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Glossary 


AC advisory committee 
ACE angiotensin converting enzyme 
ADA American Diabetes Association 
AE adverse event 
ALT alanine aminotransferase 
AR adverse reaction 
AST aspartate aminotransferase 
BRF Benefit Risk Framework 
CBER Center for Biologics Evaluation and Research 
CDER Center for Drug Evaluation and Research 
CDRH Center for Devices and Radiological Health 
CDTL Cross-Discipline Team Leader 
CFR Code of Federal Regulations 
CHF congestive heart failure 
CI  confidence interval 
CMC chemistry, manufacturing, and controls 
CRF case report form 
CRO contract research organization 
CRT clinical review template 
CSR clinical study report 
CV cardiovascular 
CVOT cardiovascular outcomes trial 
DBP diastolic blood pressure 
DCCT Diabetes Control and Complications Trial 
DDI drug-drug interaction 
DILI drug-induced liver injury 
DMC data monitoring committee 
DPP-4 Dipeptidyl peptidase-4 
DUN dispensing unit number 
EAC Event Adjudication Committee 
ECG electrocardiogram 
eCTD electronic common technical document 
eGFR estimated glomerular filtration rate 
ER extended release 
FAS full analysis set 
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FDA Food and Drug Administration 
FDAAA Food and Drug Administration Amendments Act of 2007 
FDASIA Food and Drug Administration Safety and Innovation Act 
FPG fasting plasma glucose 
GCP good clinical practice 
GLP-1 glucagon-like peptide 1 
GLP-1 RA GLP-1 receptor agonist 
GRMP good review management practice 
HbA1c Hemoglobin A1c/glycosylated hemoglobin 
HDL High density lipoprotein cholesterol 
HLT Medical Dictionary for Regulatory Activities High Level Term 
ICH International Council for Harmonization 
IGlar insulin glargine 
IND Investigational New Drug Application 
ISE integrated summary of effectiveness 
ISS integrated summary of safety 
ITT intent to treat 
LDL Low density lipoprotein cholesterol 
MACE Major adverse cardiovascular event 
MESI Medical Event of Special Interest 
MDRD Modification of diet in renal disease 
MedDRA Medical Dictionary for Regulatory Activities 
MI  Myocardial infarction 
MMRM Mixed-effects model repeated measures 
NA not applicable 
mITT modified intent to treat 
NCI-CTCAE National Cancer Institute-Common Terminology Criteria for Adverse Event 
NDA new drug application 
NME new molecular entity 
NN Novo Nordisk 
NNMQ Novo Nordisk MedDRA Query 
OAD oral antidiabetic drug 
OCS Office of Computational Science 
OPQ Office of Pharmaceutical Quality 
OSE Office of Surveillance and Epidemiology 
OSI Office of Scientific Investigation 
OW once weekly 
PBRER Periodic Benefit-Risk Evaluation Report 
PD pharmacodynamics 
PI prescribing information or package insert 
PK pharmacokinetics 
PMC 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 
SU sulfonylurea 
T1/2 terminal half-life 
TEAE treatment emergent adverse event 
T2DM type 2 diabetes mellitus 

TG triglycerides 
TZD thiazolidinedione 
VAI voluntary action indicated 

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

Reference ID: 4494441Reference ID: 4497378 

16 



 
  

 
 

 

   
     

  

  

       
         

       
        

       
         

          
             

          
 

     
 

       
 

         
  

 

    

          
           

       
     

        
        

        
       
      

          
         

        
         

           
       

       

Clinical Review 
Andreea Ondina Lungu 
NDA 213051 
Oral Semaglutide 

1. Executive Summary
 

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 

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 HbA1c 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 
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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. 
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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 7th product in the GLP-1 receptor agonist class and would be the 1st 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 HbA1c, 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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I 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 

Analysis of 
Condition 

• 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. 

Current 
Treatment 

Options 

• 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. 

Benefit 

• Semaglutide reduced HbA1c 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 HbA1c and proportion 
achieving a HbA1c 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. 

Risk and Risk 
Management 

• 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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Patient Experience Data 

Not applicable. Validated patient experience data (e.g., experiences with a disease or 
Ψ̎̕βϵ̲ϵ̎̕ϭ ϵ̎Ψ͍̇βϵ̎Ϩ ̲ϲζ ϵ̡̍ΚΨ̲ ̕π ̨͍Ψϲ βϵ̨ζΚ̨ζ ̤̕ Ψ̎̕βϵ̲ϵ̎̕ϭ ̤̕ Κ ̤ζ̇Κ̲ζβ ̲ϲζ̤Κ̡͟ϭ ̎̕ ̡Κ̲ϵζ̨̲̎ϳ 
lives; and patient preferences with respect to treatment of such disease or condition) were not 
reviewed as part of this review. 

2. Therapeutic Context 

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. 

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: 

̓ Biguanides (i.e. metformin) 

̓ Sulfonylureas 

̓ Thiazolidinediones (TZDs) 

̓ Meglitinides 

̓ Dipeptidyl peptidase-4 (DPP-4) inhibitors 

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

̓ Alpha-glucosidase inhibitors 

̓ Amylin-mimetics 

̓ Dopamine agonist (i.e. bromocriptine) 

̓ Insulin and insulin analogues 

̓ 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 
ϲ̡̕͟Ϩ̇͟Ψζ̍ϵΚϭ ̲ϲϵΚͤ̇̕ϵβϵ̎ζβϵ̎̕ζϳ̨ ̖ϼ̗D̨̗ ̍Κ͟ Χζ Κ̨̨̕ΨϵΚ̲ζβ ͙ϵ̲ϲ ζβζ̍Κ Κ̎β Κ̤ζ ̲̎̕ π̤̕ ̨͍ζ ϵ̎ 
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. 
!ββϵ̲ϵ̎̕Κ̇̇͟ϭ ̡̤̕Ϩ̤ζ̨̨ϵ͘ζ ̌-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 

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. 

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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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.  

The FDA also 

(b) (4)

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.  

April 11, 2018	 Type C Meeting ̌ Discussion of CV assessment strategy 

April 23, 2018	 Advice/Information request on CV bridging strategy for
 
semaglutide injection and tablets
 

December 28, 2019	 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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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 

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 OSI review by Dr Cynthia Kleppinger for details regarding the inspections performed 
and results. 

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

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. 

Clinical Microbiology 

Not applicable. 

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 14C-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 14C-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 glucuronidζ ̍ζ̲ΚΧ̇̕ϵ̲ζ̨ Κ̎β ̌-oxidation by phase II 
enzymes. Glucuronidation reactions were facilitated most efficiently by UGT2B7 with 
additional contributions by UGT1A8 and UGT1A7 using uridine diphosphate glucuronic acid as a 
̨͍Χ̨̲̤Κ̲ζϰ ̌-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. 

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: 

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. 

Devices and Companion Diagnostic Issues 

Not applicable. 

Consumer Study Reviews 

Not applicable. 

5. Sources of Clinical Data and Review Strategy 

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 

BEST 
AVAILABLE 

COPY

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 

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 
Identity 

Trial Design Regimen/ schedule/ 
route 

Study 
Endpoints 

Treatment 
Duration/ 
Follow Up 

No. of 
patients 
enrolled 

Study 
Population 

PIONEER Semaglutide 1) Semaglutide Change from 26 weeks 703 Multinational 
1- 4233 vs placebo 

monotherapy 
DB 

(3, 7, and 14 
mg) 

2) Placebo 

baseline in 
HbA1c 

(incl. US); T2DM; 
diet and exercise 
only 
HbA1c 7-9.5% 

PIONEER Semaglutide 1) Semaglutide Change from 52 weeks 821 Multinational 
2 - 4223 vs SGLT2 

inhibitor 
OL 

14 mg 

2) Empagliflozin 
25 mg 

baseline in 
HbA1c 

(incl. US); T2DM; 
inadequately 
controlled on 
metformin 
HbA1c 7-10.5% 

PIONEER Semaglutide 1) Semaglutide Change from 78 weeks 1862 Multinational 
3 - 4222 vs DPP-4 

inhibitor 
DB 

(3, 7, and 14 
mg) 

2) Sitagliptin 
100 mg 

baseline in 
HbA1c 

(incl. US); T2DM; 
Inadequately 
controlled on 
metformin +/-SU 

PIONEER Semaglutide 1) Semaglutide Change from 52 weeks 711 Multinational 
4 - 4224 vs GLP-1 RA 

DB 
14 mg 

2) Liraglutide 
1.8 mg 

3) Placebo 

baseline in 
HbA1c 

(incl. US); T2DM; 
Inadequately 
controlled on 
metformin +/­
SGLT2i 

PIONEER Semaglutide 1) Semaglutide 14 mg Change from 26 weeks 324 Multinational 
5 - 4234 vs placebo 

DB 
2) Placebo baseline in 

HbA1c 
(incl. US); T2DM; 
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 

OL 
flexible dose 

2) Sitagliptin 
100 mg 

baseline in 
HbA1c 

(incl. US); T2DM; 
inadequately 
controlled on 1­
2 OADs 

PIONEER Insulin add-on 1) Semaglutide Change from 52 weeks 731 Multinational 
8 - 4280 vs placebo 

DB for the 
first 26 weeks 

(3, 7, and 14 
mg) 

2) Placebo 

baseline in 
HbA1c 

(incl. US); T2DM; 
background of 
insulin 

Studies to Support Safety 
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Trial 
Identity 

Trial Design Regimen/ schedule/ 
route 

Study 
Endpoints 

Treatment 
Duration/ 
Follow Up 

No. of 
patients 
enrolled 

Study 
Population 

PIONEER 
6 - 4221 

Semaglutide 
vs placebo 
cardiovascular 
outcomes 
study 
DB 

1) Semaglutide 14 mg 
2) Placebo 

Time from 
randomization 
to first 
occurrence of 
a MACE, 
defined as 
cardiovascular 
death, 
nonfatal 
myocardial 
infarction, or 
non-fatal 
stroke 

Event-
driven 

3183 Multinational 
(incl. US); T2DM; 
high risk of CV 
events 

Other studies pertinent to the review of efficacy or safety – Studies in Japanese population 

PIONEER 
9 - 4281 

Monotherapy 
vs placebo 
and liraglutide 
DB 

1) Semaglutide (3, 7, 
and 14 mg) 
2) Placebo 
3) Liraglutide 0.9 mg 
daily 

52 weeks 243 Japan; T2DM; 

PIONEER 
10 ­
4282 

Semaglutide 
vs dulaglutide 
OL 

1) Semaglutide 
(3, 7, 14 mg) 

2) Dulaglutide 
0.75 mg 
weekly 

52 weeks 308 1) Japan; T2DM; 
inadequately 
controlled on 
one OAD 

Source: Reviewer generated using the tabular listing of clinical trials provided by the applicant 
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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 
- CVOT 

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 

PIONEER 1 (4233) 

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. 

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

Reference ID: 4494441Reference ID: 4497378 

35 



 
  

 
 

 

   
     

 
  

          
         

    
      

        
     

 

  

  
          
      

 
             

      
 

  

         
       

 

          
      

      
       
        

   
 

   
 

        
       

                
       

             
    

 
       
       

 

Clinical Review 
Andreea Ondina Lungu 
NDA 213051 
Oral Semaglutide 

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: 

•	 Inclusion criteria included adult patients with T2DM, HbA1c 7-9.5%, treated with diet 
and exercise for at least 30 days prior to screening. 

•	 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 

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 naïve, 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 HbA1c to week 26. 

Confirmatory secondary endpoint: 
- Change in body weight from baseline to week 261 

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 

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 
- ϲI̎-̲̤ϵΚ̇ϳ ̕Χ̨ζ̤͘Κ̲ϵ̎̕ ̡ζ̤ϵ̕β ̤ζ̡̤ζ̨ζ̨̲̎ ̲ϲζ ̡ζ̤ϵ̕β Κπ̲ζ̤ ̤Κ̎β̍̕ϵͤΚ̲ϵ̎̕ until the final 

scheduled visit, including any period after initiation of rescue medication or premature 
discontinuation 

- ϲO̎-̲̤ζΚ̲̍ζ̲̎ϳ ̕Χ̨ζ̤͘Κ̲ϵ̎̕ ̡ζ̤ϵ̕β ϵ̎Ψ͍̇βζ̨ ̲ϲζ ̡ζ̤ϵ̕β ͙ϲζ̎ ̲ϲζ ̡Κ̲ϵζ̨̲̎ ͙ζ̤ζ ζ̡͞ζΨ̲ζβ 
to be treated and exposed to the trial product.  

- ϲO̎-treatmζ̲̎ ͙ϵ̲ϲ͍̲̕ ̤ζ̨Ψ͍ζ ̍ζβϵΨΚ̲ϵ̎̕ϳ ̡ζ̤ϵ̕β ϵ̎Ψ͍̇βζβ ̕Χ̨ζ̤͘Κ̲ϵ̨̎̕ ̤ζΨ̤̕βζβ π̤̍̕ 
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. 

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

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 HbA1c 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 
͙ϵ̲ϲ͍̲̕ ̤ζΨζϵ͘ϵ̎Ϩ ̤ζ̨Ψ͍ζ ̍ζβϵΨΚ̲ϵ̎̕ ͙Κ̨ Ϩ̤ζΚ̲ζ̤ ͙ϵ̲ϲ ̤̕Κ̇ ̨ζ̍ΚϨ͍̲̇ϵβζ ̖ϴϱϰϭ,ϴϳϰϰ%̗ ̲ϲΚ̎ ͙ϵ̲ϲ 
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 

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-̇ζ͘ζ̇ PD Χζ̇̎̕Ϩζβ ̲̕ ̲ϲζ ϲ!̨̨ζ̨̨̍ζ̲̎ βζ͘ϵΚ̲ϵ̎̕ ̖ϵ̎Ψ̇ϰ ̇ΚΧ̗ϳ ΨΚ̲ζϨ̤̕͟ Κ̎β Ψ̎̕Ψζ̤̎ζβ 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 
Χζ̇̎̕Ϩζβ ̲̕ ̲ϲζ ϲO̲ϲζ̤ϳ ΨΚ̲ζϨ̤̕͟ Κ̎β Ψ̎̕Ψζ̤̎ζβ Κ Ϯ-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 

Source: Table 10-5 CSR PIONEER 1 

I evaluated details provided by the applicant regarding these deviations, and I 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 HbA1c 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 m2 and was similar across treatment groups. 

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

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: 4494441Reference ID: 4497378 

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 

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 illnesses for all treatment groups were; 
dyslipidemia (24.7̌30.9%), obesity (20.6̌23%), gastrointestinal disorders (11.4̌18.3%), hepatic 
steatosis (9.7̌12.6%) and hypothyroidism (1.7̌8.0%), neoplasms (3.4̌8.0%), vascular disorders 
(1.7̌8.0%), psychiatric disorders (8.0̌11.4%), which included depression (1.1̌6.9%). 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 

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 HbA1c 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 

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 bąζ̇ϵ̎ζ ͙ζ̤ζ ,΄ϰϵϭ ,ϭϰϯ Κ̎β ,ϭϰϱ %-points 
with oral semaglutide 3, 7 and 14 mg, respectively, and ,΄ϰϯ %-points with placebo. 

Figure 3 Mean HbA1c by Week – Mean Plot – PIONEER 1 

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; I 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 

Source: Figure 11-1 CSR PIONEER 1 

HbA1c treatment targets 

A higher proportion of patients achieved a target HbA1c <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 

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

Reference ID: 4494441Reference ID: 4497378 

47 



 
  

 
 

 

   
     

      
      

 
         

          
           

 

       
     

 

  

             
            

  
 

  

        

      

           
       

   

   

   

   

        
        

 
      

          
  

 
   

Clinical Review 
Andreea Ondina Lungu 
NDA 213051 
Oral Semaglutide 

semaglutide achieved a HbA1c 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 HbA1c 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. 

PIONEER 2 (4223) 

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 

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 HbA1c (%-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 HbA1c 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 provϵβζ Κ шϵ΄% 
̨̲Κ̲ϵ̨̲ϵΨΚ̇ ̡͙̕ζ̤ ̲̕ Ψ̎̕πϵ̤̍ HΧ!ϭΨ ̨̡͍ζ̤ϵ̤̕ϵ̲͟ Κ̎β Κ шϴϱ% ̨̲Κ̲ϵ̨̲ϵΨΚ̇ ̡͙̕ζ̤ ̲̕ confirm body 
weight superiority of oral semaglutide 14 mg versus empagliflozin 25 mg. In total 2×408 = 816 
patients were planned to be randomized. 

The first hypothesis to be tested was non-inferiority on HbA1c 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 

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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HbA1c measurement and were exposed to trial product and have at least one valid 
HbA1c 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 

- !ββζβ ̲ζ̲͞ ̲̕ ϲϵϨϲ̇ϵϨϲ̲ ̲ϲζ ϵ̎͘ζ̨̲ϵϨΚ̲̤̕ϳ̨ 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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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: (b) (6)) 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 ͙ϵ̲ϲβ̤Κ͙Κ̇ π̤̍̕ ̲̤ϵΚ̇ ̖ϭϰϲ%̗ϭ Κ̎β ϲO̲ϲζ̤ϳ ̤ζΚ̨̨̎̕ ̖ϰϰ΄%̗. 
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 

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 HbA1c 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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O̎ζ PD Χζ̇̎̕Ϩζβ ̲̕ ̲ϲζ ϲ!̨̨ζ̨̨̍ζ̲̎ βζ͘ϵΚ̲ϵ̎̕ ̖ϵ̎Ψ̇ϰ ̇ΚΧ̗ϳ ΨΚ̲ζϨ̤̕͟ Κ̎β Ψ̎̕Ψζ̤̎ζβ ̲ϲζ ̤ζ̡̤̲̕ϵ̎Ϩ 
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.  

ϼϲζ ̨ζΨ̎̕β PD Χζ̇̎̕Ϩζβ ̲̕ ̲ϲζ ϲO̲ϲζ̤ϳ ΨΚ̲ζϨ̤̕͟ Κ̎β Ψ̎̕Ψζ̤̎ζβ Κ βζ͘ϵΚ̲ϵ̎̕ π̤̍̕ ̲ϲζ 
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 

Source: Table 10-5 study report 

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 

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

Reference ID: 4494441Reference ID: 4497378 

55 



 
  

 
 

 

   
     

       
    

    

          
             

  
 

     
         

          
        

 
       

 
   

 
 
 
 
 
 
 
 
 

Clinical Review 
Andreea Ondina Lungu 
NDA 213051 
Oral Semaglutide 

committee members, and, in the safety section, I 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 

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

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. 

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

Reference ID: 4494441Reference ID: 4497378 

57 



 
  

 
 

 

   
     

     
        

           
      

 
        

      
         

          
           

      
         

       
      

 
           

     

      
      

  
 

       
         

       
   

 
          

        
    

 

Clinical Review 
Andreea Ondina Lungu 
NDA 213051 
Oral Semaglutide 

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 
patient̨ ͙ϵ̲ϲ ϲΚΧ̤̎̍̕Κ̇ϭ ̲̎̕ Ψ̇ϵ̎ϵΨΚ̇̇͟ ̨ϵϨ̎ϵπϵΨΚ̲̎ϳ Κ̎β ϲΚΧ̤̎̍̕Κ̇ϭ Ψ̇ϵ̎ϵΨΚ̇̇͟ ̨ϵϨ̎ϵπϵΨΚ̲̎ϳ ͙ζ̤ζ 
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 GI 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 

Source: Table 10-4 CSR PIONEER 2 

Efficacy Results - Primary Endpoint 

Change in HbA1c 

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 HbA1c at week 26 (treatment policy estimand). 
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Table 16 Primary and Confirmatory Secondary Endpoints – PIONEER 2
 

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 HbA1c levels decreased additionally with oral semaglutide 14 mg; 

while with empagliflozin 25 mg a plateau was reached.
 

Figure 7 HbA1c (% and mmol/mol) by Week – PIONEER 2
 

Source: Figure 11-2 CSR PIONEER 2
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The estimated changes from baseline in HbA1c at ͙ζζ̄ Ϯϲ ͙ζ̤ζ ,ϭϰϯ% ͙ϵ̲ϲ ̤̕Κ̇ ̨ζ̍ΚϨ͍̲̇ϵβζ ϭϰ 
̍Ϩϭ Κ̎β ,΄ϰϵ% ͙ϵ̲ϲ ζ̡̍ΚϨ̇ϵπ̇ͤ̕ϵ̎ 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; I 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 
̨ζ̍ΚϨ͍̲̇ϵβζ ϭϰ ̍Ϩ ̖,ϯϰϵ ̄Ϩ̗ Κ̎β ζ̡̍ΚϨ̇ϵπ̇ͤ̕ϵ̎ Ϯϱ ̍Ϩ ̖,ϯϰϴ ̄Ϩ̗ϰ 

HbA1c treatment targets 
At weeks 26 and 52, the proportions of patients who reached ̲ϲζ !!�E ̖чϲϰϱ%̗ ̤̕ !D! ̖фϳϰ΄%̗ 
HbA1c treatment targets were greater with oral semaglutide than with empagliflozin. 

For HbA1c <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 I 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. 

PIONEER 3 (4222) 

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 

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 staḃζ βΚϵ̇͟ β̨̕ζ ̕π ̍ζ̲π̤̍̕ϵ̎ ̖шϭϱ΄΄ ̍Ϩ ̤̕ ̍Κ͞ϵ͍̍̍ 
tolerated dose as documented in the patient medical record) alone or in combination 
͙ϵ̲ϲ ϶̀ ̖ш ϲΚ̇π ̕π ̲ϲζ ̍Κ͞ϵ͍̍̍ Κ̡̡̤̕͘ζβ β̨̕ζ ΚΨΨ̤̕βϵ̎Ϩ ̲̕ ̇̕ΨΚ̇ ̇ΚΧζ̇ ̤̕ ̍Κ͞ϵ͍̍̍ 
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 HbA1c 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 ͙Κ̨ Κ̲ ̲ϲζ ϵ̎͘ζ̨̲ϵϨΚ̲̤̕ϳ̨ βϵ̨Ψ̤ζ̲ϵ̎̕ ΚΨΨ̤̕βϵ̎Ϩ ̲̕ ̡̤̕πζ̨̨ϵ̎̕Κ̇ Ϩ͍ϵβζ̇ϵ̎ζ̨ϭ 
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, HbA1c 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 

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 

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. 

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 
π͙̇̇̕̕ϵ̎Ϩ ̤ζΚ̨̨̎̕ϯ Κβ͘ζ̨̤ζ ζ͘ζ̨̲̎ ̖ϱϰϰ,ϭϭϰϲ%̗ϭ patient ͙ϵ̲ϲβ̤Κ͙Κ̇ π̤̍̕ ̲̤ϵΚ̇ ̖΄ϰϰ,Ϯϰϲ%̗ϭ 
͘ϵ̇̕Κ̲ϵ̎̕ ̕π ϵ̎Ψ̨͍̇ϵ̎̕ ̤̕ ζ͞Ψ̨͍̇ϵ̎̕ Ψ̤ϵ̲ζ̤ϵΚ ̖΄ϰϲ,ϭϰϭ%̗ Κ̎β ϲO̲ϲζ̤ϳ ̤ζΚ̨̨̎̕ ̖ϰϰϵ,ϳϰϯ%̗. 
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Table 18 Patient Disposition Summary PIONEER 3
 

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-̇ζ͘ζ̇ βζ͘ϵΚ̲ϵ̎̕ Χζ̇̎̕Ϩζβ ̲̕ ̲ϲζ ϲ!̨̨ζ̨̨̍ζ̲̎ βζ͘ϵΚ̲ϵ̎̕ ̖ϵ̎Ψ̇ϰ ̇ΚΧ̗ϳ ΨΚ̲ζϨ̤̕͟ Κ̎β 
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-̇ζ͘ζ̇ PD Χζ̇̎̕Ϩζβ ̲̕ ̲ϲζ ϲI̎Ψ̇ϰ̄E͞Ψ̇ϰ̄RΚ̎βϰ �̤ϵ̲ζ̤ϵΚϳ ΨΚ̲ζϨ̤̕͟ Κ̎β Ψ̎̕Ψζ̤̎ζβ 
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. 

O̎ζ Ψ͍̲̤̎̕͟ ̇ζ͘ζ̇ PD Χζ̇̎̕Ϩζβ ̲̕ ̲ϲζ ϲI̎π̤̍̕ζβ Ψ̨̎̕ζ̲̎ϳ ΨΚ̲ζϨ̤̕͟ Κ̎β Ψ̎̕Ψζ̤̎ζβ Κ̎ ζ̤̤̤̕ ϵ̎ 
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-lζ͘ζ̇ PD Χζ̇̎̕Ϩζβ ̲̕ ̲ϲζ ϲO̲ϲζ̤ϳ ΨΚ̲ζϨ̤̕͟ Κ̎β Ψ̎̕Ψζ̤̎ζβ ̇Κ̲ζ βϵ̨̲̤ϵΧ͍̲ϵ̎̕ 
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 

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 HbA1c 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
 

Source: Adapted from Table 10-2 CSR PIONEER 3
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Table 21 Demographics and Baseline Characteristics for Categorical Variables – PIONEER 3 

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 (28.4̌30.2%), obesity (25.6̌30.5%), gastrointestinal disorders (17.6̌20.6%), eye 
disorders (21.2̌27.7%), hepatic steatosis (10.1̌12.0%), hypothyroidism (6.2̌7.7%), neoplasms 
(5.2̌6.5%), vascular disorders (8.8̌13.1%) and psychiatric disorders (16.3̌17.6%) of which 
depression constituted 6.9̌10.1%. 

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

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

Treatment Compliance, Concomitant Medications, and Rescue Medication Use 

At baseline, 100% of patient̨ ͙ζ̤ζ ̎̕ ̍ζ̲π̤̍̕ϵ̎ Κ̎β ϰϲϰϵ,ϰϳϰϯ% ̕π patients were on 
metformin + SU. 

Other most frequently used concomitant medications ongoing at time of randomization were 
HMG-�̕! ̤ζβ͍Ψ̲Κ̨ζ ϵ̎ϲϵΧϵ̨̲̤̕ ̖ϱϭϰ΄,ϱϯϰϰ%̗ϭ Κ̎Ϩϵ̲̕ζ̨̎ϵ̎-converting-enzyme (ACE) inhibitors 
(28.ϰ,ϯϲϰϲ%̗ϭ ̡̇Κ̲ζ̇ζ̲ ΚϨϨ̤ζϨΚ̲ϵ̎̕ ϵ̎ϲϵΧϵ̨̲̤̕ ζ͞Ψ͍̇βϵ̎Ϩ ϲζ̡Κ̤ϵ̎ ̖Ϯϳϰϱ,ϯϯϰϭ%̗ϭ Χζ̲Κ Χ̇̕Ψ̄ers 
̖ϭϳϰϲ,Ϯ΄ϰϴ%̗ Κ̎β Κ̎Ϩϵ̲̕ζ̨̎ϵ̎ II Κ̲̎ΚϨ̎̕ϵ̨̨̲ ̖ϭϳϰϲ,Ϯ΄ϰϮ%̗ϰ 

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 

Source: Table 10-4 CSR PIONEER 3 

Efficacy Results - Primary Endpoint 

Change in HbA1c 
At baseline, the HbA1c 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 HbA1c and weight. 
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Table 23 Primary and confirmatory secondary endpoints – PIONEER 3 

Source: Table 11-1 CSR PIONEER 3 

ϼϲζ ̕Χ̨ζ̤͘ζβ ΨϲΚ̎Ϩζ̨ π̤̍̕ ΧΚ̨ζ̇ϵ̎ζ Κ̲ ͙ζζ̄ Ϯϲ ͙ζ̤ζ ,΄ϰϲϭ ,ϭϰϭ Κ̎β ,ϭϰϯ % ͙ϵ̲ϲ ̤̕Κ̇ 
̨ζ̍ΚϨ͍̲̇ϵβζ ϯ ̍Ϩϭ ϳ ̍Ϩ Κ̎β ϭϰ ̍Ϩϭ ̤ζ̨̡ζΨ̲ϵ͘ζ̇͟ϭ Κ̎β ,΄ϰϴ % ͙ϵ̲ϲ ̨ϵ̲ΚϨ̇ϵ̡̲ϵ̎ 100 mg. HbA1c 
levels decreased from baseline through to week 14 in all treatment groups, and then the 
changes were sustained for the remaining of the trial. 
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Figure 10 HbA1c (% and mmol/mol) by Week – PIONEER 3 

Source: Figure 11-1 CSR PIONEER 3 

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

Data Quality and Integrity - Reviewers' Assessment 

The datasets and the study documents were adequate. I 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. 
ϼϲζ ζ̨̲ϵ̍Κ̲ζβ ΨϲΚ̎Ϩζ̨ π̤̍̕ ΧΚ̨ζ̇ϵ̎ζ π̤̕ Χ̕β͟ ͙ζϵϨϲ̲ Κ̲ ͙ζζ̄ Ϯϲ ͙ζ̤ζ ,ϭϰϮϭ ,ϮϰϮ Κ̎β ,ϯϰϭ ̄Ϩ 
͙ϵ̲ϲ ̤̕Κ̇ ̨ζ̍ΚϨ͍̲̇ϵβζ ϯ ̍Ϩϭ ϳ ̍Ϩ Κ̎β ϭϰ ̍Ϩϭ ̤ζ̨̡ζΨ̲ϵ͘ζ̇͟ϭ Κ̎β ,΄ϰϲ ̄Ϩ ͙ϵ̲ϲ ̨ϵ̲ΚϨ̇ϵ̡̲ϵ̎ϰ 
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HbA1c targets 

The observed proportions of patient̨ ΚΨϲϵζ͘ϵ̎Ϩ ̲ϲζ !!�E HΧ!ϭΨ ̲̤ζΚ̲̍ζ̲̎ ̲Κ̤Ϩζ̲ ̖ч ϲϰϱ%̗ ͙ζ̤ζ 
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 Hb!1c ≤ 6.5% at Week 26, 52 and 78 – PIONEER 3 

Source: Figure 11-9 CSR PIONEER 3 
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Figure 12 Proportion of Patients Achieving HbA1c < 7.0% at Week 26, 52 and 78 – PIONEER 3 

Source: Figure 11-10 CSR PIONEER 3 

Dose/Dose Response 

A dose-response for HbA1c reduction was seen for semaglutide in this trial. 

Durability of Response 

In all treatment arms, HbA1c 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. 

PIONEER 4 (4224)
 

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 

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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- ϶̲ΚΧ̇ζ βΚϵ̇͟ β̨̕ζ ̕π ̍ζ̲π̤̍̕ϵ̎ ̖шϭϱ΄΄ ̍Ϩ ̤̕ ̍Κ͞ϵ͍̍̍ ̲̇̕ζ̤Κ̲ζβ β̨̕ζ Κ̨ β̕Ψ͍̍ζ̲̎ζβ 
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 

- HbA1c (at central laboratory) >8.5 % from week 26 to end of treatment 

Rescue medication was to be ̡̤ζ̨Ψ̤ϵΧζβ Κ̲ ̲ϲζ ϵ̎͘ζ̨̲ϵϨΚ̲̤̕ϳ̨ βϵ̨Ψ̤ζ̲ϵ̎̕ ΚΨΨ̤̕βϵ̎Ϩ ̲̕ Ϩ͍ϵβζ̇ϵ̎ζ̨ϰ 

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: 

- HbA1c superiority of oral semaglutide 14 mg vs. placebo 
- HbA1c 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 

Source: Figure 9-7 CSR PIONEER 4 

Please see Biometrics review by Dr Robert Abugov π̤̕ Ψ̍̍̕ζ̨̲̎ Κ̎β ̲ϲζ FD!ϳ̨ ̨̲Κ̲ϵ̨̲ϵΨΚ̇ 
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 
- !ββζβ ̲ζ̲͞ ̲̕ ϲϵϨϲ̇ϵϨϲ̲ ϵ̎͘ζ̨̲ϵϨΚ̲̤̕ϳ̨ 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. 

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 HbA1c 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 

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%). GI 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 GI 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 ΨΚ̲ζϨ̤̕͟ ϲO̲ϲζ̤ϳ Κ̎β 
was related to late submission of Polish label of urine dip-stick test to the Central Ethics 
Committee. ϼϲζ ̲̕ϲζ̤ PD Χζ̇̎̕Ϩζβ ̲̕ ̲ϲζ ΨΚ̲ζϨ̤̕͟ ϲI̎π̤̍̕ζβ Ψ̨̎̕ζ̲̎ϳ Κ̎β ͙Κ̨ 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 

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 HbA1c 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
 

Source: Adapted from Table 10-2 CSR PIONEER 4
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Table 27 Demographics and Baseline Characteristics for Categorical Variables – PIONEER 4 

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 

Source: Table 10-4 CSR PIONEER 4 

Efficacy Results - Primary Endpoint 

At baseline, mean HbA1c levels were similar across treatment groups (7.9̌8.0%). The 
ζ̨̲ϵ̍Κ̲ζβ ΨϲΚ̎Ϩζ̨ π̤̍̕ ΧΚ̨ζ̇ϵ̎ζ ϵ̎ HΧ!ϭΨ Κ̲ ͙ζζ̄ Ϯϲ ͙ζ̤ζ ,ϭϰϮ% with ̨ζ̍ΚϨ͍̲̇ϵβζϭ ,ϭϰϭ% 
͙ϵ̲ϲ ̇ϵ̤ΚϨ͍̲̇ϵβζϭ Κ̎β ,΄.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, HbA1c levels remained relatively stable in the oral 
semaglutide group, while a modest increase was observed with liraglutide.  HbA1c 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 HbA1c – Primary Statistical Analysis – FAS – PIONEER 4 

Source: Table 11-1 CSR PIONEER 4 

Figure 15 HbA1c (% and mmol/mol) by Week – Mean Plot – PIONEER 4 

Source: Figure 11-1 CSR PIONEER 4 
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Data Quality and Integrity - Reviewers' Assessment 

I 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 
͙ζϵϨϲ̲ Κ̲ ͙ζζ̄ Ϯϲ ͙Κ̨ Ϩ̤ζΚ̲ζ̤ ͙ϵ̲ϲ ̨ζ̍ΚϨ͍̲̇ϵβζ ̖,ϰϰϰ ̄Ϩ̗ vs ̇ϵ̤ΚϨ͍̲̇ϵβζ ̖,ϯϰϮ kg) or placebo 
̖,΄ϰϲ ̄Ϩ̗ϰ 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. 

