.1 o

Pneumania 0 1 [=0.1) 1 <0.1
Nervous system discordsrs 3 (=0.1) 3 <0.1 o

Ischaemic cersbral infarction 1 (<0.1) 1 <0.1 0

Encephalopathy 1 (<0.1) 1 <0.1 o]

Haemorrhagic stroks 1 (=0.1) 1 <0.1 o
Neoplasms benign, malignant and 1 («0.1) 1 <0.1 4 ( 0.2) 4 0.1
unspecifised {incl cysts and polyps)

Lung adenocarcinoma 1 (<=0.1) i <0.1 )

Ldenocarcinoma gastric i} 1 (=0.1) 1 <0.1

Ovarian cancer metastatic i} 1 {<0.1) 1 <0.1

Pancreatlic carcinoma 0 1 [=0.1) 1 <0.1

Pancreatic carcinoma metastatic i} 1 (=0.1) 1 <0.1
Respiratory, thoracic and mediastina 2 (=0.1) 2 <0.1 1 (<0.1) 1 <0.1
disorders

Loute respiratory distress syndrome 1 (=0.1) 1 <0.1 0

Respiratory failure 1 (<0.1) 1 <0.1 1 (<0.1) 1 <0.1
Gensral disorders and 1 (<0.1) 1 <0.1 2 (=0.1) 2 <0.1
administration site conditiomns

Death 1 (<0.1) 1 <0.1 1 (<0.1) 1 <0.1

Sudden death n} 1 (=0.1) 1 <(0.1
Renal and urinary disorders 1 (<0.1) 1 <0.1 1 («0.1) 1 <0.1

Leute kidney injury 1 (=0.1) 1 <0.1 0

End stage renal dissase n} 1 (=0.1} 1 <0.1
Hepatobiliary disorders 0 1 («<0.1) 2 <0.1

Chronic hepatic failure 0 1 (<0.1) 1 <0.1

Cirrhosis alcoholic 0 1 (=0.1) 1 <0.1
Injury, poisoning and 0 1 («0.1) 1 <0.1
procedural complicaticns

Lcocidental overdose 0 1 (=0.1) 1 <0.1

Phase 3a pool: PIONEER 1-5 and 7-10. Oral sema: data from all three oral semaglutide dosss (3, 7 and
14 mg) . Comparator: sitagliptin, smpagliflozin, liraglutide, dulaglutide and placsbo.

W: number of subjects with at least ons svent; Zdj.: The % and R are the Cochran-Mantel-Hasnszel
adjusted proportion of subjscts with at least one event (%) and svent rate per 100 patisnt-ysars of
obsservation [(B); E: number of events.

Source: Table 2-6 Summary of Clinical Safety

My analysis using JReview and ISS datasets confirmed the sponsor provided table.
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All 30 deaths were evaluated and classified by the EAC. The classification is presented in the

table below.

Table 74 EAC-Confirmed Deaths — Phase 3a Pool — In-Trial

Oral sema Comparator
N (Rdj.%) E Zdj.R N (dj.%) E zdj.R
Number of subjects 4116 2236
Obssrvation tims (vyears) 47158 2452
Cardiovascular and undstermined cause of death 11 [ 0.3) 11 0.3 g 0.3) B 0.3
Cardiovascular death 5 ( 0.1) S 0.1 50 0.2) 5 0.2
Zoute myocardial infarction 1 (<0.1) 1 <0.1 1 (<0.1 1 <0.1
Sudden cardiac death 1 {<0.1) 1 <0.1 4 (0 4 .2
Stroks 2 (<0.1) 2 <0.1 0
Cardiovascular procsdurs 1 {<0.1) 1 <0.1 1]
Undetsermined cause of death & {( 0.1) [ 0.1 32 (0 0.1 3 0.1
Wom—-cardiovascular dsath 6 [ 0.1) & 0.1 5 (0.2} 5 0.2
Renal causes 1 {<0.1) 1 <0.1 ]
Malignancy 1 {<0.1) 1 <0.1 32 [ 0.1) 3 <0.1
Pancreatlic causes 1 {<0.1) 1 <0.1 ]
Nsurological 1 {<0.1) 1 <0.1 0
Mon-prescription drug rsaction or overdoss 0 1 (0.1} 1 =0.1
Infection 2 {<0.1) z <0.1 0
Hepatobiliary causes 0 1 (<0.1) 1 <0.1
Phase 3a pool: PIONEER 1-5 and 7-10. Oral sema: data from all three oral semaglutide dosss (3, 7 and

14 mg) . Comparator: sitagliptin, smpagliflogin, liraglutids,

ELC: ewent adjudication commiittes; N:

event rate per 100 patient-vyears of obssrvation (R); E: number of events.

Source: Table 2-7 Summary of Clinical Safety

dulaglutide and placehbo.
number of subjscis with at least one sveni; Zdj.:

The % and R
ars the Cochran—-Mantsl-Hasnszel adjusted proporition of subjects with at lsast ons svent (%) and

My analysis using JReview and the death reason category in the adjudication dataset confirmed
the results reported by the applicant.

CvoT

PIONEER 6 is presented separately from the other phase 3 studies. Of the total of 74 deaths, 71
had onset during the in-trial period. The proportion of patients with fatal AEs was lower with
oral semaglutide (25 patients (1.6%)) than with placebo (46 patients (2.9%)).

The distribution of fatal AEs occurring in the in-trial period by SOC and PT is presented below by

treatment arm.

Table 75 Deaths by SOC and PT — PIONEER 6

Body System or Organ Class Dictionary Derived Term Oral sema Placebo
N=1591 N=1592
Cardiac disorders Acute myocardial infarction 1( 0.1%) 3( 0.2%)
Cardiac arrest 3( 0.2%) 0( 0.0%)
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Cardiac failure 0( 0.0%) 1( 0.1%)
Cardiac failure chronic 0( 0.0%) 3( 0.2%)
Cardiac failure congestive 1( 0.1%) 0( 0.0%)
Cardiogenic shock 0( 0.0%) 1( 0.1%)
Cardiopulmonary failure 0( 0.0%) 1( 0.1%)
Cardiorenal syndrome 0 ( 0.0%) 1( 0.1%)
Cardio-respiratory arrest 1( 0.1%) 5( 0.3%)
Coronary artery disease 1( 0.1%) 1( 0.1%)
Coronary artery thrombosis 0( 0.0%) 1( 0.1%)
Hypertensive heart disease 0 ( 0.0%) 1( 0.1%)
Myocardial infarction 4( 0.3%) 5( 0.3%)
Myocardial ischemia 0( 0.0%) 2( 0.1%)
Pulseless electrical activity 0 ( 0.0%) 1( 0.1%)
Sinus node dysfunction 0( 0.0%) 1( 0.1%)
General disorders and Death 2( 0.1%) 5( 0.3%)
administration site conditions
Drowning 0( 0.0%) 1( 0.1%)
Sudden cardiac death 0( 0.0%) 2( 0.1%)
Infections and infestations Abdominal sepsis 0( 0.0%) 1(0.1%)
Bacterial sepsis 1( 0.1%) 0( 0.0%)
Bronchitis 1( 0.1%) 0( 0.0%)
Lower respiratory tract infection 1( 0.1%) 0( 0.0%)
Pneumonia 0 ( 0.0%) 5( 0.3%)
Septic shock 1( 0.1%) 3( 0.2%)
Injury, poisoning and procedural Chemical peritonitis 0( 0.0%) 1( 0.1%)
complications
Subdural hematoma 1( 0.1%) 0( 0.0%)
Metabolism and nutrition disorders | Hyperkaliemia 0( 0.0%) 1( 0.1%)
Neoplasms benign, malignant and Adenocarcinoma gastric 1( 0.1%) 1( 0.1%)
unspecified (incl cysts and polyps)
Cholangiocarcinoma 0( 0.0%) 1( 0.1%)
Diffuse large B-cell lymphoma 1( 0.1%) 1( 0.1%)
Hepatic cancer 0( 0.0%) 1( 0.1%)
Hepatocellular carcinoma 2( 0.1%) 1( 0.1%)
Lung neoplasm malignant 1( 0.1%) 0( 0.0%)
Mesothelioma malignant 0( 0.0%) 1( 0.1%)
Metastases to liver 0( 0.0%) 1( 0.1%)
Metastatic malignant melanoma 1( 0.1%) 0( 0.0%)
Pancreatic carcinoma metastatic 1( 0.1%) 1( 0.1%)
Squamous cell carcinoma of the 0( 0.0%) 1( 0.1%)
tongue
Nervous system disorders Ischemic stroke 1( 0.1%) 0( 0.0%)
Renal and urinary disorders Acute kidney injury 0( 0.0%) 1( 0.1%)
Renal impairment 1( 0.1%) 0( 0.0%)
Respiratory, thoracic and Chronic obstructive pulmonary 1( 0.1%) 0( 0.0%)
mediastinal disorders disease
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Lung disorder 1( 0.1%) 0( 0.0%)
Respiratory failure 0( 0.0%) 1( 0.1%)
Vascular disorders Aortic dissection 1( 0.1%) 0( 0.0%)
Total 25 ( 1.6%) 46 ( 2.9%)
Source: Reviewer generated using JReview
The cause of death as assigned by the EAC is documented below.
Table 76 EAC-Confirmed Deaths — PIONEER 6
Oral sema Flacehko
N (%) N (%) R
Number of subjects 1581 1592
Chssrvation tims (y=ars) 2101 2081
21l-causs death 23 { 1.4) 23 1.1 45 ([ 2.8) 45 2.2
Cardiovascular and undetermined cause of death 15 { 0.59) 13 -7 30 [ 1.9) 30 1.4
Cardiovascular death 10 { 0.8&) 10 -3 23 [ 1.4} 23 1.1
Leoute myocardial infarction 0 4 (0.3 4 0.2
Sudden cardiac death 8 ( 0.3) g -4 14 [ 0.9) 14 0.7
Heart failure 0 2 (0.1} 2 0.1
Stroks 1 ( 0.1) 1 0.0 1 (0.1 1 0.0
Cardiovascular procsdurs 1] 1 (0.1} 1 0.0
Other 1 (0 1 0.0 1 (0.1 1 0.0
Undetermined cause of death 5 {0 5 -2 T (0 0.4} 7 0.3
Won—-cardiovascular death a8 (0 g .4 135 ( 0.9) 15 0.7
Rsnal causes 1] 1 (0.1} 1 0.0
Malignancy 5 ( 0.3) 5 -2 B [ 0.5) B 0.4
Infection 3 { 0.2) 3 0.1 2 0 0.1) 2 0.1
Non—-CV procedure or surgery 4] 1 ( 0.1) 1 0.0
Pulmonary causss 1] 2 ( 0.1) 2 0.1
Other 4] 1 ( 0.1) 1 0.0
W: number of subjects with at least one svent; %: proportion of subjects with at least ons event; E:
number of events; R: svents per 100 yesars of cbservation; ELC: svent adjudication committse.

Source: Table 2-9 Summary of Clinical Safety

Additionally, one death was reported from a clinical pharmacology trial (hepatic impairment
trial), a case of bacterial peritonitis in a 54 year old female patient with severe hepatic
impairment who received semaglutide. The patient experienced abdominal pain, vomiting, and
fever on day 5 of treatment with oral semaglutide 5 mg, was admitted to the hospital where
she decompensated rapidly and died. Notably this patient had a history of spontaneous
bacterial peritonitis prior to enrollment in the trial, as well as cirrhosis and esophageal varices.
It is likely that her death was caused by the underlying disease rather than semaglutide

treatment.

Reviewer comment: No imbalance in death not favoring semaglutide was observed in the oral

semaglutide clinical program.

8.4.2. Serious Adverse Events
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The proportions of patients with SAEs and rates of SAEs were similar for oral semaglutide and
comparator in the phase 3a pool and for oral semaglutide and placebo in the placebo pool.

In PIONEER 6 the proportion of patients reporting SAEs during the trial was lower with oral
semaglutide (18.9% of patients) than with placebo (22.5% of patients).

Table 77 Total SAEs — Phase 3a Pool, Placebo Pool and PIONEER 6 — On-Treatment

Oral sema Comparator or Placsho
W {Rdj.5) E 243.R N (Adj.%) E Rdj.R
Phase 3a pool
Humbzr of subjects 4116 2238
Exposurz tTims (y=ars) 4379 2335
SAEs 345 { B.E) 518 12.8 202 ( 9.0) 282 12.2
Placebo pool
Humbzr of subjects 1519 L1513
Exposurz tTims (y=ars) 1197 523
SAEs 114 { 7.9) 1p4 16.3 57 [ B.3) 78 14.5
i) (%) E S N (%) e R
PIONEER &
Mumbzr of subjects 15491 1592
Observation time (y=ars) 1932 1987
SAEs 301 ({1B.9) 545 2B 358 (22.3) 618 31

Phase 3a pool: PIONEER 1-5 and 7-10. Placsbo pool: PIONEER 1, 4, 5 and 8. "Orzl s=sme': data from all
thrze orzl ssmegiuntids doses (3, 7 and 14 mg).

'Comparator' for the phase 3a pool: sitagliptin, empagliflozin, iiraglutide, dulagivntids and
placebo. 'Comparator' for the placebo pool and PIONEER 6: placsbo.

MN: number of subjscts with at lezst ons event; Rdj.: The % and R sre the Cochran-Mantel-Hzsnszel
adjustad proportion of subjscts with at isast ons event (%) and event rate per 100 patisnt-vears of
sxposure; E: number of events; R: ewvent rate/100 patient-years of chssrvation.

Source: Table 2-11 ISS

The most frequently reported SAEs in the phase 3a pool were within the SOCs: cardiac
disorders, neoplasms and infections and infestations. No differences were observed in the SOC
cardiac disorders between semaglutide and comparator.
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Table 78 SAEs Reported by 20.2% of Patients by SOC and PT — Phase 3a Pool — On-Treatment

Oral sema Comparator
N (Rdj.%) E Ad3.R H {Rdj.s) E 2d43.R
Number of subjects 41ig 2236
Exposure timz (years) 4379 2335
Ail ev=nis 345 [ 8.8) 518 iz. 202 { 9.0) 282 12.2
Cardizc disorders 70 [ 1.7) B35 2.1 36 ( 1.7) 43 1.7
Lcuiz myocardial inFarciicon i1 [ 0.3) 11 0.4 B [ 0.3} [ 0.2
Zngina unstable iz | 0.3) 1z 0.2 3 {0.2) 3 0.1
Myocardial infarction 9 [ 0.2) 9 0.2 3 { 0.1) 3 0.1
Ztrigl fibrillation B [ 0.2) 3 0.2 9 { 0.2 9 0.4
Coronary arterv dissass T [ 0.2) 7 0.2 4 { 0.2) 4 0.2
Cardiac faiipure chronic a [ 0.2) a 0.1 5 {0.2) [ 0.2
Neoplzsms benign, malignant 47 [ 1.3) 43 1.4 22 ( 1.0} 22 i.0
and unspecified [(incl cysts
and polyps)
Invasive ductal breast 4 [ 0.1) 4 0.1 4 [ 0.2} 4 0.2
carcinoma
Infzctions and inf=stations [ 1.3) a7 1.8 34 ( 1.8} 38 i.3
Pneumonia in [ 0.2) 10 0.2 5 { 0.3) 5 0.2
Cailuiitis B [ 0.2) g 0.1 2 { 0.51) 3 0.1
Byelonephritis 2 [<0.1) 2 <0.1 3 {0.2) 3 0.1
Mervous system disordsrs 38 [ 1.0) 42 1.1 25 [ 1.31) 33 1.4
Syncops 5 [ 0.2) 7 0.2 1 {«0.1) 1 <0.1
Ischasmic stroks T [ 0.1y 7 0.1 S [ 0.2) 9 0.5
Musculosksiztal and 33 [ 0.8) 35 0.9 19 ( 0.8) ig 0.8
connective tissues disordars
(Jstecarthritis in [ 0.2) 10 0.2 5 { 0.2) 5 0.2
Benal and urinary disordzsrs i9 [ 0.5) 149 0.8 10 { 0.4) ig 0.5
Lcuiz kidnesy injury g [ 0.2) 3 0.2 2 ({<0.1) 2 0.1
Hepatobiliary disorders i5 [ 0.4) 15 0.4 11 { 0.5) ig 0.7
Cholziithiasis 5 [ 0.1) 3 0.1 4 [ 0.2) 4 0.1
Chol=scystitis acute 2 [(=0.1) 2 <0.1 S5 { 0.2) 5 0.2

Phzse 3a pool: PIONEER 1-5 and 7-10.'0ral sema': data from 2131 three orzl ssmagivntids deoses (3, 7
and 14 mg). 'Comparator': sitagiiptin, smpagliflezin, liraglutide, dulaglutide and placsho.

Thiz tabls includes S0Cs and PTs, where PTs were reported by Z 0.2% of subjects in esithar treatmsnt
group. The numbsrs in the 50C row represent the total number for the 50C. Sortad in descending ordsr
by svestem organ class and prefzarrad term bassed on the proportion of subjscts with at l=ast ons &VeEnRt
in the oral semaglutide group.

N: number of subjects with at least ons evant; Rd4j.: The % and B are the Cochran-Mantel-Ha=nszel
adjustad proportion of subj=2cis with at izast onz event (%) and eve2nt rate per 100 patizni-vears oL
sxposure (R); E: numbzr of =vents.

Source: Table 2-12 ISS

A higher proportion of patients in the semaglutide group experienced SAEs that were reported
as not recovered compared to placebo (1.3% of patients compared to 1% of patients), but this
difference is small and of unclear significance. A similar proportion of patients in both
treatment groups experienced SAEs that lead to premature trial product discontinuation (1.2%
with semaglutide, and 1.3% with placebo).

A similar pattern was seen in the placebo pool.

In PIONEER 6, the most frequently reported SAEs in either treatment arm were in the SOC
Cardiac disorders. The proportion of patients with SAEs was lower with semaglutide (18.9% of
patients) compared to placebo (22.5% of patients). In the SOC cardiac disorders, fewer patients
on semaglutide experienced an SAE (6.2%) compared to placebo (7%). No other pattern is
identified due to the small number of SAEs in each SOC and/or PT category. A similar
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proportion of patients experienced SAEs leading to treatment discontinuation with semaglutide
(2.6% of patients) vs placebo (3% of patients).

Table 79 SAEs Reported by 20.5% of Patients by SOC and PT - PIONEER 6 — On-Treatment

Oral semaglutids Placsho

i (%) E R i (%) E R

Number of subjscts 1591 1592

Exposure tims (years) 1932 1887
Ewvents 301 (1B.9) 545 Z3 353 (22.5) 618 31
Cardizc disorders 97 [ B.1) 134 7 111 ( 7.0) 148 7
Lcuiz myocardial inFarciticon 21 { 1.3) 25 1 22 { 1.4) 25 1
Zngina unstable 19  1.2) 20 1 15 [ 0.9) 18 1
Myocardial inFfarcticon 11 { 0.7} 13 1 9 { 0.48) ] a
Cardiac fzilure congestiva 9 { 0.48) 12 1 9 { 0.48) 13 1
Coronary arterv dissass 9 { 0.a) ) 0 13 { 0.8) 13 1
Lngina pectoris 53 { 0.3) ) 0 T { 0.4) 7 0
Ztrigl fibrillation a [ 0.4) B a 14 | 0.9) 14 1
Cardiac faiipure chronic 53 { 0.3) 5 0 53 { 0.3) ) 0
Infections and infsstations 67 [ 24.2) 75 4 73 [ 4.4a) 93 3
Bneumonia 12 { 0.8) 13 1 21  1.3) 21 1
Cailuiitis 9 { 0.8) 9 a T { 0.4) 7 a
Nervous sysislh disordzsrs 35 [ 2.4) 3 3 453 [ 2.18) 37 3
Hypogiycasmic uUnCOnRSCloUSNESS 9 { 0.8) 13 1 a [ 0.4) B a
Ischaemic stroke 9 { 0.48) ] a 11 0.7) 12 1
Renal and urinasrv disordsrs 25 { 1.a) 27 1 32 { 2.0) 37 2
Lepte kidnev injury 13 { 0.8) 14 1 14 | 0.9) 1R 1
Respiratory, thoracic and madiastinzl dis. 22 (1.4 29 2 18 { 1.1) 23 1
Chronic obstructive pulmonary dissass 53 { 0.3) 113 1 4 { 0.3) 4 0
Injury, poiscning and procedural compi. 21 { 1.3) 31 2 34 [ 2.1) 43 2
Fail 5 { 0.3) 5 a 11 | 0.7) 11 1
Genzrzl disorders and adm. sitz cond. 17 { 1.1) 19 1 19 { 1.2) 21 1
Non-cardizc chest pain 9 { 0.48) 13 1 T ( 0.4) ] a
Musculosksiztal and connsctive tissus dis. 17 f 1.1) 17 1 25 { 1.a) 2B 1
Ostecarthritis a [ 0.4) & a 10 { 0.8) 10 1
Eve disorders 9 { 0.a) ) 0 a [ 0.4) 7 0
Cataract 8 { 0.5) B a 5 { 0.3) & a

Table is sorted in descending ordsr by svstem organ class and prefsrrad term bassed on the proportion
of subjects with &t l=ast one =vent in the oral semaglutide arm. This tzbis inciundes 50Cs and PTs,
wWhere PTs were reporiad by 2 0.5% of subjects in either trestmsent group. The numbsrs in the S0C row
repres=nt ths2 total number for ths 30C.

M: number of subjects with at least one evant; %: propeortion of subjects with at least ons evant; E:
number of evants; R avents per 100 years of =xposure.

Source: Table 2-13 ISS

Additionally, 12 SAEs were reported from the 17 clinical pharmacology trials, 10 (0.7%) with
semaglutide, and 2 (0.6%) on comparator. One event with oral semaglutide was fatal —
discusses in the Death section above. Six SAEs were in the GI SOC (5 with semaglutide, and 1
with comparator), the rest of the SAES were dispersed across multiple SOCs.

Reviewer’s comment: Generally, the proportion of patients with SAEs was similar between
semaglutide and placebo/comparator, with no indication of an increase rate of SAEs overall
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with semaglutide. Gl SAEs were not very commonly reported with either semaglutide or
comparator. Cardiac disorders was the most common SOC where SAEs were reported with
either semaglutide or comparator. While fewer cardiac disorders were seen with semaglutide
vs placebo in PIONEER 6, the rate of events was similar in the phase 3 pool.

8.4.3. Dropouts and/or Discontinuations Due to Adverse Effects

In the phase 3a pool, the placebo pool and PIONEER 6, the proportions of patients with AEs
leading to premature treatment discontinuation and the rates of AEs leading to premature
discontinuation were higher with oral semaglutide than with pooled comparators. This
difference was driven by non-serious Gl AEs.

In PIONEER 6, patients who prematurely discontinued trial product were allowed to restart trial
product later. If they did not restart trial product they were classified as permanently
discontinued. For PIONEER 6, focus in this section is therefore on the AEs leading to permanent
treatment discontinuation.