HbA1c treatment targets 
For the in-trial observation period, at weeks 26 and 52, the observed proportions of patients 
who achieved the AACE ̖чϲϰϱ%Ϯ FϵϨ͍̤ζ ϭϭ-9) and ADA (<7.0%; Figure 11-10) HbA1c 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 Hb!1c ≤6.5% Treatment Target at Week 26 
(Left Panel) and at Week 52 (Right Side Panel) – PIONEER 4 

Source: Figure 11-9 CSR PIONEER 4 
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Figure 17 Proportion of Patients who Reached the HbA1c <7.0% Treatment Target at Week 26 
(Left Side Panel) and at Week 52 (Right Side Panel) – PIONEER 4 

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 HbA1c 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, 

PIONEER 5 (4234)
 

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 

Source: Figure 9-1 CSR PIONEER 5 

Key inclusion/exclusion criteria: 
Similar to other PIONEER trials except for the following: 

- HbA1c of 7.0̌9.5% 
- 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 1̌2 of the following oral anti-diabetic drugs: 

▪ Mζ̲π̤̍̕ϵ̎ ш ϭϱ΄΄ ̍Ϩ ̤̕ ̍Κ͞ϵ͍̍̍ ̲̇̕ζ̤Κ̲ζβ β̨̕ζ β̕Ψ͍̍ζ̲̎ζβ ϵ̎ ̲ϲζ 
patient medical record), 
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▪ ϶͍̇π͍̤̎̇̕͟ζΚ ̖ш ϲΚ̇π ̕π ̲ϲζ ̍Κ͞ϵ͍̍̍ Κ̡̡̤̕͘ζβ β̨̕ζ ΚΨΨ̤̕βϵ̎Ϩ ̲̕ ̇̕ΨΚ̇ 
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 Mζ̲π̤̍̕ϵ̎ ̖ш ϭϱ΄΄ ̍Ϩ ̤̕ ̍Κ͞ϵ͍̍̍ ̲̇̕ζ̤Κ̲ζβ β̨̕ζ β̕Ψ͍̍ζ̲̎ζβ ϵ̎ 
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 ͙Κ̨ Κ̲ ̲ϲζ ϵ̎͘ζ̨̲ϵϨΚ̲̤̕ϳ̨ βϵ̨Ψ̤ζ̲ϵ̎̕ϭ ͙ϵ̲ϲ ̲ϲζ 
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 HbA1c 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 HbA1c 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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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.  

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/1.73m2 

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 
̖΄ϰϲ%̗ Κ̎β ϲ̲̕ϲζ̤ϳ ̤ζΚ̨̨̎̕ (3.1%). 
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Table 31 Patient Disposition PIONEER 5 

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 
̲ϲζ ϲ!̨̨ζ̨̨̍ζ̲̎ βζ͘ϵΚ̲ϵ̎̕ (incl. lab)ϳ ΨΚ̲ζϨ̤̕͟ Κ̎β Ψ̎̕Ψζ̤̎ζβ ̲ϲζ ̤ζ̡̤̲̕ϵ̎Ϩ ̕π Χ̕β͟ ͙ζϵϨϲ̲ 
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 

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 HbA1c 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 

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 

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 8̌132 units) in the oral semaglutide 14 

mg group (59 patients) and 47 units (range of 4̌162 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 

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 HbA1c), and the confirmatory secondary endpoint (change from baseline 
at week 26 in body weight). At baseline, HbA1c levels were similar across treatment groups 
(7.9̌8.0%). For the in-trial observation period (used in the evaluation of the treatment policy 
estimand), HbA1c 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 
͙ζ̤ζ ,ϭϰϭ% ͙ϵ̲ϲ ̤̕Κ̇ ̨ζ̍ΚϨ͍̲̇ϵβζ Ψ̡̍̕Κ̤ζβ ̲̕ ,΄ϰϭ%ϰ 

Table 36 Primary and Confirmatory Secondary Endpoints – PIONEER 5 
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Source: Table 11-1 CSR PIONEER 5 

The decline in HbA1c 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 

Source: Figure 11-1 CSR PIONEER 5 

Data Quality and Integrity - Reviewers' Assessment 

I 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 (90.4̌91.3 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. 

HbA1c treatment targets 

For the in-trial observation period, at week 26 the observed proportions of patients who had 
reached ̲ϲζ !D! ̖фϳϰ΄%̗ ̤̕ !!�E ̖чϲϰϱ%̗ HΧ!ϭΨ ̲̤ζΚ̲̍ζ̲̎ ̲Κ̤Ϩζ̨̲ ͙ζ̤ζ Ϩ̤ζΚ̲ζ̤ ͙ϵ̲ϲ ̤̕Κ̇ 
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 HbA1c 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. 

PIONEER 7 (4257)
 

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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Clinical Review 
Andreea Ondina Lungu 
NDA 213051 
Oral Semaglutide 

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 

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. 

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

Reference ID: 4494441Reference ID: 4497378 

106 



 
  

 
 

 

   
     

  
    

      
       
          

  
          

 
        

      
    

      
 

  
        

           
 

         
            

     
   

  
         

 
         

    
  

      
           

    
  

 
        

 
     

 
 

  
          

            
 

      

Clinical Review 
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Oral Semaglutide 

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 HbA1c < 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:
 

Κϰ Mζ̲π̤̍̕ϵ̎ ̖шϭϱ΄΄ ̍Ϩ ̤̕ ̍Κ͞ϵ͍̍̍ ̲̇̕ζ̤Κ̲ζβ β̨̕ζ β̕Ψ͍̍ζ̲̎ζβ ϵ̎ ̲ϲζ patient 
medical record). 
Χϰ ϶͍̇π͍̤̎̇̕͟ζΚ̨ ̖ш ϲΚ̇π ̕π ̲ϲζ ̍Κ͞ϵ͍̍̍ Κ̡̡̤̕͘ζβ β̨̕ζ ΚΨΨ̤̕βϵ̎Ϩ ̲̕ ̇̕ΨΚ̇ ̇ΚΧζ̇ ̤̕ 
maximum tolerated dose as documented in patient medical record). 
c. Sodium glucose co-transporter 2 inhibitors. 
βϰ ϼϲϵΚͤ̇̕ϵβϵ̎ζβϵ̎̕ζ̨ ̖ш ϲΚ̇π ̕π ̲ϲζ ̍Κ͞ϵ͍̍̍ Κ̡̡̤̕͘ζβ β̨̕ζ ΚΨΨ̤̕βϵ̎Ϩ ̲̕ ̇̕ΨΚ̇ 

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: 

-	 HbA1c 
o	 When HbA1c < 7.0%, the current dose of oral semaglutide was to be 

continued 
o	 Wϲζ̎ HΧ!ϭΨ ш ϳϰ΄%ϭ ̲ϲζ β̨̕ζ ̕π ̤̕Κ̇ ̨ζ̍ΚϨ͍̲̇ϵβζ 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 
ϵ̎͘ζ̨̲ϵϨΚ̲̤̕ϳ̨ βϵ̨Ψ̤ζ̲ϵ̎̕ϭ regardless of HbA1c. 

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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Clinical Review 
Andreea Ondina Lungu 
NDA 213051 
Oral Semaglutide 

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 HbA1c > 8.5% from week 32 to end of 
treatment. Rescue medication was to be prescribed at investigΚ̲̤̕ϳ̨ βϵ̨Ψ̤ζ̲ϵ̎̕ Κ̨ Κββ-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 ̖ч Ϯϭ βΚ̨̗͟ ̕π Κ̲̎ϵ-diabetic medication (e.g. in connection with intercurrent 
illness) 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) HbA1c < 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 HbA1c < 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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Oral Semaglutide 

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 HbA1c 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 

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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Clinical Review 
Andreea Ondina Lungu 
NDA 213051 
Oral Semaglutide 

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 HbA1c 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%) Κ̎β ϲO̲ϲζ̤ϳ ̤ζΚ̨̨̎̕ ̖ϰϰϮ%̗. 
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Table 38 Patient Disposition PIONEER 7 

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 
ϼ͙̕ PD̨ Χζ̇̎̕Ϩζβ ̲̕ ̲ϲζ ϲ!̨̨ζ̨̨̍ζ̲̎ βζ͘ϵΚ̲ϵ̎̕ ̖ϵ̎Ψ̇ϰ ̇ΚΧ̗ϳ ΨΚ̲ζϨ̤̕͟ϯ 

- 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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Clinical Review 
Andreea Ondina Lungu 
NDA 213051 
Oral Semaglutide 

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 ̲̕ ̲ϲζ ϲO̲ϲζ̤ϳ ΨΚ̲ζϨ̤̕͟ Κ̎β Ψ̎̕Ψζ̤̎ζβ Κ βζ͘ϵΚ̲ϵ̎̕ π̤̍̕ ̲ϲe 
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-̇ζ͘ζ̇ PD ͙Κ̨ ̤ζ̡̤̲̕ζβ ϵ̎ ̲ϲζ ΨΚ̲ζϨ̤̕͟ ϲO̲ϲζ̤ϳϰ ϼϲϵ̨ PD Ψ̎̕Ψζ̤̎ζβ ̲ϲζ 
̨͍ζ ̕π Κ̎ ̇̕βζ̤ ͘ζ̨̤ϵ̎̕ ̕π ϲ̇̕Ϩ ̕π ̨̲Κππϳ ͙ϲϵΨϲ ̇ζβ ̲̕ Κ πζ͙ ζ̨̤̤̤̕ ϵ̎ ̲ϲζ βζ̇ζϨΚ̲ϵ̎̕ ̇ϵ̨̲ϰ ! ̎ζ͙ 
͘ζ̨̤ϵ̎̕ ̕π ϲ̇̕Ϩ ̕π ̨̲Κππϳ ͙Κ̨ βϵ̨̲̤ϵΧ͍̲ζβ ̲̕ Κ̇̇ ̨ϵ̲ζ̨ϰ 

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 

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 HbA1c 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 

Source: Modified from Table 10-2 CSR PIONEER 7
 

Table 41 Baseline Characteristics and Demographics – Categorical Variables –PIONEER 7
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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 

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

Reference ID: 4494441Reference ID: 4497378 

115 



 
  

 
 

 

   
     

         
   

       
      

         
      
           

   

    

     

      
         

       
         

     
  

          
            
     

     
     

Clinical Review 
Andreea Ondina Lungu 
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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 illnesses 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 II 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 

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 (HbA1c < 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 

Source: Table 11-1 CSR PIONEER 7 
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At baseline, HbA1c 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, HbA1c levels decreased 
through week 16ϰ !̲ ͙ζζ̄ ϱϮϭ ̲ϲζ ̕Χ̨ζ̤͘ζβ ΨϲΚ̎Ϩζ̨ π̤̍̕ ΧΚ̨ζ̇ϵ̎ζ ͙ζ̤ζ ,ϭϰϯ % ͙ϵ̲ϲ 
semaglutide Κ̎β ,΄ϰϴ % ͙ϵ̲ϲ ̨ϵ̲ΚϨ̇ϵ̡tin. 

Figure 21 HbA1c by Week – Mean Plot –PIONEER 7 

Source: Figure 11-1 CSR PIONEER 7 

Data Quality and Integrity - Reviewers' Assessment 

I 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)ϰ ϼϲζ ζ̨̲ϵ̍Κ̲ζβ ΨϲΚ̎Ϩζ̨ π̤̍̕ ΧΚ̨ζ̇ϵ̎ζ ϵ̎ Χ̕β͟ ͙ζϵϨϲ̲ ͙ζ̤ζ ,Ϯϰϲ ̄Ϩ ͙ϵ̲ϲ 
̨ζ̍ΚϨ͍̲̇ϵβζ Κ̎β ,΄ϰϳ ̄Ϩ ͙ϵ̲ϲ ̨ϵ̲ΚϨ̇ϵ̡̲ϵ̎. 

HbA1c targets 

More patients on semaglutide achieved either the ADA (HbA1c <7%) or the AACE (HbA1c 
<6.5%) targets compared to sitagliptin.  The target of HbA1c <7% was achieved by 58.3% of 
patients on semaglutide at 52 weeks, vs 25.2% of patients on sitagliptin. The target of HbA1c 
<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. 

PIONEER 8 (4280) 

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 

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 II 
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 

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 HbA1c was >8.5% from week 26 to end of treatment. 
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Rζ̨Ψ͍ζ ̍ζβϵΨΚ̲ϵ̎̕ ͙Κ̨ ̲̕ Χζ ̡̤ζ̨Ψ̤ϵΧζβ Κ̲ ̲ϲζ ϵ̎͘ζ̨̲ϵϨΚ̲̤̕ϳ̨ βϵ̨Ψ̤ζ̲ϵ̎̕ 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 

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

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 HbA1c (%-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 HbA1c 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 

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 

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. 

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 HbA1c 
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 ͙ϵ̲ϲβ̤Κ͙Κ̇ π̤̍̕ ̲̤ϵΚ̇ ̖ϭϰ΄%̗ϭ ̡̤ζϨ̎Κ̎Ψ͟ ̖΄ϰϭ%̗ Κ̎β ϲO̲ϲζ̤ϳ 
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 

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 
̲ϲζ ̲̤ϵΚ̇ βΚ̲Κ ̤̕ ̲ϲΚ̲ Ψ͍̇̕β ̨ϵϨ̎ϵπϵΨΚ̲̎̇͟ ΚππζΨ̲ ̲ϲζ ̡Κ̲ϵζ̲̎ϳ̨ ̤ϵϨϲ̨̲ϭ ̨Κπζ̲͟ ̤̕ ͙ζ̇̇-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 I 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.
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Table 49 Site and Patient-Level Protocol Deviations PIONEER 8 

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 14̌16 years. The mean HbA1c 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 

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 

Source: Modified from Table 10-3 CSR PIONEER 8 

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

Medical history and concomitant illnesses 

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

Reference ID: 4494441Reference ID: 4497378 

131 



 
  

 
 

 

   
     

      
           

        
    

   
  

    
 

 
        

  
    

 
        

        
    

        
    

 
    

         
       

     

   
           

         
         

          
 

       
        

            
           

        
 

Clinical Review 
Andreea Ondina Lungu 
NDA 213051 
Oral Semaglutide 

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 (74.5̌81.3%), musculoskeletal and 
connective tissue disorders (37.5̌45.1%), eye disorders (25.4̌29.1%), gastrointestinal disorders 
(17.1̌29.3%), respiratory thoracic and mediastinal disorders (16.8̌25.8%), hepatobiliary 
disorders (15.9̌22.8%), psychiatric disorders (17.9̌20.4%), renal and urinary disorders (13.0̌ 
19.8%), infections and infestations (11.4̌19.0%), cardiac disorders (8.2̌13.6%) and neoplasms 
(6.0̌7.2%). 

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

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

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 (76.2̌79.9%) and ischemic heart disease (16.8̌20.9%). 

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 Ψ̍̕Χϵ̎Κ̲ϵ̎̕ϭ ̡̤ζ̍ϵ͞ζβ ϵ̨͍̎̇ϵ̎ ϵ̎Ψ͍̇βϵ̎Ϩ Ψ̍̕Χϵ̎Κ̲ϵ̨̎̕ ̕π ̨͍̇̕Χ̇ζ ϵ̨͍̎̇ϵ̗̎ π̤̕ ш ϵ΄ βΚ̨͟ ̡̤ϵ̤̕ 
to screening. Patients were also allowed to be ̲Κ̄ϵ̎Ϩ Κ ̨̲ΚΧ̇ζ βΚϵ̇͟ β̨̕ζ ̕π ̍ζ̲π̤̍̕ϵ̎ ̖ш ϭϱ΄΄ 
mg or ̍Κ͞ϵ͍̍̍ ̲̇̕ζ̤Κ̲ζβ β̨̕ζ̗ π̤̕ ш ϵ΄ βΚ̨͟ ̡̤ϵ̤̕ ̲̕ ̲ϲζ βΚ͟ ̕π ̨Ψ̤ζζ̎ϵ̎Ϩ. 

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 

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 

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 

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 (4.4̌6.0%). 
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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 

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 

Source: Table 10-8 CSR PIONEER 8 

Efficacy Results - Primary Endpoint 

For the primary endpoint (change from baseline in HbA1c 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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Source: Table 11-1 CSR PIONEER 8 

At baseline, HbA1c levels were identical for all treatment groups (8.2%). For the in-trial 
observation period (used in the evaluation of the treatment policy estimand), HbA1c levels 
decreased from baseline through weeks 14-20 in all three oral semaglutide treatment groups. 
The decreases were sustained through to week 52. HbA1c levels increased through week 8 with 
placebo and decreased slightly thereafter through week 52. 

Figure 24 HbA1c by Week – Mean Plot –PIONEER 8 
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Source: Figure 11-1 CSR PIONEER 8 

For week 26, the observed HbA1c ΨϲΚ̎Ϩζ̨ π̤̍̕ ΧΚ̨ζ̇ϵ̎ζ ͙ζ̤ζ ,΄ϰϱ% ͙ϵ̲ϲ ̨ζ̍ΚϨ͍̲̇ϵβζ ϯ ̍Ϩϭ 
,ϭϰ΄% ͙ϵ̲ϲ ̨ζ̍ΚϨ͍̲̇ϵβζ ϳ ̍Ϩϭ ,ϭϰϯ% ͙ϵ̲ϲ ̨ζ̍ΚϨ͍̲̇ϵβζ ϭϰ ̍Ϩ Κ̎β ,΄ϰϭ%- with placebo. 

Data Quality and Integrity - Reviewers' Assessment 

I 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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Ϩ̤ζΚ̲ζ̤ ͙ϵ̲ϲ ̨ζ̍ΚϨ͍̲̇ϵβζ ϯ ̍Ϩ ̖,ϭϰϰ ̄Ϩ̗ϭ ̨ζ̍ΚϨ͍̲̇ϵβζ ϳ ̍Ϩ ̖,Ϯϰϲ ̄Ϩ̗ Κ̎β ̨ζ̍ΚϨ͍̲̇ϵβζ ϭϰ ̍Ϩ 
̖,ϯϰϳ ̄Ϩ̗ ̲ϲΚ̎ ͙ϵ̲ϲ ̡̇ΚΨζΧ̕ ̖,΄ϰϱ ̄Ϩ̗ϰ 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. 

HbA1c targets 

More patients on semaglutide (dose-dependent) achieved either the AACE goal (HbA1c <6,5%) 
or the ADA goal (HbA1c <7%) when compared to placebo. The differences at week 26, and 52, 
are summarized in the figures below. 

Figure 25 Proportion of Patients with Hb!1c ≤6.5% at Week 26 (Left) and at Week 52 (Right) – 
PIONEER 8 

Source: Figure 11-8 CSR PIONEER 8 

Figure 26 Proportion of Patients with HbA1c <7.0% at Week 26 (Left) and at Week 52 (Right) – 
PIONEER 8 

Source: Figure 11-9 CSR PIONEER 8 

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 

Assessment of Efficacy Across Trials 

Primary Endpoints 

The primary endpoint for most phase 3 studies pertained to glycemic control as evidenced by 
the change in HbA1c 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 HbA1c from baseline 

Baseline levels of HbA1c ranged from 8% to 8.3% in the efficacy trials. HbA1c 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 HbA1c 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 HbA1c 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 HbA1c (%) – PIONEER 1-5 and 8 

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

Reference ID: 4494441Reference ID: 4497378 

140 



 
  

 
 

 

   
     

 
  

 

           
           

             
            
        

 
       

 
 

         

Clinical Review 
Andreea Ondina Lungu 
NDA 213051 
Oral Semaglutide 

Source: Table 3-6 Summary of Clinical Efficacy 

The reduction in HbA1c 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 HbA1c 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 Hb!1c (%−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). 

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. 
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Table 59 Confirmatory Analyses of Change from Baseline in Body Weight (kg) – PIONEER 1-5, 
7, and 8 

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 

Source: Excerpted from Figure 4-4 Clinical overview 

HbA1c targets 

The proportion of patients achieving the treatment targets defined by ADA and AACE of 
HΧ!ϭΨ фϳ% Κ̎β HΧ!ϭΨ чϲϰϱ%ϭ ̤ζ̨̡ζΨ̲ϵ͘ζ̇͟ϭ ͙ζ̤ζ evaluated as exploratory outcomes in all trials. 
In line with the reduction observed in mean HbA1c with semaglutide, greater proportions of 
patients with semaglutide than with comparators achieved pre-defined treatment targets of 
HΧ!ϭΨ фϳ% ̖!D! ̲Κ̤Ϩζ̲̗ϭ HΧ!ϭΨ чϲϰϱ% ̖!!�E̗ 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 HbA1c <7% by trial is represented 
in the figure below. 
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Figure 29 Proportion of Patients Reaching HbA1c <7.0% PIONEER Trials 

Source: Figure 4-3 Clinical overview 

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 π̤̕ ̲ϲζ FD!ϳ̨ Κ̎Κ̨̇͟ϵ̨ ̕π ̨͍ΧϨ̡̨̤͍̕ϰ 

Dose and Dose-Response 

Five of the ten phase 3a trials (PIONEER 1, 3 and 8̌10) evaluated all three doses of oral 
semaglutide. Of these, I 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 HbA1c and body weight at week 26, and the odds ratios of the proportion of 
patients achieving HbA1c <7.0% at week 26 (week 52 for PIONEER 7). 

A larger reduction in HbA1c 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 HbA1c 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. 

Onset, Duration, and Durability of Efficacy Effects 

The change in HbA1c overtime for semaglutide for the phase 3 multi-national trials is discussed 
in the individual trial sections. Overall, reduction in HbA1c 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.  

Additional Efficacy Considerations 

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.  

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. 

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-naïve 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 HbA1c, 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 HbA1c 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
 

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 

Source: Table 1-1 ISS 

Analysis sets 
F̤̕ PIONEER ϭ,ϱ Κ̎β ϳ,ϭ΄ Κ̎β ̲ϲζ ̲̤ϵΚ̇ ̡̨̇̕̕ϭ ̲ϲζ ̨Κπζ̲͟ Κ̎Κ̨̇͟ϵ̨ ̨ζ̲ ̖϶!϶̗ ͙Κ̨ ̨͍ζβ π̤̕ ̲ϲζ 
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 

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 

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. 

Review of the Safety Database 

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 ̡ϲΚ̨ζ ϯΚ ̡̇̕̕ ̖PIONEER ϭ,ϱ Κ̎β ϳ-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 

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 

Source: Table 1-14 ISS 

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 ϵϯϰϲ,ϵϵϰϳ% and completing the treatment with trial product was ϴϭϰϲ,ϵϰϰϱ%. 
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Table 64 Patient Disposition – Phase 3a Trials and Pools 

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 
GI events. 
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Table 65 Patient Disposition Overview Phase 3 Pool SAS 

Source: Table 7.1.2 ISS 
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Table 66 Patient Disposition Placebo Pool SAS 

Source: Table 7.1.7 ISS 

Table 67 Patient Disposition PIONEER 6 

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

Reference ID: 4494441Reference ID: 4497378 

156 



 
  

 
 

 

   
     

 
 

 
       

   

    
              
        

          
         

          
    

 
         

       
       

    

  

      
  

Clinical Review 
Andreea Ondina Lungu 
NDA 213051 
Oral Semaglutide 

Source: Table 14.1.1 CSR 

Baseline characteristics for each phase 3 study are detailed in Section 6 of this review.  

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. 

!dequacy of !pplicant’s Clinical Safety !ssessments 

Issues Regarding Data Integrity and Submission Quality 

OSI audits did not identify any issues regarding data integrity, and the submission is well 
organized. 
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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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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. 

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 GI 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 

Source: Table 1-8 ISS
 

The following clinical laboratory tests were collected during the oral semaglutide trials.
 

Table 70 Clinical Laboratories 

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 
patientϳ̨ ̍ζβϵΨΚ̇ ̤ζΨ̤̕β Κ̎β ̤ζΨ̤̕β ̲ϲϵ̨ ϵ̎ ̲ϲζ Ψ̎̕Ψ̍̕ϵ̲Κ̲̎ ϵ̇̇̎ζ̨̨ Κ̎β ̍ζβϵΨΚ̇ ϲϵ̨̲̤̕͟ π̤̍̕ϰ 

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 1̌5 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.  


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. 

Safety Results 

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%). 
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Table 72 Total Deaths and EAC-Confirmed Deaths in the Phase 3a Pool and Placebo Pool 

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 

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 

Source: Table 2-7 Summary of Clinical Safety 

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 
N=1591 

Placebo 
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 
administration site conditions 

Death 2 ( 0.1%) 5 ( 0.3%) 

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 
complications 

Chemical peritonitis 0 ( 0.0%) 1 ( 0.1%) 

Subdural hematoma 1 ( 0.1%) 0 ( 0.0%) 

Metabolism and nutrition disorders Hyperkaliemia 0 ( 0.0%) 1 ( 0.1%) 

Neoplasms benign, malignant and 
unspecified (incl cysts and polyps) 

Adenocarcinoma gastric 1 ( 0.1%) 1 ( 0.1%) 

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 
tongue 

0 ( 0.0%) 1 ( 0.1%) 

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 
mediastinal disorders 

Chronic obstructive pulmonary 
disease 

1 ( 0.1%) 0 ( 0.0%) 
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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 

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. 

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 

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 ≥0.2% of Patients by SOC and PT – Phase 3a Pool – On-Treatment 

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 ≥0.5% of Patients by SOC and PT - PIONEER 6 – On-Treatment 

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. GI 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. 

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 GI 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 

Source: Table 2-15 ISS 

The increased rate of AEs leading to discontinuation with semaglutide was mostly due to GI 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 !Es (≥0.2 %) Leading to Permanent Trial Product Discontinuation by SOC and PT – 
Phase 3a Pool – On-Treatment 

Source: Table 2-17 ISS 
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Table 82 !Es (≥0.2 %) Leading to Permanent Trial Product Discontinuation by SOC and PT – 
PIONEER 6 – On-Treatment 

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%)
 

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 

Source: Table 2-19 ISS 

The dose-dependent increase in AEs leading to premature treatment discontinuation was 
driven by the dose-dependent increases in GI 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 
GI 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. 

Significant Adverse Events 

The following definitions were used by the applicant when assessing the severity of an AE: 

•	 Mild - no or transient symptoms, no interference with the patient's daily activities. 

•	 Moderate - marked symptoms, moderate interference with the patient's daily activities. 

•	 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: 

•	 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 significant 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 

Source: Table 7.2.4 ISS 

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 events were listed as not recovered in both treatment groups. 
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Table 85 Adverse Events by Severity and Outcome – Placebo Pool 

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 

Source: Table 12-3 CSR PIONEER 6 

Reviewer comment: While no overall differences were observed between the treatment groups, 
I believe that this severity categorization is subjective, and does not add any important 
information to the analysis of adverse events. 
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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 GI 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 

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 

Source: Figure 2-9 ISS 
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Figure 33 AEs– Statistical Analysis by SOC – Placebo Pool – On-Treatment 

Source: Figure 2-10 ISS 

Apart from the GI 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%, 0 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 

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

Reference ID: 4494441Reference ID: 4497378 

183 



 
  

 
 

 

   
     

          
      

             
             

        
        

            
            
          

       
 

    
         

       
         

  
 

        
           

        
  

 
         

          
 

 
       

           
           

     
 

    
        

        
  

 
      

          
         

    
 

    

Clinical Review 
Andreea Ondina Lungu 
NDA 213051 
Oral Semaglutide 

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. I 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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I̎ ̲ϲζ ̡ϲΚ̨ζ ϯΚ ̡̇̕̕ϭ ̲ϲζ ̨̲̍̕ π̤ζ̣͍ζ̲̎ Pϼ̨ ̖̤ζ̡̤̲̕ζβ Χ͟ ш ϱ% ̕π 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 !Es (≥ 5% of Patients) – Statistical Analysis by PT – Phase 3a Pool – 
On-Treatment 

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 

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. 

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. 

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.  
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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 

Source: Table 4-1 ISS 

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 

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

Reference ID: 4494441Reference ID: 4497378 

188 



 
  

 
 

 

   
     

            
        
      

 
          
          

       
       

        
 

        
      

          
        

      
 

 
              

 

 
 

 
         

          
          

         
      

Clinical Review 
Andreea Ondina Lungu 
NDA 213051 
Oral Semaglutide 

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 π̤̕ ϲheart ̤Κ̲ζ ϵ̎Ψ̤ζΚ̨ζϳ ϵ̎Ψ͍̇βϵ̎Ϩ ̲ϲζ 
Pϼ̨ ϲϲζΚ̤̲ ̤Κ̲ζ ϵ̎Ψ̤ζΚ̨ζβϳϭ ϲ̨ϵ̨͍̎ ̲ΚΨϲ͟ΨΚ̤βϵΚϳϭ and ϲ̲ΚΨϲ͟ΨΚ̤βϵΚϳϰ  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 

Source: Table 4-2 ISS
 

Two heart rate increase SAEs were identified in PIONEER 6, both in patents taking semaglutide. 

One was in patient (b) (6) who experienced a panic attack. The second one was in patient 

(b) (6) 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. 
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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. 

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 

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 MIs. Eighteen ECGs indicated new 
ischemia/infarction since last ECG reading, hence 18 potential silent MIs were sent for 
adjudication; of these, 6 events were confirmed by the EAC. 

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 mg in 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% CI 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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Immunogenicity 

See section 8.5 for evaluation of immunogenicity concerns. 

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. 

Gastrointestinal disorders 

As expected for this class of drugs, GI 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 GI AEs, but the 3 and 7 mg doses did 
not appear to be different regarding GI AEs. Most of the GI 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 GI 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 GI events was fatal. 

Figure 36 Overview of Gastrointestinal Disorders – MedDRA Search – Phase 3a, Placebo Pool 
and PIONEER 6 – On-Treatment 

Source: Figure 2-16 ISS 

Table 90 Gastrointestinal Disorders – Pre-Defined MedDRA Search – Overview – Phase 3a 
Trials and Pools – On-Treatment – SAS 

Sema 3 mg Sema 7 mg Sema 14 
mg 

All sema Comparator Placebo 

Patients and 
exposure 

N N N N N N 

Phase 3a pool 4116 2236 

Placebo pool 1519 665 

Placebo dose pool 359 356 356 362 

Patients with 
events 

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

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 
severe events 

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

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 
discontinuation 

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

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 GI 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 GI AEs leading to treatment 
discontinuation than with comparator/placebo. 

GI AEs were reported throughout the trial, with most reports during the dose escalation period.  
A breakdown of common GI 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 GI 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. 

Renal Disorders 

Acute renal failure (ARF) was designated as AE of interest because GI 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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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 

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 ϶̤ζ̎Κ̇ 
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ϵ̡̍Κϵ̤̍ζ̲̎Ϸϰ ϼϲζ Ψ̇ϵ̎ϵΨΚ̇ ̨ϵϨ̎ϵπϵΨΚ̎Ψζ ̕π ̲ϲϵ̨ ̨̍Κ̇̇ βϵππζ̤ζ̎Ψζ ϵ̨ ͍̎Ψ̇ζΚ̤ϰ 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 

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 

Source: Table 2-28 ISS 
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Clinical Review 
Andreea Ondina Lungu 
NDA 213051 
Oral Semaglutide 

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 

Source: Table 2-27 ISS 

In the placebo pool, AKI 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 Semaglutide 

Source: Table 7.3.46 ISS 

In the renal impairment trial PIONEER 5, 4 EAC-confirmed events of AKI 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 

Source: Table 2-29 ISS 
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Clinical Review 
Andreea Ondina Lungu 
NDA 213051 
Oral Semaglutide 

The applicant evaluated the co-reporting of GI and renal adverse events.  In the phase 3a pool, 
a similar proportion of patients with or without renal disorders reported GI 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 GI AEs that could lead to dehydration and AKI. This is in line 
with what was observed with subcutaneous semaglutide. 

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 хϱ̀͞щN ͙ϵ̲ϲ Ψ̎̕Ψ͍̤̤ζ̲̎ ϼ�щ чϮ̀͞щNϮ ̤̕ !щϼ ̤̕ !϶ϼ хϯ̀͞щN ͙ϵ̲ϲ Ψ̎̕Ψ͍̤̤ζ̲̎ ϼ�щ 

>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 Semaglutide 

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 (≥0.1%) by SOC and PT – MedDRA Search – Phase 3a Pool –On-
Treatment 
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Source: Table 2-35 ISS 
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Oral Semaglutide 

Table 100 Hepatic disorders – AEs by SOC and PT – Pre-Defined MedDRA Search – Placebo 
Pool – On-Treatment 

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 

ϼ͙̕ ϶!Ę ̕π ϲβ̤͍Ϩ-ϵ̎β͍Ψζβ ̇ϵ͘ζ̤ ϵ͍̤̎́͟ϳ ͙ζ̤ζ ̤ζ̡̤̲̕ζβ ϵ̎ ̲ϲζ ̤̕Κ̇ ̨ζ̍ΚϨ͍̲̇ϵβζ ̡̤̕Ϩ̤Κm: 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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Oral Semaglutide 

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 
N=4116 

Comparator 
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 

H͟ϳ̨ ̇Κ͙ 

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: 

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

Reference ID: 4494441Reference ID: 4497378 

203 



 
  

 
 

 

   
     

         
           

         
  

        
           

         
  

 
      

       
         

     

  

        
     

          
 

        
      
            

      
 

          
       

     
 

            
        

        
   

 

Clinical Review 
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Oral Semaglutide 

- Patient no (b) (6) 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 

- Patient no (b) (6) : 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. 

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. 

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

Reference ID: 4494441Reference ID: 4497378 

204 



 
  

 
 

 

   
     

          
      

 
 

 
        

              
         

          
            

        
        

        
         

         
          

        
    

 

Clinical Review 
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NDA 213051 
Oral Semaglutide 

Table 102 Total Gallbladder-Related Disorders – MedDRA Search – Phase 3a Pool, Placebo 
Pool and PIONEER 6 – On-Treatment 

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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Andreea Ondina Lungu 
NDA 213051 
Oral Semaglutide 

Table 103 Gallbladder-Related Disorders – by SOC and PT – MedDRA Search – Phase 3a Pool – 
On-Treatment 

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.  

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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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 

Source: Table 2-44 ISS 

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 
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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 (b) (6) 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 (b) (6) 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 (b) (6) study 4222 49 year old male with suspected chronic pancreatitis on imaging, 
on sitagliptin 100 mg 

- Pt (b) (6)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 (b) (6) study 4222 64 year old male on oral semaglutide 7 mg was reported 
with an event of acute pancreatitis on trial day 435 

- Patient (b) (6) 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 (b) (6) 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 (b) (6) 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. I 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 

Source: Figure 7.5.36 ISS 
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Figure 38 Lipase by Trial – Geometric Mean Plot – On-Treatment 

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. 

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 

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 MI, 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 

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

Reference ID: 4494441Reference ID: 4497378 

213 



 
  

 
 

 

   
     

         
     

 
       

 
 

 
    

  
 

Clinical Review 
Andreea Ondina Lungu 
NDA 213051 
Oral Semaglutide 

also had a lower incidence in the semaglutide arm, and non-fatal MI appeared to be slightly 
more common with semaglutide vs placebo. 

Table 107 First EAC-Confirmed MACE – PIONEER 6 – In-Trial 

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 

Source: Figure 2-27 ISS 

The primary analysis of the time to first MACE event resulted in an estimated HR of 0.79 with a 
95% CI 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 MI with 
semaglutide in either phase 3a or placebo pools. 
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Table 108 First EAC-Confirmed MACE – Phase 3a Pool and Placebo Pool – In Trial 

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 
events versus 30 patients on placebo, resulting in a HR of 0.49 with a 95% CI 0.27; 0.92. 
Most common causes of death were sudden death, and death due to MI. 

- In the 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 MIs (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 MIs were included in these events, an occurred in 6 
patients on semaglutide, and one in placebo. 

- In the phase 3a pool, EAC confirmed 26 total MI 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 (o.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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CV SAEs 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 MI, stroke, or hospitalization for heart failure. 
Unstable angina appears to be more common with semaglutide, but the numbers are too small 
to be conclusive. 

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 

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: 

- F̤̕ ΨΚ̇Ψϵ̲̎̕ϵ̎ ̇ζ͘ζ̨̇ шϭ΄ ̎Ϩ̄щ Κ̎β фϱ΄ ̎Ϩ̄щϮ ϵ̎͘ζ̨̲ϵϨΚ̲ζ ̡̲̕ζ̲̎ϵΚ̇ Ψ̎̕π͍̎̕βϵ̎Ϩ πΚΨ̨̲̤̕ 
and continue sampling of calcitonin 

- F̤̕ ΨΚ̇Ψϵ̲̎̕ϵ̎ ̇ζ͘ζ̨̇ шϱ΄ ̎Ϩ̄щ ̖̤̕ шϭ΄ ̎Ϩ̄щ ϵπ ϵ̲ ͙Κ̨ ̲ϲζ ̇Κ̨̲ measurement in the trial); 
refer the patient to a thyroid specialist 

- Iπ ΨΚ̇Ψϵ̲̎̕ϵ̎ ̇ζ͘ζ̨̇ ̤ζΚΨϲζβ шϭ΄΄ ̎Ϩ̄щϮ βϵ̨Ψ̲̎̕ϵ͍̎ζ ̲̤ϵΚ̇ ̡̤̕β͍Ψ̲ ̡̤ζ̍Κ̲͍̤ζ̇͟ π̤̕ ̲ϲζ 
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 

Source: Table 2-61 ISS 

Malignant neoplasms 

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 

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 

(b) (6)

Source: Table 2-65 ISS 

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 

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. 
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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 

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. 
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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 (b) (6) 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. 

- Patient no (b) (6) 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 

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 

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. 

- Patient no (b) (6) 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) 

(b) (6)
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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. 

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 

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 
patientϳ̨ ΧΚ̨ζ̇ϵ̎ζ ΧΚΨ̄Ϩ̤͍̎̕β βϵΚΧζ̲ζ̨ ̍ζβϵΨΚ̲ϵ̎̕ϯ 

- 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 

Source: Table 1-9 ISS 
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Table 119 Hypoglycemia in Phase 3a, Placebo Pools, and PIONEER 6 

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 

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 

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. 

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 

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 

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 
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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. 

Figure 41 AEs of Diabetic Retinopathy by Semaglutide Dose, MedDRA Search – In-Trial 

Source: Figure 2-32 ISS 

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 

Source: Table 2-78 ISS
 

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 

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. 

Eye 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.  

Lactic acidosis 

In animals, mortality was observed in all toxicology species when SNAC was administered at 
high β̨̕ζ̨ ̖шϮ΄΄ ̍Ϩ̄̄Ϩ βζ̡ζ̎βϵ̎Ϩ ̎̕ ̲ϲζ ̨̡ζΨϵζ̨̗ϰ The mortality is considered to be due to 
inhibition of cellular respiration, mainly via an inhibition of complex I 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 I 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 I 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 c̎̕Ψζ̲̤̎Κ̲ϵ̎̕ шϱϰ΄ ̍̍̇̄̕щ Κ̎β ̡H фϳϰϯϱ Κ̲ ̲ϲζ 
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 

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 

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 

(b) (6)/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 (b) (6) : 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 (b) (6) : 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, GI 
losses, and iatrogenic due to antihypertensive medications. Lactic acid level was 3.7 
mmol/L.  
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- Patient no (b) (6) : 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 (b) (6) 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 
- Patient no (b) (6)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. 

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 1̌5 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 

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 
- Patient no (b) (6) : 62 year old female from study 4222 on semaglutide reported 

angioedema (swelling of lips, tongue, and difficulty breathing) 150 days after starting 
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̲̤ϵΚ̇ β̤͍Ϩϰ ϼϲζ ̨̡̨̤̎̕̕ ̨̲Κ̲ζβ ̲ϲΚ̲ ̲ϲζ ̡Κ̲ϵζ̲̎ϳ̨ ϲϵ̨̲̤̕͟ ̕π ̡̇̇̕ϵ̨̎̕ϵ̨ ͙Κ̨ Κ Ψ̎̕π͍̎̕βϵ̎Ϩ 
factor. Regardless, semaglutide was not discontinued due to this adverse event.
 

- Patient no
 (b) (6) : 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. 

- Patient no (b) (6) : 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 (b) (6) : 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. 

- Patient no (b) (6) : 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: 
- Patient no (b) (6) : 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 (b) (6) : 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 (b) (6) : 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 (b) (6) : 53 year old male from study 4223 on semaglutide with lip swelling 
on trial day 16 coded as angioedema, thought to be due to benazepril which was 
discontinued. Semaglutide was not discontinued due to this event. 

- Patient (b) (6) : 68 year old female from study 4257 on semaglutide with swelling of lips 
and mouth coded with PT angioedema on trial day 368. Semaglutide was not 
discontinued due to this event. 

- Patient (b) (6) : on liraglutide from study 4224 with right face angioedema coded with 
PT angioedema on trial day 22. Liraglutide was not discontinued due to this event. 
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It is not clear that there was an increase in angioedema with semaglutide, as AEs of eye edema, 
facial and lip swelling were reported more with comparator vs semaglutide with events 
reported in 7 patients on comparator vs 2 with semaglutide. From review of the information 
available on the angioedema reported with semaglutide, it appears that the events were 
reported as swelling of various parts of the face but coded as angioedema, and therefore were 
similar to the events reported with comparator. 

Additionally, the data from PIONEER 6 does not support an increase in serious allergic reactions 
with semaglutide. In PIONEER 6, the MedDRA search for immunogenicity-related events 
identified a total of 4 SAEs (1 with oral semaglutide and 3 with placebo) with onset during the 
on-treatment period.  

- Patient no : 73 year old male on semaglutide was reported with SAE of 
pharyngeal edema on trial day 173. The patient was hospitalized with neck pain which 
was thought to be bacterial, and MRI showed retropharyngeal edema. The event led to 
temporary study drug discontinuation. 

- Patient : 61 year old female on placebo reported with bronchospasm in the 
context of left ventricular failure and myocardial infarction on trial day 19. The trial 
drug was not discontinued due to the event. 

- Patient no : 72 year old female on placebo reported with anaphylactic reaction 
after consumption of apple pie approximately 11 months after inception of the study 
drug. The event led to temporary study drug discontinuation. 

- Patient no : 70 year old male on placebo reported with angioedema on trial day 
101. The patient also had the following as confounders: left submandibular adenitis, 
allergy to penicillin, and was on perindopril for hypertension.  The study drug was 
discontinued due to the event. 

Anti-semaglutide antibodies 

In PIONEER 1̌5 and 9, anti-semaglutide antibody formation was low; a total of 14 patients 
(corresponding to 0.5% of patients with antibody assessment in PIONEER 1̌5 and 9) tested 
positive for anti-semaglutide antibodies at any time point post-baseline 

Out of the 14 patients, 4 patients were positive at more than one visit post-baseline 
- 2 patients with treatment induced anti-semaglutide antibodies tested positive for anti­

semaglutide antibodies at 2 or 3 additional visits post baseline but not at the follow-up 
visit. In both patients the antibody response was transient and disappeared after 14 
weeks of treatment. 

- 2 patients with pre-existing (before start of dosing) antibodies tested positive, at 
additional 1 or 2 visits during the treatment period (week 4, and weeks 4 and 8, 
respectively) and at the follow-up visit. The level of anti-semaglutide antibodies in the 
two patients were highest at baseline, decreased during treatment and were at the 
lowest level at follow-up. 
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Six patients on oral semaglutide had a sample collected due to suspicion of severe acute 
hypersensitivity. All samples collected were tested negative for anti-semaglutide IgE antibodies 
and anti-semaglutide binding antibodies. 

Reviewer comment: There is no evidence that semaglutide causes immunogenicity related AEs, 
and the anti-semaglutide antibody formation was low. 

Creatine Kinase 

In the phase 2 dose-finding trial, several patients had CK levels >ULN, including 2 patients 
treated with oral semaglutide with CK >10xULN (one of whom co-reported an SAE of 
rhabdomyolysis). 

Increases in CK were evaluated, and if levels were >10X ULN, this was to be reported as an AE, 
and required additional data collection.  

In the phase 3a pool, ratio to baseline levels of CK were stable over time and similar with oral 
semaglutide (0.97) and comparator (1.00) at the end of treatment. 

Table 130 Creatine Kinase (U/L) – Categorical Summary of Maximum Post-Baseline Values – 
Phase 3a Pool and Placebo Pool – On-Treatment 
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Source: Table 2-93 ISS 

There was no dose-response of oral semaglutide for the proportion of patients with maximum 
postbaseline CK levels >ULN, or in the number of patients with maximum post-baseline CK 
levels of >10xULN in PIONEER 3 or the placebo dose pool. 

In PIONEER 6, mean CK levels were stable over time and similar across treatment groups. The 
proportions of patients with CK levels above the normal range at the end of trial were similar 
for oral semaglutide and placebo. A total of 6 patients in the oral semaglutide group and 4 
patients in the placebo group had transient increases in CK to values >10xULN. 

Across PIONEER ϭ,ϭ΄ϭ ϯ ϶!Ę ̕π ̤ϲΚΧβ̨̍̇̕̕͟͟ϵ̨ ̖Pϼ̗ ͙ζ̤ζ ̤ζ̡̤̲̕ζβ ϵ̎ ϯ patients (2 with oral 
semaglutide and 1 with placebo). The proportion of patients with AEs of blood creatine 
phosphokinase increased was similar with oral semaglutide (1.5%) vs comparator (1.4%) in the 
phase 3a pool. In the placebo pool, an imbalance was seen with oral semaglutide vs placebo 
(1.3% vs 0.6%). 

In PIONEER 6, 2 non-serious AEs leading to premature trial product discontinuation were 
reported as blood creatine phosphokinase increased (PT), 1 with oral semaglutide and 1 with 
placebo. 

In conclusion, despite some numeric imbalance, the totality of data from the phase 3 trials with 
oral semaglutide does not appear to suggest any increased risk of increased CK or 
rhabdomyolysis with semaglutide. 

Hypovolemia 

Hypovolemia may be a safety issue due to the GI AEs associated with all GLP-1 RAs. The 
addition of SGLT2i to GLP-1 RAs can further increase the risk of hypovolemia. 

In the phase 3a pool, events of potential hypovolemia were marginally more common with 
semaglutide vs comparator.  The preferred terms are presented in the table below. 

Table 131 Hypovolemia MedDRA Search Phase 3a Pool, On-Treatment 

Preferred term Semaglutide Comparator 

N=4116 N=2236 

Fall 41 (1%) 20 (0.9%) 

Syncope 11 (0.3%) 1 (<0.1%) 

Hypotension 13 (0.3%) 7 (0.3%) 

Shock 1 (<0.1%) 1 (<0.1%) 

Source: Reviewer generated using JReview, ISS datasets ADAE and ADSL 
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In the phase 3a pool, 160 patients were on a combination of GLP1RA and SGLT2i. In this 
subpopulation, only one event of hypovolemia was identified, in a patient on semaglutide 14 
mg. 

The SAEs of potential hypovolemia were balanced in PIONEER 6, as seen below.  165 patients 
(10.4%) were on both oral semaglutide and SGLT-Ϯϵϳ̨ Κ̲ ΧΚ̨ζ̇ϵ̎ζ and an additional 71 patients 
(4.5%) on oral semaglutide initiated SGLT-2i treatment during the in-trial period.  Amongst 
these 236 patients, one patient reported an SAE of hypovolemia while using an SGLT-2i in 
combination with oral semaglutide (syncope). 

Table 132 Hypovolemia MedDRA Search SAEs PIONEER 6, On-Treatment 

Preferred term Semaglutide Comparator 

Fall 6 11 

Syncope 7 4 

Hypotension 5 4 

Source: Reviewer generated using JReview, ISS datasets ADAE and ADSL 

4 Month Safety Update 

This safety update includes new or updated safety data reported by May 3, 2019: 
- Completed trials: New or updated deaths, SAEs and pregnancies reported between 

February 18, 2019 and May 3, 2019 were included from the 10 completed phase 3a 
trials. 

- Ongoing trials: All deaths, SAEs and pregnancies from the 3 ongoing trials (2 clinical 
pharmacology trials and PIONEER 7 extension trial) were included from FPFV to May 3, 
2019. 

- Nonclinical studies: No new nonclinical data since the original ISS cut-off date 

(November 2, 2018)
 

No deaths or pregnancies have been reported in this safety update. 

SAEs 

Completed trials 
- One new SAE was reported which originated from the main phase of PIONEER 7 

(osteoarthritis). 
- One SAE (a neoplasm) was updated from not recovered to recovering (PIONEER 6). 

Both SAEs were reported for patients on oral semaglutide 3 mg. 

Ongoing trials 
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A total of 48 SAEs were reported by 32 patients in the 3 trials that were ongoing from FPFV to 
May 3, 2019. The majority of the SAEs (46 of 48) were reported by 30 patients in the 
PIONEER 7 extension trial. 

Table 133 Overview of Blinded SAEs – Trials 4248, 4427 and P7 4257 Ext – SAS 

Source: Table 2-1 4MSU 

The rate of SAEs was similar to that reported with oral semaglutide in the T2DM NDA, and each 
SAE preferred term was reported by few patients. Cardiac disorders were the most frequently 
reported SAEs by SOC in the 3 ongoing trials and this was consistent with what was reported 
with both oral semaglutide and comparators in the phase 3a pool and with oral semaglutide 
and placebo in PIONEER 6 of the oral semaglutide T2DM NDA. 

Safety Analyses by Demographic Subgroups 

The potential impact of various factors (demographic parameters) on the safety profile of 
semaglutide) was investigated based on the phase 3a pool. These factors included sex, baseline 
age, race, ethnicity, baseline CV history, baseline renal function (eGFR), geographic region, and 
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antidiabetic background medication.  

Sex 

The exposure by sex was balanced in the phase 3a pool for both treatment groups. The 
proportion of female vs male patents with AEs, and SAEs were comparable for both treatment 
groups. 

Figure 42 AE Overview by Sex – Bar Plot – Phase 3a Pool – On-Treatment 

Source: Figure 5-1 ISS 

When looking at preferred terms reported in >5% of patients for either sex, it appears that 
gastrointestinal AEs (nausea, diarrhea, constipation, vomiting, dyspepsia, abdominal pain) were 
more common in women vs men when treated with semaglutide. This may be due to higher 
exposure due to the potential lower body weight in women. 
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Figure 43 AEs by Sex and PT – Most Frequent (>=5%) – Dot Plot – Phase 3a Pool – On-
Treatment 

Source: Figure 5-2 ISS 

Age 

The trial population was evaluated based on baseline age as follows: 
- Age <65 years 
- !Ϩζ шϲϱ ͟ζΚ̨̤ 
- !Ϩζ шϳϱ ͟ζΚ̨̤ 

Exposure by age and treatment group is outlined below. Most patients were between ages of 
18 and 65. 
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Table 134 Number of Patients by Age Groups – Phase 3a Pool – On-Treatment 

Source: Table 5-2 ISS 

In the phase 3a pool, the proportion of patients with AEs and SAEs were overall comparable 
across the three age groups with oral semaglutide vs comparator. The proportion of elderly 
patient̨ шϳϱ ͟ζΚ̨̤ with SAEs was slightly higher with oral semaglutide vs comparator, whereas 
the proportion of elderly patient̨ шϳϱ ͟ζΚ̨̤ ͙ϵ̲ϲ ̨ζ͘ζ̤ζ !Ę ͙Κ̨ ͙̇̕ζ̤ ͙ϵ̲ϲ ̤̕Κ̇ ̨ζ̍ΚϨ͍̲̇ϵβζ ̨͘ 
comparator. 

The proportion of patients with oral semaglutide who had AEs leading to premature trial 
product discontinuation increased with age, and while a similar tendency was seen with 
comparator, the differences between age groups were larger with oral semaglutide than with 
comparator. 
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Figure 44 AE Overview by Age Groups – Bar Plot – Phase 3a Pool – On-Treatment 

Source: Figure 5-3 ISS 

The most frequent preferred terms (>5%) are shown below by age group. It does appear that 
older patients have an increase incidence of gastrointestinal AEs on semaglutide when 
compared to younger patients. 
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Figure 45 AEs by Age Groups and PT – Most Frequent (>=5%) – Dot Plot – Phase 3a Pool – On-
Treatment 

Source: Figure 5-4 ISS 

Although not represented above, weight decrease and falls were more common in semaglutide 
in patients over the age of 65 compared to patients below the age of 65, although the event 
numbers are small. Evaluation of the information available for the fall events in patients above 
the age of 75 does not suggest hypoglycemia as a cause, although it is notable that the patients 
above the age of 75 were mainly from trials where insulin and/or sulfonylureas were allowed as 
background medications (PIONEER 3, 5, and 8). 

Table 135 Weight Decrease and Fall Preferred Terms by Age Group and Treatment Arm, Phase 
3a Pool 

Oral semaglutide 
N (Adjusted %) 

Comparator 
N (Adjusted %) 

Weight decrease 

18 to <65 19 (0.7) 2 (0.1) 

>65 18 (1.3) 2 (0.2) 

>75 4 (1.6) 0 
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Fall 

18 to <65 14 (0.5) 10 (0.6) 

>65 27 (2.4) 10 (1.4) 

>75 7 (3.5) 1 (1.2) 
Source: Excerpted from Table 7.7.10 ISS 

Race 

The trial population was divided into subgroups by race as follows: 
- White 
- Asian 
- Black/African-American 
- Other (American Indian, Alaska Native, Native Hawaiian, Pacific Islander) 
- Not applicable 

As most patients were white for the key efficacy trials, the data on other racial subgroups 
should be interpreted with caution.  Exposure by race is presented in the table below. 

Table 136 Number of Patients by Race – Overview – Phase 3a Pool – On-Treatment 

Source: Table 5-3 ISS 

No major differences were observed regarding AEs, SAEs, and AEs leading to discontinuation 
between the racial subgroups in the phase 3a pool. 
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Figure 46 AE Overview by Race – Bar Plot – Phase 3a Pool – On-Treatment 

Source: Figure 5-5 ISS 

The applicant noted that 
- For blood creatine phosphokinase increased (PT), a treatment difference was observed with 

oral semaglutide vs comparator (1.3% vs 0.5%) only in the Asian subgroup 
- For weight decreased (PT), the treatment difference was most pronounced in the Asian 

subgroup 

In conclusion, semaglutide safety does not appear to be affected by the racial subgroup based 
on the available data, with the caveat that the great majority of patients in clinical trials were 
white. 

Ethnicity 

The trial population was divided into subgroups by ethnicity as follows: 
- Not Hispanic/Latino 
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- Hispanic/Latino 

Most patients in the phase 3a pool were non-Hispanic/Latino. 

Figure 47 AE Overview by Ethnicity – Bar Plot – Phase 3a Pool – On-Treatment 

Source: Figure 5-7 ISS 

For the following SOCs and/or PTs, treatment differences for oral semaglutide vs comparator 
were more pronounced among patients of Hispanic/Latino vs non-Hispanic/Latino ethnicity 

- Diarrhea (PT): The treatment difference was more pronounced among the patients of 
Hispanic/Latino than non-Hispanic/Latino ethnicity 

- Diabetic retinopathy (PT): A small treatment difference was present among the patients 
of Hispanic/Latino ethnicity (4.1% vs 1.9%), but not among the non-Hispanic/Latino 
patients (2.9% vs 3.1%) 

Weight 

The trial population was divided by the applicant into subgroups by baseline body weight as 
follows: 

- <70 kg 
- ϳ΄,фϵ΄ ̄Ϩ 
- ϵ΄,фϭϭ΄ ̄Ϩ 
- >110 kg 
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Figure 48 AE Overview by Body Weight Groups – Bar Plot – Phase 3a Pool – On-Treatment 

Source: Figure 5-9 ISS 

While overall there were no major differences between the weight subgroups, the applicant 
noted the following: 

- Gastrointestinal disorders SOC: treatment difference (oral semaglutide vs comparator) 
was Ϩζ̎ζ̤Κ̇̇͟ ̨̲̍̕ ̡̤͍̎̎̕̕Ψζβ ϵ̎ ̲ϲζ фϳ΄ ̄Ϩ Κ̎β ϳ΄,фϵ΄ ̄Ϩ ̨͍ΧϨ̡̨̤͍̕ ̖β̤ϵ͘ζ̎ Χ͟ Pϼ̨ 
vomiting, constipation, abdominal discomfort). 

- Decreased appetite (PT): An inverse correlation to body weight was observed with oral 
semaglutide, but not with comparators. 

- Weight decreased (PT): An inverse correlation to body weight was observed with oral 
semaglutide, but not with comparators. 

These differences may be due to higher exposure in patients with lower weight. 

Baseline renal function 

The trial population was divided into subgroups by baseline renal function (based on estimated 
eGFR clearance according to the MDRD equation) as follows: 
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• N̤̍̕Κ̇ ̤ζ̎Κ̇ π͍̎Ψ̲ϵ̎̕ ̘шϵ΄ ̍щ̄̍ϵ̎ ̡ζ̤ ϭϰϳϯ ̍Ϯ̙ 
• Mϵ̇β ̤ζ̎Κ̇ ϵ̡̍Κϵ̤̍ζ̲̎ ̘ϲ΄,ϴϵ ̍щ̄̍ϵ̎ ̡ζ̤ ϭϰϳϯ ̍Ϯ̙ 
• Moderate renal impairment [<60 mL/min per 1.73 m2] 

Patient̨ ͙ϵ̲ϲ ̨ζ͘ζ̤ζ ̤ζ̎Κ̇ ϵ̡̍Κϵ̤̍ζ̲̎ ̖ϭϱ,ϯ΄ ̍щ̄̍ϵ̎ ̡ζ̤ ϭϰϳϯ ̍Ϯ̗ ̤̕ ζ̎β-stage renal disease 
(<15 mL/min per 1.73 m2) were excluded from all trials. 

Figure 49 AE Overview by Renal Function – Bar Plot – Phase 3a Pool – On-Treatment 

Source: Figure 5-13 ISS 

For the following SOCs and/or PTs, oral semaglutide-related treatment differences were more 
pronounced in patients with renal impairment than in patients with normal renal function: 

- Gastrointestinal disorders SOC (driven in part by PTs nausea, vomiting, dyspepsia) 
- Decreased appetite (PT) 
- Investigations SOC (driven in part by PTs weight decreased, pancreatic enzymes 

increased)
 
- Renal and urinary disorders SOC
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Additionally, PIONEER 5 was a dedicated trial comparing oral semaglutide 14 mg to placebo in 
patients with moderate renal impairment. In this trial, 324 patients with moderate renal 
impairment were randomized to receive either oral semaglutide (163 patients) or placebo (161 
patients). Overall, oral semaglutide was safe and well tolerated in patients with moderate renal 
impairment. A greater proportion of patients treated with oral semaglutide vs placebo had AEs 
(73.6% vs 65.2%), but there was no difference in the proportions of patients with SAEs (10.4% 
vs 10.6%). AEs leading to premature trial product discontinuation were reported in a higher 
proportion of patients with oral semaglutide vs placebo (14.7% vs 5.0%). This was mainly due 
to GI AEs, which were reported by a larger proportion of patients with oral semaglutide than 
placebo (44.8% vs 16.8%) 

Geographic region 

The trial population was divided to subgroups by region as follows: 

• Europe 

• North America (United States, Canada) 

• South America 

• Asia 

• Africa 

Most patients were from Europe, North America, and Asia, with few patients from South 
America and Africa. 
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Figure 50 AE Overview by Region – Bar Plot – Phase 3a Pool – On-Treatment 

Source: Figure 5-19 ISS 

The following SOCs and PTs were associated with differences between the regional subgroups: 
- Gastrointestinal disorders SOC: the overall treatment difference was most pronounced 

in North America and South America, driven by PTs nausea, diarrhea, constipation and 
gastroesophageal reflux disease 

- Headache (PT): a treatment difference was observed with oral semaglutide vs 

comparator only in Africa
 

In conclusion, while the treatment difference for specific PTs was more pronounced in specific 
subgroups, the differences were small and do not necessarily impact the overall safety profile 
of semaglutide. 
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Antidiabetic background medication 

The trial population was divided into subgroups by antidiabetic background medication as 
follows: 

- None 
- Metformin only 
- SU±metformin 
- SGLT-2 inhibitors±metformin 
- Insulin±OADs 
- Other 
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Figure 51 AE Overview by Anti-Diabetic Background Medication – Bar Plot – Phase 3a Pool – 
On-Treatment 

Source: Figure 5-21 ISS 

The following SOCs and PTs were associated with differences across the anti-diabetic 
background medication subgroups: 

- Gastrointestinal disorders SOC: There was a treatment difference in all subgroups; it was 
most pronounced in the insulin±OADs subgroup, driven by PTs nausea, diarrhea, 
vomiting and constipation 

- Nervous system disorders SOC: A treatment difference was present in the SGLT-
2i±metformin subgroup, driven by headache (PT) 
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- Decreased appetite (PT): A treatment difference was most pronounced in the subgroup 
taking insulin±OADs as anti-diabetic background medication 

- Investigations SOC: A treatment difference was mainly present in the insulin±OADs 
subgroup, driven by lipase increased (PT) 

- Renal and urinary disorders SOC: A more pronounced treatment difference was present 
in the SGLT-2i±metformin subgroup compared to the other subgroups 

- Hepatobiliary disorders SOC: A small treatment difference was present in the SGLT-
2i±metformin and insulin±OADs subgroups 

The applicant concludes that, although minor differences were observed between the 
subgroups, the overall safety profile of semaglutide was not substantially affected by different 
antidiabetic background medications. While I generally agree with the applicant assessment, 
some differences were seen in the evaluation of hypoglycemia, however, this is discussed 
separately in section 8.4.4. 

Specific Safety Studies/Clinical Trials 

PIONEER 6 is a CVOT of short duration which was conducted to rule out unacceptable increase 
in CV risk with semaglutide pre-marketing. No increase in CV risk with semaglutide was 
observed pre-marketing. 

Additional Safety Explorations 

Human Carcinogenicity or Tumor Development 

As noted in the Pharmacology and Toxicology review, the administration of semaglutide once 
daily by subcutaneous injection to mice and rats for two years resulted in an increased 
incidence of thyroid C-cell adenoma and combined C-cell adenoma and carcinomas in all 
treated groups. Thyroid neoplasms occurred at the clinical exposure in rats, and at slightly 
higher than the clinical exposure in mice (2X and 5X in female and males, respectively). The 
incidence of C-Ψζ̇̇ ΨΚ̤Ψϵ̎̍̕Κ̨ ͙Κ̨ ̨̲Κ̲ϵ̨̲ϵΨΚ̇̇͟ ̨ϵϨ̎ϵπϵΨΚ̲̎ ϵ̎Ψ̤ζΚ̨ζβ ϵ̎ ̍Κ̇ζ ̤Κ̨̲ Κ̲ ш΄ϰ΄ϭ 
mg/kg/day (0.4X the clinical exposure). A numerical increase in C-cell carcinoma was noted in 
mice. Proliferative C-cell changes in rodents are a known class effect of long-acting GLP-1R 
agonists and have been reported in rodent carcinogenicity studies with liraglutide, exenatide, 
lixisenatide, and dulaglutide. Based on the mechanistic data available for semaglutide and other 
GLP-1R agonists, the absence of GLP-1Rs on normal monkey or human thyroid C-cells, and the 
absence of changes in calcitonin levels or proliferative lesions in chronic monkey studies, the 
applicant believes that the human relevance of rodent C-cell tumors is low. However, it is 
currently unclear whether a lack of calcitonin secretion in non-human primates and humans is a 
valid indicator that a mitogenic signal is not being initiated in these non-rodent species. 
Therefore, the human relevance of C-cell tumors is unknown. Regardless, the potential risk of 
C-cell tumors is captured in the prescribing information for all GLP-1Ras. 
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Information regarding SNAC from the Pharmacology and Toxicology review by Dr Elena 
Braithwhite is outlined below: 

- In a 2-year carcinogenicity study in Sprague Dawley rats, oral doses of 75, 200 or 500 
mg/kg/day (males: 1-, 3-, or 10-fold the clinical AUC0-24h, females: 0.2-, 0.6-, or 7-fold 
the clinical AUCmax) did not result in neoplastic findings that were related to oral SNAC 
exposure. 

- Increased mortality was observed in female rats receiving 200 or 500 mg/kg/day starting 
at ~ Week 80 and SNAC dosing was stopped for the remainder of the study at Week 103 
for the 200 mg/kg/day group and at Week 99 for the 500 mg/kg/day group. No 
consistent cause of death was identified at the histopathological examination. Although 
the typical clinical signs associated with SNAC toxicity were not noted, relationship of 
mortality to SNAC exposure cannot be excluded. 

- In a 26-week carcinogenicity study in rasH2 mice, oral doses of 0, 30, 100, or 300 (males: 
0.01-, 0.06-, or 0.3-fold the clinical AUC0-24h, females: 0.04-, 0.1-, or 0.7-fold the clinical 
AUC0-24h) did not result in neoplastic findings that were related to oral SNAC exposure. 

Please see Pharmacology and Toxicology review by Dr Elena Braithwhite for details. 

Human Reproduction and Pregnancy 

A total of 8 pregnancies were reported in six trials of the oral semaglutide clinical development 
program; 7 in women treated with oral semaglutide and 1 in a woman treated with sitagliptin. 

In all cases, the fetuses were exposed to oral semaglutide for a short time during the first 
trimester, until the pregnancy was discovered and trial product discontinued. No congenital 
anomalies were reported in children of women treated with oral semaglutide. For one patient 
treated with oral semaglutide an SAE (PT: umbilical cord compression) and 2 non-serious AEs 
(PTs: premature baby, jaundice neonatal) related to the baby were reported. 

Table 137 All Pregnancies Reported in the Oral Semaglutide Clinical Development Program 
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Source: Table 5-12 ISS 

(b) (6)

(b) (6)

Pediatrics and Assessment of Effects on Growth 

Not applicable. There is no data on semaglutide in pediatric patients. 

Overdose, Drug Abuse Potential, Withdrawal, and Rebound 

Limited data are available regarding overdoses of semaglutide. Expected adverse events in 
connection with an overdose of semaglutide are GI AEs and hypoglycemia (especially if 
combined with SU and insulin). 

In the phase 3a pool, AEs of overdose (preferred term: overdose, accidental overdose) occurred 
in <0.7% of patients, with no differences between the treatment groups. Only one was an SAE, 
with placebo, and it was an accidental overdose of combination crack/cocaine and alcohol.  No 
events of hypoglycemia were reported within 7 days of any semaglutide overdose. 

One SAE of accidental overdose was identified from PIONEER 6, where one patient took 75 
units of Humalog insulin instead of Tresiba. 
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Safety Concerns Identified Through Postmarket ExperienceNot 
applicable. There is no postmarketing experience with oral semaglutide. 

Subcutaneous semaglutide was approved in 2018.  No new safety concerns have been 
identified in the postmarketing experience to date. 

Expectations on Safety in the Postmarket Setting 

Semaglutide is intended to be prescribed as an adjunct to diet and exercise to improve glycemic 
control in adults with T2DM. No new safety concerns have been identified from review of the 
clinical data, in addition to the safety concerns with the subcutaneous semaglutide and the 
GLP-1 RA class of drugs. 

Additional Safety Issues From Other Disciplines 

Because of issues pertaining of potential SNAC concentration in breast milk (observed in animal 
models, unknown in humans), a postmarketing lactation study was recommended by the 
Division of Pediatrics and Maternal Health (DPMH) for further evaluation. 

Integrated Assessment of Safety 

The safety of oral semaglutide has been studied in 10 phase 3 trials, with over 5000 
semaglutide-treated patients, including patients across the T2DM spectrum, from drug-naïve to 
patients using a variety of background antidiabetics, including metformin, SU, and insulin. The 
clinical program included a study in patients with renal impairment, and a pre-market 
cardiovascular outcomes trial which enrolled patients with high CV risk and other diabetes 
comorbidities. 

Overall, the semaglutide safety profile was consistent across the phase 3 studies, and with the 
known safety profile for GLP1 RAs.  