An overview of AEs leading to treatment discontinuation is presented below. In all pools, there

were more discontinuations due to AE with semaglutide vs placebo/comparator, mostly due to
non-serious AEs.
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Table 80 Overview of AEs Leading to Permanent Premature Trial Product Discontinuation —

Phase 3a Pool, Placebo Pool and PIONEER 6 — On-Treatment

Oral sema Comparator or Placshbo
N (2dj.%) E zdj.R N (2d].%) E =dj.R
Phase 3a pool
Number of subjscis 4116 2236
Exposurs tims (yesars) 4379 2335
LEs 329 ( B.T) 554 15.8 100 ( 4.2 141 5.8
Non-serious LESs 288 ( 7.7) 483 14,1 T4 [ 3. 107 4.2
SLEs a7 [ 1.2) 69 1.7 30 [ 1.3) 34 1.7
Fatal 3 (=0. 3 <0.1 4 ( 0.1) 5 0.2
Placebo pool
Number of subjscis 1519 8B5S
Exposurs tims (years) 1157 523
LEs 132 ( 5.3) 242 22.0 22 ( 3. 28 5.8
Non-serious adverse svents 121 ( B.6) 224 20.35 1z [ 1. 1a 3.0
SLEs 12 { 0.8) 18 1.5 11 [ 1.6) 12 2.6
Fatal 2 (0.1) 2 0.1 0
Oral semaglutids Placelo
N (%) E R N (%) E R
PICHEER 6
Number of subjscis 1591 1592
Exposurs tims (years) 1532 15387
LEs 184 (11.6) 253 13 104 { 6.5) 132 7
Non-serious LESs 144 ( 9.1) 199 10 57 [ 3.8) 75 4
SLEs 41 [ 2.8) 54 3 48 [ 3.0) Ly 3
Fatal 9 ( 0.6) 10 1 11 ( 0.7) 11 1
Phase 3a pool: PIONEER 1-5 and 7-10. Placebo pool: PIONMEER 1, 4, 5 and 8. 'Oral ssma': data from all
thrse oral semaglutids dosss (3, 7 and 14 mg). "Comparator' for phases 3a pool: sitagliptin,
empagliflozin, liraglutide, dulaglutide and placebo. 'Comparator’ for placebo pool: placebo.
Premature treatment discontinuation in PIONEER 1-5 and 7-10 correspondsd to permansnt treatment
discontinuation in PICNEER &.
N: number of subjects with at lsast one svent; Zdj.: The % and R are the Cochran-Mantsl-Hasnszel
adjusted proportion of subjsctis with at least one svsnt (%) and svent rate psr 100 patisnt-ysars of
exposure (R); E: number of svents; 'Relationship to trial product': as judged by the investigator;
seq.: sequelas.

Source: Table 2-15 ISS

The increased rate of AEs leading to discontinuation with semaglutide was mostly due to Gl AEs

as expected with this class of drugs. AEs leading to discontinuation by SOC and PT are
presented below for the phase 3 a pool, and PIONEER 6.
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Table 81 AEs (20.2 %) Leading to Permanent Trial Product Discontinuation by SOC and PT -
Phase 3a Pool — On-Treatment

Oral ssma Comparatoxr
N (2dj.%) E 2dj.R N (2dj.%) E 2dj.R

Number of subjscts 4116 2236
Exposurs time (years) 4379 2335
Events 329 | B.7) 554  15.8 100 ( 2.2) 141 5.8
Gastrointestinal disorders 217 [ 5.9) 335 10.1 43 [ 1.8) 55 2.1

Nausea 98 { 2.9) 98 3.1 16 ( 0.6) 16 0.6

Vomiting 56 [ 1.7) 59 1.9 5 [ 0.2) 5 0.2

Diarrhosa 37 ( 0.9) 37 0.9 10 ([ 0.2 10 0.4

Zbdominal pain 1% [ 0.6) 20 0.7 5 [ 0.2) 3 0.2

Zbdominal pain upper 20 [ 0.5) 20 0.6 2 («0.1) 2 0.1

fbdominal discomfort 16 [ 0.4) 16 0.5 3 [ 0.1) 3 0.2

Dyspepsia 12 ( 0.3) 12 0.4 1 (=0.1} 1 <0.1

Constipation 11 | 0.3) 11 0.4 1 (<0.1) 1 <0.1

Zhdominal distsnsion 12 [ 0.3) 12 0.3 2 (<0.1) 2 <0.1

Gastritis 7 [ 0.2) 7 0.2 1 (<0.1) 1 <0.1

Gastroossophagsal reflux 8 ( 0.2) ] 0.2 1 (=0.1} 1 <0.1

dissass

Pancreatlitis acute 7 0 0.2) 7 0.1 3 (0.1} 3 <0.1
Matabolism and nutrition 24 | 0.8) 3a 0.9 & [ 0.3) [ 0.2
disorders

Decreassd appstite 3l ( 0.7) 21 0.8 2 [ 0.1) 3 0.1
Investigations 28 [ 0.7) 32 0.9 9 [ 0.4} 9 0.3

Weight decreased 12 ( 0.3) 13 0.3 1 (=0.1) 1 <0.1

Lipase increased & [ 0.2) & 0.2 4 [ 0.2 4 0.1
Gensral discrders and 20 ( 0.5) 22 0.6 5 (0.2) 5 0.2
administration site conditions

Lsthenia 7 0 0.2) 7 0.2 1 (<0.1) 1 <0.1
Musculosksletal and 4 ( 0.1) 4 <0.1 6 ([ 0.3) 3] 0.3
conmectivse tissus disorders

Lrithralgia i} 4 [ 0.2) 4 0.2

Phase 3a pool: PIONEER 1-5 and 7-10. '"Oral sema': data from all three oral semaglutide doses (3, 7
and 14 mg) . 'Comparator': sitagliptin, empagliflozin, liraglutids, dulaglutide and placebo. This
table includes 80Cs and PTs, where PTs were reported by 2 0.2% of subjects in either treatment
group. The numbers in the B0C row reprssent the total numbsr for the S0C. 211 PTs can bs found in
the refersnced table. Sorted in descending order by system organ class and preferred term based on
the proportion of subjscis with at least one event in the oral ssmaglutide group.

N: number of subjects with at least on= svent; Adj.: The % and R are the Cochran-Mantel-Hasnszel
adjusted proportion of subjecis with at least cne event (%) and event rate per 100 patient-ysars of
exposure (R); E: number of svents.

Source: Table 2-17 ISS
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Table 82 AEs (20.2 %) Leading to Permanent Trial Product Discontinuation by SOC and PT -

PIONEER 6 — On-Treatment

Orzl sems Pizcebo
i (%) E R i (%) E
Number of subjscts 1591 1592
Exposure tims (years) 1932 1887
Ewvents igs (1i.a) 253 13 ing { B.3) 132 7
Gastrointzsstinagl disorders igs { 6.3) 133 7 28 { 1.a) 33 2
Nausea 4 [ 2.9) 46 2 g { 0.5) 8 a
Vomiting 24 [ 1.5) 25 1 4 { 0.3) 4 a
Diarrhosa 22 [ 1.4) 22 1 a { 0.4) & a
Zhdominal discomiort 10 { 0.8) 10 1 2 {0.1) 2 a
Dyspepsia 7 { 0.4) 7 a 4 { 0.3) L a
Constipaticon a [ 0.4) [ a a
Gastroossophagesl reflux dissass 4 {1 0.3) 2 a a
Metabolism and nutrition disorders 19 { 1.2) 19 1 T { 0.4) 7 0
Decreassd appstite la [ 1.0) 1B 1 2 { 0.1) 2 0
Inv=stigations 15 | 0.9) 18 1 3 (0.2) 3 a
lLipase increased a [ 0.4) [ a a
Imylase increased 4 { 0.3) 4 a a
Pancreatic enzvmes increased 3 (0.2) 3 a 1 { 0.1) i a
Neoplizsms benign, malignant and 15 | 0.9) 16 1 15 | 0.9) 15 1
unspecified (incl cysts and polyps)
rdenocarcinoma of colon 3 {0.2) 3 0 1§ 0.1) i 0
Genzsrzl disorders and administration site cond. 3 ( 0.5) B 0 53 { 0.3) [ 0
Zathenia 3 {0.2) 3 a z2 {0.1) 2 a
Cardizc disorders a ( 0.4) B a 10 { 0.4) 10 1
Lcuiz myocardial inFarciticon 1 { 0.1) i a 3 (0.2) 3 a
Infzctions and inf=stations a [ 0.4) [ a T ( 0.4) B a
Pneumonia a 3 (0.2) 3 a
Benal and urinary disordzsrs 3 (0.2) 3 a 9 { 0.48) ] a
Lepte kidnev injury 1§ 0.1) i 0 4 { 0.3) 4 0
Hepatobiliary disorders 1§ 0.1) i 0 53 { 0.3) 5 0
Cholsiithiasis a 32 {0.2) 3 a

Table is sorted in descending ordsr by system organ class and preizrrasd term
of subjects with at l=ast one =vent in the oral semaglutide arm. This tzblie inciundes 50Cs and PTs,
nupbars in tha 30C row

wWhere PTs were reporiad by 2 0.2% of subjects in either trestmsnt group. Ths

represznt ths2 totzl numbsr for ths 30C. N: number of subjscis with at lsast ons 2VeRL;
of subjects with &t l=ast one =vent; Z: number of =vents; R:

Source: Table 2-18 ISS

SAEs led to premature treatment discontinuation in a similar rate and proportion of patients

across the pools and PIONEER 6, as follows:

- Phase 3a pool: oral semaglutide (1.7 SAEs/100 PYE, 1.2%); comparator (1.7 SAEs/100 PYE,

1.3%)

- Placebo pool: oral semaglutide (1.5 SAEs/100 PYE, 0.8%); placebo (2.6 SAEs/100 PYE, 1.6%)
- PIONEER 6: oral semaglutide (3 AEs/100 PYE, 2.6%); placebo (3 AEs/100 PYE, 3.0%)

based on the proportion

EH

proportion
evanis par 100 vears of eXposure.

It does appear that the discontinuations due to AEs were dose-dependent for the oral
semaglutide. In PIONEER 3, the proportion of patients with AEs leading to premature
treatment discontinuation was similar between the oral semaglutide 3 mg, 7 mg and sitagliptin,
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but higher with oral semaglutide 14 mg. In the placebo dose pool, the proportion of patients
with AEs leading to premature treatment discontinuation increased with dose and all three oral
semaglutide doses had a higher proportion of patients with AEs leading to treatment
discontinuation than placebo.

Table 83 Overview of AEs Leading to Premature Treatment Discontinuation by Dose —
PIONEER 3 and Placebo Dose Pool — On-Treatment

Oral sema 3 mg Oral sema 7 mg Orzl seme 14 mg Sitagliptin/Piacebo
" (%) R H (%) R H (%) R o (%) R
Number of subjects
PIONEER 3 466 454 465 466
Placzbho dose pool 359 358 358 3a2
Exposure tims {(years)
PIONEER 3 662 669 650 637
Placsho dose pool 2588 274 287 290
A%z igading to premature trial product discontinuation
PIONEER 3 26 5.6} 5.7 27 [ 5.8) 6.1 54 (1l.8) 13.1 24 { 5.2) 4.1
Placsbo dose pool® 17 ( 4.7) 1l1.g 23 [ 8.5) 15.2 37 {10.4) 27.2 9 [ 2.5) 4.3

PIQNEER 3 comparator: sitagliptin. Placz2bo dose pool: PIONEER 1 and 8. comparator: placzbo.

H: number of subjects with at least one event; “In the pilacebo doss pool, ths % and R ars the
Cochran-Mantz2i-Haenszz2l adjustad proportion of subj=cis with at iszast onz event (%) and ev=2nt rate
per 100 patizni-wyears of exposurs (B); E: number of evenis.

Source: Table 2-19 ISS

The dose-dependent increase in AEs leading to premature treatment discontinuation was
driven by the dose-dependent increases in Gl AEs (nausea, vomiting, diarrhea, and terms
related to abdominal pain) in both PIONEER 3 and the placebo dose pool.

Reviewer’s comment: Oral semaglutide lead to more AEs leading to treatment discontinuation
compared to placebo/other comparators, and this was mostly due to a difference in non-serious
Gl AEs. The AEs leading to discontinuation appeared to be dose-dependent with oral
semaglutide, as expected based on our experience with subcutaneous semaglutide, and other
drug products in the class.

8.4.4. Significant Adverse Events

The following definitions were used by the applicant when assessing the severity of an AE:
e Mild - no or transient symptoms, no interference with the patient's daily activities.
e Moderate - marked symptoms, moderate interference with the patient's daily activities.
e Severe - considerable interference with the patient's daily activities; unacceptable.

Additionally, the applicant also analyzed the outcome of the AEs. Outcome categories and
definitions are presented below:
e Recovered/resolved - The patient had fully recovered, or by medical or surgical
treatment the condition had returned to the level observed at the first trial-related
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activity after the patient signed the informed consent.

Recovering/resolving - The condition was improving and the patient was expected to
recover from the event. This term was only applicable if the patient had completed the
trial or had died from another AE.

Recovered/resolved with sequelae - The patient had recovered from the condition, but
with lasting effect due to a disease, injury, treatment or procedure. If a sequela met an
SAE criterion, the AE was to be reported as an SAE.

Not recovered/not resolved - The condition of the patient had not improved and the
symptoms were unchanged, or the outcome was not known.

Fatal - This term was only applicable if the patient died from a condition related to the
reported AE. Outcomes of other reported AEs in a patient before he/she died were to
be assessed as "recovered/resolved", "recovering/resolving", "recovered/resolved with
sequelae" or "not recovered/not resolved". An AE with fatal outcome was to be
reported as an SAE.

Phase 3a pool

No sign

ificant differences were seen between the treatment arms regarding the severity, or the

outcome of the adverse events. More than 60% of AEs were listed as recovered in all
treatment groups.

Table 84 Adverse Events by Severity and Outcome — Phase 3a Pool
Oral sema Comparator
N (Adj.%) E Adj.R N (ARdj.%) E Adj.R
Number of subjects 4116 2236
Exposure time (years) 4379 2335
All events 3087 (74.9) 12459 302.2 lele (73.0) 004 259.0
Severity
Severe 264 ( 6.6) 389 9.9 152 ( 6.8) 223 9.4
Moderate 1321 (33.9) 3060 76.9 683 (30.8) 1470 62.5
Mild 2721 (e5.2) 9000 215.3 1401 (63.4) 4311 187.1
Outcome
Fatal 13 ( 0.3) 14 0.4 12 ( 0.5) 15 0.6
Not recovered 1391 (3z2.7) 2731 62.2 746 (34.5) 1480 64.3
Recovered with seq. 25 ( 0.8) 28 0.7 13 ( 0.8) 1le 0.6
Recovering 281 ( 6.8) 357 8.6 135 ( 6.3) 176 8.5
Recovered 2777 (e7.5) 9307 229.7 1409 (e3.5) 4313 184.8
Unknown 11 ( 0.3) 22 0.6 3 (0.1) 4 0.2

Source: Table 7.2.4 1SS

Placebo pool
A similar trend was observed in the placebo pool, although a small increase in the rate of

events was seen in each category of severity with semaglutide vs placebo. A similar proportion

of even

CDER C
Version

Reference ID: 4492378

ts were listed as not recovered in both treatment groups.

linical Review Template 177
date: September 6, 2017 for all NDAs and BLAs



Clinical Review
Andreea Ondina Lungu
NDA 213051

Oral Semaglutide

Table 85 Adverse Events by Severity and Outcome - Placebo Pool

Oral sema Placebke
N (Adj.%) E 2dj.R N (Adj.%) E 24dj.R
Number of subjects 1519 665
Exposure time (years) 1197 523
All events 1072 (71.3) 4055 356.7 438 (€5.9) 1358 264.5
Severity
Severe 92 ( 6.2) 148 12.4 36 ( 5.1) 43 9.3
Moderate 473 (32.2) 1082 95.1 180 (27.3) 326 65.2
Mild 935 (e2.1) 2825 249.2 376 (56.5) 984 189.9
Outcome
Fatal 7 ( 0.5) 7 0.6 3 (0.4 3 0.6
Not recovered 423 (27.8) 750 65.1 185 (28.3) 322 63.7
Recovered with seq. 14 ( 0.9) 15 1.3 4 ( 0.9) 5 0.8
Recovering 88 ( 6.0) 111 10.6 44 ( 6.4) 51 11.0
Recovered 976 (65.0) 31le0 277.7 36l (54.3) 975 188.1
Unknown & ( 0.4) 12 1.3 1 (0.1) 2 0.4

Source: Table 7.2.18 ISS
PIONEER 6

Only SAEs were reported for PIONEER 6, and therefore the information available is somewhat
limited. No imbalance in AEs of any severity was reported with semaglutide vs placebo.

Table 86 SAEs by Severity and Outcome — PIONEER 6

Oral semaglutide Placebo
N (%) E R N (%) E R
Number of subjects 1591 1592
Exposure time (years) 1932 1987
Total number of events 301 (18.9) 545 28 358 (22.5) 618 31
Severity
Severe 171 (10.7) 267 14 192 (12.1) 285 14
Moderate 145 ( 9.1) 228 12 175 (11.0) 263 13
Mild 40 ( 2.5) 50 3 51 ( 3.8) 70 4
Qutcome
Fatal 20 ( 1.3) 24 1 38 ( 2.4) A6 2
Not recoversad 38 ( 2.4) 43 2 49 ( 3.1) 62 3
Recovered with seq. 10 ( 0.6) 12 1 21 ( 1.3) 22 1
Recovering 13 ( 0.8) 16 1 15 ( 0.9) 17 1
Recoverad 266 (l6.1) 450 23 281 (17.7) 470 24
Unknown 0 1 ( 0.1) 1 0

Source: Table 12-3 CSR PIONEER 6

Reviewer comment: While no overall differences were observed between the treatment groups,
| believe that this severity categorization is subjective, and does not add any important
information to the analysis of adverse events.

CDER Clinical Review Template 178
Version date: September 6, 2017 for all NDAs and BLAs

Reference ID: 4492378



Clinical Review
Andreea Ondina Lungu
NDA 213051

Oral Semaglutide

8.4.5. Treatment Emergent Adverse Events and Adverse Reactions

Common Adverse Events

Because PIONEER 6 employed a targeted data collection for safety, this section will evaluate
common AEs in the phase 3a and placebo pools.

Overall, 74.9% of patients on oral semaglutide in the phase 3 pool experienced an AE,
compared to 73% of patients on comparator. In the placebo pool, the difference was more
pronounced, with 71.3% of patients on oral semaglutide experiencing an AE, compared to
65.9% of patients on placebo.

The applicant conducted a time to first event analysis for AEs and concluded that the time to
first event was shorter with oral semaglutide vs comparator in the phase 3a pool, with
approximately 50% of patients reporting their first AE with semaglutide in the first 12 weeks of
treatment. An analysis of the placebo pool yielded similar results.

With regards to the type of AEs reported, in the phase 3a and placebo pools, only Gl events
appeared to be reported more with semaglutide vs comparator, while other events were
reported by a similar proportion of patients in either arm. This is as expected for this drug
class, and similar to the subcutaneous semaglutide product.
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Best Available Copy

Figure 31 Rate of AEs by SOC — Phase 3a Pool and Placebo Pool — On-Treatment

a%e

iam.

Phase 3a poal. Placebo pool
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Dral soma Comparator \Oral s6ma
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« Musculoskelels! and. conneclive Hssue discrders,

= Nefyous syelen disatders:

3 Invesligatioris.

a Malsbisiism and nutrition disorders

= Eye disorders.

ainjury; peisoningand pracedural complications
2 Respiratory, tic@ere and migdiasting) disorlass.

a Gonoial disordors and administration sito conditions
= Cardiac disordors

= SKIn and subcutaneous llswa.dtsor_u'ers
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= \faseular disorders
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= Congenltal, famlllak and genalle disondars,
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1 Saclal clireymstancas

SOCs are ordered by frequency from highest to lowest with oral semaglutide in the phase 32 pool. Bars were shaded
and legend bolded for SOCs where the differences between oral semaglutide and comparator or placebo were greater

than 2 AEs/100 PYE.
Source: Figure 2-8 ISS

Further analyses looking at imbalances by SOC are presented in the two figures below, for the

phase 3a and placebo pool.
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Figure 32 AEs — Statistical Analysis by SOC — Phase 3a Pool — On-Treatment

Proportion of subjects Odds ratio Subjecis with events
{Adj. o) with 95% ClI Oral sema Comparato
Gastrointestingl dis. e v Il 1571 540
Iniections & infestations v? Iif 1427 781
nAusculoskeletal & con. tissue dis, v } { BES 393
Mervous sys. ds. ! = 548 289
Metabalism & nuttlfion s, % ts{ 487 258
Invostigations % 457 234
Eye dis. ] H "5 194
Injury, poisoning & pro<. camp. % I-"d-l 371 173
Fesp., thatacic & mediastinal dis. H I‘;'I 325 163
General dis. & adm. she cond. |—— |—v—| 209 178
Skin & subcitaneous tissue dis. |——of* ='§= 242 144
Vascular dis. |——o® tol 220 143
Cardiac dis, |—8 ke 205 113
Renal & winary dis. |[—§ | # | 188 121
Hepatabilary dis, |—8§ Fed 134 &7
Meoplasms |—§ Fed 109 57
Psychiatle dis, |—& e 113 73
Blood & ymphatic sys. dis. [—& I—v—| 107 Gd
Ear & labwilnth dis, |—% o o2 26
Reproductive sys. & breast dis. |—§ | | &8 &1
Surgical & medical proe, |-% I —] G 19
Endocrine dis. |- ] 38 23
Immume sys. dis. |8 } v | 36 18
Cong., familial & genetic dis. |-§ } ‘ v g 1
T T T T T T —
Q10 20 30 40 0, s 1 2 Med116 N=2236
¥ Oral sema ® Comparator
Fhase 3Ja pool: FIONEER: 1-5 and 7140,
‘Oral sema’: data from all three oral semagutide doses (3, 7 and 14 me). 'Comparatar”: sitagBpting,d empagliflozin,
Hragilde, dulzghitide and placebo,
System organ classes with more than 5 events in total are presented.
Sartad in descending order by system organ class based on the proportion of subjects with at least ane event inthe
aral semaghutide group,
Adj.: The % is the Cochran-Mantel-Haenszel adiusted proporkion of subjecis: with 3t least ane event (34); €I
carmfidence intenval, dis: disorders; con.: connechive; sys.. system, proc.: proceduralprocedures; resp.:
resplraten adm.: adminsration: cand.: candidans: eang.: congenital; [ number of subjects,
Source: Figure 2-9 ISS
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Figure 33 AEs— Statistical Analysis by SOC — Placebo Pool — On-Treatment

Propartion of subjects Odds ratio Subjects with events
{Adj. %) with 95% ClI Oral sema Placebo
Gastrointestinal dis. v = 573 138
Infections & infastations v H 64 21
Musculoskelatal & con. tissue dis. v I-Q{ 188 93
Nervous sys. dis. v b 187 79
Metabolism & nutrition dis. v ]--| 174 56
Investigations w b 147 53
Injury, poisoning & proc. comp. v [--l 120 37
Eve dis. v Fé 121 53
General dis. & adm. site cond. | 7 w D 115 23
Resp., theracic & mediashnal dis. v I-'-I 103 43
Cardiac dis. v o 75 22
Skin & subcutanecus tissue dis. v I-H 73 37
Vasculardis, | o = 57 30
Renal & winary dis. | —— 52 23
Blood & lymphatic sys. dis. | "w o 40 1
Hepatatillary dis. | s ‘i 36 5
Meoplasms | & e 30 1"
Ear & labyrinth dis. | & 5 20 13
Fsychiatric dis. | = l—v—| 27 12
Reproductive sys. & breast dis. | & I—v—| 19 5
Surgical & medical prac. | 'y [—v—| 15 1
Endoetine dis. | % ——] ] 3
Immune sys. dis. | & I—-—v—| 7 1
T T T T T e e ¢
0 10 20 30 40 01 05 25 20 100  petsio N= 665

¥ Oral sema Placebo

Placebo pook PIONEER 1. 4, S and 8,

‘Oral sema’: data from all three oral semaglutide doses (3, 7 and 14 mg).

Systern organ classes with more than 5 events in tolal are presented.

Sorted in descending order by system organ class based on the proportion of subjects with at least one event inthe
oral semaghutide group.