A number of medical events of special interest were pre-defined and captured across all phase 
3 trials (based on the information already known with other GLP1 RAs), and some of these 
events were adjudicated.  Additional events based on safety from the development program for 
oral semaglutide (lactic acidosis, CK elevations) were added to the list of adverse events of 
interest. 

Semaglutide treatment appears to result in treatment discontinuation more frequently vs all 
comparators, and particularly when compared to placebo. This is mostly due to GI AEs (nausea, 
vomiting, diarrhea, and preferred terms related to abdominal pain), and it was dose dependent 
in studies where more than one dose of semaglutide was evaluated. 

Deaths and SAEs were balanced with semaglutide vs comparator/placebo in the phase 3a and 
placebo pools. Cardiac disorders were the most frequently reported SAEs with both oral 
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semaglutide and comparators. 

As expected with the drug class, GI AEs (nausea, vomiting, diarrhea), reduced appetite and 
weight decrease and hypoglycemia (when combined with insulin or SU) were adverse drug 
reactions most commonly reported with semaglutide. GI AEs were mostly reported as mild or 
moderate, with few events reported as SAEs. Additionally, most of the GI AEs were reported 
during the uptitration period for oral semaglutide, and the GI AEs with semaglutide did appear 
to be dose-dependent. While the GI AEs could lead to dehydration and renal impairment, no 
increase in acute renal events was apparent in the development program. However, this is an 
issue that will require monitoring in post-marketing setting. 

The data do not suggest an increased risk for major adverse cardiovascular events with 
semaglutide. Deaths were balanced in the phase 3a and placebo pools. Overall MACE events 
were less frequent with oral semaglutide vs placebo, although superiority was not 
demonstrated statistically. Events of hospitalization for heart failure were balanced between 
treatment groups in PIONEER 6. 

Renal disorders were reported more frequently with semaglutide vs comparator in the phase 
3a pool, but not in PIONEER 6.  Acute kidney injury was an adjudicated event in the oral 
semaglutide clinical program, and events that were confirmed were further categorized as 
stage 1, 2 or 3. In the phase 3a pool, a marginally higher proportion of patients on semaglutide 
experienced such events, while the reverse was observed in PIONEER 6, the cardiovascular 
outcomes trial. Most of the events in the phase 3a pool were reported from PIONEER 5 which 
was a study in patients with moderate renal impairment. The totality of the evidence does not 
suggest an increase in renal events with oral semaglutide. Renal function tests were generally 
stable over the course of the trials, both with semaglutide and with comparator, and no 
imbalance was seen in renal function outliers. In PIONEER 5, the renal impairment trial, renal 
function parameters were also stable over time with semaglutide 14 mg and placebo. A higher 
number of patients on semaglutide had an eGFR value <30 mL/min/1.73m2 with semaglutide 
(9) vs 5 with placebo, however it is not clear whether this numerical imbalance is due to 
chance. 

As for other GLP-1 RAs, MTC was assessed to be an important potential risk for semaglutide, 
based on nonclinical data and due to the potential serious clinical consequences and impact on 
the individual patient as well as on public health. Only one event of medullary microcarcinoma 
was reported in the clinical development program, and it appears that the pathology was 
preceding the initiation of semaglutide treatment. Calcitonin levels were monitored during the 
trials and few patients had elevated calcitonin levels >50 or >100 ng/L. 

Cholelithiasis was more frequently seen with semaglutide vs placebo in the placebo pool, but 
this was not observed in the phase 3a pool or PIONEER 6 where events were balanced between 
treatment groups. No dose response was observed for semaglutide. Cholecystitis was rare but 
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was reported by a larger proportion of patients in the semaglutide arm vs placebo in the 
placebo pool (4 events with semaglutide vs 0 with placebo). This is in line with safety 
information reported with other members of the class. 

Events of pancreatitis were also adjudicated in the oral semaglutide clinical program. The 
MedDRA search, and the adjudication, did not identify an imbalance between semaglutide and 
comparator regarding pancreatitis events. However, a larger number of pancreatitis events on 
semaglutide were sent for adjudication but not positively adjudicated for reasons that are not 
entirely clear. Regardless, the number of events is low and could represent, at most, a small 
numerical imbalance. The risk of pancreatitis is already outlined in the prescribing information 
for GLP-1RAs. Mean serum amylase and lipase did increase over time with semaglutide, as 
seen with other members of the drug class, but the outliers were balanced between the 
treatment groups. 

A numerical imbalance in certain malignancies was observed in the phase 3a pool, however 
these imbalances were not observed in PIONEER 6. Skin, prostate, lung, colorectal, and thyroid 
cancers were more common with semaglutide vs comparator in the phase 3a pool. It is not 
clear how such malignancies would be the result of semaglutide treatment over such a short 
period of time and is therefore likely that these imbalances were due to chance. Most patients 
had confounding factors, and the number of events was small. Pancreatic cancer events were 
balanced between the treatment groups in the phase 3a pool and PIONEER 6. 

Liver events were balanced between the treatment groups in all pools, and only 2 SAEs of 
potential drug induced lived injury were identified, one on semaglutide and one on placebo, all 
with potential confounders. Most liver events were reported with preferred term hepatic 
steatosis, balanced between treatment groups. Few liver disease SAEs were reported from the 
entire phase 3 program, and they were generally balanced between the treatment groups 
except in the placebo pool where 2 SAEs were reported with semaglutide vs none with placebo. 
Mean levels of liver function parameters were stable over the course of the trials, and outliers 
were balanceβ Χζ̲͙ζζ̎ ̲ϲζ ̲̤ζΚ̲̍ζ̲̎ Ϩ̡̨̤͍̕ϰ ϼ͙̕ ΨΚ̨ζ̨ ̕π H͟ϳ̨ ̇Κ͙ ͙ζ̤ζ ̲̎̕ζβϭ Χ̲̕ϲ ϵ̎ 
PIONEER 6, one on semaglutide and one on placebo. Again, both had alternative etiologies as 
explanation for the liver function abnormality. Overall there is no information to suggest a liver 
safety signal for oral semaglutide. 

Severe hypoglycemia, as expected, was rare. Hypoglycemia was balanced between treatment 
groups in the phase 3a pool, but it occurred at a higher rate with semaglutide vs placebo in the 
placebo pool, and in the renal impairment trial PIONEER 5. Hypoglycemia with semaglutide 
occurred more on a background of insulin and/or insulin secretagogues as expected with this 
drug class. No dose-response was observed for hypoglycemia, likely due to the small number of 
events. 

Semaglutide treatment was associated with an increase in pulse rate which was expected with 
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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 increase in heart rate. 

Semaglutide treatment did not have any impact on creatine kinase levels, and the proportion of 
patients with transient CK elevations was similar between semaglutide and comparator in the 
phase 3a pool and PIONEER 6. 

There were no indications of an immunogenic response against semaglutide as witnessed by 
low frequencies of anti-semaglutide antibodies (0.5%), with no neutralizing antibodies as well 
Κ̨ ̎̕ IϨEϳ̨ϰ F͍̤̲ϲζ̤̤̍̕ζϭ immunogenicity-related AEs were balanced between treatment 
groups. 

The risk of retinopathy with oral semaglutide was evaluated in light of the increased risk 
observed with subcutaneous semaglutide. Eye examinations were performed at screening and 
at the end of treatment for all trials. While marginally more events were identified via MedDRA 
search with semaglutide vs comparators, the results of the eye examinations did not suggest 
any difference between semaglutide and comparator. The significance of these findings in such 
short-term trials is not clear. 

Because of the SNAC component of oral semaglutide, and its potential inhibition of electron 
chain transport, clinical events of lactic acidosis were collected during the trials and 
adjudicated, and lactic acid levels were monitored in selected trials. Few events of lactic 
acidosis were confirmed in the phase 3 program, none with placebo, but otherwise generally 
balanced between semaglutide and comparator. While some events reported with preferred 
term of lactic acidosis were not confirmed by the EAC, all lactic acidosis events had confounders 
such as metformin use, infection and renal failure. Semaglutide did not appear to impact lactic 
acid levels. 

In conclusion, no unexpected safety findings were seen with oral semaglutide vs 
comparator/placebo. The safety profile was generally consistent across sub-groups of sex, age, 
race, ethnicity, CV history, renal function, region, anti-glycemic background medication. 

9. Advisory Committee Meeting and Other External Consultations 

Not applicable. 

10. Labeling Recommendations 

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

Reference ID: 4494441Reference ID: 4497378 

271 



 
  

 
 

 

   
     

  

 
        

    
 

   
        

   
 

     
 

    
   

         
            

   
   

      
     

 
   

      
   

         
  

        
        

       
 

             
   

 
       

      
 

   
 

 
     

      
  

Clinical Review 
Andreea Ondina Lungu 
NDA 213051 
Oral Semaglutide 

Prescription Drug Labeling 

Labeling is not yet finalized at the time of this review. I will discuss my opinion regarding some 
information from the prescribing information below. 

Section 1 Proposed indication: 
TRADENAME is indicated as an adjunct to diet and exercise to improve glycemic control in 
adults with type 2 diabetes mellitus 

Reviewer comment: The indication is supported by the efficacy findings 

Section 2 Dosage and administration 
2.1 Important Administration Instructions 

̓ Instruct patients to take TRADENAME at least 30 minutes before the first food, 
beverage, or medication of the day with no more than 4 ounces of plain water only [see 
Clinical Pharmacology (12.3)]. 

Waiting less than 

(b) (4)

30 minutes, or taking TRADENAME with food, beverages (other than plain water) or 
other medications will lessen the effect of TRADENAME by decreasing its absorption.  

(b) (4)

̓ Swallow TRADENAME whole. Do not split, crush or chew tablets. 
2.2 Recommended Dosage 

̓ Start TRADENAME with 3 mg once daily for 30 days then increase the dose to 7 
mg once daily. 
̓ Dose may be increased to 14 mg once daily if additional glycemic control is 
needed after at least 30 days on the 7 mg dose. 
̓ Taking two 7 mg TRADENAME tablets to achieve a 14 mg dose is not 
recommended. 

̓ If a dose is missed, the missed dose should be skipped, and the next dose should be 
taken the following day. 

Reviewer comment: This is generally reasonable. The details in administration are necessary as 
the absorption of semaglutide and/or SNAC is highly variable. 

Section 5 Warnings and Precautions 
Similar to subcutaneous semaglutide. 

Reviewer comment: The overall presentation is reasonable. Certain details regarding data 
presentation with oral semaglutide particularly for events of pancreatitis are under discussion 
with the applicant. 
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Section 6 Adverse reactions
 
Generally presented as for other members of the class.
 

Section 8 Use in specific populations ̌ Pregnancy and Lactation
 
DPMH was consulted to provide input regarding the pregnancy and lactation section in the 

prescribing information. Based on the currently available clinical and non-clinical data (SNAC
 
present in breast milk in animal studies), DPMH recommended the following language for the 

highlights of the prescribing information:
 

HIGHLIGHTS OF PRESCRIBING INFORMATION 
-----------------------USE IN SPECIFIC POPULATIONS-----------------------­
̓ P̤ζϨ̎Κ̎Ψ͟ϯ MΚ͟ ΨΚ̨͍ζ πζ̲Κ̇ ϲΚ̤̍ ̖ϴϰϭ̗ϰ 
̓ щΚΨ̲Κ̲ϵ̎̕ϯ �̤ζΚ̨̲πζζβϵ̎Ϩ ̲̎̕ ̤ζΨ̍̍̕ζ̎βζβ ̖ϴϰϮ̗ϰ 

̓ Fζ̍Κ̇ζ̨ Κ̎β MΚ̇ζ̨ ̕π Rζ̡̤̕β͍Ψ̲ϵ͘ζ P̲̕ζ̲̎ϵΚ̇ϯ Dϵ̨Ψ̲̎̕ϵ͍̎ζ ϼR!DEN!ME ϵ̎ ͙̍̕ζ̎ Κ̲ least 2 
months before a planned pregnancy due to the long washout period for semaglutide (8.3). 

Please see DPMH review by Dr Jane Liedtka for recommendations for the full prescribing 
information. 

Section 14 Clinical Studies 
The applicant proposes to include efficacy data from studies PIONEER 1-5, and 7, 8, including 
HbA1c, FPG, and weight loss data. Additionally, selected information from PIONEER 6 is to be 
included in support of no increased CV risk with oral semaglutide. 

Reviewer comment: The overall information proposed for inclusion in section 14 of the PI is 
reasonable. Will ask the applicant to make changes to align the label with other members of 
the class, such as presentation of weight data in text format, and presenting only data from the 
main study phase, and not open label study extensions. One major difference from other 
member of the class pertains to the lactation recommendation (do not breastfeed) and it is due 
to the uncertainties related to the SNAC component of oral semaglutide. A postmarketing study 
will be required for clarification. 

Nonprescription Drug Labeling 

Not applicable. 

11. Risk Evaluation and Mitigation Strategies (REMS) 

No REMS was deemed to be necessary for semaglutide. 
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12. Postmarketing Requirements and Commitments
 

The review team is recommending the following Post Marketing Requirements: 
1) Conduct a 26-week, randomized, double-blind, placebo-controlled parallel group 

study of the safety and efficacy of Rybelsus (semaglutide) tablets for the 
treatment of type 2 diabetes mellitus in pediatric patients ages 10 to 17 years 
(inclusive), followed by a 26-week open-label, controlled extension. Background 
therapy will consist of either metformin, insulin, or metformin plus insulin. 

2) Conduct a medullary thyroid carcinoma registry-based case series of at least 15 
years duration to systematically monitor the annual incidence of medullary 
thyroid carcinoma in the United States and to identify any increase related to the 
introduction of Rybelsus (semaglutide) into the marketplace. This study will also 
establish a registry of incident cases of medullary thyroid carcinoma and 
characterize their medical histories related to diabetes and use of Rybelsus 
(semaglutide). 

3) Conduct a milk-only lactation study in lactating women who have received 
Rybelsus (semaglutide) tablets semaglutide oral tablet therapeutically to assess 
concentrations of semaglutide and salcaprozate sodium (SNAC) in breast milk 
using a validated assay. 

The following Post marketing Commitments are recommended as well: 
4) The assay used to monitor neutralizing activity of anti-drug antibodies is not 
sensitive. Develop a sensitive assay to assess the neutralizing activity of anti­
semaglutide antibodies and its cross-neutralizing effect on native GLP-1. 
5) Assess the incidence of neutralizing antibodies to semaglutide and GLP-1 in 
subjects treated with semaglutide. The samples can be derived from pre-existing clinical 
studies, but a plan to select the samples should be agreed upon with the Agency. 

13. Appendices 

References 

NA 

MedDRA Queries used for the safety analyses 

MedDRA version 20.1̌ list of terms within safety focus areas 
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HLGT: higher level group term, HLT: higher level term, NEC: not elsewhere classified, NNMQ: 
Novo Nordisk MedDRA queries, PT: preferred term, SMQ: standard MedDRA queries, SOC: 
system organ class 

1. Gastrointestinal disorders 
SOC gastrointestinal disorders, primary events 

2. Renal disorders 
ϲ϶MQ !Ψ͍̲ζ Rζ̎Κ̇ FΚϵ͍̤̇ζϳϭ ̎Κ̤̤͙̕ ̨Ψ̡̕ζ ̎̇̕͟ 

3. Hypovolemia 
ϲ϶MQϯ Hypovolemic shock condition̨ϳ ̖̎Κ̤̤͙̕ ̨Ψ̡̕ζ̗ + ̲͙̕ Κββϵ̲ϵ̎̕Κ̇ Pϼ̨ϯ H̡̲̕͟ζ̨̎ϵ̎̕ Κ̎β 
϶̎͟Ψ̡̕ζϳϰ 
Note: this area of interest should only be included for trials having SGLT-2 inhibitors as 
background. 

4. Hepatic disorders
 
ϲ϶MQ D̤͍Ϩ ̤ζ̇Κ̲ζβ ϲζ̡Κ̲ϵΨ βϵ̨̤̕βζ̨̤ ̌ Ψ̡̤̍̕ζϲζ̨̎ϵ͘ζ ̨ζΚ̤Ψϲϳϭ ζ͞Ψ̇uding the two sub-SMQs
 
Liver neoplasms, benign (incl cysts and polyps) (SMQ) and Liver neoplasms, malignant and
 
unspecified (SMQ))
 

5. Gallbladder-related disorders
 
SMQ: Biliary tract disorders
 
SMQ: Biliary system related investigations, signs and symptoms
 
SMQ: Gallbladder related disorders
 
SMQ: Gallstone related disorders
 
SMQ: Infectious biliary disorders
 
Narrow scope for all SMQs.
 

6. Cardiovascular disorders
 
Narrow scope only for the following SMQs
 
1. Central nervous system vascular disorders (SMQ);
 
2. Ischemic heart disease (SMQ);
 
3. Cardiac arrhythmias (SMQ);
 
4. Cardiac failure (SMQ);
 
5. Cardiomyopathy (SMQ);
 
6. Embolic and thrombotic events (SMQ) (contains sub-SMQs);
 
7. Shock (SMQ) (contains sub-SMQs);
 
8. Torsade de pointes/QT prolongation (SMQ)
 

7. Pancreatitis
 
SMQ acute pancreatitis, narrow scope.
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HLT acute and chronic pancreatitis (including primary and secondary terms) 

8. Neoplasms 
SOC Neoplasms benign, malignant and unspecified (incl cysts and polyps) (primary and 
secondary terms) 
SMQ Biliary neoplasms 
SMQ Breast neoplasms, malignant and unspecified 
SMQ Liver neoplasms, benign (incl cysts and polyps) 
SMQ Liver neoplasms, malignant and unspecified 
SMQ Malignancies 
SMQ Malignant lymphomas 
SMQ Oropharyngeal neoplasms 
SMQ Ovarian neoplasms, malignant and unspecified 
SMQ Premalignant disorders 
SMQ Prostate neoplasms, malignant and unspecified 
SMQ Skin neoplasms, malignant and unspecified 
SMQ Uterine and fallopian tube neoplasms, malignant and unspecified 
Broad scope for all the SMQs as well as all PTs in the SOC which have not been included in the 
SMQs. 

9. Malignant neoplasms 
SMQ malignant tumors 

10. Diabetic retinopathy and related complications includes the following PTs: 
Amaurosis 
Cystoid macular edema 
Diabetic blindness 
Diabetic eye disease 
Diabetic glaucoma 
Diabetic retinal edema 
Diabetic retinopathy 
Diabetic uveitis 
Exudative retinopathy 
Macular ischemia 
Macular edema 
Macular opacity 
Macular pseudohole 
Maculopathy 
Night blindness 
Papilledema 
Papillophlebitis 
Retinal deposits 
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Retinal detachment 
Retinal exudates 
Retinal hemorrhage 
Retinal ischemia 
Retinal neovascularization 
Retinal edema 
Retinal pallor 
Retinal vascular occlusion 
Retinopathy 
Retinopathy proliferative 
Sudden visual loss 
Visual acuity reduced 
Visual acuity reduced transiently 
Vitreal cells 
Vitreous detachment 
Vitreous hemorrhage 
Vitreous opacities 

11. Lactic acidosis 
϶MQ ϲщΚΨ̲ϵΨ ΚΨϵβ̨̕ϵ̨ϳ ̖Χ̤̕Κβ Κ̎β ̎Κ̤̤͙̕ ̨Ψ̡̕ζ̗ ζ͞Ψ͍̇βϵ̎Ϩ ̲ϲζ Pϼ̨ ϲΧ̇̕̕β ΧϵΨΚ̤Χ̎̕Κ̲ζ 
βζΨ̤ζΚ̨ζβϳ Κ̎β ϲΧ̇̕̕β ΧϵΨΚ̤Χ̎̕Κ̲ζ ΚΧ̤̎̍̕Κ̇ϳ̗ 

12. Immunogenicity
 
Anaphylactic reaction (SMQ)
 
Angioedema (SMQ)
 
Severe cutaneous adverse reactions (SMQ)
 
Anaphylactic/anaphylactoid shock conditions (SMQ)
 
Hypersensitivity (SMQ)
 
Narrow scope for all SMQs .
 

13. Rare events
 
SMQ: Acute renal failure (SMQ), narrow terms only
 
SMQ: Agranulocytosis (SMQ) narrow terms only
 
SMQ: Anaphylactic reaction (SMQ) narrow terms only
 
SMQ: Cardiac arrhythmias (SMQ), broad and narrow
 
SMQ: Cholestasis and jaundice of hepatic origin (SMQ), broad and narrow terms
 
SMQ: Guillain-Barre syndrome (SMQ), narrow terms only
 
SMQ: Hematopoietic cytopenias affecting more than one type of blood cell (SMQ), broad and
 
narrow
 
SMQ: Hematopoietic leukopenia (SMQ), broad and narrow terms
 
SMQ: Hematopoietic thrombocytopenia (SMQ), narrow terms only
 
SMQ: Hepatic failure, fibrosis and cirrhosis and other liver damage-related conditions (SMQ),
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narrow terms only 
SMQ: Hepatitis, non-infectious (SMQ), broad and narrow terms 
SMQ: Severe cutaneous adverse reactions (SMQ), narrow terms only 
SMQ: Interstitial lung disease (SMQ) narrow terms only 
SMQ: Neuroleptic malignant syndrome (SMQ), narrow terms only 
SMQ: Pseudomembranous colitis (SMQ), narrow terms only 
SMQ: Retroperitoneal fibrosis (SMQ), narrow terms only 
SMQ: Acute Pancreatitis, narrow (A) terms only 
SOC: Congenital, familial and genetic disorders (SOC), (primary and secondary routed PTs) 
HLT: Acute and chronic pancreatitis (primary and secondary routed PTs) 
HLT: Angioedemas (primary and secondary routed PTs) 
HLT: Glomerulonephritis and nephrotic syndrome (primary and secondary routed PTs) 
HLT: Nephritis NEC (primary and secondary routed PTs) 
PT: disseminated intravascular coagulation 
PT: Multi-organ failure 
Note: It is only PTs that have not been covered by other search areas, which have been 
included in 
the CTRs. In the safety summary the searches heart rate increased and ability to drive overlap 
with 
the rare search. 

14. Overdose
 
HLT 'Overdoses NEC'.
 
In addition, the following PTs are also included:
 
- Accidental overdose,
 
- Completed suicide,
 
- Suicide attempt
 

15. Medication errors
 
ϲ϶MQ MζβϵΨΚ̲ϵ̎̕ ζ̤̤̤̕ϳϭ Χ̤̕Κβ Κ̎β ̎Κ̤̤͙̕ ̨Ψ̡̕ζ ̲ζ̨̤̍ϰ 

16. Abuse and Misuse 
Drug abuse and dependence (SMQ): all narrow terms, 
From the SMQ Suicide/self-injury, the following selected PTs: Complete suicide, Intentional self 
injury, 
Poisoning deliberate, Suicide attempt, and Assisted suicide. 
From the HLT Intentional Product Misuses the PTs: Intentional device misuse and Intentional 
Product misuse 
From the HLT Intentional product uses issues the PTs: Intentional dose omission and 
Performance 
enhancing product use 
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17. Suspected transmission of an infectious agent 
HLT: Infectious disorders carrier (only primary terms) 
HLT: Infectious transmissions (only primary terms) 

18. Heart rate increased 
Search criteria: the following PTs: 
Tachycardia 
Sinus tachycardia 
Heart rate increased 

Financial Disclosure 

Covered Clinical Study (Name and/or Number): 4221 

Was a list of clinical investigators provided: Yes No (Request list from 
Applicant) 

Total number of investigators identified: 1025 

Number of investigators who are Sponsor employees (including both full-time and part-time 
employees): 0 

Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 
16 

If there are investigators with disclosable financial interests/arrangements, identify the 
number of investigators with interests/arrangements in each category (as defined in 21 CFR 
54.2(a), (b), (c) and (f)): 

Compensation to the investigator for conducting the study where the value could be 
influenced by the outcome of the study: 0 

Significant payments of other sorts: 15 

Proprietary interest in the product tested held by investigator: 0 

Significant equity interest held by investigator in S 

Sponsor of covered study: 0 

Is an attachment provided with details 
of the disclosable financial 
interests/arrangements: 

Yes No (Request details from 
Applicant) 

Is a description of the steps taken to 
minimize potential bias provided: 

Yes No (Request information 
from Applicant) 
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Number of investigators with certification of due diligence (Form FDA 3454, box 3) 1 

Is an attachment provided with the 
reason: 

Yes 
NA 

No (Request explanation 
from Applicant) 

Covered Clinical Study (Name and/or Number): 4222 

Was a list of clinical investigators provided: Yes No (Request list from 
Applicant) 

Total number of investigators identified: 1055 

Number of investigators who are Sponsor employees (including both full-time and part-time 
employees): 0 

Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 
261 

If there are investigators with disclosable financial interests/arrangements, identify the 
number of investigators with interests/arrangements in each category (as defined in 21 CFR 
54.2(a), (b), (c) and (f)): 
Compensation to the investigator for conducting the study where the value could be 
influenced by the outcome of the study: 0 
Significant payments of other sorts: 12 
Proprietary interest in the product tested held by investigator: 0 
Significant equity interest held by investigator in S 
Sponsor of covered study: 0 

Is an attachment provided with details of the 
disclosable financial interests/arrangements: 

Yes No (Request details from 
Applicant) 

Is a description of the steps taken to minimize 
potential bias provided: 

Yes No (Request information 
from Applicant) 

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0 

Is an attachment provided with the reason: Yes No (Request explanation 
from Applicant) 

Covered Clinical Study (Name and/or Number): 4223 

Was a list of clinical investigators provided: Yes No (Request list from 
Applicant) 

Total number of investigators identified: 472 

Number of investigators who are Sponsor employees (including both full-time and part-time 
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employees): 0 

Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 
5 

If there are investigators with disclosable financial interests/arrangements, identify the 
number of investigators with interests/arrangements in each category (as defined in 21 CFR 
54.2(a), (b), (c) and (f)): 

Compensation to the investigator for conducting the study where the value could be 
influenced by the outcome of the study: 0 

Significant payments of other sorts: 5 

Proprietary interest in the product tested held by investigator: 0 

Significant equity interest held by investigator in S 

Sponsor of covered study: 0 

Is an attachment provided with details 
of the disclosable financial 
interests/arrangements: 

Yes No (Request details from 
Applicant) 

Is a description of the steps taken to 
minimize potential bias provided: 

Yes No (Request information 
from Applicant) 

Number of investigators with certification of due diligence (Form FDA 3454, box 3)1 

Is an attachment provided with the 
reason: 

Yes 
NA 

No (Request explanation 
from Applicant) 

Covered Clinical Study (Name and/or Number): 4224 

Was a list of clinical investigators provided: Yes No (Request list from 
Applicant) 

Total number of investigators identified: 381 

Number of investigators who are Sponsor employees (including both full-time and part-time 
employees): 0 

Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 
13 

If there are investigators with disclosable financial interests/arrangements, identify the 
number of investigators with interests/arrangements in each category (as defined in 21 CFR 
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54.2(a), (b), (c) and (f)): 

Compensation to the investigator for conducting the study where the value could be 
influenced by the outcome of the study: 0 

Significant payments of other sorts: 8 

Proprietary interest in the product tested held by investigator: 0 

Significant equity interest held by investigator in S 

Sponsor of covered study: 0 

Is an attachment provided with details 
of the disclosable financial 
interests/arrangements: 

Yes No (Request details from 
Applicant) 

Is a description of the steps taken to 
minimize potential bias provided: 

Yes No (Request information 
from Applicant) 

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0 

Is an attachment provided with the 
reason: 

Yes 
NA 

No (Request explanation 
from Applicant) 

Covered Clinical Study (Name and/or Number): 4233 

Was a list of clinical investigators provided: Yes No (Request list from 
Applicant) 

Total number of investigators identified: 529 

Number of investigators who are Sponsor employees (including both full-time and part-time 
employees): 0 

Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 
9 

If there are investigators with disclosable financial interests/arrangements, identify the 
number of investigators with interests/arrangements in each category (as defined in 21 CFR 
54.2(a), (b), (c) and (f)): 

Compensation to the investigator for conducting the study where the value could be 
influenced by the outcome of the study: 0 

Significant payments of other sorts: 7 

Proprietary interest in the product tested held by investigator: 0 

Significant equity interest held by investigator in S 
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Sponsor of covered study: 1 

Is an attachment provided with details 
of the disclosable financial 
interests/arrangements: 

Yes No (Request details from 
Applicant) 

Is a description of the steps taken to 
minimize potential bias provided: 

Yes No (Request information 
from Applicant) 

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 1 

Is an attachment provided with the 
reason: 

Yes 
NA 

No (Request explanation 
from Applicant) 

Covered Clinical Study (Name and/or Number): 4234 

Was a list of clinical investigators provided: Yes No (Request list from 
Applicant) 

Total number of investigators identified: 538 

Number of investigators who are Sponsor employees (including both full-time and part-time 
employees): 0 

Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 
13 

If there are investigators with disclosable financial interests/arrangements, identify the 
number of investigators with interests/arrangements in each category (as defined in 21 CFR 
54.2(a), (b), (c) and (f)): 

Compensation to the investigator for conducting the study where the value could be 
influenced by the outcome of the study: 0 

Significant payments of other sorts: 12 

Proprietary interest in the product tested held by investigator: 0 

Significant equity interest held by investigator in S 

Sponsor of covered study: 0 

Is an attachment provided with details 
of the disclosable financial 
interests/arrangements: 

Yes No (Request details from 
Applicant) 

Is a description of the steps taken to 
minimize potential bias provided: 

Yes No (Request information 
from Applicant) 

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0 
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Is an attachment provided with the Yes No (Request explanation 
reason: from Applicant) 

Covered Clinical Study (Name and/or Number): 4257 

Was a list of clinical investigators provided: Yes No (Request list from 
Applicant) 

Total number of investigators identified: 411 

Number of investigators who are Sponsor employees (including both full-time and part-time 
employees): 0 

Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 
6 

If there are investigators with disclosable financial interests/arrangements, identify the 
number of investigators with interests/arrangements in each category (as defined in 21 CFR 
54.2(a), (b), (c) and (f)): 

Compensation to the investigator for conducting the study where the value could be 
influenced by the outcome of the study: 0 

Significant payments of other sorts: 6 

Proprietary interest in the product tested held by investigator: 0 

Significant equity interest held by investigator in S 

Sponsor of covered study: 0 

Is an attachment provided with details 
of the disclosable financial 
interests/arrangements: 

Yes No (Request details from 
Applicant) 

Is a description of the steps taken to 
minimize potential bias provided: 

Yes No (Request information 
from Applicant) 

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0 

Is an attachment provided with the 
reason: 

Yes No (Request explanation 
from Applicant) 

Covered Clinical Study (Name and/or Number): 4280 

Was a list of clinical investigators provided: Yes No (Request list from 
Applicant) 
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Total number of investigators identified: 615 

Number of investigators who are Sponsor employees (including both full-time and part-time 
employees): 0 

Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 
7 

If there are investigators with disclosable financial interests/arrangements, identify the 
number of investigators with interests/arrangements in each category (as defined in 21 CFR 
54.2(a), (b), (c) and (f)): 

Compensation to the investigator for conducting the study where the value could be 
influenced by the outcome of the study: 0 

Significant payments of other sorts: 7 

Proprietary interest in the product tested held by investigator: 0 

Significant equity interest held by investigator in S 

Sponsor of covered study: 0 

Is an attachment provided with details 
of the disclosable financial 
interests/arrangements: 

Yes No (Request details from 
Applicant) 

Is a description of the steps taken to 
minimize potential bias provided: 

Yes No (Request information 
from Applicant) 

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0 

Is an attachment provided with the 
reason: 

Yes No (Request explanation 
from Applicant) 

Covered Clinical Study (Name and/or Number): 4281 

Was a list of clinical investigators provided: Yes No (Request list from 
Applicant) 

Total number of investigators identified: 139 

Number of investigators who are Sponsor employees (including both full-time and part-time 
employees): 0 

Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 
0 

If there are investigators with disclosable financial interests/arrangements, identify the 
number of investigators with interests/arrangements in each category (as defined in 21 CFR 
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54.2(a), (b), (c) and (f)): 

Compensation to the investigator for conducting the study where the value could be 
influenced by the outcome of the study: 0 

Significant payments of other sorts: 0 

Proprietary interest in the product tested held by investigator: 0 

Significant equity interest held by investigator in S 

Sponsor of covered study: 0 

Is an attachment provided with details 
of the disclosable financial 
interests/arrangements: 

Yes No (Request details from 
Applicant) 

Is a description of the steps taken to 
minimize potential bias provided: 

Yes No (Request information 
from Applicant) 

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0 

Is an attachment provided with the 
reason: 

Yes No (Request explanation 
from Applicant) 

Covered Clinical Study (Name and/or Number): 4282 

Was a list of clinical investigators provided: Yes No (Request list from 
Applicant) 

Total number of investigators identified: 205 

Number of investigators who are Sponsor employees (including both full-time and part-time 
employees): 0 

Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 
0 

If there are investigators with disclosable financial interests/arrangements, identify the 
number of investigators with interests/arrangements in each category (as defined in 21 CFR 
54.2(a), (b), (c) and (f)): 

Compensation to the investigator for conducting the study where the value could be 
influenced by the outcome of the study: 0 

Significant payments of other sorts: 0 

Proprietary interest in the product tested held by investigator: 0 

Significant equity interest held by investigator in S 

Sponsor of covered study: 0 
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Is an attachment provided with details 
of the disclosable financial 
interests/arrangements: 

Yes No (Request details from 
Applicant) 

Is a description of the steps taken to 
minimize potential bias provided: 

Yes No (Request information 
from Applicant) 

Number of investigators with certification of due diligence (Form FDA 3454, box 3) 0 

Is an attachment provided with the 
reason: 

Yes No (Request explanation 
from Applicant) 
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	1. Executive Summary. 
	Product Introduction 
	Figure

	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
	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 
	Conclusions on the Substantial Evidence of Effectiveness 
	Figure

	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 bas
	CDER Clinical Review Template 
	Version date: September 6, 2017 for all NDAs and BLAs 
	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 
	Version date: September 6, 2017 for all NDAs and BLAs 
	Benefit-Risk 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. 
	Benefit-Risk Integrated Assessment 