Adj: The % is the Cochran-Mantel-Haenszel adjsted proportion of subjects: with at least one event (%a); CI:
confidence Interval; dis.. disorders; con,. connective, sys.. system, proc., proceduraliprocedures. resp.,

respiratony: adm.: administration; cond.: conditions: cong.: congenital: N: number of subjects,

Source: Figure 2-10 ISS

Apart from the Gl AEs, which were more commonly seen with semaglutide as expected, AEs in
other SOCs were more commonly with oral semaglutide vs comparator as follows:

- Metabolism and nutritional disorders

- Investigations

- Injury, poisoning and procedural complications

- General disorders and administration site conditions

- Cardiac disorders

- Blood and lymphatic system disorders.

- Hepatobiliary disorders

- Surgical and medical procedures
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Metabolism and nutritional disorders

The difference between oral semaglutide and comparator was driven by the decreased appetite
PT which was reported by 5% of patients on semaglutide in each pool vs 2% with comparator in
phase 3a pool, and 0.5% with placebo (placebo pool). This is expected with GLP-1RA agonists.

Investigations

The protocols specifically mandated AE reporting for AST or ALT >5xULN and CK >10xULN. For
all other laboratory parameters there were no pre-specified limits and considerable variation
was seen as to when a laboratory value was considered clinically significant by investigators.

- Lipase, amylase and pancreatic enzyme increase: An increase in the PTs lipase increased,
amylase increased and pancreatic enzymes increased was reported more frequently in
patients on oral semaglutide than comparators (phase 3a pool: 3.1%, 0.9% and 0.7% vs
2.6%, 0.6% and 0.3%) and placebo (placebo pool: 2.5%, 0.8% and 0.7% vs 0.6%, O patients
and 0 patients) respectively. These changes are expected with the GLP-1 RA class and they
do not seem to be associated with an increase in clinical events of pancreatitis.

- Blood creatine phosphokinase increased: In the phase 3 pool, 1.8% of patients on oral
semaglutide vs 1.4% with comparator. The same was true of the placebo pool with 1.3% of
patients in oral semaglutide arm reporting an increase in CK, vs 0.6% in the placebo pool.
The clinical significance of an increase in CK reported with semaglutide vs comparator is
unclear as the numbers were small, and no concerning CK outliers were identified in the
trial, and there were no imbalances in musculoskeletal and connective tissue disorders SOC.

- Weight decreased: As expected based on the mechanism of action, the proportion of
patients with weight decrease was higher in the semaglutide arm vs comparator (0.9% vs
0.2% in the phase 3a pool, and 1% vs 0.2% in the placebo pool.

- Blood potassium and creatinine increased, GFR decreased: These events were balanced in
the phase 3 pool, but an imbalance not favoring semaglutide was seen in the placebo pool
(0.4% of patients on oral semaglutide vs 0.1% of patients on placebo). However, the
number of events was small (14 events with semaglutide), and the clinical significance is
unclear. Renal events will be reviewed under events of special interest.

Injury, poisoning and procedural complications

Oral semaglutide appears to be associated with an increased incidence in the rate of events in
this SOC in the placebo pool. While some events occurring more frequently with semaglutide
vs placebo are random such as insect or arthropod bites, thermal burns, etc., other events may
raise concerns as follows. The most prominent preferred terms in this SOC are falls and
contusions, where more patients in the semaglutide group experienced an event (0.4% vs 0.2%
for each event), and these could be suggestive of hypoglycemia which is a concern with any
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antidiabetic drug. The difference in falls was less prominent in the phase 3a pool (1.1% with
semaglutide vs 0.9% with comparator), but contusions were more common with semaglutide
1.3% vs comparator 0.7%. None of the falls or contusions were SAEs in the placebo pool, and
only 5 falls in the phase 3 pool were SAEs (one with comparator and 4 with semaglutide). The
applicant also evaluated the falls due to concerns of hypoglycemia, and concluded that they
were not hypoglycemia related, and also not related to dehydration, hypotension, or other
similar events. | reviewed the fall SAEs and hypoglycemia or hypotension did not appear to play
a role, however glucose or blood pressure at the time of the event were not reported, and the
reason for the falls was not always clear. The applicant concluded that it must be due to
chance, however, in my opinion, the clinical significance of this imbalance is not clear.

General disorders and administration site conditions

Asthenia and fatigue were seen more commonly with oral semaglutide in the placebo pool
(1.7% and 1.4% of patients on semaglutide vs 0 and 0.5% of patients on placebo). The applicant
noted that these events were frequently co-reported with GI AEs particularly during the dose
escalation period.

Pyrexia was also more commonly reported with semaglutide (1.2% vs 0.7% with placebo in the
placebo pool), but no imbalance was seen in the phase 3 pool. There did not appear to be a
dose-response for pyrexia, and the mechanism by which oral semaglutide would lead to pyrexia
is not obvious.

Pain was reported by a higher proportion of patients on semaglutide vs comparator in both
pools (0.7% vs 0.2% in the placebo pool, and 0.5% vs 0.3% in the phase 3a pool)

Cardiac disorders

No difference was seen in the phase 3a pool, but in the placebo pool there were more patients
on semaglutide reporting such events compared to placebo (5.2% vs 3.1%). The difference in
the placebo pool was driven by tachycardia and palpitations PTs. An increase in heart rate (HR)
is seen with this class of drugs.

Blood and lymphatic system disorders
The difference between semaglutide and placebo in the placebo pool (2.9% vs 1.7%) was not
driven by any particular PT. The imbalance was not seen in the phase 3a pool.

Hepatobiliary disorders

There was a difference in the proportion of patients with AEs between oral semaglutide (2.4%)
and placebo (0.8%) in the placebo pool, which was not seen in the phase 3a pool (3.2% vs
3.1%). In the placebo pool, this difference was driven by hepatic steatosis (1.5% vs 1.2%) and
cholelithiasis PTs (0.6% vs 0.1%).

Common AEs reported by >5% of patients
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In the phase 3a pool, the most frequent PTs (reported by > 5% of patients) that were more

common with oral semaglutide than comparator included: nausea, diarrhea, vomiting,

constipation and decreased appetite. Nasopharyngitis and headache were commonly reported

by a similar proportion of patients with both oral semaglutide and comparator.

Figure 34 Most Frequent AEs (2 5% of Patients) — Statistical Analysis by PT — Phase 3a Pool -
On-Treatment

Phase 3a pool: PIONEER 1-5 and 7-10.

Nausea
Nasopharyngitis
Diarrhoea
Vomiting
Headache
Constipation

Decreased appetite

Proportion of subjects Odds ratio
(Adj.%) with 9".")% Cl
¢ v Lo
* L e
: -
: o
. -
: e
| | Y I R B
10 15 01 051 2 5

¥ Oral sema ® Comparator

Subjects with events

QOral sema

572

470

395

255

227

243

201

N=4116

'Oral sema': data from all three oral semaglutide doses (3, 7 and 14 mg). 'Comparator’. sitagliptin, empagliflozin,

liraglutide, dulaglutide and placebo.

Sorted in descending order by preferred term based on the proportion of subjects with at least one event in the
oral semaglutide group.

Adj.: The % is the Cochran-Mantel-Haenszel adjusted proportion of subjects with at least one event (%); Cl:

confidence interval; N: number of subjects.

Source: Figure 2-11 ISS

The data for the placebo pool looks similar as illustrated below.
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Figure 35 Most Frequent AEs (>=5%) — Statistical Analysis by PT — Placebo Pool — On-

Treatment
Proportion of subjects Odds ratio
(Adj.%) wi~th 95% CI
, o
Diarrhoea v g
Nasopharyngitis . M
Vomiting v o
Constipation v o
Decreased appetite v e
Headache v H—{
! ! ! I ! I ! L [
5 10 15 0.1 125 20 100
@ Oral sema Placebo

Placebo pool: PIONEER 1, 4, 5and &.
'Oral sema’: data from all three oral semaglutide doses (3, 7 and 14 mg).

Subjects with events

Oral sema Placebo

231 40
158 32
136 52
112 16
95 19
90 3

84 31

N=1519 N= 665

Sorted in descending order by preferred term based on the propartion of subjects with at least one event in the

oral semaglutide group.

Adj.: The % is the Cochran-Mantel-Haenszel adjusted propartion of subjects with at least one event (%); Cl:

confidence interval; N: number of subjects.

Source: Figure 7.2.27 ISS

In the placebo dose pool, a dose response was seen for nausea, vomiting, diarrhea and

decreased appetite.

AEs reported by 1-5% of patients

In the phase 3a pool, of the 39 PTs reported by more than 1% and less than 5% of patients on
oral semaglutide, the following were reported by a higher proportion of patients (>0.5%) on

oral semaglutide than comparator, respectively:
- Dyspepsia: 4.0% vs 1.6%
- Abdominal pain: 3.3% vs 1.8%
- Abdominal pain upper: 3.3% vs 1.8%
- Abdominal discomfort: 2.7% vs 1.4%
- Gastroesophageal reflux disease: 2.6% vs 0.8%
- Gastroenteritis: 2.1% vs 1.0%
- Abdominal distension: 1.9% vs 1.3%
- Flatulence: 1.3% vs 0.7%
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A similar pattern with the same AEs reported more frequently with oral semaglutide than with
placebo was observed in the placebo pool, with the addition of the below PTs being reported
more frequently with oral semaglutide than placebo (>0.5%):

- Lipase increased: 2.5% vs 0.6%

- Asthenia:1.7% vs 0 patients

- Fatigue: 1.4% vs 0.5%

- Blood creatinine phosphokinase increased: 1.3% vs 0.6%

- Fall: 1.3% vs 0.7%

- Eructation: 1.2% vs 0 patients

Reviewer comment: The common AEs reported with semaglutide were generally as expected for
drugs in the GLP-1 RA class.

8.4.6. Laboratory Findings

Analyses of liver and kidney function tests, calcitonin, lactic acid, and amylase/lipase are
presented in section 8.4.5 of this review. Other parameters evaluated in the oral semaglutide
program are hematologic and biochemistry parameters. There were no changes to mean
hematology or chemistry parameters, no imbalance in the number of outliers between
treatment groups, and no imbalance in the laboratory adverse events other than discussed in
section 8.4.5.

The rest of this section will focus on the evaluation of lipids, which were evaluated in the
PIONEER trials as an efficacy parameter.

Lipids

At baseline, the levels of fasting blood lipids were comparable across treatment groups and
within trials for the phase 3a trials. Overall, the blood lipid profiles were improved with oral
semaglutide across trials, i.e. with minor reductions in total cholesterol, LDL, and triglycerides,
and no change in HDL. The changes were seen mostly with the 14 mg dose of oral semaglutide.
Similar changes were observed in PIONEER 6.

While it is unknown whether the magnitude of the observed changes is beneficial, it does not
appear that semaglutide has a negative impact on lipids. Additionally, these changes are in line
with what was observed for injectable semaglutide, and other GLP-1 RAs.

8.4.7. Vital Signs

Pulse rate
GLP-1RAs are known to increase pulse rate. As expected, an increase in the pulse rate was
observed with oral semaglutide, with the greatest increase observed with the 14 mg dose.

CDER Clinical Review Template 187
Version date: September 6, 2017 for all NDAs and BLAs

Reference ID: 4492378



Clinical Review
Andreea Ondina Lungu
NDA 213051

Oral Semaglutide

These changes are presented in the table below, by trial.
Table 87 Pulse Rate (bpm) — Change from Baseline at the End of Treatment — On-Treatment —
PIONEER 1-10

Oral sema Oral sema Oral sema Comparator
3 mg T mg 14 mg
PIONEER 1 (placebo)
i) 175 175 175 178
Change from baseline at v T 28 0 1 2 -0
Treatment diff [95% CI] at week 2§ 1 [-1:2 1 [-1:3] 3 [2:5]%
PIONEER 2 (empagliflozin)
i) 4049 409
Changes from basslin 2 L -2
Treatment 4 [95% CI] at week 52 2 [1:3]+%
456 454 455 456
1 [-0:2 : 0;2]% E [1:3]% )
PIONEEE 4 (liraglutide/placebo)
i) 285 284/ 142
Change from bassline N P ) 2 3f 0
Treatmsnt d -1 [-3:0]
Treatment 4 2 [-0:3]
183 181
week 2g 1 [-1:2
PIOMEER 7 (sitagliptin)
i) 253 250
Change from bassline at week 52 2 1
Treatment diffsrence [95% CI] at wsek 52 1 [-9:;3]
PIOMEER 8 (placebo)
i) 1z4 181 181 184
Change from baseline at week 52 ] 1 2 -0
Treatment difference [95% CI] at week 52 1 [-1:3] 2 [-90:3] 2 [1;4]%
PIONEER 9 (placebo/liraglutide)
w 43 49 48 49 / 48
Change from bassline at week 52 1 3 4 -2 J 3
Treatment 4 [g CI FEO 1 [-2:4] 3 [0re]™ 4 [Ly7]™
Treatmsnt CI Lira -3 [-g8:;0] -0 [-3:3 1 [-2:4
PIONEEER 10 (ocral antidiabetics)
i) 131 132 130 ES
Change fIrom baseline at week 52 2 3 4 2
Treatment d [95% CI] at week 52 0 [-2:;3] 1 [-2:3] 2 [-1:4]
Oral sema Placebo
PIOMEER &
i) 134E 1411
Change from baseline at the end of treatment 4 -0
For trials 1-5 and 7-13, changess from bassline re analysed using a mixed model for

measurements model (MMRM) with tresatment, strata (P3-P3), interaction bety P5 and PB} and
fects and baseline wvalus as covariate, 211 nested within

visit, and an unsiructured residual covarian matrix. For PIONEER &, observed valuss are presented.
CI: confidence in rwval; '"p—value': unadjusted two-sided p-wvalue r test of no di =znce from 0.
For PIOHEER 7, a flexible oral semaglutids dose is used. H: number of subjescts contributing to the
analysis (P1-5 and 7-10}) or summary statistic (Pg€); CI: confidence interval; *p<0.05 NI

Source: Table 4-1 ISS

n strata |

region (P1-P3) as categorical fixed &

In the phase 3a pool, mean pulse rate increased by 2 bpm with oral semaglutide at the end of
treatment, whereas there was no change with comparator. The treatment difference was less
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pronounced in the placebo pool, with a mean increase of 1 bpm at end of treatment with oral
semaglutide vs 0 with placebo. In pioneer 6, no difference was seen with placebo, while
semaglutide led to an increase in the pulse rate by 4 bpm.

In addition to routine pulse rate measurements in the phase 3 trials, the effects of semaglutide
on pulse rate, QT and PR interval have been assessed in a dedicated QTc trial which was
reviewed as part of the subcutaneous semaglutide NDA review. A dedicated SNAC QTc trial
was performed for a full evaluation of oral semaglutide. Neither semaglutide nor SNAC caused
any prolongation of the QTc interval at supra-therapeutic doses.

A MedDRA search was also performed by the applicant for ‘heart rate increase’ including the
PTs ‘heart rate increased’, ‘sinus tachycardia’, and ‘tachycardia’. There were no notable
differences between semaglutide and comparator in the phase 3a pool, but these events were
observed more with semaglutide vs placebo in the placebo pool (0.7% vs 0.4% of patients), with
no indication of dose-response. However, the numbers are too small to draw any meaningful
conclusions.

Table 88 Heart Rate Increased — AEs by SOC and PT — MedDRA search — Phase 3a Pool — On-

Treatment
Oral sema Comparator

N (Rdj.%) E 2d4j.R N (2dj.%) E Zdj.R

Number of subjscts 4115 2236

Exposure time (vears) 4379 2335
R11 events 24 [ 0.8) 23 0.7 g { 0.7) 17 0.7
Cardiac disordsrs 22 [ 0.8) 23 0.7 11 { 0.5} 1z 0.5
Tachycardia g [ 0.5) 17 0.8 T 0.3) g 0.4
Sinus tachycardia & [ 0.1) G <0.1 4 { 0.2} 4 0.2
Investigations 2 [<0.1) 2 <0.1 5 (0.2} 5 0.2
Heart rate increaasd 2 [<0.1) 2 <0.1 5 (0.2} 5 0.2

Phase 3a pool: PICHNEER 1-5 and 7-140.

"Oral sema': data from &ll three coral semaglutide dosss (3, 7 and 14 mg). 'Comparator': sitagliptin,
empagliflozin, liraglutide, duolaglutids and placsba.

Sorted in descending corder by system organ class and preferred term bassd on the proportion of
subjects with at lsast one event in thes oral semaglutide group.

N: number of subjscts with at least ons event; 2dj.: The % and R are the Cochran-Mantel-Hasnszel
adjusted proportion of subjects with at lzast one 2vent (%) and event rate per 100 patient-vzars of
sennAanre (Bl F: numher nf svents.

Source: Table 4-2 ISS

Two heart rate increase SAEs were identified in PIONEER 6, both in patents taking semaglutide.
One was in patient ®® who experienced a panic attack. The second one was in patient

®® who was reported with wide complex tachycardia in the context of heart failure
exacerbation, hepatic encephalopathy and cellulitis. It is unlikely that either of these events
was related to the use of semaglutide.

CDER Clinical Review Template 189
Version date: September 6, 2017 for all NDAs and BLAs

Reference ID: 4492378



Clinical Review
Andreea Ondina Lungu
NDA 213051

Oral Semaglutide

Blood pressure

Across trials, systolic blood pressure (SBP) decreased with semaglutide over time from baseline
to end of treatment.

In the phase 3a pool, SBP decreased from baseline to end of treatment with both oral
semaglutide and comparator, slightly more so with oral semaglutide (3 mmHg) than with
comparator (2 mmHg). In the placebo pool, oral semaglutide resulted in SBP reductions of 4
mmHg at end of treatment compared with a reduction of 1 mmHg with placebo. Results from
the placebo dose pool indicated dose-dependent decreases in SBP with oral semaglutide at the
end of treatment with mean decreases of 2, 4 and 5 mmHg with oral semaglutide 3, 7 and 14
mg.

In the phase 3a pool, DBP decreased by 1 mmHg with both oral semaglutide and comparator.
In the placebo pool, DBP also decreased by 1 mmHg with oral semaglutide, but showed no
dose-dependency with oral semaglutide in the placebo dose pool.

In PIONEER 6, the difference between semaglutide and placebo was -3mmHg for systolic blood
pressure and +1 mmHg for diastolic blood pressure.

Reviewer comment: Semaglutide treatment was associated with a slight increase in heart rate
which was expected with this drug class. Despite some small differences in pulse rate AEs, the
body of data does not support an increase in clinical events related to the increase in heart rate.
Additionally, a small decrease in systolic blood pressure was observed with oral semaglutide, as
expected with the drug class. No meaningful difference was seen for diastolic blood pressure.

8.4.8. Electrocardiograms (ECGs)

In the phase 3a pool, most patients (62.4% with oral semaglutide and 58.4% with comparator)
had a normal ECG at baseline. The proportion of patients with abnormal (clinically significant)
ECG at baseline was 1.7% for both treatment groups in the phase 3a pool. ECG shifts for the
phase 3a pool are presented below. No significant differences are seen between the treatment
groups. The results were similar for the placebo pool.
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Table 89 Overall ECG Investigator Interpretation — Shift Table — Phase 3a Pool

Normal at bassiine Ibnormal NC5 &t baselins Ebnormsl C3 &t basslins
Hormal Tbhnormal NWC5 Abnormal €35 Hormal ILpbnormal ¥WCS Abnormal CS Hormal Bbnormal HCS5 Bbhnormal C3
] %) | (%) N %) H %) o] %) W (%) N (%) H %) N ()

Overall ECE interprststion - on-trsatment obssrvation period
Wesk 26 wisit [1]

Oral sema 2055 {B8.6}) 242 (10.5) i5 { 0.6) 327 (25.0) 970 (74.2) i0 { 0.6) 7 {12.3) i8 (31.6) 32 {56.1)
Comparator 1050 {B6.6} 157 {12.9} 6 ( 0.5) 207 ({25.3) 606 {74.1} S [ 0.8) 9 {26.5) 10 {29.4) 15 {44.1)
Epd-of-treatment visit
Orzl sema 1915 {B6.6} 277 (12.5) 19 { 0.9) 317 (25.6) 908 (73.3) 13 { 1.1) 7 {12.0) 20 {37.0) 27 (50.0)
Comparator 1013 (66.4) 153 (13.1) 6 [ 0.5) 20z (25.8) 573 (713.1) 9 (1.1 8 (26.7) 2 (30.0) 13 (43.3)
Overall ECE interprstation - plannsd follow-up visit
Follow-up visit
Oral s=ma 1833 (B6.7) 265 (12.5) 17 [ 0.8) 305 (26.2) g44 (7Z.6) 14 [ 1.2) 9 {17.4) 17 (33.3) 23 (48.0)
Comparatar 903 {B5.3}) 145 {i4.1} 6 ( 0.6y 189 {27.1) 501 {71.9) 7 (1.0) & {20.7) 12 {41.4) 11 {37.9)
Overall EZCE interpratation - in-trial observation period
W=k 26 wisit [1]
Orzl s=ma 2168 (BB.6) 262 {10.7) 16 ( 0.7) 351 (25.1) 1036 (74.2) i0 [ 0.7) 9 (13.8) 19 (29.2) 37 (56.9)
Comparator 1034 (B6.6) 162 (12.9) 6 [ 0.3) 213 (25.1) 631 (74.2) 6 [ 0.7) 9 {24.3) 11 {29.7) 17 (45.9)
End-of-treatment visit
Oral s=ma 2074 (B6.2) 313 (13.0) 0 [ 0.8) 356 (26.0) 1000 (73.0) 14 [ 1.0) 12 (18.3) 23 (35.4) 30 (46.2)
Comparatar i066 {B86.5) 180 (13.0} 6 ( 0.5) 219 {26.1}) 612 {72.9) 9 { 1.1) 8 {22.2) 11 {30.6) 17 {47.2)

Phas= 3a pool: PIONEER 1-5 and 7-10.
2': data from all thres oral semaglutide clc|5=.5 {3, 7 and 14 mg] 'Comparator': sitagliptin, empagliflozin, liraglutide, dulaglutide
satment vieit Zor the trials. PION ER. 1 and 5: Week 26. PIONEZR 2, 4, B-10: W=esk E2.

bo. 'End-of-treatment visit': Planned end-

significant; C3: clinicaliy sig: ant; N: pumbzr of subjects contributing to ths summary statistic; %: proportion of

't cliniceliy T i
5u.bj=c..s r[1] '": For PIOHEER 7 the wisit was donz at teek z4,

Source: Table 7.6.11 ISS

In the phase 3a pool, 40 events were sent for adjudication for potential acute coronary
syndrome based on ECG readings; of these events, 3 were confirmed as acute coronary
syndrome.

In PIONEER 6, ECGs were evaluated in order to identify silent Mls. Eighteen ECGs indicated new
ischemia/infarction since last ECG reading, hence 18 potential silent MlIs were sent for
adjudication; of these, 6 events were confirmed by the EAC.

8.4.9. QT

The effect of semaglutide on the QTc interval, PR interval, and pulse rate has been assessed at
the 0.5 mg and 1.0 mg dose levels as well as at the supratherapeutic dose level of 1.5 mgin a
dedicated QTc trial for subcutaneous semaglutide (trial 3652). This study was reviewed by Dr
Janell Chen from Interdisciplinary Review Team for QT Studies Consultation, and the conclusion
was that no significant QTc prolongation effect of semaglutide (0.5 mg, 1.0 mg, and 1.5 mg) was
detected in the Thorough QT (TQT) study. The largest upper bounds of the 2-sided 90% ClI for
the mean difference between semaglutide (0.5 mg, 1.0 mg, and 1.5 mg) and placebo were
below 10 ms, the threshold for regulatory concern as described in the ICH E14 guideline.

An additional SNAC QTc trial was performed (trial 4247), where SNAC was dosed at supra-
therapeutic doses of up to 3.6 g, which is 12 times higher than what is administered in an oral
semaglutide tablet. No clinically significant QT prolongation was seen with SNAC.
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8.4.10.Immunogenicity

See section 8.5 for evaluation of immunogenicity concerns.

8.5. Analysis of Submission-Specific Safety Issues

Based on the clinical experience with GLP-1RAs in general, and subcutaneous semaglutide in
particular, a number of safety areas have been predefined by the applicant as being of special
interest in the evaluation of oral semaglutide. These areas are as follows:

- Gastrointestinal disorders

- Renal disorders

- Hepatic disorders

- Gallbladder-related disorders

- Pancreatitis

- Cardiovascular disorders

- Neoplasms, including thyroid neoplasms

- Hypoglycemia

- Diabetic retinopathy

- Lactic acidosis

- Immunogenicity

- Creatine Kinase (CK)

- Rare events

- Overdose, medication errors, abuse and misuse

- Suspected transmission of an infectious agent

- Hypovolemia

The safety focus areas: renal disorders, pancreatitis, neoplasms, CV disorders and lactic acidosis
were all evaluated by means of both MedDRA searches and event adjudication. For these
events, the results of the investigator-reported information, and the results of the adjudication
will be presented separately.

8.5.1. Gastrointestinal disorders

As expected for this class of drugs, Gl events were commonly reported with oral semaglutide, in
a greater proportion than with comparators or placebo. These AEs were dose-dependent in
most trials, except for PIONEER1 and PIONEER 9. In the placebo dose pool, the higher dose of
semaglutide was associated with a greater incidence of Gl AEs, but the 3 and 7 mg doses did
not appear to be different regarding Gl AEs. Most of the Gl AES reported were non-serious and
GI SAEs were balanced between treatment groups in the phase 3a and placebo pools. Because
PIONEER 6 employed a targeted safety data collection, only GI SAES were collected, and no
significant differences were seen between oral semaglutide and placebo.
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An overview of Gl AEs and SAEs in the various pools and PIONEER 6 is presented in the figure
below. SAEs are discussed separately in Section 8.4.2. None of the Gl events was fatal.

Figure 36 Overview of Gastrointestinal Disorders — MedDRA Search — Phase 3a, Placebo Pool
and PIONEER 6 — On-Treatment

Proportion of subjects (%)

38.1

AEs

Phase 3a pool

SAEs

Placebo pool

38.7

AEs

B Oralsema M Comparator M Placebo
Source: Figure 2-16 ISS

PIONEER 6

05 03 15 14
S

SAEs SAEs

Table 90 Gastrointestinal Disorders — Pre-Defined MedDRA Search — Overview — Phase 3a
Trials and Pools — On-Treatment — SAS

Sema3mg | Sema7mg | Sema 14 All sema Comparator Placebo
mg
Patients and N N N N N N
exposure
Phase 3a pool 4116 2236
Placebo pool 1519 665
Placebo dose pool | 359 356 356 362
Patients with N (%) N (%) N (%) N (%) N (%) N (%)
events
Phase 3a pool 1571 (39.1) | 540 (24.8)
Placebo pool 573 (38.7) 138 (21)
Placebo dose pool | 116 (32.3) 113 (31.8) 146 (41%) 77 (21.3)
SAEs N (%) N (%) N (%) N (%) N (%) N (%)
Phase 3a pool 27 (0.6) 15 (0.7)
Placebo pool 8(0.5) 2(0.3)
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Placebo dose pool | 3(0.8) 0 2 (0.6) 0
Patients with N (%) N (%) N (%) N (%) N (%) N (%)
severe events

Phase 3a pool 57 (1.6) 17 (0.7)

Placebo pool 22 (1.5) 1(0.2)
Placebo dose pool | 4(1.1) 2 (0.6) 7(2) 1(0.3)
AEs leading to N (%) N (%) N (%) N (%) N (%) N (%)
discontinuation

Phase 3a pool 217 (5.9) 43 (1.8)

Placebo pool 97 (6.9) 8(1.1)
Placebo dose pool | 12(3.3) 16 (4.5) 28 (7.9) 2 (0.6)

Source: Excerpted from Table 7.3.1 ISS

Most of the Gl AEs were categorized by the investigator as mild, or moderate, with very few
events as severe.

A higher proportion of patients on oral semaglutide reported Gl AEs leading to treatment
discontinuation than with comparator/placebo.

Gl AEs were reported throughout the trial, with most reports during the dose escalation period.
A breakdown of common Gl AEs by PT in the phase 3a and placebo pools is presented in Section
8.4.5 under AEs reported by >5% of patients with oral semaglutide.

Reviewer comment: The Gl AEs are expected with oral semaglutide, and this information will be
reflected in the prescribing information in a similar manner as for other GLP-1RAs.

8.5.2. Renal Disorders

Acute renal failure (ARF) was designated as AE of interest because Gl AEs associated with the
use of semaglutide may lead to dehydration, and acute kidney disease.

PIONEER 5 investigated the safety and efficacy of oral semaglutide in patients with moderate
renal impairment (eGFR 30 to <60 ml/min). In this trial the urinary albumin to creatinine ratio
(UACR) was collected in addition to eGFR which was collected in most other trials.

AKI events were identified via MedDRA search and were adjudicated by EAC for confirmation.
The EAC confirmation was based on pre-defined diagnostic and staging criteria. For PIONEER 6,

the MedDRA search was performed on SAEs only.

Table 91 Adjudication of AKI
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Event Details Adjudication outcome(s)
category

Acute Acute kidney injury was defined® as any of the  Acute kidney injury
Kdmey following (not graded):
njury Tncyeasze in zerum creatinine by 0.3 mg/dl

=26.5 polT) within 48 hows

Increaze in sermm creatimne =1_5x baseline,

which is lnown or presumed fo have occorred

within the previons 7 days

Trine volume <03 mTAkz'h for § honrs

Source: Table 2-24 ISS

MedDRA search

In the phase 3a pool, there was a slightly higher proportion of patients on semaglutide who
experienced renal events vs comparator, however the number of events was small (0.8% vs
0.5%). The same was true of the placebo pool (0.7% vs 0.5%). SAEs were rare, but more
common with semaglutide in the phase 3a pool (0.2% vs 0.1%). Only SAEs were captured in
PIONEER 6, and SAEs were less common with semaglutide vs placebo (0.9% vs 1.1%).

Table 92 AKI AEs and SAEs — MedDRA Search

Oral sema Comparator or Placebo

N (2dj.%) E 2Adj.R N (Adj.%) E Adj.R
Phase 3a pool
Number of subjects 4116 2236
Exposure time (years) 4379 2335
AESs 31 ( 0.8) 34 1.0 13 ( 0.5) 13 0.6
SRAEs 8 (0.2) 8 2 4 ( 0.1) 4 0.2
Placebe pool
Number of subjects 1519 665
Exposure time (years) 1197 523
AES3 9 (0. 11 1.5 4 (0. 4 0.9
SREs 3 (0. 3 .3 2 (0 2 0.4

N (%) E R N (%) E R
PIONEER 6
Number of subjects 1591 1592
Exposure time (years) 1932 1987
SREs 15 ( 0.9) 16 1 18 ( 1.1) 22 1

Phase 3a pool: PIONEER 1-5 and 7-10, Comparator: sitagliptin, empagliflozin, liraglutide,
dulaglutide, placebo. Comparator for Placebo pool and PIONEER 6: placebo

"Oral sema': data from all three oral semaglutide doses (3, 7 and 14 mg). Placebo poocl: PIONEER 1, 4
and 8. N: number of subjects with at least one event; Adj.: The % and R are the Cochran-Mantel-
Haenszel adjusted proportion of subjects with at least one event (%) and event rate per 100 patient-
years of exposure (R); E: number of events.

Source: Table 2-2 5 ISS

The most common preferred terms in the phase 3 pool are presented in the table below. The
preferred term that accounts for the difference in AEs between treatment arms is “renal
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impairment”. The clinical significance of this small difference is unclear. For SAEs, the PT acute
kidney injury accounted for almost all events.

Notably, most renal events in the phase 3 and placebo pool come from the renal impairment
trial PIONEER 5.

Table 93 Renal Disorder AEs by SOC and PT — MedDRA Search — Phase 3a Pool —On-Treatment

Oral sema Comparator

N {(Rdj.%) E Adj.R N (Adj.%) E Adj.R

Number of subjects 4116 2236

Exposure time (years) A379 2335
Renal and urinary discrders 31 ( 0.8) 34 1.0 13 ( 0.5) 13 0.6
Renal impairment 15 ( 0.4) 17 0.5 3 (0.1) 3 0.1
Acute kidney injury 13 ( 0.3) 13 0.4 8 (0.4) 8 0.4
Renal failure 3 (<0.1) 3 <0.1 2 (<0.1) 2 <0.1

Azotaemia 1 (<0.1) 1 <0.1 0

Phase 3a pool: PIONEER 1-5 and 7-10.

'Oral sema': data from all three oral semaglutide doses (3, 7 and 14 mg). 'Comparator': sitagliptin,
empagliflozin, liraglutide, dulaglutide and placebo. Sorted in descending order by system organ
class and preferred term based on the proportion of subjects with at least one event in the oral
semaglutide group.

N: number of subjects with at least one event; Adj.: The % and R are the Cochran-Mantel-Haenszel
adjusted proportion of subjects with at least one event (%) and event rate per 100 patient-years of
exposure (R); E: number of events.

Source: Table 2-26 ISS

PIONEER 6

The PT acute kidney injury accounted for most of the events in both treatment groups. An
overview of the reported PTs for renal disorders (MedDRA search) in PIONEER 6 is presented in
the table below.

Table 94 Renal Disorder AEs by SOC and PT — MedDRA Search — PIONEER 6

Oral sema Placebo

N (%) E R N (%) E R

Number of subjects 1591 1582

Exposure time (years) 1932 1987
Renal and urinary disorders 15 ( 0.9) 16 1 18 (1.1) 22 1
Acute kidney injury 13 ( 0.8) 14 1 14 ( 0.9) 18 1
Renal failure 1 (0.1) 1 0 2 (0.1) 2 0

Renal impairment 1 ( 0.1) 1 0 0
Acute prerenal failure 0 1 ( 0.1) 1 0
Azotaemia 0 1 (0.1) 1 0

The summary includes a subset of all preferred terms within each system organ class. The listed
preferred terms were identified by a pre-defined MedDRA search and contribute to the total for each
system organ class. Table is sorted in descending order by system organ class and preferred term
based on the proportion of subjects with at least one event in the oral semaglutide arm.

N: number of subjects with at least one event; %: proportion of subjects with at least one event; E:
number of events; R: events per 100 years of exposure.

Source: Table 2-28 ISS
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EAC-confirmed events of acute kidney injury

In the phase 3a pool, 39 events of potential acute kidney injury were sent for adjudication; 31
events identified by the investigator and 8 events identified by the preferred term query (PTQ)
search. Of these 39 events, 29 were confirmed by the EAC: 23 occurred in the on-treatment
period and 6 occurred outside the on-treatment period. For the events reported during the on-
treatment period, the proportion of patients experiencing an event was similar in the
semaglutide group vs comparator. The proportions and rates of stage 2 and 3 acute kidney
injury were similar between oral semaglutide and comparator, while stage 1 events were only
present in the oral semaglutide group (0.2% with oral semaglutide vs 0 patients with
comparator).

Table 95 EAC-Confirmed Events of AKI — Phase 3a Pool — On-Treatment

Oral sema Comparator
N (Adj.%) E Adj.R N (Adj.%) E Adj.R
Number of subjects 4116 22306
Exposure time (years) 4379 2335
EAC-confirmed events
Acute kidney injury 16 ( 0.4) 17 0.5 6 ( 0.3) 6 0.3
Stage 3 5 (0.1) 5 0.1 4 ( 0.2) 4 0.2
Stage 2 3 (<0.1) 3 <0.1 2 (<0.1) 2 0.1
Stage 1 8 ( 0.2) 9 0.3 Q

Phase 3a pool: PIONEER 1-5 and 7-10.

'Oral sema': data from all three oral semaglutide doses (3, 7 and 14 mg). 'Comparator': sitagliptin,
empagliflozin, liraglutide, dulaglutide and placebo. 'Stage': the Acute Kidney Injury Network
criteria, stage 3 being the most severe.

N: number of subjects with at least one event; Adj.: The % and R are the Cochran-Mantel-Haenszel
adjusted proportion of subjects with at least one event (%) and event rate per 100 patient-years of
exposure (R}; E: number of events; EAC: event adjudication committee.

Source: Table 2-27 ISS

In the placebo pool, AKl observed in 0.4% of patients on oral semaglutide, and 0.3% of patients
on placebo. The event rate appears to be higher with semaglutide vs placebo, although events
are still very rare.

Table 96 EAC-Confirmed Events of AKI — Placebo Pool — On-Treatment
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Oral sema Placebo

N (Adj.%) E 2dj.R N (Adj.%) E 2dj.R

Number of subjects 1519 665

Exposure time (years) 1197 523
Acute kidney injury 6 ( 0.4) 7 0.9 2 (0.3) 2 0.5
Stage 3 0 1 (0.2) 1 0.3
Stage 2 1 («<0.1) 1 <0.1 1 (0.1) 1 0.2

Stage 1 S (0.4 6 0.8 0

Placebo pool: PIONEER 1, 4, 5 and 8.

'Oral sema': data from all three oral semaglutide doses (3, 7 and 14 mg) .

EAC: event adjudication committee; 'Stage': the Acute Kidney Injury Network criteria; N: number of
subjects with at least one event; Adj.: The % and R are the Cochran-Mantel-Haenszel adjusted
proportion of subjects with at least one event (%) and event rate per 100 patient-years of exposure
(R); E: number of events.

Source: Table 7.3.46 ISS

In the renal impairment trial PIONEER 5, 4 EAC-confirmed events of AKIl were reported, 3 events
in 2 patients with oral semaglutide 14 mg and 1 event with placebo. None of the events was
reported as SAEs.

In the phase 3a pool, 6 of the EAC-confirmed events occurred outside the on-treatment period;
4 events in PIONEER 3 (two events with oral semaglutide 7 mg, one event with oral semaglutide
14 mg and one event with sitagliptin), and one event each in PIONEER 2 and 5 (oral semaglutide
14 mg and placebo, respectively). The events in PIONEER 2 and 5 were also outside the in-trial
period. All 6 of these events were reported as stage 1 acute kidney injury.

In total, 108 events of potential AKI were evaluated by the EAC in PIONEER 6. Of these, 88 were
confirmed as AKI by the EAC, of which 78 had onset during the on-treatment observation
period. The EAC-confirmed events of AKI were reported by a similar proportion of patients
with events and rate of events with oral semaglutide and placebo (2.0% vs 2.3% of patients).

Table 97 EAC-Confirmed Events of AKI — PIONEER 6

Orzl sem= 2lacebo
) (%) B R ) (%) B R
Number of subjscts 1591 1592
Exposurse tims (vsars) 1932 1987
EAC-confirmed svents
Acute kidney injury 32 ( 2.0) 36 1.9 37 ( 2.3) 42 2.1
Stage 3 4 { 0.3) 4 0.2 5 ¢ 0.3) 5 0.3
Stage 2 2 { 0.1) 2 0.1 10 ¢ 0.6) 10 0.5
Stage 1 26 ( 1.8) 30 1.6 23 ( 1.4) 27 1.4
'Stage': the Acute Kidney Injury Network criteria, stage 3 being the most severs.

N: number of subjects with at least omne event; $%: proportion of subjscts with at least one svent; E:
number of svents; EAC: event adjudication committes; R: svents per 100 years of sxposurs.

Source: Table 2-29 ISS
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The applicant evaluated the co-reporting of Gl and renal adverse events. In the phase 3a pooal,
a similar proportion of patients with or without renal disorders reported Gl adverse events of
nausea/vomiting/diarrhea during the on-treatment period.

Renal function parameters

eGFR, creatinine and urine albumin to creatinine ration (UACR)

In the phase 3a pool, mean baseline eGFR values (92 vs 90 mL/min/1.73 m2) and creatinine
values were similar with oral semaglutide and comparator. Generally renal function
parameters were stable over time across trials.

Reviewer comment: In conclusion, no significant increase in renal events was observed with
semaglutide, despite an increase in Gl AEs that could lead to dehydration and AKI. This is in line
with what was observed with subcutaneous semaglutide.

8.5.3. Hepatic Disorders

Marketed GLP-1RAs are not known to be hepatotoxic, and no indication of hepatic toxicity was
seen in toxicology studies with semaglutide.

The hepatic toxicity of oral semaglutide was evaluated by MedDRA search, and evaluation of
liver function tests.

In PIONEER 6, systematic collection of data on AEs was limited to SAEs, AEs leading to
treatment discontinuation and a few other AE categories of special interest (hepatic events: ALT
or AST >5xULN with concurrent TBL <2xULN; or ALT or AST >3xULN with concurrent TBL
>2xULN; or hepatic events leading to premature discontinuation of trial product).

Liver events MedDRA search

The proportion of patients experiencing liver events captured by the MedDRA search was
similar between treatment arms in the phase 3a and placebo pools, as were the liver SAEs
captured in PIONEER 6. Generally liver SAEs were rare and balanced between treatment groups
in all pools.

Table 98 Total Hepatic Disorders — MedDRA Search — Phase 3a, Placebo Pool and PIONEER 6 —
On-Treatment
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Oral sema Comparator or Placsbo
N (Rdj.%) E 2dj.R N {(Rdj.%) E =2dj.R
Phase 3a pool
Number of subjscis 4116 22386
Exposure time (vears) 4379 2335
LEs 141 ( 3.4) 173 3.7 73 { 3.3) 24 4.0
SLEs a6 [ 0.2) 7 0.2 & { 0.3) & 0.2
Placebho pool
Number of subjscis 1519 565
Exposure time (years) 1187 523
LEs 30 { 2.0) 36 2.8 8 { 1.3) 15 3.2
SLEs 2 (0.1) 2 0.1 ]
N {%) B R M (%) B 23
PIONEER 6
Number of subjsctis 1591 1582
Exposure time (years) 1232 1387
SLEs 4 [ 0.3) 4 0 e { 0.4) & 0

Phase 3a pool: PIONEER 1-5 and 7-10, Comparator: sitagliptin, empagliflozin, liraglutids,
dulaglutide, placebo. Comparator for placebo pool and PIONEER 6: placsbo

'Oral sema': data from all thres oral semaglutide doses (3, 7 and 142 mg). Placebo pool: PICNEER 1, 4
and B. N: numbsr of subjects with at ls=ast one event; Ldj.: The % and R ars the Cochran-Mantsl-
Hasnszel adjusted proportion of subjects with at least one event (%) and sveni rate per 100 patient-—

-

years of sxposurs (R); E: number of svenis.

Source: Table 2-34 ISS

Hepatic steatosis was the most common PT reported in both phase 3a and placebo pool, and it
appeared to be slightly more prevalent in the semaglutide arm vs comparator in both pools.
Other commonly reported PTs were liver enzyme abnormalities, which were slightly more
common in the comparator arm vs semaglutide. Overall these differences are small, and not
likely to be clinically significant.

Table 99 Hepatic Disorders (20.1%) by SOC and PT — MedDRA Search — Phase 3a Pool —On-
Treatment
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Oral sema Comparator
N (Adj.%) E Adj.R ¥ (adj.%) E adj.R
Number of subjects 4116 2236
ExXposure time (vears) 4379 2335
BEvents 141 { 3.4) 173 3.7 73 ( 3.3) g4 4.0
Hepatobiliary disorders 90 { 2.2) 100 2.2 a4z { 2.0) a9 2.1
Hepatic steatosis 60 { 1.3) 60 1.5 26 ( 1.2) 26 1.2
Hepatomegaly 7 0.1) 7 0.1 z2 {<0.1) 2 <0.1
Hyperbilirubinasmia 4 { 0.1) a <0.1 3 (0.1) 3 0.1
Hepatic function abnormal 4 (<0.1) a <0.1 3 (0.1) 3 0.1
Hepatic cirrhosis 2 {<0.1) 2 <0.1 2 { 0.1) 2 <0.1
Steatochepatitis 1 (<0.1) 1 <0.1 3 (0.2) 3 0.1
Investigations 50 { 1.1) 66 1.3 33 { 1.5) a5 1.9
Alanine aminotransfsrase 21 ( 0.5) 22 0.5 13 ( 0.6) 14 0.7
increased
Aspartate aminotransferase 14 { 0.3) 15 0.3 11 { 0.5) 12 0.5
increased
Hepatic enzyme increased 13 { 0.3) 13 0.2 8 ( 0.3) 8 0.3
Blood bilirubin increased 3 (<0.1) 3 <0.1 3 {0.1) 3 <0.1
Liver funciion test abnormal 3 (<0.1) 3 <0.1 2 { 0.1) 2 <0.1
Liver function test 3 (<0.1) 3 <0.1 4 {0.2) 4 0.2
increased
Blood alkaline phosphatase 2 {<0.1) 2 <0.1 Z { 0.1) 2 <0.1
increased

Phase 3a pool: PIONEER 1-5 and 7-10. 'Oral sema': data from all thres oral semaglutide doses

(3, 7 and 14 mg). 'Comparator': sitagliptin,empagliflozin, liraglutide, dulaglutide and placebo.
Sorted in descending order by system organ class and preferred term based on the proportion of
subjects with at least one event in the oral semaglutide group. This table includes 50Cs and PTs,
where PTs were reported by = 0.1% of subjecis in either treatment group. The numbers in the S0C row
represent the total numbker for the SOC. A1l PTs can be found in the referenced table.

N: number of subjecits with at least ons event; Adj.: The % and R are the Cochran-Mantel-Hasnszel
adjusted proportion of subjects with at least one event (%) and event rate per 100 patient-years of
exposure (R); E: number of events.

Source: Table 2-35 ISS
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Table 100 Hepatic disorders — AEs by SOC and PT — Pre-Defined MedDRA Search — Placebo
Pool — On-Treatment

Oral sema Placebo
N (Adj.%) E Adj.R N (Adj.%) E Adj.R
Number of subjects 1519 665
Exposurs time (years) 1197 523
211 events 30 ( 2.0) 36 2.8 8 (1.3) 15 3.2
Hepatobiliary disorders 20 { 1.8) 22 1.9 3 (0.5 4 1.2
Hepatic steatosis 13 { 0.9) 13 1.1 3 { 0.5) 3 0.9
Hyperbilirubinaemia 2 {0.1) 2 0.1 0
Hepatosplenomegaly 1 (0.1 1 0.2 1 {0.2) 1 0.3
Drug-induced liver injury 1 {<0.1) 1 <0.1 0
Non-alcoholic 1 {<0.1) 1 0.1 0
steatohepatitis
Hepatic function abnormal 1 {<0.1) 1 <0.1 0
Hepatomegaly 1 (<0.1) 1 <0.1 0
Liver disorder 1 {<0.1) 1 <0.1 0
Liver injury 1 {<0.1) 1 <0.1 0
Investigations 10 {( 0.6) 14 0.9 5 {( 0.8) 11 2.0
Alanine aminotransierase 7 {( 0.4) 7 0. 4 { 0.6) 4 0.8
increased
Aspartate aminotransferases 4 { 0.2) 4 0.2 2 (0.3 3 0.6
increased
Hepatic enzyme increased 1 (<0.1) 1 0.1 2 {( 0.3) 2 0.3
Liver function test abnormal 1 {<0.1) 1 0.1 0
Blood alkaline phosphatase 1 {<0.1) 1 <0.1 1 {0.2) 1 0.2
increased
Liver function test 0 1 { 0.2) 1 0.2
increased

Placebo pool: PIONEER 1, 4, 5 and 8.

'Oral sema': data from all three oral semaglutide doses (3, 7 and 14 mg).