	Semaglutide would be the 7product in the GLP-1 receptor agonist class and would be the 1oral GLP-1 receptor agonist. 
	th 
	st 

	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 met
	In all the efficacy trials, as well as the Japanese trials, semaglutide showed a dose-dependent reduction on HbA1c, 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, b
	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 l
	The clinical benefits of semaglutide outweigh the risks. The safety profile is similar to other approved GLP-1 Ras. 
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	Reference ID: 4494441
	Reference ID: 4497378 
	I recommend approval of semaglutide for improving glycemic control in patients with T2DM. 
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	Reference ID: 4497378 
	Benefit-Risk Dimensions 
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	Patient Experience Data 
	Figure

	Not applicable. Validated patient experience data (e.g., experiences with a disease or 
	Ψ̎̕βϵ̲ϵ̎̕ϭ ϵ̎Ψ͍̇βϵ̎Ϩ ̲ϲζ ϵ̡̍ΚΨ̲ ̕π ̨͍Ψϲ βϵ̨ζΚ̨ζ ̤̕ Ψ̎̕βϵ̲ϵ̎̕ϭ ̤̕ Κ ̤ζ̇Κ̲ζβ ̲ϲζ̤Κ̡͟ϭ ̎̕ ̡Κ̲ϵζ̨̲̎ϳ 
	lives; and patient preferences with respect to treatment of such disease or condition) were not reviewed as part of this review. 
	2. Therapeutic Context 
	Analysis of Condition 
	Figure

	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 resista
	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. 
	Analysis of Current Treatment Options 
	Figure

	Several classes of drugs are currently approved for the treatment of T2DM, used either alone or in combination. These drug classes include: 
	̓ Biguanides (i.e. metformin) 
	̓ Sulfonylureas 
	̓ Thiazolidinediones (TZDs) 
	̓ Meglitinides 
	̓ Dipeptidyl peptidase-4 (DPP-4) inhibitors 
	̓ Glucagon-like peptide-1 receptor agonists (GLP-1 RA) CDER Clinical Review Template 
	Version date: September 6, 2017 for all NDAs and BLAs 
	̓ SGLT2 inhibitors 
	̓ Alpha-glucosidase inhibitors 
	̓ Amylin-mimetics 
	̓ Dopamine agonist (i.e. bromocriptine) 
	̓ Insulin and insulin analogues 
	̓ 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 
	ϲ̡̕͟Ϩ̇͟Ψζ̍ϵΚϭ ̲ϲϵΚͤ̇̕ϵβϵ̎ζβϵ̎̕ζϳ̨ ̖ϼ̗D̨̗ ̍Κ͟ Χζ Κ̨̨̕ΨϵΚ̲ζβ ͙ϵ̲ϲ ζβζ̍Κ Κ̎β Κ̤ζ ̲̎̕ π̤̕ ̨͍ζ ϵ̎ 
	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. !ββϵ̲ϵ̎̕Κ̇̇͟ϭ ̡̤̕Ϩ̤ζ̨̨ϵ͘ζ ̌-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-diabe
	3. Regulatory Background 
	U.S. Regulatory Actions and Marketing History 
	Figure

	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 anti­hyperglycemics, they are all in subcutaneous injection form, and oral semaglutide would be the first oral GLP-1 RA drug product. 
	Summary of Presubmission/Submission Regulatory Activity 
	Figure

	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 CDER Clinical Review Template 
	Version date: September 6, 2017 for all NDAs and BLAs 
	expressed concern regarding limited placebo-controlled data
	 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.  
	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.  
	April 11, 2018. Type C Meeting ̌ Discussion of CV assessment strategy 
	April 23, 2018. Advice/Information request on CV bridging strategy for. semaglutide injection and tablets. 
	December 28, 2019. 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.. 
	CDER Clinical Review Template 
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	Foreign Regulatory Actions and Marketing History 
	Figure

	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 
	Office of Scientific Investigations (OSI) 
	Figure

	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 OSI review by Dr Cynthia Kleppinger for details regarding the inspections performed and results. 
	Product Quality 
	Figure

	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 
	Drug substance 

	The chemical name is N[(S)-(22,40-dicarboxy-10,19,24-trioxo-3,6,12,15-tetraoxa-9,18,23­triazatetracontan-1-oyl)] [Aib, Arg]GLP-1-(7-37) peptide. 
	̐Ϯϲ 
	8
	34
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	Figure 1 Chemical Structure of Semaglutide 
	Source: Figure 1 Introduction document 
	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. 
	Drug product 

	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. 
	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. 
	Immunogenicity 

	Clinical Microbiology 
	Figure

	Not applicable. 
	Nonclinical Pharmacology/Toxicology 
	Figure

	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. 
	CDER Clinical Review Template 
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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 o
	14

	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-rel
	14

	SNAC had a similar in vitro metabolite profile in humans, monkeys and rats. SNAC quickly undergoes rounds of conjugation into glucuronidζ ̍ζ̲ΚΧ̇̕ϵ̲ζ̨ Κ̎β ̌-oxidation by phase II enzymes. Glucuronidation reactions were facilitated most efficiently by UGT2B7 with additional contributions by UGT1A8 and UGT1A7 using uridine diphosphate glucuronic acid as a ̨͍Χ̨̲̤Κ̲ζϰ ̌-oxidized metabolites (E494 and E506) were at least 10-times less potent inhibitors of ATP biosynthesis in mitochondria and glucuronidated metabo
	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 
	CDER Clinical Review Template 
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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. 
	Clinical Pharmacology 
	Figure

	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: 
	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 
	CDER Clinical Review Template 
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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. 
	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 w
	SNAC 

	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. 
	Devices and Companion Diagnostic Issues 
	Figure

	Not applicable. 
	Consumer Study Reviews 
	Figure

	Not applicable. 
	5. Sources of Clinical Data and Review Strategy 
	Table of Clinical Studies 
	Figure

	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 
	CDER Clinical Review Template 
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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 o
	Figure 2 Semaglutide Phase 3 Development Program 
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	Table 1 Background Therapies 
	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 befor
	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 
	CDER Clinical Review Template 
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	CDER Clinical Review Template 
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	Source: Reviewer generated using the tabular listing of clinical trials provided by the applicant 
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	Review Strategy 
	Figure

	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 eff
	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 
	-CVOT 
	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 
	PIONEER 1 (4233) 
	Figure

	Study Design 
	Figure

	Overview and Objective 
	: 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 
	Study title

	: 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. 
	Primary objective

	CDER Clinical Review Template 
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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: 
	Key inclusion/exclusion criteria: 

	•. 
	•. 
	•. 
	Inclusion criteria included adult patients with T2DM, HbA1c 7-9.5%, treated with diet and exercise for at least 30 days prior to screening. 

	•. 
	•. 
	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 <6event within 90 days before randomization, heart failure (New York Heart Association class IV), known proliferative retinopathy or maculopathy. 
	0 mL/min/1.73 m2 per MDRD formula), acute coronary or cerebrovascular 



	Dose selection/Study treatments: 
	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 below. 
	Table 3 
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	Table 3 Dose Escalation and Treatment Periods 
	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 naïve, no other antidiabetic medications were allowed except for. rescue medication.. 
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	Compliance was assessed by monitoring of drug accountability.. 
	Treatment compliance. 

	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. .
	<

	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. .
	Patient completion, discontinuation, or withdrawal. 

	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 HbA1c to week 26. 
	Confirmatory secondary endpoint: -Change in body weight from baseline to week 26
	1 

	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, 
	Secondary endpoint with control for type 1 error CDER Clinical Review Template 
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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 
	Source: Figure 9-7 CSR PIONEER 1 
	Definition of the analysis sets 
	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 
	Definition of observation periods 
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	Missing data: 
	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. 
	I reviewed the protocol amendments and they are not likely to have impacted the results of the study. 
	Study Results 
	Figure

	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 HbA1c 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 
	͙ϵ̲ϲ͍̲̕ ̤ζΨζϵ͘ϵ̎Ϩ ̤ζ̨Ψ͍ζ ̍ζβϵΨΚ̲ϵ̎̕ ͙Κ̨ Ϩ̤ζΚ̲ζ̤ ͙ϵ̲ϲ ̤̕Κ̇ ̨ζ̍ΚϨ͍̲̇ϵβζ ̖ϴϱϰϭ,ϴϳϰϰ%̗ ̲ϲΚ̎ ͙ϵ̲ϲ 
	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 
	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-̇ζ͘ζ̇ PD Χζ̇̎̕Ϩζβ ̲̕ ̲ϲζ ϲ!̨̨ζ̨̨̍ζ̲̎ βζ͘ϵΚ̲ϵ̎̕ ̖ϵ̎Ψ̇ϰ ̇ΚΧ̗ϳ ΨΚ̲ζϨ̤̕͟ Κ̎β Ψ̎̕Ψζ̤̎ζβ 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 Χζ̇̎̕Ϩζβ ̲̕ ̲ϲζ ϲO̲ϲζ̤ϳ ΨΚ̲ζϨ̤̕͟ Κ̎β Ψ̎̕Ψζ̤̎ζβ Κ Ϯ-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 
	Source: Table 10-5 CSR PIONEER 1 
	I evaluated details provided by the applicant regarding these deviations, and I 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 HbA1c 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 and was similar across treatment groups. 
	estimated GFR was 98 mL/min/1.73 m
	2 

	Table 7 Demographics and Baseline Characteristics – Continuous Variables, PIONEER 1 
	Source: Modified from Table 10-2 CSR PIONEER 1 
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	Table 8 Demographics and Baseline Characteristics for Categorical Variables – PIONEER 1 
	Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs) 
	The most frequent and clinically relevant concomitant illnesses for all treatment groups were; dyslipidemia (24.7̌30.9%), obesity (20.6̌23%), gastrointestinal disorders (11.4̌18.3%), hepatic steatosis (9.7̌12.6%) and hypothyroidism (1.7̌8.0%), neoplasms (3.4̌8.0%), vascular disorders (1.7̌8.0%), psychiatric disorders (8.0̌11.4%), which included depression (1.1̌6.9%). 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 CDER Clinical Review Template 
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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 
	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 HbA1c 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. 
	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 bąζ̇ϵ̎ζ ͙ζ̤ζ ,΄ϰϵϭ ,ϭϰϯ Κ̎β ,ϭϰϱ %-points with oral semaglutide 3, 7 and 14 mg, respectively, and ,΄ϰϯ %-points with placebo. 
	Figure 3 Mean HbA1c by Week – Mean Plot – PIONEER 1 
	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; I did not identify any issues. 
	Efficacy Results – Secondary and other relevant endpoints 
	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. 
	Change in body weight 

	Figure 4 Mean Body Weight Over Time PIONEER 1 
	Source: Figure 11-1 CSR PIONEER 1 
	HbA1c treatment targets 
	HbA1c treatment targets 

	A higher proportion of patients achieved a target HbA1c 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 HbA1c 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 HbA1c 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. 
	PIONEER 2 (4223) 
	Figure

	Study Design 
	Figure

	Overview and Objective 
	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 
	Study title: 

	: 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. 
	Primary objective

	CDER Clinical Review Template. 
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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 
	Source: Figure 9-1 CSR PIONEER 2 
	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. .
	Key inclusion/exclusion criteria:. 

	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. .
	Dose selection/Study treatments:. 

	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. 
	Similar to PIONEER 1. 
	Dose modification/discontinuation: 

	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.. 
	Compliance was assessed by monitoring of drug accountability.. 
	Treatment compliance. 

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

	Study Endpoints 
	The primary endpoint was change from baseline to week 26 in HbA1c (%-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 HbA1c 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 provϵβζ Κ шϵ΄% ̨̲Κ̲ϵ̨̲ϵΨΚ̇ ̡͙̕ζ̤ ̲̕ Ψ̎̕πϵ̤̍ HΧ!ϭΨ ̨̡͍ζ̤ϵ̤̕ϵ̲͟ Κ̎β Κ шϴϱ% ̨̲Κ̲ϵ̨̲ϵΨΚ̇ ̡͙̕ζ̤ ̲̕ confirm body weight superiority of oral semaglutide 14 mg versus empagliflozin 25 mg. In total 2×408 = 816 patients were planned to be randomized. 
	The first hypothesis to be tested was non-inferiority on HbA1c 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 
	Source: Figure 9-7 CSR PIONEER 2 
	Analysis populations 
	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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	HbA1c measurement and were exposed to trial product and have at least one valid HbA1c 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 
	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 -!ββζβ ̲ζ̲͞ ̲̕ ϲϵϨϲ̇ϵϨϲ̲ ̲ϲζ ϵ̎͘ζ̨̲ϵϨΚ̲̤̕ϳ̨ 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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	Study Results 
	Figure

	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 
	Figure

	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 ͙ϵ̲ϲβ̤Κ͙Κ̇ π̤̍̕ ̲̤ϵΚ̇ ̖ϭϰϲ%̗ϭ Κ̎β ϲO̲ϲζ̤ϳ ̤ζΚ̨̨̎̕ ̖ϰϰ΄%̗. 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
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	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 HbA1c 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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	O̎ζ PD Χζ̇̎̕Ϩζβ ̲̕ ̲ϲζ ϲ!̨̨ζ̨̨̍ζ̲̎ βζ͘ϵΚ̲ϵ̎̕ ̖ϵ̎Ψ̇ϰ ̇ΚΧ̗ϳ ΨΚ̲ζϨ̤̕͟ Κ̎β Ψ̎̕Ψζ̤̎ζβ ̲ϲζ ̤ζ̡̤̲̕ϵ̎Ϩ 
	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.  
	ϼϲζ ̨ζΨ̎̕β PD Χζ̇̎̕Ϩζβ ̲̕ ̲ϲζ ϲO̲ϲζ̤ϳ ΨΚ̲ζϨ̤̕͟ Κ̎β Ψ̎̕Ψζ̤̎ζβ Κ βζ͘ϵΚ̲ϵ̎̕ π̤̍̕ ̲ϲζ 
	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 
	The other protocol deviations are summarized in the table below. 
	Source: Table 10-5 study report 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 CDER Clinical Review Template 
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	committee members, and, in the safety section, I 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. 

	Source: Modified from Table 10-2 CSR PIONEER 2 
	CDER Clinical Review Template 
	Version date: September 6, 2017 for all NDAs and BLAs 
	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 patient̨ ͙ϵ̲ϲ ϲΚΧ̤̎̍̕Κ̇ϭ ̲̎̕ Ψ̇ϵ̎ϵΨΚ̇̇͟ ̨ϵϨ̎ϵπϵΨΚ̲̎ϳ Κ̎β ϲΚΧ̤̎̍̕Κ
	Gallbladder and GI 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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	Source: Table 10-4 CSR PIONEER 2 
	Efficacy Results -Primary Endpoint 
	Change in HbA1c 
	Change in HbA1c 

	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 HbA1c at week 26 (treatment policy estimand). 
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	Source: Table 11-1 CSR PIONEER 
	Source: Table 11-1 CSR PIONEER 
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	through weeks 20-26 the HbA1c levels decreased additionally with oral semaglutide 14 mg; .while with empagliflozin 25 mg a plateau was reached.. 
	HbA1c levels decreased from baseline to week 8 in both treatment group. From week 
	8 .

	Figure 7 HbA1c (% and mmol/mol) by Week – PIONEER 
	Figure 7 HbA1c (% and mmol/mol) by Week – PIONEER 
	2. 

	Source: Figure 11-2 CSR PIONEER 
	Source: Figure 11-2 CSR PIONEER 
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	Dimension 
	Dimension 
	Dimension 
	Evidence and Uncertainties 
	Conclusions and Reasons 

	Analysis of Condition 
	Analysis of Condition 
	• 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, hyper
	• Diabetes is a serious condition associated with chronic morbidity and premature death. • Glycemic control of diabetes improves microvascular complications. 

	Current Treatment Options 
	Current Treatment Options 
	• 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. 

	Benefit 
	Benefit 
	• Semaglutide reduced HbA1c 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 HbA1c and proportion achieving a HbA1c 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 


	Dimension 
	Dimension 
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	Evidence and Uncertainties 
	Conclusions and Reasons 

	TR
	patient compliance. 

	Risk and Risk Management 
	Risk and Risk Management 
	• 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 n
	• 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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	Clinical Overview. 
	An overview o
	f the distribution of the background medications 
	by study 
	is presented below. .



	Source: Table 1-1 Clinical Overview 
	Trial Identity 
	Trial Identity 
	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 
	Controlled Studies to Support Efficacy and Safety 


	Trial Identity 
	Trial Identity 
	Trial Identity 
	Trial Design 
	Regimen/ schedule/ route 
	Study Endpoints 
	Treatment Duration/ Follow Up 
	No. of patients enrolled 
	Study Population 

	PIONEER 
	PIONEER 
	Semaglutide 
	1) Semaglutide 
	Change from 
	26 weeks 
	703 
	Multinational 

	1-4233 
	1-4233 
	vs placebo monotherapy DB 
	(3, 7, and 14 mg) 2) Placebo 
	baseline in HbA1c 
	(incl. US); T2DM; diet and exercise only HbA1c 7-9.5% 

	PIONEER 
	PIONEER 
	Semaglutide 
	1) Semaglutide 
	Change from 
	52 weeks 
	821 
	Multinational 

	2 -4223 
	2 -4223 
	vs SGLT2 inhibitor OL 
	14 mg 2) Empagliflozin 25 mg 
	baseline in HbA1c 
	(incl. US); T2DM; inadequately controlled on metformin HbA1c 7-10.5% 

	PIONEER 
	PIONEER 
	Semaglutide 
	1) Semaglutide 
	Change from 
	78 weeks 
	1862 
	Multinational 

	3 -4222 
	3 -4222 
	vs DPP-4 inhibitor DB 
	(3, 7, and 14 mg) 2) Sitagliptin 100 mg 
	baseline in HbA1c 
	(incl. US); T2DM; Inadequately controlled on metformin +/-SU 

	PIONEER 
	PIONEER 
	Semaglutide 
	1) Semaglutide 
	Change from 
	52 weeks 
	711 
	Multinational 

	4 -4224 
	4 -4224 
	vs GLP-1 RA DB 
	14 mg 2) Liraglutide 1.8 mg 3) Placebo 
	baseline in HbA1c 
	(incl. US); T2DM; Inadequately controlled on metformin +/­SGLT2i 

	PIONEER 
	PIONEER 
	Semaglutide 
	1) Semaglutide 14 mg 
	Change from 
	26 weeks 
	324 
	Multinational 

	5 -4234 
	5 -4234 
	vs placebo DB 
	2) Placebo 
	baseline in HbA1c 
	(incl. US); T2DM; with moderate renal impairment inadequately controlled on metformin +/­SU, basal insulin alone, or metformin in combination with basal insulin 

	PIONEER 
	PIONEER 
	Flexible dose 
	1) Semaglutide 
	Change from 
	52 weeks 
	504 
	Multinational 

	7 -4257 
	7 -4257 
	vs sitagliptin OL 
	flexible dose 2) Sitagliptin 100 mg 
	baseline in HbA1c 
	(incl. US); T2DM; inadequately controlled on 1­2 OADs 

	PIONEER 
	PIONEER 
	Insulin add-on 
	1) Semaglutide 
	Change from 
	52 weeks 
	731 
	Multinational 

	8 -4280 
	8 -4280 
	vs placebo DB for the first 26 weeks 
	(3, 7, and 14 mg) 2) Placebo 
	baseline in HbA1c 
	(incl. US); T2DM; background of insulin 

	Studies to Support Safety 
	Studies to Support Safety 


	Trial Identity 
	Trial Identity 
	Trial Identity 
	Trial Design 
	Regimen/ schedule/ route 
	Study Endpoints 
	Treatment Duration/ Follow Up 
	No. of patients enrolled 
	Study Population 

	PIONEER 6 -4221 
	PIONEER 6 -4221 
	Semaglutide vs placebo cardiovascular outcomes study DB 
	1) Semaglutide 14 mg 2) Placebo 
	Time from randomization to first occurrence of a MACE, defined as cardiovascular death, nonfatal myocardial infarction, or non-fatal stroke 
	Event-driven 
	3183 
	Multinational (incl. US); T2DM; high risk of CV events 

	Other studies pertinent to the review of efficacy or safety – Studies in Japanese population 
	Other studies pertinent to the review of efficacy or safety – Studies in Japanese population 

	PIONEER 9 -4281 
	PIONEER 9 -4281 
	Monotherapy vs placebo and liraglutide DB 
	1) Semaglutide (3, 7, and 14 mg) 2) Placebo 3) Liraglutide 0.9 mg daily 
	52 weeks 
	243 
	Japan; T2DM; 

	PIONEER 10 ­4282 
	PIONEER 10 ­4282 
	Semaglutide vs dulaglutide OL 
	1) Semaglutide (3, 7, 14 mg) 2) Dulaglutide 0.75 mg weekly 
	52 weeks 
	308 
	1) Japan; T2DM; inadequately controlled on one OAD 


	Source: Table 9-1 CSR 
	Figure
	-
	-
	-
	ϲI̎-̲̤ϵΚ̇ϳ ̕Χ̨ζ̤͘Κ̲ϵ̎̕ ̡ζ̤ϵ̕β ̤ζ̡̤ζ̨ζ̨̲̎ ̲ϲζ ̡ζ̤ϵ̕β Κπ̲ζ̤ ̤Κ̎β̍̕ϵͤΚ̲ϵ̎̕ until the final 

	TR
	scheduled visit, including any period after initiation of rescue medication or premature 

	TR
	discontinuation 

	-
	-
	ϲO̎-̲̤ζΚ̲̍ζ̲̎ϳ ̕Χ̨ζ̤͘Κ̲ϵ̎̕ ̡ζ̤ϵ̕β ϵ̎Ψ͍̇βζ̨ ̲ϲζ ̡ζ̤ϵ̕β ͙ϲζ̎ ̲ϲζ ̡Κ̲ϵζ̨̲̎ ͙ζ̤ζ ζ̡͞ζΨ̲ζβ 

	TR
	to be treated and exposed to the trial product.  

	-
	-
	ϲO̎-treatmζ̲̎ ͙ϵ̲ϲ͍̲̕ ̤ζ̨Ψ͍ζ ̍ζβϵΨΚ̲ϵ̎̕ϳ ̡ζ̤ϵ̕β ϵ̎Ψ͍̇βζβ ̕Χ̨ζ̤͘Κ̲ϵ̨̎̕ ̤ζΨ̤̕βζβ π̤̍̕ 

	TR
	the first dose of trial product until the occurrence of initiation of rescue medication 
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	Source: Modified from Table 10-3 CSR PIONEER 1 
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	Table 10 Primary and Confirmatory Secondary Endpoints – Primary Statistical Analyses – Treatment Policy Estimand, PIONEER 1 
	Table 10 Primary and Confirmatory Secondary Endpoints – Primary Statistical Analyses – Treatment Policy Estimand, PIONEER 1 
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	Table 11 Patient Disposition PIONEER 2 
	Table 11 Patient Disposition PIONEER 2 
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	Table 12 Important Site and Patient-Level Protocol Deviations, PIONEER 2 
	Table 12 Important Site and Patient-Level Protocol Deviations, PIONEER 2 
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	Table 13 Baseline Characteristics and Demographics – Continuous Variables PIONEER 2 
	Table 13 Baseline Characteristics and Demographics – Continuous Variables PIONEER 2 
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	Table 14 Baseline Characteristics and Demographics – Categorical Variables – PIONEER 2 
	Table 14 Baseline Characteristics and Demographics – Categorical Variables – PIONEER 2 
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	Table 15 Additional Anti-Diabetic Medication and Rescue Medication at week 26 and 52 – PIONEER 2 
	Table 15 Additional Anti-Diabetic Medication and Rescue Medication at week 26 and 52 – PIONEER 2 
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	Table 16 Primary and Confirmatory Secondary Endpoints – PIONEER 
	Table 16 Primary and Confirmatory Secondary Endpoints – PIONEER 
	Table 16 Primary and Confirmatory Secondary Endpoints – PIONEER 
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	Figure
	CDER Clinical Review Template 
	Version date: September 6, 2017 for all NDAs and BLAs 
	The estimated changes from baseline in HbA1c at ͙ζζ̄ Ϯϲ ͙ζ̤ζ ,ϭϰϯ% ͙ϵ̲ϲ ̤̕Κ̇ ̨ζ̍ΚϨ͍̲̇ϵβζ ϭϰ ̍Ϩϭ Κ̎β ,΄ϰϵ% ͙ϵ̲ϲ ζ̡̍ΚϨ̇ϵπ̇ͤ̕ϵ̎ 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; I did not identify any issues. 
	Efficacy Results -Secondary and other relevant endpoints 
	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 
	Change in body weight 

	̨ζ̍ΚϨ͍̲̇ϵβζ ϭϰ ̍Ϩ ̖,ϯϰϵ ̄Ϩ̗ Κ̎β ζ̡̍ΚϨ̇ϵπ̇ͤ̕ϵ̎ Ϯϱ ̍Ϩ ̖,ϯϰϴ ̄Ϩ̗ϰ 
	At weeks 26 and 52, the proportions of patients who reached ̲ϲζ !!.E ̖чϲϰϱ%̗ ̤̕ !D! ̖фϳϰ΄%̗ HbA1c treatment targets were greater with oral semaglutide than with empagliflozin. 
	HbA1c treatment targets 

	For HbA1c <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 I 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. 
	PIONEER 3 (4222) 
	Figure

	Study Design 
	Figure

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

	: 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. 
	Primary objective

	Secondary objectives: 
	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 
	Figure
	Source: Figure 9-1 CSR PIONEER 3 
	A total of 1860 adult male and female patients with T2DM were planned for enrolment.. 
	Similar to PIONEER 2 with the following difference:. 
	Key Inclusion/Exclusion Criteria:. 

	-Background medication was staḃζ βΚϵ̇͟ β̨̕ζ ̕π ̍ζ̲π̤̍̕ϵ̎ ̖шϭϱ΄΄ ̍Ϩ ̤̕ ̍Κ͞ϵ͍̍̍ tolerated dose as documented in the patient medical record) alone or in combination 
	͙ϵ̲ϲ ϶̀ ̖ш ϲΚ̇π ̕π ̲ϲζ ̍Κ͞ϵ͍̍̍ Κ̡̡̤̕͘ζβ β̨̕ζ ΚΨΨ̤̕βϵ̎Ϩ ̲̕ ̇̕ΨΚ̇ ̇ΚΧζ̇ ̤̕ ̍Κ͞ϵ͍̍̍ 
	tolerated dose as documented in the patient medical record) within 90 days prior to the day of screening. 
	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 selection/Study treatments:. 

	Similar to PIONEER 2. 
	Dose modification/discontinuation: 

	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.. 
	Compliance was assessed by monitoring of drug accountability.. 
	Treatment compliance. 

	Rescue medications Rescue medication criteria based on FPG and HbA1c 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 ͙Κ̨ Κ̲ ̲ϲζ ϵ̎͘ζ̨̲ϵϨΚ̲̤̕ϳ̨ βϵ̨Ψ̤ζ̲ϵ̎̕ ΚΨΨ̤̕βϵ̎Ϩ ̲̕ ̡̤̕πζ̨̨ϵ̎̕Κ̇ Ϩ͍ϵβζ̇ϵ̎ζ̨ϭ with the exception that GLP-1 RAs, DPP-4 inhibitors and pramlintide were not allowed.  
	Similar to PIONEER 2. 
	Patient completion, discontinuation, or withdrawal 

	Study Endpoints 
	Primary and confirmatory secondary endpoints were the same as for PIONEER 2. 
	Statistical Analysis Plan 
	CDER Clinical Review Template 
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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, HbA1c 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 strate
	Figure 9 Statistical Testing Strategy PIONEER 3 
	Figure
	Source: Figure 9-7 CSR PIONEER 3. Analysis sets and observation periods were the same as for the other PIONEER trials.. 
	Protocol Amendments 
	CDER Clinical Review Template 
	Version date: September 6, 2017 for all NDAs and BLAs 
	There were 5 amendments to the protocol as seen below. 
	Source: Table 9-13 CSR PIONEER 3 
	Table 17 Amendments to the Protocol PIONEER 3 
	Table 17 Amendments to the Protocol 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 cal
	Study Results 
	Figure

	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 semag
	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 π͙̇̇̕̕ϵ̎Ϩ ̤ζΚ̨̨̎̕ϯ Κβ͘ζ̨̤ζ ζ͘ζ̨̲̎ ̖ϱϰϰ,ϭϭϰϲ%̗ϭ patient ͙ϵ̲ϲβ̤Κ͙Κ̇ π̤̍̕ ̲̤ϵΚ̇ ̖΄ϰϰ,Ϯϰϲ%̗ϭ ͘ϵ̇̕Κ̲ϵ̎̕ ̕π ϵ̎Ψ̨͍̇ϵ̎̕ ̤̕ ζ͞Ψ̨͍̇ϵ̎̕ Ψ̤ϵ̲ζ̤ϵΚ ̖΄ϰϲ,ϭϰϭ%̗ Κ̎β ϲO̲ϲζ̤ϳ ̤ζΚ̨̨̎̕ ̖ϰϰϵ,ϳϰϯ%̗. 
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	Figure
	Table 18 Patient Disposition Summary PIONEER 3. 
	Table 18 Patient Disposition Summary PIONEER 3. 


	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 
	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-̇ζ͘ζ̇ βζ͘ϵΚ̲ϵ̎̕ Χζ̇̎̕Ϩζβ ̲̕ ̲ϲζ ϲ!̨̨ζ̨̨̍ζ̲̎ βζ͘ϵΚ̲ϵ̎̕ ̖ϵ̎Ψ̇ϰ ̇ΚΧ̗ϳ ΨΚ̲ζϨ̤̕͟ Κ̎β 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-̇ζ͘ζ̇ PD Χζ̇̎̕Ϩζβ ̲̕ ̲ϲζ ϲI̎Ψ̇ϰ̄E͞Ψ̇ϰ̄RΚ̎βϰ .̤ϵ̲ζ̤ϵΚϳ ΨΚ̲ζϨ̤̕͟ Κ̎β Ψ̎̕Ψζ̤̎ζβ 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. 
	O̎ζ Ψ͍̲̤̎̕͟ ̇ζ͘ζ̇ PD Χζ̇̎̕Ϩζβ ̲̕ ̲ϲζ ϲI̎π̤̍̕ζβ Ψ̨̎̕ζ̲̎ϳ ΨΚ̲ζϨ̤̕͟ Κ̎β Ψ̎̕Ψζ̤̎ζβ Κ̎ ζ̤̤̤̕ ϵ̎ 
	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-lζ͘ζ̇ PD Χζ̇̎̕Ϩζβ ̲̕ ̲ϲζ ϲO̲ϲζ̤ϳ ΨΚ̲ζϨ̤̕͟ Κ̎β Ψ̎̕Ψζ̤̎ζβ ̇Κ̲ζ βϵ̨̲̤ϵΧ͍̲ϵ̎̕ 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: 
	CDER Clinical Review Template 
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	Source: Table 10-5 study report 
	Table 19 Summary of Important Site and Patient-Level Protocol Deviations PIONEER 3 
	Table 19 Summary of Important Site and Patient-Level Protocol Deviations PIONEER 3 


	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 HbA1c 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 w
	groups; 70.5% of the patients had normal renal function; 28.3% had mild renal impairment and 1% had moderate renal impairment. 
	The mean eGFR was 96 mL/min/1.73 m2 and eGFR values were similar across treatment 
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	Figure
	Table 20 Demographics and Baseline Characteristics for Continuous Variables – PIONEER 3. 
	Table 20 Demographics and Baseline Characteristics for Continuous Variables – PIONEER 3. 


	Source: Adapted from Table 10-2 CSR PIONEER 3. 
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	Figure
	Table 21 Demographics and Baseline Characteristics for Categorical Variables – PIONEER 3 
	Table 21 Demographics and Baseline Characteristics for Categorical Variables – PIONEER 3 


	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 (28.4̌30.2%), obesity (25.6̌30.5%), gastrointestinal disorders (17.6̌20.6%), eye disorders (21.2̌27.7%), hepatic steatosis (10.1̌12.0%), hypothyroidism (6.2̌7.7%), neoplasms (5.2̌6.5%), vascular disorders (8.8̌13.1%) and psychiatric disorders (16.3̌17.6%) of which depression constituted 6.9̌10.1%. 
	At baseline, diabetic retinopathy was present in 15.7̌17.3% of patients, with no relevant differences across treatment groups. Other diabetic complications included diabetic neuropathy (21.9̌27.6%) and diabetic nephropathy (8.6̌11.2%), with no relevant differences across treatment groups. 
	The most frequently reported cardiovascular diseases were: hypertension (70.5̌76.8%), ischemic heart disease (15.7̌17.3%) and heart failure (7.1̌9.0%). 
	Treatment Compliance, Concomitant Medications, and Rescue Medication Use 
	At baseline, 100% of patient̨ ͙ζ̤ζ ̎̕ ̍ζ̲π̤̍̕ϵ̎ Κ̎β ϰϲϰϵ,ϰϳϰϯ% ̕π patients were on metformin + SU. 
	Other most frequently used concomitant medications ongoing at time of randomization were HMG-.̕! ̤ζβ͍Ψ̲Κ̨ζ ϵ̎ϲϵΧϵ̨̲̤̕ ̖ϱϭϰ΄,ϱϯϰϰ%̗ϭ Κ̎Ϩϵ̲̕ζ̨̎ϵ̎-converting-enzyme (ACE) inhibitors (28.ϰ,ϯϲϰϲ%̗ϭ ̡̇Κ̲ζ̇ζ̲ ΚϨϨ̤ζϨΚ̲ϵ̎̕ ϵ̎ϲϵΧϵ̨̲̤̕ ζ͞Ψ͍̇βϵ̎Ϩ ϲζ̡Κ̤ϵ̎ ̖Ϯϳϰϱ,ϯϯϰϭ%̗ϭ Χζ̲Κ Χ̇̕Ψ̄ers ̖ϭϳϰϲ,Ϯ΄ϰϴ%̗ Κ̎β Κ̎Ϩϵ̲̕ζ̨̎ϵ̎ II Κ̲̎ΚϨ̎̕ϵ̨̨̲ ̖ϭϳϰϲ,Ϯ΄ϰϮ%̗ϰ 
	Additional and rescue diabetes medication use is outlined in the table below. 
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	Figure
	Table 22 Additional Concomitant Anti-Diabetic Medication and Rescue Medication at Weeks 26, 52 and 78 
	Table 22 Additional Concomitant Anti-Diabetic Medication and Rescue Medication at Weeks 26, 52 and 78 


	Source: Table 10-4 CSR PIONEER 3 
	Efficacy Results -Primary Endpoint 
	At baseline, the HbA1c 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 HbA1c and weight. 
	Change in HbA1c 
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	Figure
	Table 23 Primary and confirmatory secondary endpoints – PIONEER 3 
	Table 23 Primary and confirmatory secondary endpoints – PIONEER 3 


	Source: Table 11-1 CSR PIONEER 3 
	ϼϲζ ̕Χ̨ζ̤͘ζβ ΨϲΚ̎Ϩζ̨ π̤̍̕ ΧΚ̨ζ̇ϵ̎ζ Κ̲ ͙ζζ̄ Ϯϲ ͙ζ̤ζ ,΄ϰϲϭ ,ϭϰϭ Κ̎β ,ϭϰϯ % ͙ϵ̲ϲ ̤̕Κ̇ ̨ζ̍ΚϨ͍̲̇ϵβζ ϯ ̍Ϩϭ ϳ ̍Ϩ Κ̎β ϭϰ ̍Ϩϭ ̤ζ̨̡ζΨ̲ϵ͘ζ̇͟ϭ Κ̎β ,΄ϰϴ % ͙ϵ̲ϲ ̨ϵ̲ΚϨ̇ϵ̡̲ϵ̎ 100 mg. HbA1c levels decreased from baseline through to week 14 in all treatment groups, and then the changes were sustained for the remaining of the trial. 
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	Figure 10 HbA1c (% and mmol/mol) by Week – PIONEER 3 
	Figure
	Source: Figure 11-1 CSR PIONEER 3 
	The applicant also performed sensitivity analyses, and the results were supportive of the primary analysis. 
	Data Quality and Integrity -Reviewers' Assessment 
	The datasets and the study documents were adequate. I did not identify any quality or integrity issues. 
	Efficacy Results -Secondary and other relevant endpoints 
	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. 
	Change in body weight 

	ϼϲζ ζ̨̲ϵ̍Κ̲ζβ ΨϲΚ̎Ϩζ̨ π̤̍̕ ΧΚ̨ζ̇ϵ̎ζ π̤̕ Χ̕β͟ ͙ζϵϨϲ̲ Κ̲ ͙ζζ̄ Ϯϲ ͙ζ̤ζ ,ϭϰϮϭ ,ϮϰϮ Κ̎β ,ϯϰϭ ̄Ϩ ͙ϵ̲ϲ ̤̕Κ̇ ̨ζ̍ΚϨ͍̲̇ϵβζ ϯ ̍Ϩϭ ϳ ̍Ϩ Κ̎β ϭϰ ̍Ϩϭ ̤ζ̨̡ζΨ̲ϵ͘ζ̇͟ϭ Κ̎β ,΄ϰϲ ̄Ϩ ͙ϵ̲ϲ ̨ϵ̲ΚϨ̇ϵ̡̲ϵ̎ϰ 
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	HbA1c targets 
	HbA1c targets 

	The observed proportions of patient̨ ΚΨϲϵζ͘ϵ̎Ϩ ̲ϲζ !!.E HΧ!ϭΨ ̲̤ζΚ̲̍ζ̲̎ ̲Κ̤Ϩζ̲ ̖ч ϲϰϱ%̗ ͙ζ̤ζ 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 Hb!1c ≤ 6.5% at Week 26, 52 and 78 – PIONEER 3 
	Figure
	Source: Figure 11-9 CSR PIONEER 3 
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	Figure 12 Proportion of Patients Achieving HbA1c < 7.0% at Week 26, 52 and 78 – PIONEER 3 
	Figure
	Source: Figure 11-10 CSR PIONEER 3 
	Dose/Dose Response 
	A dose-response for HbA1c reduction was seen for semaglutide in this trial. 
	Durability of Response 
	In all treatment arms, HbA1c 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. 
	PIONEER 4 (4224). Study Design. 
	Figure

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

	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. 
	Primary objective 

	Secondary objective 
	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 
	Figure
	Source: Figure 9-1 CSR PIONEER 4 
	A total of 690 patients were planned for enrollment. Similar to PIONEER 2 with the following differences: -HbA1C 7-9.5 both inclusive 
	Key inclusion/exclusion criteria: 
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	-϶̲ΚΧ̇ζ βΚϵ̇͟ β̨̕ζ ̕π ̍ζ̲π̤̍̕ϵ̎ ̖шϭϱ΄΄ ̍Ϩ ̤̕ ̍Κ͞ϵ͍̍̍ ̲̇̕ζ̤Κ̲ζβ β̨̕ζ Κ̨ β̕Ψ͍̍ζ̲̎ζβ 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). 
	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 selection/Study treatments: 

	Similar to PIONEER 2 
	Dose modification/discontinuation: 

	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 -HbA1c (at central laboratory) >8.5 % from week 26 to end of treatment 
	Rescue medication was to be ̡̤ζ̨Ψ̤ϵΧζβ Κ̲ ̲ϲζ ϵ̎͘ζ̨̲ϵϨΚ̲̤̕ϳ̨ βϵ̨Ψ̤ζ̲ϵ̎̕ ΚΨΨ̤̕βϵ̎Ϩ ̲̕ Ϩ͍ϵβζ̇ϵ̎ζ̨ϰ .GLP-1 RAs, DPP-4 inhibitors and amylin analogues were not allowed as rescue medication.. 
	Patient compliance was assessed by monitoring of drug accountability.. 
	Treatment compliance:. 
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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: -HbA1c superiority of oral semaglutide 14 mg vs. placebo -HbA1c 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 
	Figure
	Source: Figure 9-7 CSR PIONEER 4 
	Please see Biometrics review by Dr Robert Abugov π̤̕ Ψ̍̍̕ζ̨̲̎ Κ̎β ̲ϲζ FD!ϳ̨ ̨̲Κ̲ϵ̨̲ϵΨΚ̇ 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 
	-!ββζβ ̲ζ̲͞ ̲̕ ϲϵϨϲ̇ϵϨϲ̲ ϵ̎͘ζ̨̲ϵϨΚ̲̤̕ϳ̨ 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. 
	Study Results 
	Figure

	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 HbA1c 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%). 
	Figure
	Table 24 Patients Disposition PIONEER 4 
	Table 24 Patients Disposition PIONEER 4 


	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%). GI 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 GI 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 in
	Two important country-level PDs were reported. One PD belonged to the ΨΚ̲ζϨ̤̕͟ ϲO̲ϲζ̤ϳ Κ̎β was related to late submission of Polish label of urine dip-stick test to the Central Ethics Committee. ϼϲζ ̲̕ϲζ̤ PD Χζ̇̎̕Ϩζβ ̲̕ ̲ϲζ ΨΚ̲ζϨ̤̕͟ ϲI̎π̤̍̕ζβ Ψ̨̎̕ζ̲̎ϳ Κ̎β ͙Κ̨ 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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	Figure
	Table 25 Summary of Important Site-Level and Patient-Level Protocol Deviations 
	Table 25 Summary of Important Site-Level and Patient-Level Protocol Deviations 


	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 HbA1c 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 wa
	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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	Figure
	Table 26 Baseline Characteristics and Demographics – Continuous Variables – PIONEER 4. 
	Table 26 Baseline Characteristics and Demographics – Continuous Variables – PIONEER 4. 


	Source: Adapted from Table 10-2 CSR PIONEER 4. 
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	Figure
	Table 27 Demographics and Baseline Characteristics for Categorical Variables – PIONEER 4 
	Table 27 Demographics and Baseline Characteristics for Categorical Variables – PIONEER 4 


	Source: Adapted from Table 10-3 CSR PIONEER 4 
	Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs) 
	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 
	Medical history and concomitant illnesses 
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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
	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, lira
	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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	Source: Table 10-4 CSR PIONEER 4 
	Table 28 Additional Anti-Diabetic Medication and Rescue Medication PIONEER 4 
	Table 28 Additional Anti-Diabetic Medication and Rescue Medication PIONEER 4 


	Efficacy Results -Primary Endpoint 
	At baseline, mean HbA1c levels were similar across treatment groups (7.9̌8.0%). The ζ̨̲ϵ̍Κ̲ζβ ΨϲΚ̎Ϩζ̨ π̤̍̕ ΧΚ̨ζ̇ϵ̎ζ ϵ̎ HΧ!ϭΨ Κ̲ ͙ζζ̄ Ϯϲ ͙ζ̤ζ ,ϭϰϮ% with ̨ζ̍ΚϨ͍̲̇ϵβζϭ ,ϭϰϭ% ͙ϵ̲ϲ ̇ϵ̤ΚϨ͍̲̇ϵβζϭ Κ̎β ,΄.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, HbA1c levels remained relatively stable in the oral semaglutide group, while a modest increase was observed with liraglutide.  HbA1c 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. 
	Figure
	Table 29 HbA1c – Primary Statistical Analysis – FAS – PIONEER 4 
	Table 29 HbA1c – Primary Statistical Analysis – FAS – PIONEER 4 


	Source: Table 11-1 CSR PIONEER 4 
	Figure 15 HbA1c (% and mmol/mol) by Week – Mean Plot – PIONEER 4 
	Figure
	Source: Figure 11-1 CSR PIONEER 4 
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	Data Quality and Integrity -Reviewers' Assessment 
	I did not identify any issues with the data submitted by the applicant. 
	Efficacy Results -Secondary and other relevant endpoints 
	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 ͙ζϵϨϲ̲ Κ̲ ͙ζζ̄ Ϯϲ ͙Κ̨ Ϩ̤ζΚ̲ζ̤ ͙ϵ̲ϲ ̨ζ̍ΚϨ͍̲̇ϵβζ ̖,ϰϰϰ ̄Ϩ̗ vs ̇ϵ̤ΚϨ͍̲̇ϵβζ ̖,ϯϰϮ kg) or placebo ̖,΄ϰϲ ̄Ϩ̗ϰ 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 we
	Change in body weight 

	For the secondary endpoint, change in body weight at week 26, semaglutide was statistically superior to both placebo and liraglutide. 
	For the in-trial observation period, at weeks 26 and 52, the observed proportions of patients who achieved the AACE ̖чϲϰϱ%Ϯ FϵϨ͍̤ζ ϭϭ-9) and ADA (<7.0%; Figure 11-10) HbA1c treatment targets were greater with oral semaglutide than with liraglutide or placebo, however this was an exploratory endpoint. 
	HbA1c treatment targets 

	Figure 16 Proportion of Patients who Reached the Hb!1c ≤6.5% Treatment Target at Week 26 (Left Panel) and at Week 52 (Right Side Panel) – PIONEER 4 
	Figure
	Source: Figure 11-9 CSR PIONEER 4 
	Figure
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	Figure 17 Proportion of Patients who Reached the HbA1c <7.0% Treatment Target at Week 26 (Left Side Panel) and at Week 52 (Right Side Panel) – PIONEER 4 
	Figure
	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 HbA1c 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, 
	PIONEER 5 (4234). Study Design. 
	Figure

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

	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 
	Primary objective: 
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	combination with basal insulin on glycemic control in patients with type 2 diabetes mellitus and moderate renal impairment. 
	Secondary objectives 
	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 
	Figure
	Source: Figure 9-1 CSR PIONEER 5 
	Key inclusion/exclusion criteria: 
	Key inclusion/exclusion criteria: 

	Similar to other PIONEER trials except for the following: -HbA1c of 7.0̌9.5% -Moderate renal impairment defined as estimated glomerular filtration rate of 30-59 
	-Stable daily dose(s) within 90 days prior to the day of screening of any of the following treatment regimens: 
	mL/min/1.73 m2 

	o 1̌2 of the following oral anti-diabetic drugs: 
	Mζ̲π̤̍̕ϵ̎ ш ϭϱ΄΄ ̍Ϩ ̤̕ ̍Κ͞ϵ͍̍̍ ̲̇̕ζ̤Κ̲ζβ β̨̕ζ β̕Ψ͍̍ζ̲̎ζβ ϵ̎ ̲ϲζ 
	▪

	patient medical record), 
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	϶͍̇π͍̤̎̇̕͟ζΚ ̖ш ϲΚ̇π ̕π ̲ϲζ ̍Κ͞ϵ͍̍̍ Κ̡̡̤̕͘ζβ β̨̕ζ ΚΨΨ̤̕βϵ̎Ϩ ̲̕ ̇̕ΨΚ̇ 
	▪

	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 Mζ̲π̤̍̕ϵ̎ ̖ш ϭϱ΄΄ ̍Ϩ ̤̕ ̍Κ͞ϵ͍̍̍ ̲̇̕ζ̤Κ̲ζβ β̨̕ζ β̕Ψ͍̍ζ̲̎ζβ ϵ̎ 
	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. 
	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 selection/Study treatments: 

	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. 
	Dose modification/discontinuation: 

	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.. 
	Similar to other PIONEER trials.. 
	Treatment compliance:. 
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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 medicat
	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 HbA1c 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 HbA1c 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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	Figure
	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.  
	Study Results 
	Figure

	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/1.73m2 
	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 ̖΄ϰϲ%̗ Κ̎β ϲ̲̕ϲζ̤ϳ ̤ζΚ̨̨̎̕ (3.1%). 
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	Source: Table 10-1 CSR PIONEER 5 
	Table 31 Patient Disposition PIONEER 5 
	Table 31 Patient Disposition 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 ̲ϲζ ϲ!̨̨ζ̨̨̍ζ̲̎ βζ͘ϵΚ̲ϵ̎̕ (incl. lab)ϳ ΨΚ̲ζϨ̤̕͟ Κ̎β Ψ̎̕Ψζ̤̎ζβ ̲ϲζ ̤ζ̡̤̲̕ϵ̎Ϩ ̕π Χ̕β͟ ͙ζϵϨϲ̲ measurements with precisions less than the one specified in the trial protocol (0.1 kg/pound) at some trial sites. This occurred due to 
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	Important site-level and patient-level PDs are summarized below by category. 
	Source: Table 10-16 CSR PIONEER 5 
	Table 32 Summary of important site-level and patient-level protocol deviations 
	Table 32 Summary of important site-level and patient-level protocol deviations 


	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 HbA1c 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. m2 and was similar across treatment groups. 
	The mean estimated eGFR was 48 mL/min/1.73 
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	Table 33 Selected Demographics and Baseline Characteristics for Continuous Variables PIONEER 5 
	Table 33 Selected Demographics and Baseline Characteristics for Continuous Variables PIONEER 5 
	-



	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 
	Table 34 Selected Demographics and Baseline Characteristics for Categorical Variables PIONEER 5 
	-



	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 
	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 8̌132 units) in the oral semaglutide 14 .mg group (59 patients) and 47 units (range of 4̌162 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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	Source: Table 10-5 CSR PIONEER 5 
	Table 35 Additional Anti-Diabetic Medication and Rescue Medication PIONEER 5 
	Table 35 Additional Anti-Diabetic Medication and Rescue Medication 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 HbA1c), and the confirmatory secondary endpoint (change from baseline at week 26 in body weight). At baseline, HbA1c levels were similar across treatment groups (7.9̌8.0%). For the in-trial observation period (used in the evaluation of the treatment policy estimand), HbA1c levels decreased from 8.0% at baseline to 6.9% at week 26 with oral semaglutide and remained relatively stable with placebo.
	͙ζ̤ζ ,ϭϰϭ% ͙ϵ̲ϲ ̤̕Κ̇ ̨ζ̍ΚϨ͍̲̇ϵβζ Ψ̡̍̕Κ̤ζβ ̲̕ ,΄ϰϭ%ϰ 
	Table 36 Primary and Confirmatory Secondary Endpoints – PIONEER 5 
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	Figure
	Source: Table 11-1 CSR PIONEER 5 
	The decline in HbA1c 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 
	Figure
	Source: Figure 11
	Source: Figure 11
	Source: Figure 11
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	Data Quality and Integrity 
	Data Quality and Integrity 
	-
	Reviewers' Asses
	sment 

	I did not identify any issues with the data integrity. 
	I did not identify any issues with the data integrity. 

	Efficacy Results 
	Efficacy Results 
	-
	Secondary and other relevant endpoints 

	Body weight 
	Body weight 



	Figure
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	At baseline, body weight was similar across treatment groups (90.4̌91.3 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. 
	HbA1c treatment targets 
	HbA1c treatment targets 

	For the in-trial observation period, at week 26 the observed proportions of patients who had reached ̲ϲζ !D! ̖фϳϰ΄%̗ ̤̕ !!.E ̖чϲϰϱ%̗ HΧ!ϭΨ ̲̤ζΚ̲̍ζ̲̎ ̲Κ̤Ϩζ̨̲ ͙ζ̤ζ Ϩ̤ζΚ̲ζ̤ ͙ϵ̲ϲ ̤̕Κ̇ 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 HbA1c 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. 
	PIONEER 7 (4257). Study Design. 
	Figure

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

	Secondary objective 
	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, 2­arm, 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 
	Figure
	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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	Same as other PIONEER trials with the following details:. -HbA1c 7.5-9.5% (58-80 mmol/mol) (both inclusive).. -Treatment target of HbA1c < 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:. 
	Key Inclusion/Exclusion criteria. 

	Κϰ Mζ̲π̤̍̕ϵ̎ ̖шϭϱ΄΄ ̍Ϩ ̤̕ ̍Κ͞ϵ͍̍̍ ̲̇̕ζ̤Κ̲ζβ β̨̕ζ β̕Ψ͍̍ζ̲̎ζβ ϵ̎ ̲ϲζ patient medical record). 
	Χϰ ϶͍̇π͍̤̎̇̕͟ζΚ̨ ̖ш ϲΚ̇π ̕π ̲ϲζ ̍Κ͞ϵ͍̍̍ Κ̡̡̤̕͘ζβ β̨̕ζ ΚΨΨ̤̕βϵ̎Ϩ ̲̕ ̇̕ΨΚ̇ ̇ΚΧζ̇ ̤̕ 
	maximum tolerated dose as documented in patient medical record). 
	c. Sodium glucose co-transporter 2 inhibitors. 
	βϰ ϼϲϵΚͤ̇̕ϵβϵ̎ζβϵ̎̕ζ̨ ̖ш ϲΚ̇π ̕π ̲ϲζ ̍Κ͞ϵ͍̍̍ Κ̡̡̤̕͘ζβ β̨̕ζ ΚΨΨ̤̕βϵ̎Ϩ ̲̕ ̇̕ΨΚ̇ 
	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.. 
	Dose selection/study treatments:. 

	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: 
	-.HbA1c 
	o. When HbA1c < 7.0%, the current dose of oral semaglutide was to be continued 
	o. When HbA1c < 7.0%, the current dose of oral semaglutide was to be continued 
	o. When HbA1c < 7.0%, the current dose of oral semaglutide was to be continued 

	o. Wϲζ̎ HΧ!ϭΨ ш ϳϰ΄%ϭ ̲ϲζ β̨̕ζ ̕π ̤̕Κ̇ ̨ζ̍ΚϨ͍̲̇ϵβζ was to be 
	o. Wϲζ̎ HΧ!ϭΨ ш ϳϰ΄%ϭ ̲ϲζ β̨̕ζ ̕π ̤̕Κ̇ ̨ζ̍ΚϨ͍̲̇ϵβζ 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 ϵ̎͘ζ̨̲ϵϨΚ̲̤̕ϳ̨ βϵ̨Ψ̤ζ̲ϵ̎̕ϭ regardless of HbA1c. 
	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 was to be assessed by monitoring of drug accountability.. 
	Treatment compliance. 

	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 HbA1c > 8.5% from week 32 to end of treatment. Rescue medication was to be prescribed at investigΚ̲̤̕ϳ̨ βϵ̨Ψ̤ζ̲ϵ̎̕ Κ̨ Κββ-on to the randomized treatment and according to ADA/EASD guidelines. As for all PIONEER trials, GLP-1 RAs, DPP-4 inhibitors and amylin
	Short-term use ̖ч Ϯϭ βΚ̨̗͟ ̕π Κ̲̎ϵ-diabetic medication (e.g. in connection with intercurrent illness) was not considered additional anti-diabetic medication (nor rescue medication). 
	Same as for other PIONEER trials. 
	Patient completion, discontinuation, or withdrawal 

	Study Endpoints 
	The primary endpoint was if a patient after week 52 achieved (yes/no) HbA1c < 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 HbA1c < 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. 
	CDER Clinical Review Template 
	Version date: September 6, 2017 for all NDAs and BLAs 
	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 HbA1c 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. 
	Figure
	Table 37 Amendments to the Protocol PIONEER 7 
	Table 37 Amendments to the Protocol PIONEER 7 


	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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	Study Results 
	Figure

	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 HbA1c 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 semaglu
	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%) Κ̎β ϲO̲ϲζ̤ϳ ̤ζΚ̨̨̎̕ ̖ϰϰϮ%̗. 
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	Figure
	Table 38 Patient Disposition PIONEER 7 
	Table 38 Patient Disposition PIONEER 7 


	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 
	ϼ͙̕ PD̨ Χζ̇̎̕Ϩζβ ̲̕ ̲ϲζ ϲ!̨̨ζ̨̨̍ζ̲̎ βζ͘ϵΚ̲ϵ̎̕ ̖ϵ̎Ψ̇ϰ ̇ΚΧ̗ϳ ΨΚ̲ζϨ̤̕͟ϯ 
	-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 ̲̕ ̲ϲζ ϲO̲ϲζ̤ϳ ΨΚ̲ζϨ̤̕͟ Κ̎β Ψ̎̕Ψζ̤̎ζβ Κ βζ͘ϵΚ̲ϵ̎̕ π̤̍̕ ̲ϲe 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 
	One important country-̇ζ͘ζ̇ PD ͙Κ̨ ̤ζ̡̤̲̕ζβ ϵ̎ ̲ϲζ ΨΚ̲ζϨ̤̕͟ ϲO̲ϲζ̤ϳϰ ϼϲϵ̨ PD Ψ̎̕Ψζ̤̎ζβ ̲ϲζ ̨͍ζ ̕π Κ̎ ̇̕βζ̤ ͘ζ̨̤ϵ̎̕ ̕π ϲ̇̕Ϩ ̕π ̨̲Κππϳ ͙ϲϵΨϲ ̇ζβ ̲̕ Κ πζ͙ ζ̨̤̤̤̕ ϵ̎ ̲ϲζ βζ̇ζϨΚ̲ϵ̎̕ ̇ϵ̨̲ϰ ! ̎ζ͙ ͘ζ̨̤ϵ̎̕ ̕π ϲ̇̕Ϩ ̕π ̨̲Κππϳ ͙Κ̨ βϵ̨̲̤ϵΧ͍̲ζβ ̲̕ Κ̇̇ ̨ϵ̲ζ̨ϰ 
	A summary of site and patient level PDs is presented in the table below. 
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	Figure
	Table 39 Site-and Patient-Level PDs – PIONEER 7 
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	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 HbA1c 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 pat
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	Figure
	Table 40 Baseline Characteristics and Demographics – Continuous Variables – FAS 
	Table 40 Baseline Characteristics and Demographics – Continuous Variables – FAS 


	Source: Modified from Table 10-2 CSR PIONEER 7. 
	Table 41 Baseline Characteristics and Demographics – Categorical Variables –PIONEER 7. 
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	Figure
	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 illnesses 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 II 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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	Figure
	Table 42 Additional Anti-Diabetic Medication and Rescue Medication PIONEER 7 
	Table 42 Additional Anti-Diabetic Medication and Rescue Medication PIONEER 7 


	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 (HbA1c < 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. 
	Figure
	Table 43 Primary and Confirmatory Secondary Endpoints –PIONEER 7 
	Table 43 Primary and Confirmatory Secondary Endpoints –PIONEER 7 


	Source: Table 11-1 CSR PIONEER 7 
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	At baseline, HbA1c 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, HbA1c levels decreased through week 16ϰ !̲ ͙ζζ̄ ϱϮϭ ̲ϲζ ̕Χ̨ζ̤͘ζβ ΨϲΚ̎Ϩζ̨ π̤̍̕ ΧΚ̨ζ̇ϵ̎ζ ͙ζ̤ζ ,ϭϰϯ % ͙ϵ̲ϲ semaglutide Κ̎β ,΄ϰϴ % ͙ϵ̲ϲ ̨ϵ̲ΚϨ̇ϵ̡tin. 
	Figure 21 HbA1c by Week – Mean Plot –PIONEER 7 
	Figure
	Source: Figure 11-1 CSR PIONEER 7 
	Data Quality and Integrity -Reviewers' Assessment 
	I did not find any issues with the data quality. 
	Efficacy Results -Secondary and other relevant endpoints 
	Body weight 
	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)ϰ ϼϲζ ζ̨̲ϵ̍Κ̲ζβ ΨϲΚ̎Ϩζ̨ π̤̍̕ ΧΚ̨ζ̇ϵ̎ζ ϵ̎ Χ̕β͟ ͙ζϵϨϲ̲ ͙ζ̤ζ ,Ϯϰϲ ̄Ϩ ͙ϵ̲ϲ ̨ζ̍ΚϨ͍̲̇ϵβζ Κ̎β ,΄ϰϳ ̄Ϩ ͙ϵ̲ϲ ̨ϵ̲ΚϨ̇ϵ̡̲ϵ̎. 
	HbA1c targets 
	HbA1c targets 

	More patients on semaglutide achieved either the ADA (HbA1c <7%) or the AACE (HbA1c 6.5%) targets compared to sitagliptin.  The target of HbA1c <7% was achieved by 58.3% of patients on semaglutide at 52 weeks, vs 25.2% of patients on sitagliptin. The target of HbA1c 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. 
	PIONEER 8 (4280) 
	Figure

	Study Design 
	Figure

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

	Primary objective 
	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 
	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-w
	Figure 22 Trial Design PIONEER 8 
	Figure
	Source: Figure 9-1 CSR PIONEER 8. Randomization was 1:1:1:1. .Similar to PIONEER 2.. For complete inclusion/exclusion criteria please see study report. .All three semaglutide dose were studies. Dose titration, and semaglutide administration was .similar to that used in all other PIONEER trials.. Procedures and Schedule:. 
	Key Inclusion/Exclusion criteria. 
	Dose selection/study treatments:. 
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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 II 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. 
	Figure
	Table 44 Concomitant Non-Insulin Anti-Diabetic Medication Ongoing at Screening and Randomization PIONEER 8 
	Table 44 Concomitant Non-Insulin Anti-Diabetic Medication Ongoing at Screening and Randomization PIONEER 8 


	Source: Table 10-4 CSR PIONEER 8 
	Compliance was assessed by monitoring of drug accountability.. 
	Treatment compliance. 

	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 medica
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	Rζ̨Ψ͍ζ ̍ζβϵΨΚ̲ϵ̎̕ ͙Κ̨ ̲̕ Χζ ̡̤ζ̨Ψ̤ϵΧζβ Κ̲ ̲ϲζ ϵ̎͘ζ̨̲ϵϨΚ̲̤̕ϳ̨ βϵ̨Ψ̤ζ̲ϵ̎̕ 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. 
	At randomization, a 20% reduction in total daily insulin dose was recommended to minimize the risk of hypoglycemia when trial product was initiated. 
	Total daily insulin dose adjustments during the trial 

	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. 
	Figure
	Table 45 Increase in Insulin Dose Guidelines 
	Table 45 Increase in Insulin Dose Guidelines 


	Source: Table 9-2 CSR PIONEER 8 
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	Source: Table 9-3 CSR PIONEER 8 
	Table 46 Decrease in Insulin Dose Guidelines 
	Table 46 Decrease in Insulin Dose Guidelines 


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

	Study Endpoints 
	The primary endpoint was change from baseline to week 26 in HbA1c (%-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 HbA1c 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 
	Figure
	Source: Figure 9-7 CSR PIONEER 8 
	Protocol Amendments 
	There were 3 substantial amendments to the protocol. 
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	Figure
	Table 47 Protocol Amendments PIONEER 8 
	Table 47 Protocol Amendments PIONEER 8 


	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. 
	Study Results 
	Figure

	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 HbA1c 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 ͙ϵ̲ϲβ̤Κ͙Κ̇ π̤̍̕ ̲̤ϵΚ̇ ̖ϭϰ΄%̗ϭ ̡̤ζϨ̎Κ̎Ψ͟ ̖΄ϰϭ%̗ Κ̎β ϲO̲ϲζ̤ϳ reasons (5.1%). 
	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 ͙ϵ̲ϲβ̤Κ͙Κ̇ π̤̍̕ ̲̤ϵΚ̇ ̖ϭϰ΄%̗ϭ ̡̤ζϨ̎Κ̎Ψ͟ ̖΄ϰϭ%̗ Κ̎β ϲO̲ϲζ̤ϳ 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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	Figure
	Table 48 Patient Disposition – PIONEER 8 
	Table 48 Patient Disposition – PIONEER 8 


	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 ̲ϲζ ̲̤ϵΚ̇ βΚ̲Κ ̤̕ ̲ϲΚ̲ Ψ͍̇̕β ̨ϵϨ̎ϵπϵΨΚ̲̎̇͟ ΚππζΨ̲ ̲ϲζ ̡Κ̲ϵζ̲̎ϳ̨ ̤ϵϨϲ̨̲ϭ ̨Κπζ̲͟ ̤̕ ͙ζ̇̇-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 
	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 I agree with the assessment. 
	Important PDs at country level 
	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 wa
	The site and patient level deviations are summarized in the table below.. 
	Site and patient level PDs. 

	CDER Clinical Review Template 
	Version date: September 6, 2017 for all NDAs and BLAs 
	Source: Table 10-9 CSR PIONEER 8 
	Table 49 Site and Patient-Level Protocol Deviations PIONEER 8 
	Table 49 Site and Patient-Level Protocol Deviations 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 14̌16 years. The mean HbA1c 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 betwee
	s 92 mL/min/1.73 m2
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	Figure
	Table 50 Selected Demographics and Baseline Characteristics for Continuous Variables – FAS – PIONEER 8 
	Table 50 Selected Demographics and Baseline Characteristics for Continuous Variables – FAS – PIONEER 8 


	Source: Modified from Table 10-2 CSR PIONEER 8 
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	Figure
	Table 51 Selected Demographics and Baseline Characteristics for Categorical Variables – FAS – PIONEER 8 
	Table 51 Selected Demographics and Baseline Characteristics for Categorical Variables – FAS – PIONEER 8 


	Source: Modified from Table 10-3 CSR PIONEER 8 
	Other Baseline Characteristics (e.g., disease characteristics, important concomitant drugs) 
	Medical history and concomitant illnesses 
	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 (74.5̌81.3%), musculoskeletal and connective tissue disorders (37.5̌45.1%), eye disorders (25.4̌29.1%), gastrointestinal disorders (17.1̌29.3%), respiratory thoracic and mediastinal disorders (16.8̌25.8%), hepatobiliary disorders (15.9̌22.8%), psychiatric disorders (17.
	The most frequent and clinically relevant concomitant illnesses for all treatment groups were: dyslipidemia (36.4̌46.2%), obesity (14.4̌21.7%), osteoarthritis (13.2̌16.0%), hepatic steatosis (13.7̌15.8%), cataract (12.0̌19.2%), hypothyroidism (6.6̌14.4%) and depression (7.1̌12.5%). 
	At baseline, diabetic retinopathy was present in 28.6̌37.0% of patients, with no relevant differences across treatment groups. Most of the diabetic retinopathies were reported as nonproliferative.  Other diabetic complications included diabetic neuropathy (33.7̌36.4%), with no relevant differences across treatment groups. The proportion of patients with a reported history of diabetic nephropathy was 14.3̌20.7%.  
	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 (76.2̌79.9%) and ischemic heart disease (16.8̌20.9%). 
	Treatment Compliance, Concomitant Medications, and Rescue Medication Use 
	Patients were to be on a stable insulin regimen (basal insulin alone, basal and bolus insulin in any Ψ̍̕Χϵ̎Κ̲ϵ̎̕ϭ ̡̤ζ̍ϵ͞ζβ ϵ̨͍̎̇ϵ̎ ϵ̎Ψ͍̇βϵ̎Ϩ Ψ̍̕Χϵ̎Κ̲ϵ̨̎̕ ̕π ̨͍̇̕Χ̇ζ ϵ̨͍̎̇ϵ̗̎ π̤̕ ш ϵ΄ βΚ̨͟ ̡̤ϵ̤̕ to screening. Patients were also allowed to be ̲Κ̄ϵ̎Ϩ Κ ̨̲ΚΧ̇ζ βΚϵ̇͟ β̨̕ζ ̕π ̍ζ̲π̤̍̕ϵ̎ ̖ш ϭϱ΄΄ mg or ̍Κ͞ϵ͍̍̍ ̲̇̕ζ̤Κ̲ζβ β̨̕ζ̗ π̤̕ ш ϵ΄ βΚ̨͟ ̡̤ϵ̤̕ ̲̕ ̲ϲζ βΚ͟ ̕π ̨Ψ̤ζζ̎ϵ̎Ϩ. 
	Background antidiabetic medications 

	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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	Figure
	Table 52 Concomitant Non-Insulin Anti-Diabetic Medication Ongoing at Screening and Randomization – PIONEER 8 
	Table 52 Concomitant Non-Insulin Anti-Diabetic Medication Ongoing at Screening and Randomization – PIONEER 8 


	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. 
	Figure
	Table 53 Concomitant Insulin at Screening and Randomization – PIONEER 8 
	Table 53 Concomitant Insulin at Screening and Randomization – PIONEER 8 


	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). 
	Figure
	Table 54 Insulin Dose at Screening by Insulin Treatment – PIONEER 8 
	Table 54 Insulin Dose at Screening by Insulin Treatment – PIONEER 8 


	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 (4.4̌6.0%). 
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	Reference ID: 4494441
	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). 
	Source: Table 10-7 CSR PIONEER 8 
	Table 55 Additional Anti-Diabetic Medication and Rescue Medication Initiated Prior to Week 26 – PIONEER 8 
	Table 55 Additional Anti-Diabetic Medication and Rescue Medication Initiated Prior to Week 26 – 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 th
	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 
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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). 
	Figure
	Table 56 Additional Anti-Diabetic Medication and Rescue Medication Initiated Prior to Week 52 – PIONEER 8 
	Table 56 Additional Anti-Diabetic Medication and Rescue Medication Initiated Prior to Week 52 – PIONEER 8 


	Source: Table 10-8 CSR PIONEER 8 
	Efficacy Results -Primary Endpoint 
	For the primary endpoint (change from baseline in HbA1c 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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	Figure
	Source: Table 11-1 CSR PIONEER 8 
	At baseline, HbA1c levels were identical for all treatment groups (8.2%). For the in-trial observation period (used in the evaluation of the treatment policy estimand), HbA1c levels decreased from baseline through weeks 14-20 in all three oral semaglutide treatment groups. The decreases were sustained through to week 52. HbA1c levels increased through week 8 with placebo and decreased slightly thereafter through week 52. 
	Figure 24 HbA1c by Week – Mean Plot –PIONEER 8 
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	Figure
	Source: Figure 11-1 CSR PIONEER 8 
	For week 26, the observed HbA1c ΨϲΚ̎Ϩζ̨ π̤̍̕ ΧΚ̨ζ̇ϵ̎ζ ͙ζ̤ζ ,΄ϰϱ% ͙ϵ̲ϲ ̨ζ̍ΚϨ͍̲̇ϵβζ ϯ ̍Ϩϭ ,ϭϰ΄% ͙ϵ̲ϲ ̨ζ̍ΚϨ͍̲̇ϵβζ ϳ ̍Ϩϭ ,ϭϰϯ% ͙ϵ̲ϲ ̨ζ̍ΚϨ͍̲̇ϵβζ ϭϰ ̍Ϩ Κ̎β ,΄ϰϭ%-with placebo. 
	Data Quality and Integrity -Reviewers' Assessment 
	I did not find any issues with the data quality. 
	Efficacy Results -Secondary and other relevant endpoints 
	Body weight 
	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 .CDER Clinical Review Template. 
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	Ϩ̤ζΚ̲ζ̤ ͙ϵ̲ϲ ̨ζ̍ΚϨ͍̲̇ϵβζ ϯ ̍Ϩ ̖,ϭϰϰ ̄Ϩ̗ϭ ̨ζ̍ΚϨ͍̲̇ϵβζ ϳ ̍Ϩ ̖,Ϯϰϲ ̄Ϩ̗ Κ̎β ̨ζ̍ΚϨ͍̲̇ϵβζ ϭϰ ̍Ϩ ̖,ϯϰϳ ̄Ϩ̗ ̲ϲΚ̎ ͙ϵ̲ϲ ̡̇ΚΨζΧ̕ ̖,΄ϰϱ ̄Ϩ̗ϰ 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. 
	HbA1c targets 
	HbA1c targets 

	More patients on semaglutide (dose-dependent) achieved either the AACE goal (HbA1c 6,5%) or the ADA goal (HbA1c <7%) when compared to placebo. The differences at week 26, and 52, are summarized in the figures below. 
	<

	Figure 25 Proportion of Patients with Hb!1c ≤6.5% at Week 26 (Left) and at Week 52 (Right) – PIONEER 8 
	Figure
	Source: Figure 11-8 CSR PIONEER 8 
	Figure 26 Proportion of Patients with HbA1c <7.0% at Week 26 (Left) and at Week 52 (Right) – PIONEER 8 
	Figure
	Source: Figure 11-9 CSR PIONEER 8 
	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 
	Assessment of Efficacy Across Trials 
	Figure

	Primary Endpoints 
	The primary endpoint for most phase 3 studies pertained to glycemic control as evidenced by the change in HbA1c 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 HbA1c from baseline 
	Baseline levels of HbA1c ranged from 8% to 8.3% in the efficacy trials. HbA1c 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 HbA1c 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 HbA1c reduct
	Table 58 Confirmatory Analyses of Change from Baseline in HbA1c (%) – PIONEER 1-5 and 8 
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	Figure
	Source: Table 3-6 Summary of Clinical Efficacy 
	The reduction in HbA1c 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 HbA1c by trial is presented in the 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. 
	Figure 27 

	A numerical dose-response was seen in the trial that evaluated more than one dose of semaglutide. 
	Figure 27 Estimated Change from Baseline in Hb!1c (%−Point) – Phase 3 Trials 
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	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). 