Sorted in descending order by system organ class and preferred term based on the proportion of
subjecits with at lesast ones svent in the oral semaglutide group.

N: number of subjects with at least one event; Adj.: The % and R are the Cochran-Manitel-Hasnszel
adjustaed proporition of subjects with at least one event (%) and event rate per 100 patisnt-years of
ex¥posurs (R); E: number of events.

MedDRA wversion 20.1

Source: Table 7.3.52 ISS

In PIONEER 6, the number of liver SAES was small and they were balanced between treatment
groups, no clustering of PT terms was observed.

Drug induced liver injury

Two SAEs of ‘drug-induced liver injury’ were reported in the oral semaglutide program: one in
PIONEER 4 (oral semaglutide 14 mg) and one in PIONEER 6 (placebo).

The event in PIONEER 4 was reported in the oral semaglutide 14 mg group. It occurred 3 weeks
after premature trial product discontinuation, while the patient was being treated with

clarithromycin, amoxicillin and metronidazole for a duodenal ulcer.

The event in PIONEER 6 was reported to be caused by azithromycin used for treating acute
bronchitis.
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One patient in the sitagliptin group of PIONEER 3 died due to hepatic disorders (alcoholic
cirrhosis and chronic hepatic failure)

Liver laboratory parameters

Markers of liver function (AST, ALT, ALP and TBL) were assessed in all phase 3a trials at regular
intervals. The applicant reports that there was no effect of oral semaglutide versus
comparators on the mean levels of these parameters. There was no difference in the
proportion of patients with various levels of elevation in liver function enzymes between the
treatment arms in the phase 3a pool, as seen in the Table 101 below.

Table 101 Categorical Summary of Max Post-Baseline Values Phase 3a Pool SAS On Treatment

Oral sema Comparator
N=4116 N=2236

AST
N 4024 2186
Normal 3176 (79.4) 1716 (78.2)
High 848 (20.6) 470 (21.8)
>2XULN 134 (3.1) 82 (4)
>3XULN 34 (0.8) 24 (1.1)
>5XULN 8(0.2) 8(0.4)
>10XULN 1(<0.1) 0

ALT
N 4026 2186
Normal 3418 (85.4) 1863 (84.8)
High 608 (14.6) 323 (15.2)
>2XULN 80 (1.9) 52 (2.4)
>3XULN 22 (0.6) 15 (0.7)
>5XULN 4 (<0.1) 7 (0.3)
>10XULN 0 0

TBL
N 4026 2186
Normal 3565 (89.3) 1955 (89.4)
High 461 (10.7) 231 (10.6)
>2XULN 22 (0.6) 7 (0.4)
>3XULN 2 (<0.1) 1(<0.1)
>5XULN 0 0
>10XULN 0 0

Source: Modified from table 7.5.2 ISS

Hy's law

No patients in the phase 3a pool had AST or ALT concentrations >3xULN with concurrent total
bilirubin concentrations >2xULN. In PIONEER 6, there were two such cases (one with oral
semaglutide and one with placebo); however, in both cases an alternative etiology was present.
Details are presented below:
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- Patientno ®® 74 year old male receiving oral semaglutide has elevated AST
throughout the trial and developed elevated bilirubin at week 62. He was diagnosed
with hepatocellular carcinoma on trial day 357, followed by septic shock with fatal
outcome on trial day 507

- Patientno ®®: 71 year old male on placebo had normal AST, ALT and bilirubin
throughout the trial, but they were found to be elevated at week 62, and he was
subsequently diagnosed with pancreatic adenocarcinoma on trial day 431, which lead to
permanent treatment discontinuation.

Reviewer comment: Both cases of Hy’s law had alternate etiologies that appeared to be
unrelated to the study treatment. Overall it does not appear that semaglutide causes liver
dysfunction based on the results of the oral semaglutide clinical program. This is in line with the
safety information known for other members of the class.

8.5.1. Gallbladder-related Disorders

A general link between incretin-based therapies (and specifically GLP-1 receptor agonists) and
gallbladder-related AEs (cholelithiasis and cholecystitis) has been suggested, as gallbladder
emptying appears to be slower with this class of drugs.

A higher rate of gallbladder-related AEs (especially cholelithiasis and cholecystitis) was noted in
the liraglutide program for the weight management indication (3 mg, marketed as Saxenda),
but not in the T2DM program (1.2 and 1.8 mg, marketed as Victoza). In the semaglutide sc
program, no increased risk of cholecystitis was observed.

The risk of gallbladder-related disorders was evaluated based on an integrated evaluation of
investigator reported events captured by a MedDRA search and case evaluation of narratives,
medical history and additional data collection forms.

In the phase 3a pool, there was no difference in the rate or proportion of patients with
gallbladder-related disorders between oral semaglutide and comparators. In the placebo pool,
the rate and proportion of patients with gallbladder-related disorders was higher with oral
semaglutide than with placebo.
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Table 102 Total Gallbladder-Related Disorders — MedDRA Search — Phase 3a Pool, Placebo
Pool and PIONEER 6 — On-Treatment

Oral ssma Comparator or Placebo
N (2dj.%) E Idj.R N (2dj.%) E 2dj.R
Fhase 3a poocl
Number of subjscts 4116 2236
Exposurs time (years) 4379 2335
LEs 55 [ 1.3) 63 1.5 28 { 1.3) 35 1.3
SLEs 12 [ 0.3) 15 0.4 g {0.4) 14 .5
Placebo pool
Number of subjscts 1519 665
Exposurs time (years) 1197 523
LEs 19 { 1.3) 20 1.8 1 { 0.1) 1 0.1
SLEs 4 ( 0.3) 5 0.5 a
N {%) E =3 M (%) E 23
PICHEER ©
Number of subjects 1591 1592
Exposurs time (years) 1932 1987
SLEs g2 (0.5) 10 1 11 { 0.7) 13 1
Phase 3a pool: PIONEER 1-5 and 7-10, Comparator: sitagliptin, empagliflozin, liraglutids,
dulaglutide, placebo. Comparator for placebo pool and PIONEER &: placsbo
'Oral sema’': data from all three oral semaglutide doses (3, 7 and 14 mg). Placebo pool: FIONEER 1, 4
and 8.
N: number of subjects with at lesast one svent; 2Zdj.: The % and R are the Cochran-Mantel-Haenszel

adjusted proportion of subjsctis with at least one svsnt (%) and svent rate psr 100 patient-ysars of
exposurs (R); E: numbsr of svents.

Source: Table 2-40 ISS

Cholelithiasis was the most common PT reported within this MedDRA search with all treatment
groups in both the phase 3a pool and the placebo pool. In the phase 3a pool, cholelithiasis was
reported by a similar rate and proportion of patients in both treatment groups (oral
semaglutide: 0.7 AEs/100 PYE and 0.7% of patients; comparator: 0.7 AEs/100 PYE and 0.8% of
patients). Seventeen of 18 events in 18 patients in the comparator group were reported with
active comparators: 7 with a DPP-4i (sitagliptin), 5 with an SGLT-2i (empagliflozin), and 5 with
GLP-1 RAs (liraglutide or dulaglutide). In the placebo pool, the difference in gallbladder-related
disorder was driven by cholelithiasis, which was reported by a higher number, rate and
proportion of patients with oral semaglutide (10 events, 0.7 AEs/100 PYE and 0.6% of patients)
versus placebo (1 event). Seven of the 10 cholelithiasis events with oral semaglutide were
reported in PIONEER 8. Cholecystitis was rare but was reported by a larger proportion of
patients in the semaglutide arm vs comparator in the phase 3a and placebo (4 events with
semaglutide vs 0 with placebo) pools.
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Table 103 Gallbladder-Related Disorders — by SOC and PT — MedDRA Search — Phase 3a Pool -

On-Treatment
Oral sema Comparacoxr
N (2dj.3) E 2dj.R ¥ (2d].3) E Bdj.R
Number of subjscis 4116 2236
Exposure time (yesars) 4379 2335
Evenis 55 ( 1.3) 65 1.5 28 [ 1.3) 35 1.3
Hepatobiliary disoxdsrs 51 [ 1.2) &0 1.3 25 ( 1.1} 31 1.2
Cholslithiasis 30 { 0.7) 31 0.7 18 ({ 0.8) 18 0.7
Cholecystitis 5 [ 0.2) 5 0.2 2 (<0.1} 2 =0.1
Hyperbilirubinaemia 4 ( 0.1) 4 <0.1 3 (0.1 3 0.1
Cholecystitis chronic 5 [(«0.1) 5 <0.1 1 («0.1) 1 <0.1
Hyperplastic cholecystopathy 3 (<0.1) 3 <0.1 0
Gallkbladder disordexr 2 (<0.1) 2 <0.1 1]
Gallkbladder cholestsrolosis 1 (<0.1) 1 <0.1 (1]
Cholecystitis acute 2 (<0.1) 2 <0.1 5 [ 0.2} 5 0.2
Biliary dvskinssia 2 (<0.1) 2 <0.1 o
Biliary colic 1 (=0.1) 1 <0.1 o]
Bile duct stons 1 (=0.1) 2 <0.1 1 (=0D.1) 1 <0.1
Biliary cirrhosis primary 1 (<0.1) 1 <0.1 0
Cholestasis 1 (<0.1) 1 <0.1 0
Cholangitis acute i} 1 (<0.1) 1 <0.1
Investigations 3 [(<0.1) 3 <0.1 3 (0.1 3 <0.1
Blood bilirubkin incrsasesd 3 («<0.1) 3 <0.1 3 {0.1) 3 <0.1
Surgical and medical 1 («<0.1) 1 <0.1 0
procedurss
Cholecystectomy 1 (<0.1) 1 <0.1 ]
Infecitions and infestations 1 (<0.1) 1 <0.1 1 (=0.1) 1 <0.1
Biliary sepsis 1 (<0.1) 1 <0.1 o
Cholecystitis infective 0 1 (=0.1) 1 <0.1

Phase 3a pool: PIOMEER 1-5 and 7-10. 'Oral sema’: data from all three oral semaglutide doses (3, 7
and 14 mg). 'Comparator': sitagliptin, empagliflozin, liraglutide, dulaglutide and placebo.

Sorted in descending order by system organ class and preferred term bassd on the proportion of
subjects with at least ons svent in the oral ssmaglutids group.

W: number of subjects with at lsast one svent; Zdj.: The % and R are the Cochran-Mantel-Hasnszel
adjusted proportion of subjscis with at least ons svent (%) and svent rate psr 100 patisnt-yesars of
exposure (R); E: number of svents.

Source: Table 2-41 ISS

Reviewer comment: The increased incidence of cholelithiasis is expected with this class of drugs
and described in the prescribing information for other members of the class.

8.5.2. Pancreatitis

A class labelling Warnings and Precautions exists for all incretin-based therapies concerning the
risk of pancreatitis. Patients with a history of pancreatitis were therefore excluded from the
phase 3 trials. The risk of pancreatitis was evaluated as a safety focus area based on a pre-
defined MedDRA search for pancreatitis and on the outcome of the adjudication of suspected
cases of acute pancreatitis. Acute pancreatitis was diagnosed, adjudicated and categorized by
severity as described below.

Table 104 Adjudication of Acute Pancreatitis
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Event category Details

Adjudication outcome(s)

Acuie pancreatitis

following three criteria:
* Abdominal pain consistent with acute pancreatitis

(acute onset of a persistent, severe, epigastric pain ofien e
radiating fo the back)

* Serum lipase activity (and/or amylase activity) at least
three times greater than the ULN
®  Characteristic findings of acute pancreatitis on imaging

The diagnosis of acute pancreatitis required two of the

Acuie pancreatitis by severity

{Atlanta classific ationﬁ):

Mild
Moderate
Severe

Source: Table 2-43 ISS

In PIONEER 6, only SAEs of pancreatitis were captured systematically.

MedDRA search

Few events were identified in the oral semaglutide clinical program, as seen below.

Table 105 Pancreatitis AEs MedDRA Search

Oral sema

Comparator or Placsbo

N o(zdj.%) E &zdj.R N {(Zdj.%) E IZdj.R
Phase 3a pool
Number of subjscis 4116 2236
Exposurs tims (years) 4379 2335
LEs 8 (0.2) =] 0.2 5 0 5 0.2
SLEs & (0.1} & 0.1 1 {<0.1) 1 0.0
Placebo pool
Number of subjsctis 1519 5G5
Exposurs time (years) 1197 523
LEs 1 (<0.1) 1 <0.1 1 {( 0.1) 1 0.1
SLES 1 (<0.1) 1 <0.1 0
N {%) E R N (%) E R
PICNEER 6
Number of subjscts 1591 1592
Exposurs time (years) 1232 1987
SLEs L {0.1) 1 0 3 { 0.2) 3 0

Phase 3a pool: PIONEER 1-5 and 7-10, Comparator:
dulaglutide, placebo. Comparator for placebo pool and PICNEER
'Oral sema’: data from all thres oral semaglutide doses

and 8.

N: number of subjects with at least ons svent; 2&dj.:
adjusted proportion of subjscts with at least one svent

sxposurs (R); E: numbsr of svents

Source: Table 2-44 ISS

The % and R are the Cochran-Mantel-Hasnszel
(%) and svent rate psr 100 patient-ysars of

sitagliptin,

(3,

empagliflozin,
: placsho
and 14 mg) .

liragqlutids,

Placsbo pool:

PICHNEER

1, 4

In the phase 3a pool, 13 events of investigator-reported pancreatitis or acute pancreatitis were

reported. These were characterized as follows:
- Seven of the events were SAEs: 6 with oral semaglutide and 1 with comparator

CDER Clinical Review Template

Version date: September 6, 2017 for all NDAs and BLAs

Reference ID: 4492378

207



Clinical Review
Andreea Ondina Lungu
NDA 213051

Oral Semaglutide

- As per protocol, all AEs of pancreatitis led to premature treatment discontinuation,
except for two patients who already had discontinued trial product prior to the event
for other reasons (1 patient on sitagliptin and 1 patient on empagliflozin).

- Ten (10) events of pancreatitis or acute pancreatitis were recovered by the end of the
trial 6 with oral semaglutide and 4 with comparator) 2 events were recovered with
sequelae (with oral semaglutide) and 1 was not recovered (comparator).

EAC-confirmed acute pancreatitis

In the phase 3a pool, a total of 19 pancreatitis events were sent for adjudication: 17
investigator identified events of pancreatitis or acute pancreatitis and 2 events captured via
PTQ identification.

Eight of the 19 adjudicated events were confirmed by the EAC as acute pancreatitis. Of the 8
confirmed events, 7 had onset during the on-treatment period. Details regarding these events
are presented below:

- Patient ®® from study 4222: 69 year old male on oral semaglutide 3 mg was
reported with SAE of acute pancreatitis on trial day 293, confirmed by imaging.
Cholelithiasis was reported on day 305. The patient experienced other serious events in
the same time, as follows; AKI, respiratory failure, sepsis, and ultimately died.

- Patient ®©®from study 4222: 69 year old male on oral semaglutide 14 mg was
reported with acute pancreatitis SAE on trial day 516, confirmed by imaging. The patient
was reported to have a history of cholelithiasis, cholecystitis, and cholecystectomy. The
study drug was withdrawn as a result of the event of acute pancreatitis.

- Patient ®® from study 4223, 69 year old female on oral semaglutide 14 mg,
presented with severe acute upper abdominal pain, diagnosed with acute pancreatitis
on trial day 192, confirmed by imaging. The event was an SAE, and the study drug was
withdrawn as a result of the event of acute pancreatitis.

- Patient ®® from study 4222: 48 year old female on sitagliptin 100 mg, presented
with severe acute upper abdominal pain and elevation of pancreatic enzymes on day
256. It is not clear whether imaging was performed. The study drug was withdrawn as a
result of the event of acute pancreatitis.

- Patient ®® from study 4223: 64 year old male on empagliflozin 25 mg, reported
severe acute abdominal pain and elevated pancreatic enzymes on day 356, without any
characteristic imaging findings. The event was an SAE.

- Patient ®® from study 4224: 70 year old female on liraglutide reported severe acute
abdominal pain and elevated pancreatic enzymes on day 211. Ultrasound was
performed and imaging results were not consistent with gallstones or acute/chronic
pancreatitis. Relevant confounding factor included hypertriglyceridemia. The study drug
was withdrawn because of this event. The event was non-serious.
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- - Patient ®® from study 4224: 61 year old female on placebo reported severe acute
abdominal pain and elevated pancreatic enzymes on day 52, no imaging was performed.
The event was non-serious, but the study drug was withdrawn due to the event.

The adjudicated pancreatitis events were balanced between treatment arms in both the phase
3a and placebo pools.

For the phase 3a pool, the following patients were sent for adjudication but not positively
adjudicated due to diagnostic criteria not met:

- Pt ®® 60 year old male study 4222 presented with elevated amylase and upper
abdominal pain after almost 5 months of treatment with semaglutide 14 mg, imaging
was not consistent with pancreatitis. He received dexamethasone for sensorineural
hearing loss the week prior to the abdominal symptoms. Semaglutide was discontinued
due to this event.

- Pt ®® study 4222 49 year old male with suspected chronic pancreatitis on imaging,
on sitagliptin 100 mg

- Pt ®®study 4222 72 year old female on semaglutide 14 mg was diagnosed with
pancreatic neuroendocrine tumor in the tail of the pancreas, which was biopsied, and
the patient continued to have pain and presented to the emergency room. A diagnosis
of acute pancreatitis was reported. The results of imaging are not known but the
patient was reported to be experiencing abdominal pain, and lipase was elevated to
1032 U/L.

- Patient ®® study 4222 64 year old male on oral semaglutide 7 mg was reported
with an event of acute pancreatitis on trial day 435

- Patient ®® study 4223 67 year old female on semaglutide 14 mg who presented
acute pancreatitis on day 275 of treatment. The study drug was discontinued due to
this adverse event. A narrative was not submitted by the sponsor for this patient. As a
result, it is unclear why this event was not positively adjudicated as acute pancreatitis

- Patient ®® study 4233 47 year old female on semaglutide 3 mg. A week before
initiation of the study drug, she experienced abdominal pain, was admitted to the
hospital where liver enzymes and lipase were reported as elevated. Imaging was not
performed but she was not diagnosed with acute pancreatitis. About 2 months after
the initiation of the study drug, the patient was admitted to the hospital with abdominal
pain and nausea (lipase 109 U/L, amylase 63 U/L), but no fever or vomiting. The
discharge diagnosis was acute pancreatitis although no imaging was performed, and the
trial drug was discontinued due to this event.

- Patient ®® study 4257 60 year old male on sitagliptin 100 mg with pancreatic
calcification. It is not clear why the imaging was performed; pancreatic enzymes were
not reported to be elevated.

The remaining 4 patients were duplicates.
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Reviewer comment: The lack of data for the patients who were not positively adjudicated is
somewhat concerning, and it appears that there were more events on semaglutide who were
submitted for adjudication but not positively adjudicated. There were some events which in the
opinion of this reviewer, were consistent with pancreatitis, but which were not adjudicated as
pancreatitis events, for reasons which were unclear. At least in some of these cases it is possible
that the pancreatitis was caused by study drug, in this case by oral semaglutide. | believe that
there may have been a small imbalance in events of pancreatitis, not favoring semaglutide in
the phase 3a pool.

In PIONEER 6, the MedDRA search identified 4 patients with pancreatitis SAEs (4 events), one
with semaglutide, and 3 with placebo.

In total, 7 events were evaluated by the EAC, 5 investigator-identified, and 2 were PTQ-
identified. Of these, 5 were positively adjudicated, 4 during the in-trial period (one with
semaglutide and 3 with placebo). The one event that was not during the in trial period
occurred in a patient with an already positively adjudicated event — the patient was on
semaglutide.

Overall, events of pancreatitis were balanced in PIONEER 6.

Pancreatic enzymes

Amylase and lipase levels were monitored in all phase 3 clinical trials.

Mean serum lipase and amylase activities increased with oral semaglutide during the initial 14
weeks of the clinical trials, similar to what has been described with other incretin-based
therapies. In general, lipase and amylase levels were statistically significantly higher for oral
semaglutide than for placebo in all 5 placebo-controlled trials. After the initial 14 weeks, lipase
and amylase levels plateaued. At the follow-up visit (when trial drug was discontinued in all
patients), mean levels of amylase and lipase in patients treated with oral semaglutide
approached baseline levels.
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Figure 37 Amylase by Trial - Geometric Mean Plot — On-Treatment
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Observed data from the on-treatment observation period. The normal range is 25 to 125 U/L for age group 18-71 years

and 20 to 160 U/L for age group 71-120 years.
Source: Figure 7.5.36 ISS
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Figure 38 Lipase by Trial - Geometric Mean Plot — On-Treatment
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Source: Figure 7.5.40 ISS

The same pattern of increases in amylase and lipase with oral semaglutide versus placebo was
seen in PIONEER 6.
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The increase in pancreatic enzymes was observed with other incretin therapies, and it is not
clear that it is predictive of an increase in events of pancreatitis with oral semaglutide.

8.5.3. Cardiovascular Adverse Events

CV disorders were therefore defined as a safety focus area in the oral semaglutide phase 3a
trials. The CV safety of oral semaglutide was evaluated in a dedicated pre-market CVOT
(PIONEER 6) in patients with T2DM at high risk of CV events. The risk of CV disorders was
evaluated based on a pre-defined MedDRA search for CV events among investigator reported
AEs (SAEs for PIONEER 6 and AEs for the other phase 3a trials) and based on the outcome of
adjudication of selected pre-defined CV events.

Table 106 Adjudication of CV Events

Event category Details Adjudication outcome(s)}

Death All-cause death Cardiovascular death
Non-cardiovascular death
Undetermined cause of death

Acute coronary ST-elevation acute myocardial infarction (STEMI AMI (STEMI/NSTEMI)
syndrome Non-ST elevation acute myocardial infarction (NSTEMI)  Silent MI
Silent MI UARP requiring hospitalisation
Unstable angina pectoris (UAP) requiring hospitalisation
Cerebrovascular event  Episode of focal or global neurological dysfunction Ischaemic stroke
caused by brain, spinal cord, or retinal vascular injury as a IHaemorrhagic stroke
result of haemorrhage or infarction Undetermined stroke

TIA defined as a transient episode (<24 hours) of focal TIA
neurological dysfunction caused by brain, spinal cord, or
retinal ischaemia, without acute infarction

Heart failure requiring  Tospitalisation with a primary diagnosis of heart failure ~ Heart failure requiring
hospitalisation (new episode or worsening of existing heart failure) hospitalisation

Source: Table 2-50 ISS

The in-trial period was used for all evaluations of CV safety due to the potentially long latency
between onset and diagnosis.

Since PIONEER 6 was a dedicated CVOT, most of the CV safety data comes from this study. The
primary endpoint was time to first MACE event, a composite of EAC-confirmed CV death
(including undetermined cause of death), non-fatal Ml, and non-fatal stroke. Additional
expanded MACE endpoints were defined in PIONEER 6.

The primary analysis for PIONEER 6 shows that treatment with semaglutide is not associated

with an increase in CV events. It appears that semaglutide may be associated with a reduction
in 3-point MACE composite endpoint, mainly due to a reduction in CV death. Non-fatal stroke
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also had a lower incidence in the semaglutide arm, and non-fatal Ml appeared to be slightly
more common with semaglutide vs placebo.