	Figure
	Source: Excerpted from Figure 4-1 clinical overview 
	Secondary and Other Endpoints 
	Figure

	A summary of selected secondary endpoints is presented below. 
	Body Weight 
	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. 
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	Figure
	Table 59 Confirmatory Analyses of Change from Baseline in Body Weight (kg) – PIONEER 1-5, 7, and8 
	Table 59 Confirmatory Analyses of Change from Baseline in Body Weight (kg) – PIONEER 1-5, 7, and8 


	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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	Clinical Review Andreea Ondina Lungu NDA 213051 
	Oral Semaglutide 
	Figure
	Figure 28 Estimated Change in Body Weight (Kg) – Phase 3 Trials 
	Source: Excerpted from Figure 4-4 Clinical overview 
	HbA1c targets 
	HbA1c targets 

	The proportion of patients achieving the treatment targets defined by ADA and AACE of HΧ!ϭΨ фϳ% Κ̎β HΧ!ϭΨ чϲϰϱ%ϭ ̤ζ̨̡ζΨ̲ϵ͘ζ̇͟ϭ ͙ζ̤ζ evaluated as exploratory outcomes in all trials. In line with the reduction observed in mean HbA1c with semaglutide, greater proportions of patients with semaglutide than with comparators achieved pre-defined treatment targets of HΧ!ϭΨ фϳ% ̖!D! ̲Κ̤Ϩζ̲̗ϭ HΧ!ϭΨ чϲϰϱ% ̖!!.E̗ which were nominally significant, with the exception of the comparison between semaglutide 14 mg and liragl
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	Figure
	Figure 29 Proportion of Patients Reaching HbA1c <7.0% PIONEER Trials 
	Source: Figure 4-3 Clinical overview 
	Subpopulations 
	Figure

	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 se
	Refer to Biometrics review by Dr Robert Abugov π̤̕ ̲ϲζ FD!ϳ̨ Κ̎Κ̨̇͟ϵ̨ ̕π ̨͍ΧϨ̡̨̤͍̕ϰ 
	Dose and Dose-Response 
	Figure

	Five of the ten phase 3a trials (PIONEER 1, 3 and 8̌10) evaluated all three doses of oral semaglutide. Of these, I 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 HbA1c and body weight at week 26, and the odds ratios of the proportion of patients achieving HbA1c <7.0% at week 26 (week 52 for PIONEER 7). 
	A larger reduction in HbA1c 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 HbA1c 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. 
	Onset, Duration, and Durability of Efficacy Effects 
	Figure

	The change in HbA1c overtime for semaglutide for the phase 3 multi-national trials is discussed in the individual trial sections. Overall, reduction in HbA1c 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.  
	Additional Efficacy Considerations 
	Figure

	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 post
	Other Relevant Benefits 
	Figure

	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
	Integrated Assessment of Effectiveness 
	Figure

	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
	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-naïve patients (P
	In all the efficacy trials, semaglutide showed a dose-dependent reduction on HbA1c, 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 HbA1c 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. 
	Safety Review Approach 
	Figure

	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. 
	Figure
	Table 60 Key Trial Designs for the Phase 3 Trials 
	Table 60 Key Trial Designs for the Phase 3 Trials 


	Source: Table 1-1 ISS 
	Analysis sets 
	Analysis sets 

	F̤̕ PIONEER ϭ,ϱ Κ̎β ϳ,ϭ΄ Κ̎β ̲ϲζ ̲̤ϵΚ̇ ̡̨̇̕̕ϭ ̲ϲζ ̨Κπζ̲͟ Κ̎Κ̨̇͟ϵ̨ ̨ζ̲ ̖϶!϶̗ ͙Κ̨ ̨͍ζβ π̤̕ ̲ϲζ 
	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 
	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 
	Figure
	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: 
	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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	Figure
	Table 61 Phase 3 trials Contributing to Different Pools 
	Table 61 Phase 3 trials Contributing to Different Pools 


	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. 
	Figure
	Review of the Safety Database 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 ̡ϲΚ̨ζ ϯΚ ̡̇̕̕ ̖PIONEER ϭ,ϱ Κ̎β ϳ-10), 1197 PYE in the placebo pool (PIONEER 1, 4, 5 and 8) and 1932 in PIONEER 6. 
	Source: Table 11-1 ISS 
	Table 62 Total Exposure – Phase 3a Trials and Pools 
	Table 62 Total Exposure – Phase 3a Trials and Pools 


	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. 
	CVOT exposure 

	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-of­treatment, most patients were treated with 14 mg (oral semaglutide: 69.5%; placebo: 85.9%). 
	Source: Table 1-14 ISS 
	Table 63 Duration of Exposure – PIONEER 6 – FAS 
	Table 63 Duration of Exposure – PIONEER 6 – FAS 


	Relevant characteristics of the safety population: 
	Figure

	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 ϵϯϰϲ,ϵϵϰϳ% and completing the treatment with trial product was ϴϭϰϲ,ϵϰϰϱ%. 
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	Figure
	Table 64 Patient Disposition – Phase 3a Trials and Pools 
	Table 64 Patient Disposition – Phase 3a Trials and Pools 


	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 GI events. 
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	Figure
	Table 65 Patient Disposition Overview Phase 3 Pool SAS 
	Table 65 Patient Disposition Overview Phase 3 Pool SAS 


	Source: Table 7.1.2 ISS 
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	Figure
	Table 66 Patient Disposition Placebo Pool SAS 
	Table 66 Patient Disposition Placebo Pool SAS 


	Source: Table 7.1.7 ISS 
	Table 67 Patient Disposition PIONEER 6 
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	Source: Table 14.1.1 CSR 
	Baseline characteristics for each phase 3 study are detailed in Section 6 of this review.  
	Adequacy of the safety database 
	Figure

	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 
	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. 
	!dequacy of !pplicant’s Clinical Safety !ssessments 
	Figure

	Issues Regarding Data Integrity and Submission Quality 
	OSI audits did not identify any issues regarding data integrity, and the submission is well organized. 
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	Categorization of Adverse Events 
	Figure

	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, 
	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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	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 
	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 prefer
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	adjudication process is presented below. 
	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 GI 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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	Figure
	Table 69 Hypoglycemia Definition 
	Table 69 Hypoglycemia Definition 


	Source: Table 1-8 ISS. The following clinical laboratory tests were collected during the oral semaglutide trials.. 
	Figure
	Table 70 Clinical Laboratories 
	Table 70 Clinical Laboratories 


	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 patientϳ̨ ̍ζβϵΨΚ̇ ̤ζΨ̤̕β Κ̎β ̤ζΨ̤̕β ̲ϲϵ̨ ϵ̎ ̲ϲζ Ψ̎̕Ψ̍̕ϵ̲Κ̲̎ ϵ̇̇̎ζ̨̨ Κ̎β ̍ζβϵΨΚ̇ ϲϵ̨̲̤̕͟ π̤̍̕ϰ 
	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 1̌5 and 9. 
	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 measur
	Safety assessments related to SNAC:. 

	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.. 
	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. 
	Eye examination. 

	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. 
	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.  .
	Routine Clinical Tests 
	Figure

	Routine clinical tests performed during the semaglutide phase 3 trial are discussed in section 6 
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	under the individual trials. 
	Figure
	Safety Results 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 
	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 
	Table 71 Deaths by Trial – Phase 3a Pool 
	Table 71 Deaths by Trial – Phase 3a Pool 

	Trial 
	Trial 
	Treatment group 
	Number of deaths per treatment group 

	PIONEER 1 
	PIONEER 1 
	Semaglutide 14 mg 
	1 

	PIONEER 2 
	PIONEER 2 
	Empa 25 mg 
	1 

	PIONEER 3 
	PIONEER 3 
	Not treated 
	1 

	TR
	Semaglutide 3 mg 
	5 

	TR
	Semaglutide 7 mg 
	3 

	TR
	Semaglutide 14 mg 
	1 

	TR
	Sitagliptin 100 mg 
	3 

	PIONEER 4 
	PIONEER 4 
	Semaglutide 14 mg 
	3 

	TR
	Liraglutide 1.8 mg 
	4 

	TR
	Placebo 
	1 

	PIONEER 5 
	PIONEER 5 
	Semaglutide 14 mg 
	1 

	TR
	Placebo 
	2 

	PIONEER 7 
	PIONEER 7 
	Sitagliptin 100 mg 
	2 

	PIONEER 8 
	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%). 
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	Reference ID: 4494441
	Figure
	Table 72 Total Deaths and EAC-Confirmed Deaths in the Phase 3a Pool and Placebo Pool 
	Table 72 Total Deaths and EAC-Confirmed Deaths in the Phase 3a Pool and Placebo Pool 


	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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	Figure
	Table 73 Deaths in the Phase 3a Pool by SOC and PT – In-Trial 
	Table 73 Deaths in the Phase 3a Pool by SOC and PT – In-Trial 


	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. 
	Figure
	Table 74 EAC-Confirmed Deaths – Phase 3a Pool – In-Trial 
	Table 74 EAC-Confirmed Deaths – Phase 3a Pool – In-Trial 


	Source: Table 2-7 Summary of Clinical Safety 
	My analysis using JReview and the death reason category in the adjudication dataset confirmed the results reported by the applicant. 
	CVOT 
	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 
	Table 75 Deaths by SOC and PT – PIONEER 6 
	Table 75 Deaths by SOC and PT – PIONEER 6 

	Body System or Organ Class 
	Body System or Organ Class 
	Dictionary Derived Term 
	Oral sema N=1591 
	Placebo N=1592 

	Cardiac disorders 
	Cardiac disorders 
	Acute myocardial infarction 
	1 ( 0.1%) 
	3 ( 0.2%) 

	TR
	Cardiac arrest 
	3 ( 0.2%) 
	0 ( 0.0%) 
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	Table
	TR
	Cardiac failure 
	0 ( 0.0%) 
	1 ( 0.1%) 

	TR
	Cardiac failure chronic 
	0 ( 0.0%) 
	3 ( 0.2%) 

	TR
	Cardiac failure congestive 
	1 ( 0.1%) 
	0 ( 0.0%) 

	TR
	Cardiogenic shock 
	0 ( 0.0%) 
	1 ( 0.1%) 

	TR
	Cardiopulmonary failure 
	0 ( 0.0%) 
	1 ( 0.1%) 

	TR
	Cardiorenal syndrome 
	0 ( 0.0%) 
	1 ( 0.1%) 

	TR
	Cardio-respiratory arrest 
	1 ( 0.1%) 
	5 ( 0.3%) 

	TR
	Coronary artery disease 
	1 ( 0.1%) 
	1 ( 0.1%) 

	TR
	Coronary artery thrombosis 
	0 ( 0.0%) 
	1 ( 0.1%) 

	TR
	Hypertensive heart disease 
	0 ( 0.0%) 
	1 ( 0.1%) 

	TR
	Myocardial infarction 
	4 ( 0.3%) 
	5 ( 0.3%) 

	TR
	Myocardial ischemia 
	0 ( 0.0%) 
	2 ( 0.1%) 

	TR
	Pulseless electrical activity 
	0 ( 0.0%) 
	1 ( 0.1%) 

	TR
	Sinus node dysfunction 
	0 ( 0.0%) 
	1 ( 0.1%) 

	General disorders and administration site conditions 
	General disorders and administration site conditions 
	Death 
	2 ( 0.1%) 
	5 ( 0.3%) 

	TR
	Drowning 
	0 ( 0.0%) 
	1 ( 0.1%) 

	TR
	Sudden cardiac death 
	0 ( 0.0%) 
	2 ( 0.1%) 

	Infections and infestations 
	Infections and infestations 
	Abdominal sepsis 
	0 ( 0.0%) 
	1 ( 0.1%) 

	TR
	Bacterial sepsis 
	1 ( 0.1%) 
	0 ( 0.0%) 

	TR
	Bronchitis 
	1 ( 0.1%) 
	0 ( 0.0%) 

	TR
	Lower respiratory tract infection 
	1 ( 0.1%) 
	0 ( 0.0%) 

	TR
	Pneumonia 
	0 ( 0.0%) 
	5 ( 0.3%) 

	TR
	Septic shock 
	1 ( 0.1%) 
	3 ( 0.2%) 

	Injury, poisoning and procedural complications 
	Injury, poisoning and procedural complications 
	Chemical peritonitis 
	0 ( 0.0%) 
	1 ( 0.1%) 

	TR
	Subdural hematoma 
	1 ( 0.1%) 
	0 ( 0.0%) 

	Metabolism and nutrition disorders 
	Metabolism and nutrition disorders 
	Hyperkaliemia 
	0 ( 0.0%) 
	1 ( 0.1%) 

	Neoplasms benign, malignant and unspecified (incl cysts and polyps) 
	Neoplasms benign, malignant and unspecified (incl cysts and polyps) 
	Adenocarcinoma gastric 
	1 ( 0.1%) 
	1 ( 0.1%) 

	TR
	Cholangiocarcinoma 
	0 ( 0.0%) 
	1 ( 0.1%) 

	TR
	Diffuse large B-cell lymphoma 
	1 ( 0.1%) 
	1 ( 0.1%) 

	TR
	Hepatic cancer 
	0 ( 0.0%) 
	1 ( 0.1%) 

	TR
	Hepatocellular carcinoma 
	2 ( 0.1%) 
	1 ( 0.1%) 

	TR
	Lung neoplasm malignant 
	1 ( 0.1%) 
	0 ( 0.0%) 

	TR
	Mesothelioma malignant 
	0 ( 0.0%) 
	1 ( 0.1%) 

	TR
	Metastases to liver 
	0 ( 0.0%) 
	1 ( 0.1%) 

	TR
	Metastatic malignant melanoma 
	1 ( 0.1%) 
	0 ( 0.0%) 

	TR
	Pancreatic carcinoma metastatic 
	1 ( 0.1%) 
	1 ( 0.1%) 

	TR
	Squamous cell carcinoma of the tongue 
	0 ( 0.0%) 
	1 ( 0.1%) 

	Nervous system disorders 
	Nervous system disorders 
	Ischemic stroke 
	1 ( 0.1%) 
	0 ( 0.0%) 

	Renal and urinary disorders 
	Renal and urinary disorders 
	Acute kidney injury 
	0 ( 0.0%) 
	1 ( 0.1%) 

	TR
	Renal impairment 
	1 ( 0.1%) 
	0 ( 0.0%) 

	Respiratory, thoracic and mediastinal disorders 
	Respiratory, thoracic and mediastinal disorders 
	Chronic obstructive pulmonary disease 
	1 ( 0.1%) 
	0 ( 0.0%) 
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	Table
	TR
	Lung disorder 
	1 ( 0.1%) 
	0 ( 0.0%) 

	TR
	Respiratory failure 
	0 ( 0.0%) 
	1 ( 0.1%) 

	Vascular disorders 
	Vascular disorders 
	Aortic dissection 
	1 ( 0.1%) 
	0 ( 0.0%) 

	TR
	Total 
	25 ( 1.6%) 
	46 ( 2.9%) 


	Source: Reviewer generated using JReview. The cause of death as assigned by the EAC is documented below.. 
	Figure
	Table 76 EAC-Confirmed Deaths – PIONEER 6 
	Table 76 EAC-Confirmed Deaths – PIONEER 6 


	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 w
	Reviewer comment: No imbalance in death not favoring semaglutide was observed in the oral semaglutide clinical program. 
	Serious Adverse Events 
	Figure
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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). 
	Figure
	Table 77 Total SAEs – Phase 3a Pool, Placebo Pool and PIONEER 6 – On-Treatment 
	Table 77 Total SAEs – Phase 3a Pool, Placebo Pool and PIONEER 6 – On-Treatment 


	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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	Source: Table 2-12 ISS 
	Table 78 SAEs Reported by ≥0.2% of Patients by SOC and PT – Phase 3a Pool – On-Treatment 
	Table 78 SAEs Reported by ≥0.2% of Patients by SOC and PT – Phase 3a Pool – On-Treatment 


	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).  
	Figure
	Table 79 SAEs Reported by ≥0.5% of Patients by SOC and PT -PIONEER 6 – On-Treatment 
	Table 79 SAEs Reported by ≥0.5% of Patients by SOC and PT -PIONEER 6 – On-Treatment 


	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. GI 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. 

	Dropouts and/or Discontinuations Due to Adverse Effects 
	Figure

	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 GI 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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	Figure
	Table 80 Overview of AEs Leading to Permanent Premature Trial Product Discontinuation – Phase 3a Pool, Placebo Pool and PIONEER 6 – On-Treatment 
	Table 80 Overview of AEs Leading to Permanent Premature Trial Product Discontinuation – Phase 3a Pool, Placebo Pool and PIONEER 6 – On-Treatment 


	Source: Table 2-15 ISS 
	The increased rate of AEs leading to discontinuation with semaglutide was mostly due to GI 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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	Figure
	Table 81 !Es (≥0.2 %) Leading to Permanent Trial Product Discontinuation by SOC and PT – Phase 3a Pool – On-Treatment 
	Table 81 !Es (≥0.2 %) Leading to Permanent Trial Product Discontinuation by SOC and PT – Phase 3a Pool – On-Treatment 


	Source: Table 2-17 ISS 
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	Source: Table 2-18 ISS 
	Table 82 !Es (≥0.2 %) Leading to Permanent Trial Product Discontinuation by SOC and PT – PIONEER 6 – On-Treatment 
	Table 82 !Es (≥0.2 %) Leading to Permanent Trial Product Discontinuation by SOC and PT – PIONEER 6 – On-Treatment 


	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%). 
	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, .
	CDER Clinical Review Template. 
	Version date: September 6, 2017 for all NDAs and BLAs 
	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. 
	Source: Table 2-19 ISS 
	Table 83 Overview of AEs Leading to Premature Treatment Discontinuation by Dose – PIONEER 3 and Placebo Dose Pool – On-Treatment 
	Table 83 Overview of AEs Leading to Premature Treatment Discontinuation by Dose – PIONEER 3 and Placebo Dose Pool – On-Treatment 


	The dose-dependent increase in AEs leading to premature treatment discontinuation was driven by the dose-dependent increases in GI 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 GI 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. 
	Significant Adverse Events 
	Figure

	The following definitions were used by the applicant when assessing the severity of an AE: 
	•. 
	•. 
	•. 
	Mild -no or transient symptoms, no interference with the patient's daily activities. 

	•. 
	•. 
	Moderate -marked symptoms, moderate interference with the patient's daily activities. 

	•. 
	•. 
	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: 
	•. 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 
	Phase 3a pool 

	No significant 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. 
	Figure
	Table 84 Adverse Events by Severity and Outcome – Phase 3a Pool 
	Table 84 Adverse Events by Severity and Outcome – Phase 3a Pool 


	Source: Table 7.2.4 ISS 
	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 events were listed as not recovered in both treatment groups. 
	Placebo pool 
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	Figure
	Table 85 Adverse Events by Severity and Outcome – Placebo Pool 
	Table 85 Adverse Events by Severity and Outcome – Placebo Pool 


	Source: Table 7.2.18 ISS 
	PIONEER 6 
	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. 
	Figure
	Table 86 SAEs by Severity and Outcome – PIONEER 6 
	Table 86 SAEs by Severity and Outcome – PIONEER 6 


	Source: Table 12-3 CSR PIONEER 6 
	Reviewer comment: While no overall differences were observed between the treatment groups, I believe that this severity categorization is subjective, and does not add any important information to the analysis of adverse events. 
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	Treatment Emergent Adverse Events and Adverse Reactions 
	Figure

	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 GI 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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	Figure
	Figure 31 Rate of AEs by SOC – Phase 3a Pool and Placebo Pool – On-Treatment 
	Figure
	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 
	Figure
	Source: Figure 2-9 ISS 
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	Figure 33 AEs– Statistical Analysis by SOC – Placebo Pool – On-Treatment 
	Figure
	Source: Figure 2-10 ISS 
	Apart from the GI 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 
	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%, 0 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 pancreat
	-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 connectiv
	-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 
	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
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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 t
	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. 
	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. 
	Blood and lymphatic system 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%). 
	Hepatobiliary disorders 

	Common AEs reported by >5% of patients 
	Common AEs reported by >5% of patients 
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	I̎ ̲ϲζ ̡ϲΚ̨ζ ϯΚ ̡̇̕̕ϭ ̲ϲζ ̨̲̍̕ π̤ζ̣͍ζ̲̎ Pϼ̨ ̖̤ζ̡̤̲̕ζβ Χ͟ ш ϱ% ̕π 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 !Es (≥ 5% of Patients) – Statistical Analysis by PT – Phase 3a Pool – On-Treatment 
	Figure
	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 
	Figure
	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 
	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. 
	Laboratory Findings 
	Figure

	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 
	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. 
	Vital Signs 
	Figure

	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.  
	Pulse rate 
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	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 
	Figure
	Source: Table 4-1 ISS 
	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 π̤̕ ϲheart ̤Κ̲ζ ϵ̎Ψ̤ζΚ̨ζϳ ϵ̎Ψ͍̇βϵ̎Ϩ ̲ϲζ Pϼ̨ ϲϲζΚ̤̲ ̤Κ̲ζ ϵ̎Ψ̤ζΚ̨ζβϳϭ ϲ̨ϵ̨͍̎ ̲ΚΨϲ͟ΨΚ̤βϵΚϳϭ and ϲ̲ΚΨϲ͟ΨΚ̤βϵΚϳϰ  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. 
	Figure
	Table 88 Heart Rate Increased – AEs by SOC and PT – MedDRA search – Phase 3a Pool – On-Treatment 
	Table 88 Heart Rate Increased – AEs by SOC and PT – MedDRA search – Phase 3a Pool – On-Treatment 


	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 
	Figure

	Figure
	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. 
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	Blood pressure 
	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 sem
	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. 
	Electrocardiograms (ECGs) 
	Figure

	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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	Figure
	Table 89 Overall ECG Investigator Interpretation – Shift Table – Phase 3a Pool 
	Table 89 Overall ECG Investigator Interpretation – Shift Table – Phase 3a Pool 


	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 MIs. Eighteen ECGs indicated new ischemia/infarction since last ECG reading, hence 18 potential silent MIs were sent for adjudication; of these, 6 events were confirmed by the EAC. 
	QT 
	Figure

	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 mg in 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) st
	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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	Immunogenicity 
	See section 8.5 for evaluation of immunogenicity concerns. 
	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. 
	Figure
	Gastrointestinal disorders 
	As expected for this class of drugs, GI 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 GI AEs, but the 3 and 7 mg doses did not appear to be different regarding GI AEs. Most of the GI AES reported were non-serious and GI SAEs were balanced between treatment groups in
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	An overview of GI 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 GI events was fatal. 
	Figure 36 Overview of Gastrointestinal Disorders – MedDRA Search – Phase 3a, Placebo Pool and PIONEER 6 – On-Treatment 
	Figure
	Table 90 Gastrointestinal Disorders – Pre-Defined MedDRA Search – Overview – Phase 3a Trials and Pools – On-Treatment – SAS 
	Table 90 Gastrointestinal Disorders – Pre-Defined MedDRA Search – Overview – Phase 3a Trials and Pools – On-Treatment – SAS 


	Source: Figure 2-16 ISS 
	Table
	TR
	Sema 3 mg 
	Sema 7 mg 
	Sema 14 mg 
	All sema 
	Comparator 
	Placebo 

	Patients and exposure 
	Patients and exposure 
	N 
	N 
	N 
	N 
	N 
	N 

	Phase 3a pool 
	Phase 3a pool 
	4116 
	2236 

	Placebo pool 
	Placebo pool 
	1519 
	665 

	Placebo dose pool 
	Placebo dose pool 
	359 
	356 
	356 
	362 

	Patients with events 
	Patients with events 
	N (%) 
	N (%) 
	N (%) 
	N (%) 
	N (%) 
	N (%) 

	Phase 3a pool 
	Phase 3a pool 
	1571 (39.1) 
	540 (24.8) 

	Placebo pool 
	Placebo pool 
	573 (38.7) 
	138 (21) 

	Placebo dose pool 
	Placebo dose pool 
	116 (32.3) 
	113 (31.8) 
	146 (41%) 
	77 (21.3) 

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

	Phase 3a pool 
	Phase 3a pool 
	27 (0.6) 
	15 (0.7) 

	Placebo pool 
	Placebo pool 
	8 (0.5) 
	2 (0.3) 
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	Placebo dose pool 
	Placebo dose pool 
	Placebo dose pool 
	3 (0.8) 
	0 
	2 (0.6) 
	0 

	Patients with severe events 
	Patients with severe events 
	N (%) 
	N (%) 
	N (%) 
	N (%) 
	N (%) 
	N (%) 

	Phase 3a pool 
	Phase 3a pool 
	57 (1.6) 
	17 (0.7) 

	Placebo pool 
	Placebo pool 
	22 (1.5) 
	1 (0.2) 

	Placebo dose pool 
	Placebo dose pool 
	4 (1.1) 
	2 (0.6) 
	7 (2) 
	1 (0.3) 

	AEs leading to discontinuation 
	AEs leading to discontinuation 
	N (%) 
	N (%) 
	N (%) 
	N (%) 
	N (%) 
	N (%) 

	Phase 3a pool 
	Phase 3a pool 
	217 (5.9) 
	43 (1.8) 

	Placebo pool 
	Placebo pool 
	97 (6.9) 
	8 (1.1) 

	Placebo dose pool 
	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 GI 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 GI AEs leading to treatment discontinuation than with comparator/placebo. 
	GI AEs were reported throughout the trial, with most reports during the dose escalation period.  A breakdown of common GI 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 GI 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. 
	Figure
	Renal Disorders 
	Acute renal failure (ARF) was designated as AE of interest because GI 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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	Figure
	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%). 
	Figure
	Table 92 AKI AEs and SAEs – MedDRA Search 
	Table 92 AKI AEs and SAEs – MedDRA Search 


	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 ϶̤ζ̎Κ̇ 
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	ϵ̡̍Κϵ̤̍ζ̲̎Ϸϰ ϼϲζ Ψ̇ϵ̎ϵΨΚ̇ ̨ϵϨ̎ϵπϵΨΚ̎Ψζ ̕π ̲ϲϵ̨ ̨̍Κ̇̇ βϵππζ̤ζ̎Ψζ ϵ̨ ͍̎Ψ̇ζΚ̤ϰ 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. 
	Figure
	Table 93 Renal Disorder AEs by SOC and PT – MedDRA Search – Phase 3a Pool –On-Treatment 
	Table 93 Renal Disorder AEs by SOC and PT – MedDRA Search – Phase 3a Pool –On-Treatment 


	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. 
	Figure
	Table 94 Renal Disorder AEs by SOC and PT – MedDRA Search – PIONEER 6 
	Table 94 Renal Disorder AEs by SOC and PT – MedDRA Search – PIONEER 6 


	Source: Table 2-28 ISS 
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	EAC-confirmed events of acute kidney injury 
	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 a
	Figure
	Table 95 EAC-Confirmed Events of AKI – Phase 3a Pool – On-Treatment 
	Table 95 EAC-Confirmed Events of AKI – Phase 3a Pool – On-Treatment 


	Source: Table 2-27 ISS 
	In the placebo pool, AKI 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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	Source: Table 7.3.46 ISS 
	In the renal impairment trial PIONEER 5, 4 EAC-confirmed events of AKI 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). 
	Figure
	Table 97 EAC-Confirmed Events of AKI – PIONEER 6 
	Table 97 EAC-Confirmed Events of AKI – PIONEER 6 


	Source: Table 2-29 ISS 
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	The applicant evaluated the co-reporting of GI and renal adverse events.  In the phase 3a pool, a similar proportion of patients with or without renal disorders reported GI adverse events of nausea/vomiting/diarrhea during the on-treatment period. 
	Renal function parameters 
	Renal function parameters 

	eGFR, creatinine and urine albumin to creatinine ration (UACR) 
	eGFR, creatinine and urine albumin to creatinine ration (UACR) 

	atinine values were similar with oral semaglutide and comparator. Generally renal function parameters were stable over time across trials. 
	In the phase 3a pool, mean baseline eGFR values (92 vs 90 mL/min/1.73 m2) and cre

	Reviewer comment: In conclusion, no significant increase in renal events was observed with semaglutide, despite an increase in GI AEs that could lead to dehydration and AKI. This is in line with what was observed with subcutaneous semaglutide. 
	Hepatic Disorders 
	Figure

	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 хϱ̀͞щN ͙ϵ̲ϲ Ψ̎̕Ψ͍̤̤ζ̲̎ ϼ.щ чϮ̀͞щNϮ ̤̕ !щϼ ̤̕ !϶ϼ хϯ̀͞щN ͙ϵ̲ϲ Ψ̎̕Ψ͍̤̤ζ̲̎ ϼ.щ .>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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	Figure
	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 (≥0.1%) by SOC and PT – MedDRA Search – Phase 3a Pool –On-Treatment 
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	Figure
	Source: Table 2-35 ISS 
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	Source: Table 7.3.52 ISS 
	Table 100 Hepatic disorders – AEs by SOC and PT – Pre-Defined MedDRA Search – Placebo Pool – On-Treatment 
	Table 100 Hepatic disorders – AEs by SOC and PT – Pre-Defined MedDRA Search – Placebo Pool – On-Treatment 


	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 
	Drug induced liver injury 

	ϼ͙̕ ϶!Ę ̕π ϲβ̤͍Ϩ-ϵ̎β͍Ψζβ ̇ϵ͘ζ̤ ϵ͍̤̎́͟ϳ ͙ζ̤ζ ̤ζ̡̤̲̕ζβ ϵ̎ ̲ϲζ ̤̕Κ̇ ̨ζ̍ΚϨ͍̲̇ϵβζ ̡̤̕Ϩ̤Κm: 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) 
	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 below. 
	Liver laboratory parameters 
	Table 101 

	Table 101 Categorical Summary of Max Post-Baseline Values Phase 3a Pool SAS On Treatment 
	Table 101 Categorical Summary of Max Post-Baseline Values Phase 3a Pool SAS On Treatment 
	Table 101 Categorical Summary of Max Post-Baseline Values Phase 3a Pool SAS On Treatment 

	TR
	Oral sema N=4116 
	Comparator N=2236 

	AST 
	AST 

	N 
	N 
	4024 
	2186 

	Normal 
	Normal 
	3176 (79.4) 
	1716 (78.2) 

	High 
	High 
	848 (20.6) 
	470 (21.8) 

	>2XULN 
	>2XULN 
	134 (3.1) 
	82 (4) 

	>3XULN 
	>3XULN 
	34 (0.8) 
	24 (1.1) 

	>5XULN 
	>5XULN 
	8 (0.2) 
	8 (0.4) 

	>10XULN 
	>10XULN 
	1 (<0.1) 
	0 

	ALT 
	ALT 

	N 
	N 
	4026 
	2186 

	Normal 
	Normal 
	3418 (85.4) 
	1863 (84.8) 

	High 
	High 
	608 (14.6) 
	323 (15.2) 

	>2XULN 
	>2XULN 
	80 (1.9) 
	52 (2.4) 

	>3XULN 
	>3XULN 
	22 (0.6) 
	15 (0.7) 

	>5XULN 
	>5XULN 
	4 (<0.1) 
	7 (0.3) 

	>10XULN 
	>10XULN 
	0 
	0 

	TBL 
	TBL 

	N 
	N 
	4026 
	2186 

	Normal 
	Normal 
	3565 (89.3) 
	1955 (89.4) 

	High 
	High 
	461 (10.7) 
	231 (10.6) 

	>2XULN 
	>2XULN 
	22 (0.6) 
	7 (0.4) 

	>3XULN 
	>3XULN 
	2 (<0.1) 
	1 (<0.1) 

	>5XULN 
	>5XULN 
	0 
	0 

	>10XULN 
	>10XULN 
	0 
	0 


	Source: Modified from table 7.5.2 ISS 
	H͟ϳ̨ ̇Κ͙ 
	H͟ϳ̨ ̇Κ͙ 

	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: 
	CDER Clinical Review Template 
	Version date: September 6, 2017 for all NDAs and BLAs 
	-Patient no 
	74 year old male receiving oral semaglutide has elevated AST 
	Figure

	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 
	-Patient no 
	: 71 year old male on placebo had normal AST, ALT and bilirubin 
	Figure

	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. 
	Gallbladder-related Disorders 
	Figure

	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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	Source: Table 2-40 ISS 
	Table 102 Total Gallbladder-Related Disorders – MedDRA Search – Phase 3a Pool, Placebo Pool and PIONEER 6 – On-Treatment 
	Table 102 Total Gallbladder-Related Disorders – MedDRA Search – Phase 3a Pool, Placebo Pool and PIONEER 6 – On-Treatment 


	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 wit
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	Version date: September 6, 2017 for all NDAs and BLAs 
	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.  