Table 107 First EAC-Confirmed MACE — PIONEER 6 — In-Trial

Oral semaglutide Placebo
N (%) N (%)
Number of subjects 1591 1592
Observation time (years) 2101 2081
First EAC-confirmed MACE el ( 3.8) 76 ( 4.8)
Myocardial infarction, non-fatal 37 ( 2.3) 31 ( 1.
Acute myocardial infarction 32 ( 2.0) 31 ( 1.
Silent myocardial infarction 5 ( 0.3) o]
Stroke, non-fatal 11 ( 0.7) le ( 1.0)
Cardiovascular and undetermined cause of death 13 ( 0.8) 20 ( 1.8)
Cardiovascular death g8 ( 0.5) 22 ( 1.4)
Undetermined cause of death 5 ( 0.3) T ( 0.4)

Abbreviations: EAC: event adjudication committee; MACE: major adverse cardiovascular event, N: number of
subjects; PYO: patient-years of observation; R: event rate per 100 PYO: %: percentage of subjects.

Source: Table 2-53 ISS

The difference in MACE events was apparent from the beginning of the trial, and was sustained,
as shown below.
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Figure 39 Time to First-EAC-Confirmed MACE — Cumulative Incidence Plot — PIONEER 6 — In-

Trial
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Source: Figure 2-27 ISS

Placebo

Proportion of subjects (%)

The primary analysis of the time to first MACE event resulted in an estimated HR of 0.79 with a

95% Cl 0.57 to 1.11, therefore excluding an increase in CV risk with oral semaglutide.

A total of 68 first MACE events with onset during the in-trial period were identified in the phase
3a pool, and the proportion of patients with events was lower with semaglutide (1%) vs
comparator (1.2%). The same was true of the placebo pool, with 1.3% of patients in the
semaglutide arm vs 1.7% in placebo. There was no increased incidence in non-fatal M| with

semaglutide in either phase 3a or placebo pools.

CDER Clinical Review Template
Version date: September 6, 2017 for all NDAs and BLAs

Reference ID: 4492378

215



Clinical Review
Andreea Ondina Lungu
NDA 213051

Oral Semaglutide

Table 108 First EAC-Confirmed MACE — Phase 3a Pool and Placebo Pool — In Trial

Oral sema Comparator or Placebo
N (2d].%) N (2d].%)
Phase 3a pool
Numbesr of subjscts 4116 2236
Observation time (ysars) 4719 2452
First EAC-confirmed MACE 4z { 1.0) 26 { 1.2)
Myocardial infarction, non-fatal
Acute myocardial infarction 14 { 0.3} 6 (0.3
Silent myocardial infarction 2 {<0.1) 2 ( 0.1)
Stroke, non-fatal 13 { 0.3) 10 { 0.3)
Cardiovascular and undetermined cause of death 11 { 0.3) 8 { 0.3)
Cardiovascular death 5 ( 0.1) 5 ( 0.2)
Undetermined cause of death 6 { 0.1) 3 {0.1)
Placebo pool
Number of subjects 1519 665
Observation time (yesars) 1292 548
First BAC-confirmed MACE 19 { 1.3) 11 { 1.7)
Myocardial infarction, non-fatal
Acute myocardial infarction 5 { 0.3) 2 { 0.3
Silent myocardial infarction 1 (<0.1) 1 (0.2}
Stroke, non-fatal 7 0.3) e { 1.0)
Cardiovascular and undetermined cause of death 6 ( 0.4) 2 { 0.2)
Cardiovascular death 2 [ 0.2} 1 ( 0.1)
Undetermined cause of death 4 { 0.2) 1 {0.1)
Phase 3a pool: PIONEER 1-5 and 7-10. Placebo pool: PIONEER 1, 4 Oral sema: data from all

three oral semaglutide doses (3, 7 and 14 mg).

liraglutide, dulaglutide and placebo. Placebo pool comparator: placebo.
EAC: event adjudication committee; N: number of subjects with at least one
event; Adj.: The % and R are the Cochran-Mantel-Hasnszel adjusied proportion of subjects with at

least one event (%) and event rate per 100 patient-years of cbservation (R); E:

Source: Table 2-54 ISS

Individual components of the CV endpoints

CV death

- PIONEER 6: a total of 15 patients on oral semaglutide died during the trial due to CV

4

Phase 3a pool comparator:

number of events.

sitagliptin, empagliflozin,

events versus 30 patients on placebo, resulting in a HR of 0.49 with a 95% Cl 0.27; 0.92.

Most common causes of death were sudden death, and death due to M.

- Inthe phase 3a pool, few CV deaths occurred (5 events in each treatment group) and in
a similar proportion of patients with oral semaglutide (0.1%) and comparators (0.2%).

There were even fewer CV deaths (3 deaths) in the placebo pool and no apparent
difference between treatment groups was noted (2 vs 1 deaths).

Myocardial infarction

- In PIONEER 6, a total of 72 patients had Mls (fatal and non-fatal) confirmed by the EAC,
37 with oral semaglutide and 35 with placebo. There were 4 patients with fatal Mi, all
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treated with placebo. Silent Mls were included in these events, an occurred in 6
patients on semaglutide, and one in placebo.

- Inthe phase 3a pool, EAC confirmed 26 total Ml events, 17 with semaglutide, and 9 with
placebo. The proportion of patients with events was similar in both treatment groups
(0.4%). In the placebo pool, 10 events were EAC -confirmed, 7 with semaglutide (0.5%)
and 3 with placebo (0.5%).

Stroke

- PIONEER 6: 30 patients had confirmed stroke events, 13 with semaglutide and 17 with
placebo. Two of the 30 were fatal events, one in each treatment arm.

- Phase 3a pool: 30 confirmed events, 18 with semaglutide (0.4%), and 11 with
comparator (0.5%).

- Placebo pool: 14 events, 8 with semaglutide (0.5%) and 6 with placebo (1%).

Heart failure requiring hospitalization

- PIONEER 6: 21 confirmed events with semaglutide vs 24 on placebo. Two deaths were
both with placebo.

- Phase 3a pool: 17 events, 10 with semaglutide (0.2%) and 7 with comparator (0.3%).

- Placebo pool: 4 events, 3 with semaglutide (0.2%) and one with placebo (0.1%).

Unstable angina

- PIONEER 6: 11 patients with semaglutide and 7 with placebo.

- Phase 3a pool: 11 events were confirmed, 10 with semaglutide (0.3%) vs 1 with
comparator (<0.1%).

- Placebo pool: 3 events, all with semaglutide (0.3%).

MedDRA search for investigator reported CV events also did not show an increase in CV risk
with semaglutide in either PIONEER 6 or either of the pools. The most commonly reported PTs
were acute myocardial infarction, angina unstable, coronary artery disease for PIONEER 6, and
atrial fibrillation, angina pectoris, and angina unstable for the phase 3 pool.

Table 109 CV Disorders AEs MedDRA Search, In-Trial

Oral semaglutide Comparator/placebo

Phase 3a pool
CV AEs 245 (5.9) 143 (6.5)
CV SAEs

Placebo pool
CV AEs 84 (6) 34 (5)

PIONEER 6
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| CVSAEs | 130(8.2) | 155 (9.7) |
Source: Tables 7.3.84, 2-57 and 2-58 ISS

Reviewer comment: Based on premarket evaluation, including a CVOT, semaglutide does not
appear to increase the risk of 3-point MACE vs standard of care. On the contrary, a nominally
significant reduction in CV death was seen with semaglutide in PIONEER 6, although this as was
not prespecified and controlled for type 1 error, and the study failed to demonstrate superiority
for MACE. While it is possible that this finding was due to chance as the number of events was
small and the exposure time was not long enough to be conclusive for such events, there is no
evidence to demonstrate an increase in CV risk with oral semaglutide. No significant differences
between treatment arms were seen regarding M|, stroke, or hospitalization for heart failure.
Unstable angina appears to be more common with semaglutide, but the numbers are too small
to be conclusive.

8.5.4. Neoplasms

In general, GLP-1 receptor agonists have not been associated with an increased risk of
neoplasms in humans. Non-clinical data for semaglutide did not suggest any mutagenicity or
genotoxicity. Thyroid C-cell neoplasia has been seen in the mouse and rat semaglutide
carcinogenicity studies, preceded by an increase in serum calcitonin. This is in line with what
was observed with other long acting GLP-1 receptor agonists, however, no clinical implications
of this finding have been detected so far despite increased surveillance for approved long acting
GLP-1 receptor agonists (including post-approval REMS).

A series of animal studies have suggested a potential association between incretin-based
therapy and both pancreatic exocrine (pancreatic ductal adenocarcinomas) and pancreatic islet
cell (glucagonomas) neoplasms. After an extensive review of all available nonclinical and
clinical trial data, FDA and EMA published a joint commentary stating that assertions
concerning a causal association between incretin-based drugs and pancreatitis or pancreatic
cancer were inconsistent with the then available data. Nonetheless, assessment of pancreatic
neoplasms in clinical trials with incretin-based therapies remains an area of special interest.

Thyroid C-cell and pancreatic cancers are specific focus areas for GLP-1 RAs, and breast cancer
and benign colon adenomas were also included for semaglutide as areas of interest due to
higher frequencies with liraglutide than with placebo in the Saxenda weight management
clinical development program.

Patients with a diagnosis of malignant neoplasm in the previous 5 years prior to enrollment in
the trials (except basal and squamous cell skin cancer and carcinoma in situ) or known personal
or family history of medullary thyroid carcinoma or multiple endocrine neoplasia syndrome
type 2 were excluded from the phase 3 trials in the semaglutide development program.
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Due to the anticipated long lead-time for potential treatment-related neoplasms, events were
evaluated based on the in-trial period.

Neoplasms were based on a MedDRA search (for all neoplasms, and for malignant neoplasms
specifically), and EAC-confirmed malignant neoplasms. All events of suspected malignant

neoplasm were sent for adjudication in one of two categories represented in the table below.

Table 110 Adjudication of Malignant Neoplasms

Event category Details Adjudication outcome(s)
Malignant Malignant neoplasms were defined as neoplasms in which abnormal  Malignant neoplasm
neoplasm cells divide without control and can invade nearby tissues and/or

spread to other parts of the body through the blood and Iymph

systemns.

Thyroid neoplasms were not included in this event category.

Malignant thyroid ~ Suspected cases of the following neoplasms were Malignant thyroid
neoplasm or C-cell considered in this event category: neoplasm
hyperplasia 1) Thyroid neoplasms in which abnormal cells divide without control C-cell hyperplasia

and can invade nearby tissues and/or spread to other parts of the body
through the bloed and lymph systems

2) C-cell hyperplasia, defined as hyperplasia of the parafollicular
C-cells of the thyroid gland

Source: Table 2-60 ISS

Blood levels of calcitonin, which is considered a biomarker associated with thyroid C-cell
hyperplasia, were monitored throughout the trials. Calcitonin levels were reported for the on-
treatment period. The investigator was to act according to the following:
- For calcitonin levels 210 ng/L and <50 ng/L; investigate potential confounding factors
and continue sampling of calcitonin
- For calcitonin levels 250 ng/L (or 210 ng/L if it was the last measurement in the trial);
refer the patient to a thyroid specialist
- If calcitonin levels reached 2100 ng/L; discontinue trial product prematurely for the
patient and refer the patient to a thyroid specialist

Neoplasms (malignant and benign)

Neoplasm AEs and SAEs were reported more commonly with semaglutide vs

placebo/comparator in the phase 3a and placebo pools, but no difference was observed in
PIONEER 6 (SAEs).
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Table 111 All Neoplasms MedDRA Search — In-Trial

Oral sema Comparator or Placebo
N (Adj.%) & adj.R ¥ (adj.%) £ adj.R

Phase 3a pool

Nunber of subjects 4116 2236

Observation time (years) 4719 2452

AES 267 ( 6.4) 336 7.0 122 143 6.

SAES 62 (1.7} 66 1.6 29 29 1.

Placebo pool

Number of subjects 1519 665

Observation time (years) 1292 543

AES 69 ( 4.7) 77 5.7 28 ( 4.2) 32 6.

SAES 17 (1.2) 18 1.4 T 1.0) 7 1.
N (%) E B I (%) E R

PIONEER 6

Number of subjects 1591 1592

Observation time (years) 2101 2081

SAES 39 ( 2.5) 4z 2 42 { 2.6) 44 2

Phase 3a pool: PIONEER 1-5 and 7-10,

sitagliptin, empagliflozin,
'Oral sema': data from all three oral semaglutide doses (3,

liraglutide,

Placebo pool:

PIONEER 1,
dulaglutide and placsbo.
7 and 14 mg).

4 and 8 Phase 3a pool comparator:
Placebo pool comparator:
Sorted in descending order

rlacebo.

by system organ class and preferred term based on the proportion of subjects with at lsast one event

in the oral semaglutide group.

N: number of subjects with at least one event; Adj.:
adjusted proportion of subjects with at least one event
observation (R); E:

Source: Table 2-61 ISS

Malignant neoplasms

events.

The % and R are the Cochran-Mantel-Haenszel
(%) and event rate per 100 patient-ysars of

In the phase 3a and placebo pools, there was a trend towards increase in malignant neoplasms

with semaglutide, both in MedDRA search and EAC-confirmed. This was not observed in

PIONEER 6 where events were balanced between the treatment arms.
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Table 112 Malignant Neoplasms MedDRA Search and EAC-Confirmed, In-Trial

Oral sema Comparator or Placebo
N (&dj.%) £ &dj.R N (2dj.%) E 2dj.R
Phase 3a pool
Number of subjects 4116 2236
Observation time (yesars) 4719 2452
MedDRA search
AES 37 (1.5) 62 1.6 23 (1.1) 24 1.1
SAES 42 ( 1.1) 43 1.1 20 ( 0.9) 20 0.9
EAC confirmed events
Malignant neoplasms excl. thyroid 52 ( 1.4) 56 1.4 22 1.0) 23 1.1
Malignant thyvroid nesoplasms 2 (<0.1) 2 <0.1 1 (<0.1) 1 <0.1
Placebo pool
Number of subjects 1519 665
Observation time (years) 1292 548
MedDRA search
AES 17 (1.2) 19 1.6 6 [ 0.8) 6 1.4
SAEsS 11 ( 0.8) 12 1.0 5 (0.7) 5 1.1
EAC confirmed events
Malignant neoplasms excl. thyroid 14 ( 1.0) 15 1.2 6 [ 0.8) 6 1.4
Malignant thyroid necplasms 1 (<0.1) 1 <0.1 0
PIONEER 6
Number of subjectis 1581 1592
Observation time (years) 2101 2081
MedDRA search
SAESs 31 (1.9 33 2 38 ( 2.4) 40 2
EAC confirmed events
Malignant neoplasms £xcl. thyroid 41 ( 2.6) 50 2.4 448 ( 3.0) 61 2.9
Malignant thyroid neoplasms 2 (0.1 3 0.1 Q

Phase 3a pool: PIONEER 1-5 and 7-10. Placebo poeol: PIONEER 1, 4, 5 and 8. 'Oral sema': data from all
thres oral semagluiide doses (3, 7 and 14 mg). Phase 3a pool comparator: sitagliptin, empagliflozin,
liraglutide, dulaglutide and placebo. Placebo pool and PIONEER 6 comparator: placeko.

Sorted in descending order by system organ class and preferred term based on the proportion of
subjects with at least one event in the oral semaglutide group.

N: number of subjscts with at least one event; 2Adj.: The % and R are the Cochran-Manisel-Haenszel
adjusted proportion of subjects with at least one event (%) and event rate per 100 patient-years of
observation [R); E: number of svents.

Source: Table 2-64 ISS

In the phase 3a pool, most of the neoplasms in the MedDRA search were reported in one
patient in each treatment group with the following exceptions:

- Skin cancer (non-melanoma): 10 patients with semaglutide and 4 with comparator.
- Breast cancer: 6 patients in each treatment group.

- Prostate cancer: 8 with semaglutide and none with comparator.

- Lung cancer: 3 with semaglutide and 1 with comparator.

- Colorectal malignant neoplasms: 9 with semaglutide and 1 with comparator.

- Thyroid: 4 with semaglutide and 1 with comparator.

Five patients died from a malignancy in the phase 3a pool, and they are represented in the
table below:
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Table 113 Malignant Neoplasms — MedDRA Search — with Fatal Outcome — Phase 3a Pool - In-

Trial

Actual
Treatment

Oral sema
14 mg
Lira 1.8 mg

Lira 1.8 mg

Sita 100 mg

Sita 100 mg

a: EAC evaluation of death: Non-cardiovascular events/death (related to the PT: chronic hepatic failure)

Subject ID

Source: Table 2-65 ISS

(b) (6)

Sex/age/BMI Preferred term / Trial day of EAC
Reported term AFE onset  Trial day of
death
(In-trial)
M/52/34.3 Lung adenocarcinoma / 44 134 (Y)
Lung adenocarcinoma metastatic
M/78/29.9  Pancreatic carcinoma / 87 241 (Y)
Cancer of head of pancreas
F/56/23.5  Ovarian cancer metastatic / 58 146 (Y)
Metastatic ovarian malignant
neoplasm
M/60/29.0  Pancreatic carcinoma metastatic/ 228 315 (Y)
Pancreatic adenocarcinoma metastatic
M/56/38.8  Adenocarcinoma gastric / 514 523 (Y)

Gastric adenocarcinoma

EAC-confirmed events in the phase 3a pool: 106 events of malignant neoplasms (excluding

malignant thyroid neoplasms) were sent for adjudication; 79 events identified by the

investigator and 27 events identified by the PTQ search. Of these, 82 events were confirmed by
the EAC, 79 of which were in-trial. Of the 6 events of potential thyroid-related events including

malignant thyroid neoplasms sent for adjudication (all events were identified by the

investigator), 4 events were confirmed by the EAC, 3 of which were in-trial. Generally,
evaluation of the EAC-confimed events is similar to the MedDRA search, with imbalances not
favoring semaglutide noted for the same types of cancers.
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Table 114 EAC-Confirmed Malignant Neoplasms (Including Malignant Thyroid Neoplasms) —

MedDRA Search — Phase 3a Pool — In-Trial

Oral sema Comparator
N (Adj.%) E adj. N (Adj.%) E Adj.R

o]

Number of subjscts 4116 2236
Observation time (yesars) 4719 2452
Malignant neoplasms 52 { 1.4) 56 1.4 22 1.0y 23 1.1
Skin cancer 15 { 0.4) 19 0.5 5 { 0.2) 5 0.2
Skin cancer other than melanoma 14 { 0.4) 18 0.4 5 ( 0.2) 5 0.2
Malignant melanoma 1 {<0.1) 1 <0.1 0
Breasti cancer 6 { 0.2) 3 0.2 & { 0.3) 3 0.3
Colorectal cancer 9 { 0.2) 9 0.2 2 (0.1) 2 <0.1
Gastrointestinal cancer 4 { 0.1) 4 <0.1 5 ( 0.3) 3 0.2
Pancreas 2 {<0.1) 2 <0.1 2 {<0.1) 2 <0.1
Stomach 1 {<0.1) 1 <0.1 3 {(0.2) 3 0.1
Liver 1 ({<0.1) 1 <0.1 0
Prostate cancer 8 {( 0.2) 8 0.1 8]
Lung and pleura cancer 3 {0.1) 3 0.1 2 { 0.1) 2 0.1
Lung cancer 3 {0.1) 3 0.1 2 { 0.1) 2 0.1
Genitourinary cancer 1 {<0.1) 1 <0.1 2 {<0.1) z 0.1
Hidney 1 {<0.1) 1 <0.1 1 {<0.1) 1 <0.1
Bladder 0 1 (<0.1) 1 <0.1
Gynecologic cancer 2 {<0.1) 2 <0.1 0
Other gynecologic sites 1 (<0.1) 1 <0.1 0
Uterus 1 (<0.1) 1 <0.1 0
Hematological malignancies 2 {<0.1) 2 <0.1 0
Lymphoid nesoplasm 2 {<0.1) 2 <0.1 0
Unknown primary site 1 {<0.1) 1 <0.1 1 {<0.1) 1 <0.1
Other primary site 1 {<0.1) 1 <0.1 0
Malignant thyroid neoplasms 2 {<0.1) 2 <0.1 1 (<0.1) 1 <0.1
C-cell hyperplasia 0 0
Phase 3a pool: PIONEER 1-5 and 7-10. 'Oral sema': data from all three oral semaglutide doses (3, 7
and 14 mg). 'Comparator’: sitagliptin, empagliflozin, liraglutide, dulaglutide and placebo.
EAC: event adjudication committee; N: number of subjects with at least one event; Adj.: The % and R

are the Cochran-Maniel-Haenszel adjusted proporiion of subjecis with at least one svent (%) and
event rate per 100 patient-years of observation (R); E: number of events.

Source: Table 2-66 ISS

On PIONEER 6, the proportion of patients with malignant neoplasms SAEs was similar between

the treatment groups. There were 31 events in the semaglutide group (1.9%) vs 38 with

comparator (2.4%). Most of the imbalances noted in the phase 3a pool were not seen to the

same extent in PIONEER 6, and no new imbalances were noted.

- Skin cancer (non-melanoma): 0 with semaglutide and 2 with placebo

- Breast cancer: 1 with semaglutide vs 0 with placebo

- Prostate cancer: 5 with semaglutide and 4 with placebo

- Lung cancer: 6 with semaglutide, and 2 with placebo

- Colorectal malignant neoplasms: 5 with semaglutide and 2 with placebo
- Thyroid: 2 with semaglutide and 0 with placebo

Sixteen of the malignant neoplasms had a fatal outcome, 7 with semaglutide and 9 with
placebo, with no particular clustering for any malignancy type.

CDER Clinical Review Template
Version date: September 6, 2017 for all NDAs and BLAs

Reference ID: 4492378

223



Clinical Review
Andreea Ondina Lungu
NDA 213051

Oral Semaglutide

EAC-confirmed neoplasms for PIONEER 6: 140 events sent for adjudication, 119 confirmed, 111
in-trial.

Table 115 EAC-Confirmed Malignant Neoplasms (Including Malignant Thyroid Neoplasms) —
PIONEER 6 — In-Trial

Oral sema Placsbo
n (%) E R N (%) E R
Number of subjects 1551 1552
Chservation time ({years) 2101 2081
Malignant neoplasms 41 { Z.8) 50 2.4 45 [ 3.0) 6l 2.9
Skin cancer 10 { 0.6) 18 0.9 12 ( 0.8) 23 1.1
Skin cancer other than mslanoma 8 {( 0.8) 17 0.8 12 ( 0.8) 232 1.1
Malignant melanoma 1 { 0.1) 1 0.0 i}
Gastrointestinal cancer g { 0.8) 9 0.4 10 ( 0.8) 10 0.5
Pancrsas 5 { 0.3) 5 0.2 4 ( 0.3) 4 0.2
Gall bladdsr and kile ducts 1] 3 [ 0.2 3 0.1
Liver 2 { 0.1) 2 0.1 1 { 0.1) 1 0.0
Stomach 1 {0.1) 1 0.0 2 (0.1 2 0.1
Other gastrointestinal malignancy 1 { 0.1) 1 0.0 0
Hematological malignancies 4 { 0.3) 4 0.2 & ( 0.4) 6 0.3
Lymphoid necplasm 4 { 0.3) 4 0.2 5 ( 0.3) 5 0.2
other hematological malignancy 1] 1 { 0.1} 1 0.0
Prostate cancsr 5 ([ 0.3) 3 0.2 5 (0.3) 5 0.2
Tung and pleura cancsr & { 0.4) 6 0.3 3 (0.2} 32 0.1
Tung cancer e { 0.4) 6 0.3 2 ([ 0.1 2 0.1
Pleural mesothelicma 1] 1 ( 0.1) 1 0.0
Colorsctal cancer 5 { 0.3) 5 0.2 2 (0.1 2 0.1
Genitourinary cancer 2 ( 0.1) 2 0.1 4 { 0.3) 4 0.2
Ridney 2 {0.1) 2 0.1 1 ({ 0.1) 1 0.0
Bladdsr 0 2 { 0.1) 2 0.1
Other genitourinary malignancy 0 1 ( 0.1) 1 0.0
He=ad and neck cancer 1] 3 (0.2 3 0.1
Pharynx or mouth 1] 3 (0.2} 32 0.1
Breast cancer 4] 1 (0.1 2 0.1
Brain and spinal cord cancer 1 { 0.1) 1 0.0 1]
Gynecologic cancer 0 1 { 0.1) 1 0.0
Ovary 1] 1 ( 0.1) 1 0.0
Other primary site 0 1 ( 0.1} 1 0.0
Unknown primary site 0 1 (0.1} 1 0.0
Malignant thyroid neoplasms 2 { 0.2 3 0.1 0
Other 2 { 0.1 2 0.1 0
Msdullary thyroid microcarcinoma 1 { 0.1 1 0.0 0
C-cell hyperplasia 0 0

W: number of subjects with at least one swvent; %: proportion of subjects with at lsast ons event; E:
number of events; R: svents per 100 years of cbservation; ELC: event adjudication committee.

Source: Table 2-68 ISS

Skin cancers and gastrointestinal cancers were the most frequent types of neoplasms, and they
were observed in both treatment arms. Prostate cancer was also balanced between treatment
groups. Colorectal and lung cancers were more commonly seen with semaglutide vs placebo;
however, the small event numbers preclude any systematic conclusions. Overall, there were no
significant differences in any neoplasm type when comparing semaglutide and placebo in
PIONEER 6.

CDER Clinical Review Template 224
Version date: September 6, 2017 for all NDAs and BLAs

Reference ID: 4492378



Clinical Review
Andreea Ondina Lungu
NDA 213051

Oral Semaglutide

Additionally, 3 thyroid events were sent for adjudication, all confirmed and in-trial, all on
semaglutide (one was medullary microcarcinoma in the semaglutide arm). The 3 events
occurred in 2 patients described below:

- Patient no ®® had 2 events of thyroid neoplasm confirmed by the EAC, one of
which was a thyroid microcarcinoma. The patient had thyroid nodules diagnosed about
1 year prior to trial enrollment, and calcitonin level was elevated at baseline (30.3 ng/L,
with normal range <8.5 ng/L), however fine needle aspiration results were inconclusive.
About one year into the trial, another fine needle aspiration showed multiple areas of
medullary microcarcinoma and papillary thyroid cancer, and thyroidectomy was
performed.

- Patientno ®® had one event of metastatic follicular thyroid carcinoma. In 2000, 17
years prior to study enrollment, the patient underwent a total thyroidectomy for thyroid
carcinoma. About one year into the study, a pulmonary nodule was noted during a
routine primary care yearly exam. The diagnosis was confirmed by biopsy, and the lung
nodule was surgically removed, followed by radioactive iodine ablation. Semaglutide
was discontinued due to this event.

While there is an imbalance in thyroid cancer with semaglutide, evaluation of the narratives for
the 2 patients suggests that these cancers were likely present prior to semaglutide initiation,
and therefore, likely unrelated.

Calcitonin
Phase 3a and placebo pool

Calcitonin levels were similar at baseline between the treatment groups, and remained
relatively unchanged at week 26, and end of treatment. No major differences in calcitonin
outliers were seen in either of the pools. The summary of maximum post baseline values is
presented below. In the phase 3a pool, calcitonin values above 50 ng/dL were seen in more
patients on semaglutide (8 patients, 0.2%) vs 1 patient on comparator (<0.1%). No patients on
semaglutide had calcitonin >100 ng/L. It is unclear whether this small numerical imbalance is
clinically significant as the duration of the trials is relatively short.
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Table 116 Calcitonin (ng/L) — Categorical Summary of Maximum Post-Baseline Values — Phase
3a Pool and Placebo Pool — On-Treatment

Oral sema Comparator or Placehbho
N (BdF.%) N (Adj.%)
Phase 3a pocl
Number of subjects 41186 2236
N 3874 2145
Normal 3539 (%0.9) 1950 (91.0)
High (»>ULN) 335 ( 8.2) 195 ( 9.0)
»>50 ng/L g {0.2) 1 (<0.1)
»>100 ng/L 0 1 (<0.1)
Placebo pool
Number of subjects 1519 665
N 1409 €34
Normal 1295 (90.6) 575 (91.1)
High (>ULN) 114 ( 9.4) 59 ( 8.9)
>50 ng/L 2 (0.1) 1 (0.2)
>100 ng/L 0 1 (0.2)

Phase 3a pool: PIONEER 1-5 and 7-10. Placebo pool: PIONEER 1, 4, 5 and 8.

'Oral sema': data from all three oral semaglutide doses (3, 7 and 14 mg). Phase 3a pool comparator:
sitagliptin, empagliflozin, liraglutide, dulaglutide and placebo. Placebo pool comparator: placebo.
The maximum valus from all post-basslines observations in the observation period was used.

N: numbsr of subjscts contributing to the summary statistic; 2dj.: The % is the
Cochran-Mantel-Hasnszel adjusted proportion of subjects; ULN: upper limit of the normal.

Source: Table 2-70 ISS

In PIONEER 6, the mean calcitonin levels were also stable over time, and similar between the
two treatment groups. At baseline, 9.5% of patients in the oral semaglutide group and 8.5% of
patients in the placebo group had calcitonin levels elevated above ULN, and a similar pattern
was observed during the trial, where 10.3% with oral semaglutide and 9.8% with placebo had
calcitonin levels elevated above ULN.
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Figure 40 Calcitonin Maximum Post Baseline Value - Shift Plot
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Source: Figure 14.3.5.116 CSR PIONEER 6

Two (2) patients had values above 100 ng/L during the trial, one in each treatment group. Both
patients were referred to a thyroid specialist (no thyroid malignancy identified), and the study
drug was discontinued per protocol.
- Patientno ®® traded with oral semaglutide had a calcitonin level of 104 ng/L at
week 26, followed by a decrease to below 50 ng/L at the end of trial
- Patient no ®® on placebo had a calcitonin value of 147 ng/L at week 50 (all previous
values were normal)
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Reviewer’s comment: While an imbalance not favoring semaglutide was seen for skin, lung,
prostate, thyroid, and colorectal cancers, particularly in the phase 3a pool, the numbers are too
small to be conclusive. It is not clear how such a short semaglutide exposure could have caused
the imbalance given the usual long latency for these malignancies, and the imbalances were not
seen in PIONEER 6 which followed patients longer than most studies in the phase 3a pool.
Additionally, confounding factors are present in most cases. Pancreatic cancer was rare, and no
imbalance not favoring semaglutide was observed. Calcitonin levels were generally stable
throughout the trials regardless of the treatment arm, and no significant imbalances were seen
regarding outliers.

8.5.1. Hypoglycemia

For the phase 3a pool, the placebo pool and the placebo dose pool, hypoglycemic episodes
were summarized by the applicant according to the ADA 2018/IHSG 2017 classification below:

Table 117 ADA 2018 and IHSG 2017 classification of hypoglycemia

Level Glycaemic criteria Description

Sufficiently low for treatment with
fast-acting carbohydrate and dose
adjustment of glucose-lowering
therapy

Level 1 Hypoglycaemia alert value <3.9 mmol/L (70 mg/dL)

Sufficiently low to indicate serious,

Level 2  Clinically significant hypoglycaemia <3.0 mmol/L (54 mg/dL) clinically important hypoglycaemia

Hypoglycaemia associated with
Level 3  Severe hypoglycaemia No specific glucose threshold severe cognitive impairment requiring
external assistance for recovery

Source: Table 1-8 ISS

In PIONEER 6, only severe hypoglycemic episodes were collected systematically; and these will
be presented based on the on-treatment period.

Hypoglycemic episodes were summarized for subsets of patients across trials based on each
patient’s baseline background diabetes medication:

- No background medication

- Trial product in combination with an SU with or without metformin

- Trial product in combination with insulin with or without OADs (including SUs)

- Trial product in combination with other OADs (excluding SU)

An overview of these different background medications by trial in the phase 3a pool is
presented in the table below:
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Table 118 Background Medications by Trial

Contributing trials No background SU as background Insulin as background Other OADs as
medication medication medication background medication

PIONEER 1 X

PIONEER 2 X

PIONEER 3 X X

PIONEER 4 X

PIONEER 5 X X X

PIONEER 7 X X

PIONEER § X

PIONEER 9 X

PIONEER 10 X X

Source: Table 1-9 ISS
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Table 119 Hypoglycemia in Phase 3a, Placebo Pools, and PIONEER 6

COral sema Comparater or Placebo
N (Ad].%) E Adj.R N (Adj.%) E Adj.R

Phase 3a pool (On-treatment without rescuse medication)

Number of subjects 41186 2236

EXposure tims (ysars) 3697 1945

ADA 2018 classification 776 (17.1) 3820 95.4 321 (15.7) 1301 75.8
Level 3 - Severs 11 ( 0.Z) 11 0.3 2 { 0.1) 2 0.1
Level 2 - Clinically significant 292 ( 6.1y 813 19.% 124 ( €.3) 298 17.8
Level 1 - Alert value 723 (l6.0) 29986 75.2 287 (14.1) 1000 57.8

Placebo poel (On-tresatment without rescus medication)

Number of subjects 1519 665

EXposure tims (ysars) 995 410

ADA 2018 classification 368 (23.0) 2327 184.0 115 {18.3) 654 137.7
Level 3 - Severs g ( 0.3) 8 0.6 1 (0.2) 1 0.2
Level 2 - Clinically significant 162 ( 9.7y 551 4z.1 5¢ ( 9.2) 1lé3 34.4
Level 1 - Rlert valus 34 (21.7) 1768 141.3 106 (17.0) 4490 103.1

w (%) B B Iof (%) E R

PIONEER 6 (On-tresatmsnt)

Number of subjects 1591 1592

Observation time (years) 1832 1987

ADA 2013 classification

Severe 23 (1.4 28 1 13 ( 0.8) 17 1

Phase 3a pool: PIONEER 1-5 and 7-10, Phase 3a pool comparator: sitagliptin, empagliflozin,
liraglutide, dulaglutide and placebo. Placebo pool and PIONEER 6 comparator: placebo.

'Oral sema': data from all three oral semaglutide doses (3, 7 and 14 mg). Placebo pocol: PIONEER 1, 4
and 8. 'on-treatment without rescue medication': For hypoglycasmia the on-treatment without rescue
medication period is defined as the period from date of first dose of trial product to date of last
dose of trial product or initiation of rescus medication whichever comes first. N: number of
subjects with at least one spisode; Adj.: The % and R are the Cochran-Mantel-Hasnszel

adjusted proportion of subjects with at least one episode (%) and rate per 100 patient-yesars of
exposure (R); E: number of episcdes; ADA: Amsrican Diabetes Association

'"ADA 2018 classification': 'Severe': requiring assistance from another person for recovery;
"Clinically significant': plasma glucose < 3.0 mmol/L (54 mg/dL); 'Alert value': plasma glucoss
<=3.9 mmol/L (70 mg/dL) .

Source: Table 2-72 ISS

Severe hypoglycemia was more common with semaglutide vs comparator in all pools, and
PIONEER 6, although the events were rare, and the differences were numerically small. Of the
episodes of severe hypoglycemia in the phase 3a pool, two episodes of hypoglycemic
unconsciousness with oral semaglutide 3 mg (2 patients, both from PIONEER 8 having insulin as
background diabetes medication) were also reported as SAEs.

Level 2, clinically significant hypoglycemia, was balanced between the treatment groups in the

placebo and phase 3a pools. No dose dependence was observed for the three doses of
semaglutide as evidenced by the results of the placebo dose pool.
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Table 120 Hypoglycemia — ADA 2018 Classification — Placebo Dose Pool — On-Treatment
Without Rescue Medication

Oral sema 3 mg Oral sema 7 mg Oral sema 14 myg Placebo

N (2dj.%) E Rdj.R N (Rdj.%) E adj.R N (2d].%) E 2dj.R N (2dj.%) E &dj.R

Numbsr of subjscts 359 35¢ 356 362

Exposurs tims (ysars) 232 227 222 227
)18 classification 111 (30.8) 773 265.2 99 (27.9) 709 248.9 102 (28.7) 705 254.2 95 (26.3) €14 Z1l.g
1 - Savers 5 (1.4) 5 1.7 1 ( 0.3) 1 0.6 2 ( 0.€) 2 0.7 1 (0.3 1 0.3
inically significant 57 (15.8) 208 7l.6 46 (12.9) 180 €2.3 48 (13.5) 144 51.5 52 (14.4) 13% 35.1
Alert valus %% (27.4) 560 1%91.9 43 (26.7) 28 185.8 %% (27.9) 53% 201.% (24.8) 454 156.1

Placebo doss pool: PIONEER 1 and 8.

o satment without rescue medication': For hypoglycasmia the dication period is defined as the period from

cus medicatio
nszel adjusted pr

ct or initiatic

of first dose of trial product to date of last d 0
the Cochran-Man

numbsr of subjects with at least one episodes; 2d =
least one spisode (%) and rats per 100 patisnt-ysars o (R); B: number of episodes; ADA: Imerican Diabetes 2s

'RDR 2018 clas ation': 'Sevsrs': requiring assistance from anothsr pesrson for recovsry; 'Clinically significant': plasma glucoss < 3.0
mmol/T (54 mg/dL); 'Rlert valus': plasma glucese <= 3.9 mmol/L (70 mg/dL).

Ha

f subjects with at
ciation

Source: Table 7.3.181 ISS

On the contrary, it is notable that all hypoglycemia, as well as severe, and clinically significant
hypoglycemia were more common with the lowest dose of semaglutide, 3 mg, compared to
either the 7 or 14 mg semaglutide, or placebo. It is not reasonable to conclude that the lowest
semaglutide dose is most likely to cause hypoglycemia. Since this analysis is based on the on-
treatment without rescue events, it is not likely that needing more rescue medications
contributed to hypoglycemia, and the differences in hypoglycemia may be due to chance.

Because the trials designs were designed differently regarding the background antidiabetic
medications, and adjustment of background therapies, these aspects will have to be considered
in the hypoglycemia analyses.

In PIONEER 3, which was the other study using all three semaglutide doses, but not included in
the placebo dose pool, dose dependence was observed for semaglutide regarding all
hypoglycemic episodes, and clinically significant hypoglycemia (5.4% patients with semaglutide
3 mg, 6% with 7 mg, 8.8% with 14 mg vs 7.5% with comparator sitagliptin).

The table below presents an overview of hypoglycemic episodes by background medication in
the phase 3a pool.
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Table 121 Hypoglycemia by Anti-Diabetic Background Medication— Phase 3a Pool — On-
Treatment Without Rescue Medication

Oral sema Comparator
N (2dj.%) E 2dj.R K (2dj.%) E 2dj.R

No background medication

Number of subjects 671 2

Exposure time (years) 374 165

RDZ 2018 classification 31 | 4.4) 40 11.1 e ( 2.0) 7 4.1
Level 3 - 3svere L ( 0.1) L 0.3 Q
Level 2 - Clinically significant 5 (0.7) 5 1.4 4 ( 1.4) 4 2.5
Level 1 - Rlert walue 27 ( 3.9) 34 9.4 3 (1. 3 1.6

SU +/- Metformin

Number of subjects 970 428

Exposures tims (years) 354 410

ADL 2018 classification 284 (29.0) 1088 120.2 114 ({27.6 472 1lo9.2
Level 3 - Ssvere 1 (<0.1) 1 <0.1 1 ( 0.3) 1 0.2
Level 2 - Clinically significant (LO.7) 224 24.5 45 (11.2 110 24.9
Level 1 - 2lert value 265 (27.2) 8e3 95.6 100 (24.3) 36l 54.0

Insulin +/- ORDs

Number of subjects [0 240

Exposure time (years) 465 172

ZDZ 2018 classification 307 (4%.6) zZz2z2 453.2 10z (44.¢ 627 35z2.2
Level 3 - 3svere T 01.1) 7 1.3 1 ( 0.4) 1 0.e
Level 2 - Clinically significant 152 (24.2) 541 108.6 52 (23.1) 159 .0
Level 1 - Alert value 281 (47.1) 1e77 343.3 9 (42.0) 467 262.7

Other ORDs

Number of subjects 1868 1290

Exposure tims (years) 1863 113¢

ADL 2018 classification 154 ( 7.%) 457 22.2 88 ( 7.€) 185 15.7
Level 3 - Ssvere 2 (0 0.1 2 0.1 [u}
Level 2 - Clinically significant 2% | 1.4) 33 1.7 22 { 1.6) ZE 2
Level 1 - 2lert value 140 ( 7.2) 422 20.4 { ©.2) 1a9 13.¢

Phase 3a pool: PIONEER 1-5 and 7-10. 'Oral sema': data from all thrse oral semaglutids doses (3, 7
and 14 mg). "Comparator': sitagliptin, empagliflozin, liraglutide, dulaglutide and placebo. 'on-
treatment without rescus medication': For hypoglycasmia the on—treatmsnt without rescus medication
period is defined as the period from date of first dose of trial product to date of last dose of

trial product or initiation of rescue medication whichevsr comss first. N: numbsr of subjects with

at least one episods; 2dj.: The % and R are the Cochran-Mantel-Haenszel adjusted proportion of
subjects with at lsast one spiscdes (%) and rate psr 100 patisnt-ysars of sxposurs (R); E: number of
episodes; ADL: Lmerican Diabetes Lssoclation 'ADR 2018 classification': 'Ssvere': reguiring
assistance from ancther person for recovery; 'Clinically significant': plasma glucose <3.0 mmol/L

(54 mg/dL); 'Rlert value': plasma glucosse <=3.9% mmol/L (70 mg/dL); SU: sulphonylurea; ORD: oral
anti-diabetic drug.

Source: Table 2-73 ISS

As expected, the proportion of patients with any hypoglycemia was lower when semaglutide
was added to no anti-diabetic background medication, and higher when administered on a
background of insulin and/or sulfonylureas. The majority of severe hypoglycemic episodes are
noted with semaglutide on a background of insulin, which is, again, expected based on the
knowledge with other GLP-1 RAs.
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In the renal impairment study, semaglutide was associated with a higher incidence of clinically
significant hypoglycemia (5.5% vs 3.1% with placebo). No severe hypoglycemia was reported
from this study.

In conclusion, severe hypoglycemic events were more common with oral semaglutide vs
comparator in all pools, particularly on a background of insulin and/or sulfonylureas. No clear
dose dependence was seen for oral semaglutide regarding either clinically significant or severe
hypoglycemia.

8.5.2. Diabetic Retinopathy

Diabetic retinopathy was identified as a safety issue during review of the subcutaneous
semaglutide drug product. In SUSTAIN 6, the pre-market CVOT for subcutaneous semaglutide,
a higher incidence of adjudicated diabetic retinopathy complications was seen with
semaglutide vs standard of care. As a result, diabetic retinopathy was defined as a safety area
of interest for the oral semaglutide program.

The risk of diabetic retinopathy with oral semaglutide was assessed via medDRA search, data
collected on the diabetic retinopathy data collection forms, and eye examination results at
baseline and end of treatment. Even for PIONEER 6, all diabetic retinopathy AEs were collected,
not only SAEs.

The in-trial period was used for evaluation of diabetic retinopathy due to the potentially long
latency between onset and diagnosis.

Additionally, proliferative retinopathy or maculopathy requiring acute treatment was an
exclusion criterion for all PIONEER trials. Fundoscopy (with dilation) was performed at baseline

and end of treatment/end of trial for all PIONEER trials.

MedDRA search

There were more AEs of diabetic retinopathy with semaglutide vs comparator in all pools, and
PIONEER 6. Very few SAEs were reported, and no notable imbalances were seen between the
treatment groups.
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Table 122 AEs of Diabetic Retinopathy and Related Complications- MedDRA search

Oral sema Comparator or Placebo
N (&dj.%) E &dj.m N (Zdj.%) E &dj.R
Phase 3a pool
Numbsr of subjects 4lle 2236
Okbssrvation time (yesars) 4719 24352
AEs 195 { 4.2) 211 4.0 T4 | .8) 83 3.5
3AEs 2 (=0.1) 2 <0.1 3 (0.2) 4 0.1
Placebo pool
Number of subjects 1519 663
Observation time (years) 12392 548
AEs el ( 3.8) (11 4.3 18 ( 2.93) 135 3.5
SREs 1 (<0.1) 1 0.1
N (%) E R i (%) E R
PICONEER 6
Numbsr of subjects 1551 1582
Observation time (years) 2101 208
AEs 113 { 7.1) 127 3 101 ( &6.3) 113 3
SLEs o 1 ( 0.1) 1 a

Phase 3a pool: PIONEER 1-5 and 7-10, comparator: sitagliptin, smpagliflozin, liraglutide,
dulaglutids, placesbo. Placsbo pool and PICNEER & comparator: Placsho

'Oral sema': data from all thres oral semaglutide doses (2, 7 and 14 mg). Placsko peool: PIONEER 1, 4
and 8. N: number of subjescts with at lsast one svent; Adj.: Ths % and R are ths
Cochran-Mantel-Hasnszel adjusted proporticon of subjects with at least ons event (%) and event rate
per 100 patient-vyears of cbservation (R); E: number of events.

Source: Table 2-76 ISS

In the phase 3a pool, MedDRA search identified 294 events of diabetic retinopathy (269
patients). The most frequently reported AEs were under the preferred terms diabetic
retinopathy and retinopathy. Two patients on oral semaglutide (<0.1%), and 3 on comparator
(0.2%) had SAEs of diabetic retinopathy. Only one event lead to premature trial product
discontinuation, in a patient with AE of retinopathy proliferative in the oral semaglutide 14 mg
group.
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Table 123 AEs of Diabetic Retinopathy and Related Complications — MedDRA Search — by PT -
Phase 3a Pool - In-Trial

Oral sema Comparator
N (Adj.%) E Adj.R N (Adj.%) E Adj.R
Number of subjects 4116 2236
Observation time (years) 4719 2452
A1l events 195 ( 4.2) 211 4.0 74 ( 3.8) 83 3.5
Diaketic retinopathy 154 ( 3.3) 1556 2.9 59 ( 3.0) 60 2.6
Retinopathy 15 ( 0.3) 16 0.3 4 ( 0.2) 4 0.2
Retinal haemorrhage 9 (0.2) 9 0.2 3 ( 0.2) 3 0.1
Maculopathy 8 (0.2) 9 0.2 3 (0.2) 3 0.1
Diabetic retinal ocedema T (0.2) 7 0.2 4 (1 0.2) 4 0.1
Macular oedema e (0.1 5 <0.1 2 (1 0.1) 3 0.1
Retinal detachment 3 (<0.1) 3 <0.1 1 (<0.1) 1 <0.1
Vitreous detachment 2 (<0.1) 2 <0.1 3 (0.2) 3 0.2
Visuzal acuity reduced 1 (<0.1) 1 <0.1 0
Retinal oe=dema 1 (<0.1) 1 <0.1 0
Retinopathy proliferative 1 (<0.1) 1 <0.1 1 («<0.1) 1 <0.1
Vitreous haemorrhags 1 (<0.1) 1 <0.1 1 («0.1) 1 <0.1

Phase 3a pool: PIONEER 1-5 and 7-10. Oral sema: data from all three oral semaglutide doses (3, 7 and
14 mg). Comparator: sitagliptin, empagliflozin, liraglutide, dulaglutide and placebo.

Sorted in descending crder by system organ class and preferred term based on the proportion of
subjects with at least one event in the oral semaglutide group. N: number of subjects with at least

o

one event; Adj.: The % and R are the Cochran-Mantel-Haenszel adjusted proportion of subjects with at
least one event (%) and event rate per 100 patient-years of observation (R); E: number of events.

Source: Table 2-77 ISS

In PIONEER 6, 240 events were identified in 214 patients via MedDRA search. As for the phase
3a pool, the most frequently reported AEs were diabetic retinopathy and retinopathy. It
appears that the difference between the treatment arms is mostly due to the events reported
with the preferred term diabetic retinopathy, which is not informative. Events of vitreous
detachment, retinal hemorrhage, and retinal detachment were only reported with semaglutide.
One event was an SAE (proliferative retinopathy on placebo), and one event led to premature
discontinuation (maculopathy on placebo).

Table 124 AEs of Diabetic Retinopathy and Related Complications — MedDRA Search — by PT -

PIONEER 6 - In-Trial
Oral sema Placebo
N (%) E R N (%) E R
Number of subjects 1591 1592
Observation time (years) 2101 2081
Events 113 ( 7.1) 127 6 101 ( €.3) 113 5
Diabetic retinopathy 93 ( 5.8) 97 5 Te ( 4.8) g1 4
Retinopathy T (0.4) 8 0 17 (1.1) 17 1
Maculopathy 5 ( 0.3) [ 0 3 (0.2) 3 0
Diabetic retinal oedema 4 ( 0.3) 4 0 1 (0.1) 1 0
Macular oedema 4 ( 0.3) 4 0 g (0.5) 9 0
Vitreous detachment 4 ( 0.3) 4 Q o]
Retinal haemorrhage 2 (0.1) 2 0 0
Retinal detachment 1 ( 0.1) 1 0 0
Vitreous haemorrhage 1 ( 0.1) 1 0 1 (0.1) 1 0
Retinopathy proliferative 0 1 (0.1) 1 0

N: number of subjects with at least one event; %: proportion of subjects with at least one event; E:
number of events; R: events per 100 years of ocbservation.

CDER Clinical Review Template 235
Version date: September 6, 2017 for all NDAs and BLAs

Reference ID: 4492378



Clinical Review
Andreea Ondina Lungu
NDA 213051

Oral Semaglutide

Source: Table 2-80 ISS

The increase in diabetic retinopathy AEs was not seen consistently in all PIONEER trials, and no
dose dependence was seen for semaglutide in PIONEER 3 and the placebo dose pool, as shown
below.
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Figure 41 AEs of Diabetic Retinopathy by Semaglutide Dose, MedDRA Search — In-Trial
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Additional data collected on diabetic retinopathy

Additional data were collected for 268 of the 294 AEs of diabetic retinopathy and related
complications in the phase 3a pool. Most events (>93%) were identified during routine
examinations and not based on symptoms. More than 75% of events were non-proliferative
diabetic retinopathy, and >85% did not require treatment. Overall the additional information
collected is not very helpful in identifying the reason for the increased incidence of AEs related
to diabetic retinopathy with oral semaglutide vs comparator, at least for the phase 3a pool.
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Table 125 Additional Data Collection on Diabetic Retinopathy — Phase 3a Pool — In-Trial

Oral sema

Comparator

E (%) E (%)

Number of events 192 ( 100) 76 ( 100)
Type of event

Neowvascular glaucoma 0 0

Traction retinal detachment [1] 2 (1.0) 1 (1.3

Diabetic macular oedema 19 ( 9.9) 11 (14.5)

Proliferative diabetic retinopathy 6 ( 3.1) 4 ( 5.3)

Non-proliferative diabetic retinopathy 150 (78.1) 57 (75.0)

Other significant eye disease 15 ( 7.8) 3 ( 3.9)
Event identified by

Symptoms 10 ( 5.2) 5 ( 6.86)

Routine examination 132 (94.8) 71 (83.4)
Treatment given

Treatment [2] 26 (13.5) 11 (14

Cbservation leg (86.5) 65 (85.

Phase 3a pocol: PIONEER 1-5 and 7-10. Oral sema:

14 mg). '"Comparator': sitagliptin,empagliflozin,
The additional data was collected by eye (left and right),

severe categery for any eye. For type of ewvent,

Source: Table 2-78 ISS

data from all three

liraglutide,

(PRP)

oral semaglutide doses (3,
dulaglutide and placebko.

but the event only counted in the most
the following ranking was applied:
glaucoma, retinal detachment, macular oedema, proliferative retinopathy,
retinopathy, other significant eye disease. [1]:
retinopathy; [2]: treatment includes: Focal laser treatment/photocoagulation for macular oedema;
scatter laser treatment/panretinal photocoagulation
intraviteral agents; vitrectomy for diabetic retinopathy:

for proliferative diabetic retinopathy:
or other treatment.

neovascular
non-praoliferative
traction retinal detachment secondary to diabetic

7 and

For PIONEER 6, additional data were collected for 230 of the 240 AEs of diabetic retinopathy.
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Table 126 Additional Data Collected on Diabetic Retinopathy — PIONEER 6 — In-Trial

Oral sema Placebo
B (%) E (%)
Number of events 120 (100 ) 110 (100 )
Type of event
Neovascular glaucoma 0 0
Traction retinal detachment [1] 1 (0.8 0
Diabetic macular ocedema 17 (14.2) 17 (15.5
Proliferative diabetic retinopathy 10 (8.3 ) 13 (11.8
Non-proliferative diabetic retinopathy 78 (65.0) 74 (67.3)
Other significant eye disease 14 (11.7) 6 (5.5 )
Event identified by
Symptoms 9 (7.5 ) 16 (14.5)
Routine examination 111 (92.5) 84 (85.5)
Treatment given
Treatment [2] 27 (22.5) 29 (26.4)
Observation 93 (77.5) 81 (73.06)

The additional data were collected by eye (left and right), but the event only counted in the most
severe category for any eye. For type of event, the following ranking was applied: neovascular
glaucoma, retinal detachment, macular oedema, proliferative retinopathy, non-proliferative
retinopathy, other significant eye disease. [1]: traction retinal detachment seccondary to diabetic
retinopathy: [2]: treatment includes: Focal laser treatment/photocoagulation for macular cedema;
scatter laser treatment/panretinal photocoagulation (PRP) for proliferative diaketic retinopathy:
intraviteral agents; vitrectomy for diabetic retinopathy; or other treatment.

Source: Table 2-81 ISS

Overall, for the phase 3 a pool and PIONEER 6, the patients with diabetic retinopathy events
had longer diabetes duration, and a larger proportion of patients had diabetic retinopathy at
baseline when compared to patients without diabetic retinopathy events. Additionally, in both
treatment groups, patients with diabetic retinopathy events were more likely to be on insulin
compared with patients without event. All this is consistent with the known pathophysiology of
diabetic retinopathy, as they are all indicators of a more advanced diabetes stage which is
associated with more diabetes complications in general. However, it does not clarify why the
incidence of events was higher with semaglutide. Most events were identified via routine eye
examination, and only about a quarter of events required intervention.

Eyve examination results

In addition to baseline and end of treatment, eye examinations were performed approximately
1 year into the trials for PIONEER 3 and 6.

No differences were seen between semaglutide and comparator with regard to the eye
examination results, or shifts from baseline to end of treatment, in any of the pools, or
PIONEER 6.

Reviewer comment: The interpretation of the retinopathy data is limited by the way it was
assessed, the duration of the studies, and the relatively low risk population. While overall the
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proportion of patients on oral semaglutide were reported more frequently with PTs suggestive
of diabetic retinopathy, the differences were small in all pools and PIONEER 6, not reaching the
level of significance observed with subcutaneous semaglutide. Overall, the clinical program for
oral semaglutide does not provide any clarity over what was seen with subcutaneous
semaglutide, but it also does not appear to introduce any additional risk.

8.5.3. Lactic acidosis

In animals, mortality was observed in all toxicology species when SNAC was administered at
high doses (2200 mg/kg depending on the species). The mortality is considered to be due to
inhibition of cellular respiration, mainly via an inhibition of complex | in the electron transport
chain, and is associated with high exposure, particularly high initial plasma concentration levels
in individual animals.

The expected clinical expression of a significant inhibition of complex | in humans would be an
event of lactic acidosis. In line with this, literature supports the use of lactate levels as a marker
of potential drug-induced mitochondrial complex | inhibition in humans in addition to a clinical
evaluation. Lactic acidosis is therefore included as a safety focus area in all phase 3a trials.

The risk of lactic acidosis has been evaluated based on investigator reported AEs using a
predefined MedDRA search to capture all events and the outcome of the adjudication of
suspected cases of lactic acidosis. Adjudication was done to increase the validity of the
diagnosis and an event was confirmed if lactate concentration 5.0 mmol/L and pH <7.35 at the
time of the event. As a potential drug-induced lactic acidosis would be the result of an acute
effect of the drug, the on-treatment observation period has been used for this evaluation. Due
to selective safety reporting requirements in PIONEER 6, the MedDRA search is performed
among SAEs only for this trial.

Venous lactate levels were measured pre-dose and at two post-dose time points around the
expected peak concentrations of SNAC (25 and 40 minutes post-dose) in PIONEER 1 and 2. This
sampling schedule was applied after 4 and 26 weeks of treatment in both trials and also, after
52 weeks in the PIONEER 2 trial. SNAC exposure levels were measured concurrently to
investigate the potential correlation between exposure and lactate levels.

A clinical pharmacology trial 4247 investigated the effect of supra-therapeutic doses of SNAC
(doses up to 3.6 g - 12 times the clinical SNAC dose in the oral semaglutide tablet) on arterial
lactate and other blood gas parameters. In part A of this trial, patients were dosed with a single
supra-therapeutic dose of SNAC or placebo and the SNAC doses administered were 1.2, 2.4, or
3.6 g. Arterial blood samples (for lactate assessments and other blood gas parameters) were
drawn by an intra-arterial catheter pre-dose and at 30 minutes, 60 minutes, 2 hours and 4
hours after dosing. The results of this study are discussed later in this section.
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MedDRA search

Few events of lactic acidosis were identified via MedDRA search as evidenced in the table
below. This is not unexpected as lactic acidosis is a very rare event. No events were observed
in the placebo pool.

Table 127 Lactic Acidosis — MedDRA Search

Oral sema Comparator or Placebo
N (Adj.%) E Adj.R N (Adj.%) E Adj.R
Phase 3a pool
Number of subjects 4116 2236
Observation time (years) 4379 23356
REs 3 (<0.1) 3 <0.1 1 (<0.1) 1 <0.1
SAEs 0 1 (<0.1) 1 <0.1
Placebo pool
Number of subjects 1519 065
Observation time (years) 1197 523
AEs 0 0
SAEs 0 0
N (%) E R N (%) E R
PIONEER 6
Number of subjects 1591 1592
Exposure time (years) 1832 1987
SAEs 3 (0.2) 3 0 2 (0.1) 2 0

Phase 3z pool: PIONEER 1-5 and 7-10, comparator: sitagliptin, empagliflozin, liraglutide,
dulaglutide, placebo. Placebo pool and PIONEER 6 comparator: Placebo. Placebo pool: PIONEER 1, 4 and
8. 'Oral sema': data from all three ocral semaglutide doses (3, 7 and 14 mg).

N: number of subjects with at least cne event: Adj.: The % and R are the Cochran-Mantel-Haenszel
adjusted proportion of subjects with at least one event (%) and event rate per 100 patient-years of
observation (R):; E: number of events.

Source: Table 2-86 ISS

In the phase 3a pool, there were 3 AEs of lactic acidosis with semaglutide, and 1 with
comparator. Only one SAE was reported in the phase 3a pool, with comparator. In PIONEER 6,
3 SAEs were reported with oral semaglutide vs 2 with placebo. The events were reported with
preferred term lactic acidosis, and lactic acid increased as seen below.
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Table 128 Lactic Acidosis — AEs by SOC and PT — MedDRA Search — Phase 3a Pool and PIONEER
6 — On-Treatment

Oral sema Comparator or Placebo
N (Adj.%) E Adj.R N (Adj.%) E Adj.R
Phase 3a pool
Number of subjects 4116 2236
Exposure time (years) 4379 2335
AEs 3 (<0.1) 3 <0.1 1 (<0.1) 1 <0.1
Investigations 2 (<0.1) 2 <0.1 Q
Blood lactic acid increased 2 (<0.1) 2 <0.1 0
Metabolism and nutrition T (<0.1) 1 <0.1 1 (<0.1) 1 <0.1
disorders
Lactic acidosis T (<0.1) 1 <0.1 1 («0D.1) 1 <0.1
N (%) E R N (%) E R
PIONEER 6
Number of subjects 1591 1592
Exposure time (years) 1932 1987
SAEs 3 (0.2) 3 0 2 (0.1) 2 0

Metabolism and nutrition
discrders 3 (0.2) 3 0
Lactic acidosis 3 (0.2) 3 0

0
0

{ 0.1)
{ 0.1)

SN
[ S

Phase 3a pool: PICONEER 1-5 and 7-10, comparater: sitagliptin, empagliflozin, liraglutide,
dulaglutide and placebo. Oral sema: data from all three oral semaglutide doses (3, 7 and 14 mg).
PIONEER 6 comparator: placebo

Sorted in descending order by system organ class and preferred term based on the proportion of
subjects with at least one event in the oral semaglutide group.

N: number of subjects with at least one event; Adj.: The % and R are the Cochran-Mantel-Haenszel
adjusted proportion of subjects with at least one event (%) and event rate per 100 patient-years of
exposure (R): E: number of events.

Source: Table 2-87 ISS

Six events were sent for adjudication from the phase 3a pool (in 5 patients), all from studies
4222 (5 events/4 patients) and 4223 (1 event/1 patient). Notably, one event of blood lactic acid
increased was not even sent for adjudication, as the EAC chair or delegate rejected it during
pre-evaluation. The event occurred in a 42 year old male on semaglutide (patient no

®® /study 4223). None of the events of lactic acidosis from the phase 3a pool was
confirmed by the EAC for the on-treatment period, but one event was confirmed for the in-trial
period. Details regarding the events sent for adjudication are outlined below:

Confirmed:
- Patient no ®®: 64 year old male on semaglutide in study 4222, admitted with
encephalitis, respiratory failure, and septic shock, 89 days after receiving the last dose of
trial drug. Lactic acid was reported as 17.6 mmol/L, pH 6.95.
Not confirmed
- Patient no ®®: 64 year old female from study 4223 on empagliflozin, was reported
with lactic acidosis during hospitalization for septic shock due to acute cholecystitis. The
narrative reports that the initial lactic acid level was 5.5 mmol/L, but blood pH was not
reported that day. The pH was reported as normal 2 days later.
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Patient no ®®: 71 year old female treated with semaglutide from study 4222 was
admitted with syncopal episode in the context of community acquired pneumonia.
Patient no ®®©: 27 year old male treated with semaglutide from study 4222 was
admitted with right leg cellulitis and lactic acid was found to be elevated.

Patient no ®®: 76 year old male treated with semaglutide from study 4222 was
admitted with pneumonia and sepsis, lactic acid level was found to be elevated.

In PIONEER 6, 8 potential events (in 6 patients) were sent for adjudication, and the applicant
states that all events were investigator reported. Only 2 events of lactic acidosis were
confirmed by the EAC, one in each treatment group. All events sent for adjudication had
confounders as they were reported in patients with sepsis, renal failure, etc. and lactic acid is
likely to be elevated during such events. Details regarding the events sent for adjudication are
presented below for clarity. Note that the upper limit of normal for lactic acid is about 2
mmol/L.

Confirmed by EAC:

Patient no ®®: 54 year old female on oral semaglutide was diagnosed with lactic
acidosis upon hospital admission for pyelonephritis/sepsis/acute renal failure. The
event happened 11 months after the initiation of the trial drug. Lactic acid was 8.9
mmol/L, and pH was 7.28. The patient was also taking metformin 1000 mg BID prior to
the event. Semaglutide was discontinued as a result of this event

Patient no ®®: 70 year old female on placebo, was diagnosed with urosepsis, acute
kidney injury and lactic acidosis about 6 months after the initiation of the study drug.
There is no report of the patient taking metformin. Lactic acid was 8.9 mmol/L, and pH
was 7.21.

Not confirmed by EAC:

Patient no ®®: 64 year old male on semaglutide was reported with lactic acidosis
when he presented to the hospital with syncopal episode and dehydration following a
day of limited oral intake while consuming a large amount of alcohol at a family reunion.
Lactate level on admission was 4.9 mmol/L. The patient was also taking metformin 500
mg BID.

Patient no ®@©: 73 year old male on placebo was reported with lactic acidosis when
he was admitted with sepsis. At the time, lactate level was elevated at 3.3 mmol/L. The
patient was also taking metformin 500 mg BID.

Patient no ®®: 70 year old female on placebo reported with 3 events, one with PT
urosepsis, and one with PT lactic acidosis, reported on the same day, and one with PT
hyperosmolar hyperglycemic acidosis one day after (this one was positively
adjudicated).

Patient no ®®: 74 year old male on semaglutide was reported with lactic acidosis
when admitted for hypotension and acute kidney injury, due to poor po intake, Gl
losses, and iatrogenic due to antihypertensive medications. Lactic acid level was 3.7
mmol/L.
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- Patientno ®®: 76 year old female on oral semaglutide was reported with lactic
acidosis when admitted for hypoxia, acute kidney injury, poor oral intake. Lactic acid
was 3.1 mmol/L, and pH was 7.28.

Reviewer comment: As expected, the number of events of lactic acidosis was exceedingly small.
While more patients on semaglutide experienced events that were sent for adjudication,
although they did not meet criteria for adjudication, vs comparators, evaluation of the
narratives and adjudication packages suggest an alternative etiology for the lactic acid
elevation in all of these cases. There is no evidence of increase lactic acidosis clinical events due
to oral semaglutide based on the available clinical data.

Lactate measurements

Lactate data in patients with diabetes from Phase 3 trials:

Lactate was measured at selected visits and time points in PIONEER 1 and 2. In both trials,
dosing with oral semaglutide did not increase mean or individual lactate levels and there was
no difference in lactate levels between oral semaglutide and comparators
(placebo/empagliflozin). There was also no correlation between SNAC exposure and
concurrent lactate level.

In PIONEER 1, there were 2 patients with high lactate levels post dose, observed at week 26.

- Patient no ®® on semaglutide 14 mg with pre-dose lactate level of 1.38 mmol/L, 25
minutes post-dose 8.44 mmol/L, and 40 minutes post-dose 1.63 mmol/L
- Patientno ®®on semaglutide 3 mg, pre-dose 1.92 mmol/L, 25 minutes post-dose

>upper limit of quantification (>13.32 mmol/L), and 40 minutes post-dose 0.9 mmol/L
No outliers were reported from PIONEER 2.
Lactate data in healthy volunteers — clinical pharmacology trial 4247:

There were no apparent changes over the measured time period, or differences between
treatments in arterial lactate levels.

8.5.4. Immunogenicity

Since semaglutide is a protein-based drug, localized or generalized immune and allergic
reactions are possible. Immunogenicity was assessed via MedDRA search, and development of
anti-semaglutide antibodies. For PIONEER 6 the MedDRA search was performed to identify
immunogenicity-related SAEs only. In selected trials, PIONEER 1-5 and 9, antibody assessments
were performed at selected site visits throughout the treatment period. In the remaining trials
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including PIONEER 6, antibodies were only assessed in case of suspicion of severe
hypersensitivity reactions possibly related to trial product.

Immunogenicity-related AEs

The MedDRA search included the following SMQs: anaphylactic reaction, angioedema, severe
cutaneous adverse reaction, anaphylactic/anaphylactoid shock conditions, and hypersensitivity.
There was no imbalance in immunogenicity AEs not favoring semaglutide in either pool or
PIONEER 6.

Table 129 Total Immunogenicity-Related AEs — MedDRA Search — Phase 3a Pool, Placebo Pool
and PIONEER 6 — On-Treatment

Oral sema Comparator or Placebo

N (Rdj.%) E 2dj.R N (2dj.%) E 2adj.R
Phase 3a pool
Number of subjscts 4116 2236
Exposurs time (ysars) 4375 2333
ZEs 125 ( 2.9) 139 2.9 98 ( 4.8) 118 5.5
SRAEs 3 (=0.1) 3 0.1 2 (0.1) 2 0.z
Placebo pool
Number of subjscts 1515 665
Exposurs time (years) 1157 323
ZEs 21 ( 1.8) 32 2.2 23 ( 3.5) 2 6.2
SRAEs 0 20 0.3) 2 0.3

N (%) E R i) (%) E R
PICNEER 6
Number of subjscts 1551 1552
Exposurs time (years) 1932 1287
SZEs 1 (0.1) 1 o 3 (0.2) 3 a

Phase 3a pool: PICMEER 1-5 and 7-10, comparator: sitagliptin, empagliflozin, liraglutide,
dulaglutide, placebo. Placebo pool and PIONEER & comparator: Placebo

'Oral sema': data from all threes oral semaglutide doses (3, 7 and 14 mg). Placebo pool: PIONEER 1, 4
and 8. For the pools, the % and R are the Cochran-Mantel-Haenszel adjusted proportion of subjects
with at least one event (%) and svent rate per 100 patient-yesars of exposure (R), whersas for the
trials, the % and R are unadjustsed proportion of subjects with at lsast one event (%) and event rate
per 100 patient-years of exposure (R). N: number of subjects with at least ons event; PYE: patisnt-
yeare of exposure; E: number of svents; 'Relationship to trial product': as judgsd by the

investigator; seg.: seguelae.

Source: Table 2-90 ISS

Commonly reported PTs in the phase 3a pool were rash, eczema, dermatitis, and urticaria, and
they were reported less with semaglutide vs comparator. Notably angioedema was reported
more commonly with semaglutide (6 patients, 0.2% vs 1 patient with comparator, <0.1%), and
there was one patient reported with anaphylactic reaction in the semaglutide arm vs none in
comparator.

SAEs
- Patientno ®®: 62 year old female from study 4222 on semaglutide reported
angioedema (swelling of lips, tongue, and difficulty breathing) 150 days after starting

CDER Clinical Review Template 244
Version date: September 6, 2017 for all NDAs and BLAs

Reference ID: 4492378



Clinical Review
Andreea Ondina Lungu
NDA 213051

Oral Semaglutide

trial drug. The sponsor stated that the patient’s history of pollinosis was a confounding
factor. Regardless, semaglutide was not discontinued due to this adverse event.

- Patientno ®®): 63 year old female from study 4282 on semaglutide presented with
hypotension diagnosed as drug-induced shock on trial day 314, which was likely caused
by levofloxacin. The patient started taking levofloxacin 2 days prior to the event
because of fevers. Semaglutide was temporarily discontinued due to this event which
involved prolonged hospitalization.

- Patientno ®®): 56 year old female from study 4223 on semaglutide developed
anaphylactic reaction due to exposure to pine needles 6-7 weeks after the initiation of
the study drug. The event was an SAE. The patient had a previous similar reaction to
pine needle exposure.

- Patient no ®©): 47 year old female from study 4233 on placebo with SAE allergic
dermatitis about 1 month after starting treatment with the study drug. The patent is
reported to have had a generalized pruritic rash, but no cardiovascular or respiratory
reaction. The trial drug was discontinued.

- Patientno ®®): 62 year old male from study 4233 on placebo with SAE of circulatory
shock due to pulmonary embolism. The symptoms started with a near-syncope 3 days
after inception of the study drug, followed by pulmonary embolism and circulatory
shock diagnosis 5 days after trial drug start. The trial product was discontinued due to
this event.

AEs:

- Patientno ®®: 42 year old male on semaglutide from study 4233 with PT
angioedema 79 days after trial drug started, likely due to citrus fruit exposure, not
reported as SAE and not leading to discontinuation

- Patient ®®: 64 year old female from study 4222 on semaglutide with event of
angioedema on day 6 after starting the trial drug. No confounding factors were noted,
and the trial drug was discontinued

- Patient ®®): 51 year old male from study 4222 on semaglutide with lip swelling
documented with PT angioedema on the day of the trial drug start, was considered to
be due to ARB or HCTZ or NSAIDS and resolved with antihistamines. The study drug was
continued.

- Patient no ®®): 53 year old male from study 4223 on semaglutide with lip swelling
on trial day 16 coded as angioedem