	Source: Table 2-41 ISS 
	Table 103 Gallbladder-Related Disorders – by SOC and PT – MedDRA Search – Phase 3a Pool – On-Treatment 
	Table 103 Gallbladder-Related Disorders – by SOC and PT – MedDRA Search – Phase 3a Pool – On-Treatment 


	Pancreatitis 
	Figure

	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 pre­defined 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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	Figure
	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. .
	Figure
	Table 105 Pancreatitis AEs MedDRA Search 
	Table 105 Pancreatitis AEs MedDRA Search 


	Source: Table 2-44 ISS 
	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 
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	-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 
	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 

	TR
	reported with SAE of acute pancreatitis on trial day 293, confirmed by imaging.  

	TR
	Cholelithiasis was reported on day 305. The patient experienced other serious events in 

	TR
	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 

	TR
	reported with acute pancreatitis SAE on trial day 516, confirmed by imaging. The patient 

	TR
	was reported to have a history of cholelithiasis, cholecystitis, and cholecystectomy. The 

	TR
	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, 

	TR
	presented with severe acute upper abdominal pain, diagnosed with acute pancreatitis 

	TR
	on trial day 192, confirmed by imaging. The event was an SAE, and the study drug was 

	TR
	withdrawn as a result of the event of acute pancreatitis. 

	-
	-
	Patient from study 4222: 48 year old female on sitagliptin 100 mg, presented 

	TR
	with severe acute upper abdominal pain and elevation of pancreatic enzymes on day 

	TR
	256. It is not clear whether imaging was performed.  The study drug was withdrawn as a 

	TR
	result of the event of acute pancreatitis. 

	-
	-
	Patient from study 4223: 64 year old male on empagliflozin 25 mg, reported 

	TR
	severe acute abdominal pain and elevated pancreatic enzymes on day 356, without any 

	TR
	characteristic imaging findings. The event was an SAE. 

	-
	-
	Patient from study 4224: 70 year old female on liraglutide reported severe acute 

	TR
	abdominal pain and elevated pancreatic enzymes on day 211. Ultrasound was 

	TR
	performed and imaging results were not consistent with gallstones or acute/chronic 

	TR
	pancreatitis. Relevant confounding factor included hypertriglyceridemia. The study drug 

	TR
	was withdrawn because of this event. The event was non-serious. 


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

	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. 
	Figure

	-Pt 
	study 4222 49 year old male with suspected chronic pancreatitis on imaging, on sitagliptin 100 mg -Pt 
	Figure

	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. 
	Figure

	-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 
	Figure

	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 
	Figure

	-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
	Figure

	-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. 
	Figure

	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 d

	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 
	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 
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	Figure 37 Amylase by Trial – Geometric Mean Plot – On-Treatment 
	Figure
	Source: Figure 7.5.36 ISS 
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	Figure 38 Lipase by Trial – Geometric Mean Plot – On-Treatment 
	Figure
	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. 
	Cardiovascular Adverse Events 
	Figure

	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. 
	Source: Table 2-50 ISS 
	Table 106 Adjudication of CV Events 
	Table 106 Adjudication of CV Events 


	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 MI, 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 MI appeared to be slightly more common with semaglutide vs placebo. 
	Figure
	Table 107 First EAC-Confirmed MACE – PIONEER 6 – In-Trial 
	Table 107 First EAC-Confirmed MACE – PIONEER 6 – In-Trial 


	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 
	Figure
	Source: Figure 2-27 ISS 
	The primary analysis of the time to first MACE event resulted in an estimated HR of 0.79 with a 95% CI 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 MI with semaglutide in either phase 3a or placebo pools. 
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	Figure
	Table 108 First EAC-Confirmed MACE – Phase 3a Pool and Placebo Pool – In Trial 
	Table 108 First EAC-Confirmed MACE – Phase 3a Pool and Placebo Pool – In Trial 


	Source: Table 2-54 ISS 
	Individual components of the CV endpoints 
	Individual components of the CV endpoints 

	CV death 
	CV death 

	-PIONEER 6: a total of 15 patients on oral semaglutide died during the trial due to CV events versus 30 patients on placebo, resulting in a HR of 0.49 with a 95% CI 0.27; 0.92. Most common causes of death were sudden death, and death due to MI. 
	-In the 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 
	Myocardial infarction 

	-In PIONEER 6, a total of 72 patients had MIs (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 MIs were included in these events, an occurred in 6 
	patients on semaglutide, and one in placebo. 
	-In the phase 3a pool, EAC confirmed 26 total MI 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 (o.5%) and 3 with placebo (0.5%). 
	Stroke 
	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 
	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 
	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 
	Table 109 CV Disorders AEs MedDRA Search, In-Trial 
	Table 109 CV Disorders AEs MedDRA Search, In-Trial 

	TR
	Oral semaglutide 
	Comparator/placebo 

	Phase 3a pool 
	Phase 3a pool 

	CV AEs 
	CV AEs 
	245 (5.9) 
	143 (6.5) 

	CV SAEs 
	CV SAEs 

	Placebo pool 
	Placebo pool 

	CV AEs 
	CV AEs 
	84 (6) 
	34 (5) 

	PIONEER 6 
	PIONEER 6 
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	CV SAEs 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 e
	Neoplasms 
	Figure

	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 increas
	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. Noneth
	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. 
	Figure
	Table 110 Adjudication of Malignant Neoplasms 
	Table 110 Adjudication of Malignant Neoplasms 


	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: 
	-F̤̕ ΨΚ̇Ψϵ̲̎̕ϵ̎ ̇ζ͘ζ̨̇ шϭ΄ ̎Ϩ̄щ Κ̎β фϱ΄ ̎Ϩ̄щϮ ϵ̎͘ζ̨̲ϵϨΚ̲ζ ̡̲̕ζ̲̎ϵΚ̇ Ψ̎̕π͍̎̕βϵ̎Ϩ πΚΨ̨̲̤̕ and continue sampling of calcitonin -F̤̕ ΨΚ̇Ψϵ̲̎̕ϵ̎ ̇ζ͘ζ̨̇ шϱ΄ ̎Ϩ̄щ ̖̤̕ шϭ΄ ̎Ϩ̄щ ϵπ ϵ̲ ͙Κ̨ ̲ϲζ ̇Κ̨̲ measurement in the trial); refer the patient to a thyroid specialist -Iπ ΨΚ̇Ψϵ̲̎̕ϵ̎ ̇ζ͘ζ̨̇ ̤ζΚΨϲζβ шϭ΄΄ ̎Ϩ̄щϮ βϵ̨Ψ̲̎̕ϵ͍̎ζ ̲̤ϵΚ̇ ̡̤̕β͍Ψ̲ ̡̤ζ̍Κ̲͍̤ζ̇͟ π̤̕ ̲ϲζ patient and refer the patient to a thyroid specialist 
	Neoplasms (malignant and benign) 
	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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	Figure
	Table 111 All Neoplasms MedDRA Search – In-Trial 
	Table 111 All Neoplasms MedDRA Search – In-Trial 


	Source: Table 2-61 ISS 
	Malignant neoplasms 
	Malignant neoplasms 

	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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	Figure
	Table 112 Malignant Neoplasms MedDRA Search and EAC-Confirmed, In-Trial 
	Table 112 Malignant Neoplasms MedDRA Search and EAC-Confirmed, In-Trial 


	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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	Figure
	Table 113 Malignant Neoplasms – MedDRA Search – with Fatal Outcome – Phase 3a Pool – In-Trial 
	Table 113 Malignant Neoplasms – MedDRA Search – with Fatal Outcome – Phase 3a Pool – In-Trial 


	Source: Table 2-65 ISS 
	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 whic
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	Figure
	Table 114 EAC-Confirmed Malignant Neoplasms (Including Malignant Thyroid Neoplasms) – MedDRA Search – Phase 3a Pool – In-Trial 
	Table 114 EAC-Confirmed Malignant Neoplasms (Including Malignant Thyroid Neoplasms) – MedDRA Search – Phase 3a Pool – In-Trial 


	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. 
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	EAC-confirmed neoplasms for PIONEER 6: 140 events sent for adjudication, 119 confirmed, 111 in-trial. 
	Figure
	Table 115 EAC-Confirmed Malignant Neoplasms (Including Malignant Thyroid Neoplasms) – PIONEER 6 – In-Trial 
	Table 115 EAC-Confirmed Malignant Neoplasms (Including Malignant Thyroid Neoplasms) – PIONEER 6 – In-Trial 


	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. 
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	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 
	Figure

	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. 
	-Patient no 
	had one event of metastatic follicular thyroid carcinoma. In 2000, 17 
	Figure

	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 
	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 t
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	Figure
	Table 116 Calcitonin (ng/L) – Categorical Summary of Maximum Post-Baseline Values – Phase 3a Pool and Placebo Pool – On-Treatment 
	Table 116 Calcitonin (ng/L) – Categorical Summary of Maximum Post-Baseline Values – Phase 3a Pool and Placebo Pool – On-Treatment 


	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 
	Figure
	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. 
	-Patient no 
	traded with oral semaglutide had a calcitonin level of 104 ng/L at 
	Figure

	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

	Hypoglycemia 
	Figure

	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: 
	Figure
	Table 117 ADA 2018 and IHSG 2017 classification of hypoglycemia 
	Table 117 ADA 2018 and IHSG 2017 classification of hypoglycemia 


	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 
	patientϳ̨ ΧΚ̨ζ̇ϵ̎ζ ΧΚΨ̄Ϩ̤͍̎̕β βϵΚΧζ̲ζ̨ ̍ζβϵΨΚ̲ϵ̎̕ϯ -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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	Figure
	Table 118 Background Medications by Trial 
	Table 118 Background Medications by Trial 


	Source: Table 1-9 ISS 
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	Figure
	Table 119 Hypoglycemia in Phase 3a, Placebo Pools, and PIONEER 6 
	Table 119 Hypoglycemia in Phase 3a, Placebo Pools, and PIONEER 6 


	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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	Figure
	Table 120 Hypoglycemia – ADA 2018 Classification – Placebo Dose Pool – On-Treatment Without Rescue Medication 
	Table 120 Hypoglycemia – ADA 2018 Classification – Placebo Dose Pool – On-Treatment Without Rescue Medication 


	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 
	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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	Figure
	Table 121 Hypoglycemia by Anti-Diabetic Background Medication– Phase 3a Pool – On-Treatment Without Rescue Medication 
	Table 121 Hypoglycemia by Anti-Diabetic Background Medication– Phase 3a Pool – On-Treatment Without Rescue Medication 


	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. 
	Diabetic Retinopathy 
	Figure

	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. 
	CDER Clinical Review Template 
	Version date: September 6, 2017 for all NDAs and BLAs 
	Figure
	Table 122 AEs of Diabetic Retinopathy and Related Complications-MedDRA search 
	Table 122 AEs of Diabetic Retinopathy and Related Complications-MedDRA search 


	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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	Source: Table 2-77 ISS 
	Table 123 AEs of Diabetic Retinopathy and Related Complications – MedDRA Search – by PT – Phase 3a Pool – In-Trial 
	Table 123 AEs of Diabetic Retinopathy and Related Complications – MedDRA Search – by PT – Phase 3a Pool – In-Trial 


	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 plac
	Figure
	Table 124 AEs of Diabetic Retinopathy and Related Complications – MedDRA Search – by PT – PIONEER 6 – In-Trial 
	Table 124 AEs of Diabetic Retinopathy and Related Complications – MedDRA Search – by PT – PIONEER 6 – In-Trial 


	CDER Clinical Review Template 
	Version date: September 6, 2017 for all NDAs and BLAs 
	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. 
	Figure 41 AEs of Diabetic Retinopathy by Semaglutide Dose, MedDRA Search – In-Trial 
	Figure
	Source: Figure 2-32 ISS 
	Additional data collected on diabetic retinopathy 
	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 comparat
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	Figure
	Table 125 Additional Data Collection on Diabetic Retinopathy – Phase 3a Pool – In-Trial 
	Table 125 Additional Data Collection on Diabetic Retinopathy – Phase 3a Pool – In-Trial 


	Source: Table 2-78 ISS. For PIONEER 6, additional data were collected for 230 of the 240 AEs of diabetic retinopathy. .
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	Source: Table 2-81 ISS 
	Table 126 Additional Data Collected on Diabetic Retinopathy – PIONEER 6 – In-Trial 
	Table 126 Additional Data Collected on Diabetic Retinopathy – PIONEER 6 – In-Trial 


	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 indi
	Eye examination results 
	Eye 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.  

	Lactic acidosis 
	Figure

	In animals, mortality was observed in all toxicology species when SNAC was administered at high β̨̕ζ̨ ̖шϮ΄΄ ̍Ϩ̄̄Ϩ βζ̡ζ̎βϵ̎Ϩ ̎̕ ̲ϲζ ̨̡ζΨϵζ̨̗ϰ The mortality is considered to be due to inhibition of cellular respiration, mainly via an inhibition of complex I 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 I 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 I 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 c̎̕Ψζ̲̤̎Κ̲ϵ̎̕ шϱϰ΄ ̍̍̇̄̕щ Κ̎β ̡H фϳϰϯϱ Κ̲ ̲ϲζ 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 h
	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. 
	Figure
	Table 127 Lactic Acidosis – MedDRA Search 
	Table 127 Lactic Acidosis – MedDRA Search 


	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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	Figure
	Table 128 Lactic Acidosis – AEs by SOC and PT – MedDRA Search – Phase 3a Pool and PIONEER 6 – On-Treatment 
	Table 128 Lactic Acidosis – AEs by SOC and PT – MedDRA Search – Phase 3a Pool and PIONEER 6 – On-Treatment 


	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 
	Figure
	/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 
	Figure

	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 
	Figure

	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 

	TR
	admitted with syncopal episode in the context of community acquired pneumonia. 

	-
	-
	Patient no 
	: 27 year old male treated with semaglutide from study 4222 was 

	TR
	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 

	TR
	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 u
	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, GI losses, and iatrogenic due to antihypertensive medications. Lactic acid level was 3.7 mmol/L.  
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	-Patient no 
	: 76 year old female on oral semaglutide was reported with lactic 
	Figure

	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 clinica
	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 
	Figure

	minutes post-dose 8.44 mmol/L, and 40 minutes post-dose 1.63 mmol/L 
	-Patient no 
	on semaglutide 3 mg, pre-dose 1.92 mmol/L, 25 minutes post-dose 
	Figure

	>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. 
	Immunogenicity 
	Figure

	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 1̌5 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 
	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. 
	Figure
	Table 129 Total Immunogenicity-Related AEs – MedDRA Search – Phase 3a Pool, Placebo Pool and PIONEER 6 – On-Treatment 
	Table 129 Total Immunogenicity-Related AEs – MedDRA Search – Phase 3a Pool, Placebo Pool and PIONEER 6 – On-Treatment 


	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 
	-Patient no 
	: 62 year old female from study 4222 on semaglutide reported 
	Figure

	angioedema (swelling of lips, tongue, and difficulty breathing) 150 days after starting CDER Clinical Review Template 
	Version date: September 6, 2017 for all NDAs and BLAs 
	̲̤ϵΚ̇ β̤͍Ϩϰ ϼϲζ ̨̡̨̤̎̕̕ ̨̲Κ̲ζβ ̲ϲΚ̲ ̲ϲζ ̡Κ̲ϵζ̲̎ϳ̨ ϲϵ̨̲̤̕͟ ̕π ̡̇̇̕ϵ̨̎̕ϵ̨ ͙Κ̨ Κ Ψ̎̕π͍̎̕βϵ̎Ϩ 
	factor. Regardless, semaglutide was not discontinued due to this adverse event.. -Patient no. 
	: 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. 
	Figure

	-Patient no 
	: 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. 
	Figure

	-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. 
	Figure

	-Patient no 
	: 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. 
	Figure

	AEs: -Patient no 
	: 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 
	Figure

	-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 
	Figure

	-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. 
	Figure

	-Patient no 
	: 53 year old male from study 4223 on semaglutide with lip swelling on trial day 16 coded as angioedema, thought to be due to benazepril which was discontinued. Semaglutide was not discontinued due to this event. 
	Figure

	-Patient : 68 year old female from study 4257 on semaglutide with swelling of lips and mouth coded with PT angioedema on trial day 368. Semaglutide was not discontinued due to this event. 
	Figure

	-Patient 
	: on liraglutide from study 4224 with right face angioedema coded with PT angioedema on trial day 22. Liraglutide was not discontinued due to this event. 
	Figure
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	It is not clear that there was an increase in angioedema with semaglutide, as AEs of eye edema, facial and lip swelling were reported more with comparator vs semaglutide with events reported in 7 patients on comparator vs 2 with semaglutide. From review of the information available on the angioedema reported with semaglutide, it appears that the events were reported as swelling of various parts of the face but coded as angioedema, and therefore were similar to the events reported with comparator. 
	Additionally, the data from PIONEER 6 does not support an increase in serious allergic reactions with semaglutide. In PIONEER 6, the MedDRA search for immunogenicity-related events identified a total of 4 SAEs (1 with oral semaglutide and 3 with placebo) with onset during the on-treatment period.  
	-
	-
	-
	Patient no 
	: 73 year old male on semaglutide was reported with SAE of 

	TR
	pharyngeal edema on trial day 173. The patient was hospitalized with neck pain which 

	TR
	was thought to be bacterial, and MRI showed retropharyngeal edema. The event led to 

	TR
	temporary study drug discontinuation. 

	-
	-
	Patient 
	: 61 year old female on placebo reported with bronchospasm in the 

	TR
	context of left ventricular failure and myocardial infarction on trial day 19. The trial 

	TR
	drug was not discontinued due to the event. 

	-
	-
	Patient no 
	: 72 year old female on placebo reported with anaphylactic reaction 

	TR
	after consumption of apple pie approximately 11 months after inception of the study 

	TR
	drug. The event led to temporary study drug discontinuation. 

	-
	-
	Patient no 
	: 70 year old male on placebo reported with angioedema on trial day 

	TR
	101. The patient also had the following as confounders: left submandibular adenitis, 

	TR
	allergy to penicillin, and was on perindopril for hypertension.  The study drug was 

	TR
	discontinued due to the event. 


	Anti-semaglutide antibodies 
	Anti-semaglutide antibodies 

	In PIONEER 1̌5 and 9, anti-semaglutide antibody formation was low; a total of 14 patients (corresponding to 0.5% of patients with antibody assessment in PIONEER 1̌5 and 9) tested positive for anti-semaglutide antibodies at any time point post-baseline 
	Out of the 14 patients, 4 patients were positive at more than one visit post-baseline 
	-2 patients with treatment induced anti-semaglutide antibodies tested positive for anti­semaglutide antibodies at 2 or 3 additional visits post baseline but not at the follow-up visit. In both patients the antibody response was transient and disappeared after 14 weeks of treatment. 
	-2 patients with pre-existing (before start of dosing) antibodies tested positive, at additional 1 or 2 visits during the treatment period (week 4, and weeks 4 and 8, respectively) and at the follow-up visit. The level of anti-semaglutide antibodies in the two patients were highest at baseline, decreased during treatment and were at the lowest level at follow-up. 
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	Six patients on oral semaglutide had a sample collected due to suspicion of severe acute hypersensitivity. All samples collected were tested negative for anti-semaglutide IgE antibodies and anti-semaglutide binding antibodies. 
	Reviewer comment: There is no evidence that semaglutide causes immunogenicity related AEs, and the anti-semaglutide antibody formation was low. 
	Creatine Kinase 
	Figure

	In the phase 2 dose-finding trial, several patients had CK levels >ULN, including 2 patients treated with oral semaglutide with CK >10xULN (one of whom co-reported an SAE of rhabdomyolysis). 
	Increases in CK were evaluated, and if levels were >10X ULN, this was to be reported as an AE, and required additional data collection.  
	In the phase 3a pool, ratio to baseline levels of CK were stable over time and similar with oral semaglutide (0.97) and comparator (1.00) at the end of treatment. 
	Figure
	Table 130 Creatine Kinase (U/L) – Categorical Summary of Maximum Post-Baseline Values – Phase 3a Pool and Placebo Pool – On-Treatment 
	Table 130 Creatine Kinase (U/L) – Categorical Summary of Maximum Post-Baseline Values – Phase 3a Pool and Placebo Pool – On-Treatment 
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	Source: Table 2-93 ISS 
	There was no dose-response of oral semaglutide for the proportion of patients with maximum postbaseline CK levels >ULN, or in the number of patients with maximum post-baseline CK levels of >10xULN in PIONEER 3 or the placebo dose pool. 
	In PIONEER 6, mean CK levels were stable over time and similar across treatment groups. The proportions of patients with CK levels above the normal range at the end of trial were similar for oral semaglutide and placebo. A total of 6 patients in the oral semaglutide group and 4 patients in the placebo group had transient increases in CK to values >10xULN. 
	Across PIONEER ϭ,ϭ΄ϭ ϯ ϶!Ę ̕π ̤ϲΚΧβ̨̍̇̕̕͟͟ϵ̨ ̖Pϼ̗ ͙ζ̤ζ ̤ζ̡̤̲̕ζβ ϵ̎ ϯ patients (2 with oral semaglutide and 1 with placebo). The proportion of patients with AEs of blood creatine phosphokinase increased was similar with oral semaglutide (1.5%) vs comparator (1.4%) in the phase 3a pool. In the placebo pool, an imbalance was seen with oral semaglutide vs placebo (1.3% vs 0.6%). 
	In PIONEER 6, 2 non-serious AEs leading to premature trial product discontinuation were reported as blood creatine phosphokinase increased (PT), 1 with oral semaglutide and 1 with placebo. 
	In conclusion, despite some numeric imbalance, the totality of data from the phase 3 trials with oral semaglutide does not appear to suggest any increased risk of increased CK or rhabdomyolysis with semaglutide. 
	Hypovolemia 
	Figure

	Hypovolemia may be a safety issue due to the GI AEs associated with all GLP-1 RAs. The addition of SGLT2i to GLP-1 RAs can further increase the risk of hypovolemia. 
	In the phase 3a pool, events of potential hypovolemia were marginally more common with semaglutide vs comparator.  The preferred terms are presented in the table below. 
	Table 131 Hypovolemia MedDRA Search Phase 3a Pool, On-Treatment 
	Table 131 Hypovolemia MedDRA Search Phase 3a Pool, On-Treatment 
	Table 131 Hypovolemia MedDRA Search Phase 3a Pool, On-Treatment 

	Preferred term 
	Preferred term 
	Semaglutide 
	Comparator 

	TR
	N=4116 
	N=2236 

	Fall 
	Fall 
	41 (1%) 
	20 (0.9%) 

	Syncope 
	Syncope 
	11 (0.3%) 
	1 (<0.1%) 

	Hypotension 
	Hypotension 
	13 (0.3%) 
	7 (0.3%) 

	Shock 
	Shock 
	1 (<0.1%) 
	1 (<0.1%) 


	Source: Reviewer generated using JReview, ISS datasets ADAE and ADSL 
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	In the phase 3a pool, 160 patients were on a combination of GLP1RA and SGLT2i. In this subpopulation, only one event of hypovolemia was identified, in a patient on semaglutide 14 mg. 
	The SAEs of potential hypovolemia were balanced in PIONEER 6, as seen below.  165 patients (10.4%) were on both oral semaglutide and SGLT-Ϯϵϳ̨ Κ̲ ΧΚ̨ζ̇ϵ̎ζ and an additional 71 patients (4.5%) on oral semaglutide initiated SGLT-2i treatment during the in-trial period.  Amongst these 236 patients, one patient reported an SAE of hypovolemia while using an SGLT-2i in combination with oral semaglutide (syncope). 
	Table 132 Hypovolemia MedDRA Search SAEs PIONEER 6, On-Treatment 
	Table 132 Hypovolemia MedDRA Search SAEs PIONEER 6, On-Treatment 
	Table 132 Hypovolemia MedDRA Search SAEs PIONEER 6, On-Treatment 

	Preferred term 
	Preferred term 
	Semaglutide 
	Comparator 

	Fall 
	Fall 
	6 
	11 

	Syncope 
	Syncope 
	7 
	4 

	Hypotension 
	Hypotension 
	5 
	4 


	Source: Reviewer generated using JReview, ISS datasets ADAE and ADSL 
	4 Month Safety Update 
	Figure

	This safety update includes new or updated safety data reported by May 3, 2019: 
	-Completed trials: New or updated deaths, SAEs and pregnancies reported between February 18, 2019 and May 3, 2019 were included from the 10 completed phase 3a trials. 
	-Ongoing trials: All deaths, SAEs and pregnancies from the 3 ongoing trials (2 clinical pharmacology trials and PIONEER 7 extension trial) were included from FPFV to May 3, 2019. 
	-Nonclinical studies: No new nonclinical data since the original ISS cut-off date .(November 2, 2018). 
	No deaths or pregnancies have been reported in this safety update. 
	SAEs 
	SAEs 

	Completed trials -One new SAE was reported which originated from the main phase of PIONEER 7 (osteoarthritis). -One SAE (a neoplasm) was updated from not recovered to recovering (PIONEER 6). Both SAEs were reported for patients on oral semaglutide 3 mg. 
	Ongoing trials 
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	A total of 48 SAEs were reported by 32 patients in the 3 trials that were ongoing from FPFV to May 3, 2019. The majority of the SAEs (46 of 48) were reported by 30 patients in the PIONEER 7 extension trial. 
	Source: Table 2-1 4MSU 
	Table 133 Overview of Blinded SAEs – Trials 4248, 4427 and P7 4257 Ext – SAS 
	Table 133 Overview of Blinded SAEs – Trials 4248, 4427 and P7 4257 Ext – SAS 


	The rate of SAEs was similar to that reported with oral semaglutide in the T2DM NDA, and each SAE preferred term was reported by few patients. Cardiac disorders were the most frequently reported SAEs by SOC in the 3 ongoing trials and this was consistent with what was reported with both oral semaglutide and comparators in the phase 3a pool and with oral semaglutide and placebo in PIONEER 6 of the oral semaglutide T2DM NDA. 
	Safety Analyses by Demographic Subgroups 
	Figure

	The potential impact of various factors (demographic parameters) on the safety profile of semaglutide) was investigated based on the phase 3a pool. These factors included sex, baseline age, race, ethnicity, baseline CV history, baseline renal function (eGFR), geographic region, and 
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	antidiabetic background medication.  
	Sex 
	Figure

	The exposure by sex was balanced in the phase 3a pool for both treatment groups. The proportion of female vs male patents with AEs, and SAEs were comparable for both treatment groups. 
	Figure 42 AE Overview by Sex – Bar Plot – Phase 3a Pool – On-Treatment 
	Figure
	Source: Figure 5-1 ISS 
	When looking at preferred terms reported in >5% of patients for either sex, it appears that gastrointestinal AEs (nausea, diarrhea, constipation, vomiting, dyspepsia, abdominal pain) were more common in women vs men when treated with semaglutide. This may be due to higher exposure due to the potential lower body weight in women. 
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	Figure 43 AEs by Sex and PT – Most Frequent (>=5%) – Dot Plot – Phase 3a Pool – On-Treatment 
	Figure
	Source: Figure 5-2 ISS 
	Age 
	Figure

	The trial population was evaluated based on baseline age as follows: -Age <65 years -!Ϩζ шϲϱ ͟ζΚ̨̤ -!Ϩζ шϳϱ ͟ζΚ̨̤ 
	Exposure by age and treatment group is outlined below. Most patients were between ages of 18 and 65. 
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	Source: Table 5-2 ISS 
	Table 134 Number of Patients by Age Groups – Phase 3a Pool – On-Treatment 
	Table 134 Number of Patients by Age Groups – Phase 3a Pool – On-Treatment 


	In the phase 3a pool, the proportion of patients with AEs and SAEs were overall comparable across the three age groups with oral semaglutide vs comparator. The proportion of elderly patient̨ шϳϱ ͟ζΚ̨̤ with SAEs was slightly higher with oral semaglutide vs comparator, whereas the proportion of elderly patient̨ шϳϱ ͟ζΚ̨̤ ͙ϵ̲ϲ ̨ζ͘ζ̤ζ !Ę ͙Κ̨ ͙̇̕ζ̤ ͙ϵ̲ϲ ̤̕Κ̇ ̨ζ̍ΚϨ͍̲̇ϵβζ ̨͘ comparator. 
	The proportion of patients with oral semaglutide who had AEs leading to premature trial product discontinuation increased with age, and while a similar tendency was seen with comparator, the differences between age groups were larger with oral semaglutide than with comparator. 
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	Figure 44 AE Overview by Age Groups – Bar Plot – Phase 3a Pool – On-Treatment 
	Figure
	Source: Figure 5-3 ISS 
	The most frequent preferred terms (5%) are shown below by age group. It does appear that older patients have an increase incidence of gastrointestinal AEs on semaglutide when compared to younger patients. 
	>
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	Figure 45 AEs by Age Groups and PT – Most Frequent (>=5%) – Dot Plot – Phase 3a Pool – On-Treatment 
	Figure
	Source: Figure 5-4 ISS 
	Although not represented above, weight decrease and falls were more common in semaglutide in patients over the age of 65 compared to patients below the age of 65, although the event numbers are small. Evaluation of the information available for the fall events in patients above the age of 75 does not suggest hypoglycemia as a cause, although it is notable that the patients above the age of 75 were mainly from trials where insulin and/or sulfonylureas were allowed as background medications (PIONEER 3, 5, and
	Table 135 Weight Decrease and Fall Preferred Terms by Age Group and Treatment Arm, Phase 3a Pool 
	Table 135 Weight Decrease and Fall Preferred Terms by Age Group and Treatment Arm, Phase 3a Pool 
	Table 135 Weight Decrease and Fall Preferred Terms by Age Group and Treatment Arm, Phase 3a Pool 

	TR
	Oral semaglutide N (Adjusted %) 
	Comparator N (Adjusted %) 

	Weight decrease 
	Weight decrease 

	18 to <65 
	18 to <65 
	19 (0.7) 
	2 (0.1) 

	>65 
	>65 
	18 (1.3) 
	2 (0.2) 

	>75 
	>75 
	4 (1.6) 
	0 
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	Fall 
	Fall 
	Fall 

	18 to <65 
	18 to <65 
	14 (0.5) 
	10 (0.6) 

	>65 
	>65 
	27 (2.4) 
	10 (1.4) 

	>75 
	>75 
	7 (3.5) 
	1 (1.2) 


	Source: Excerpted from Table 7.7.10 ISS 
	Race 
	Figure

	The trial population was divided into subgroups by race as follows: 
	-White 
	-Asian 
	-Black/African-American 
	-Other (American Indian, Alaska Native, Native Hawaiian, Pacific Islander) 
	-Not applicable 
	As most patients were white for the key efficacy trials, the data on other racial subgroups should be interpreted with caution.  Exposure by race is presented in the table below. 
	Figure
	Table 136 Number of Patients by Race – Overview – Phase 3a Pool – On-Treatment 
	Table 136 Number of Patients by Race – Overview – Phase 3a Pool – On-Treatment 


	Source: Table 5-3 ISS 
	No major differences were observed regarding AEs, SAEs, and AEs leading to discontinuation between the racial subgroups in the phase 3a pool. 
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	Figure 46 AE Overview by Race – Bar Plot – Phase 3a Pool – On-Treatment 
	Figure
	Source: Figure 5-5 ISS 
	The applicant noted that -For blood creatine phosphokinase increased (PT), a treatment difference was observed with oral semaglutide vs comparator (1.3% vs 0.5%) only in the Asian subgroup -For weight decreased (PT), the treatment difference was most pronounced in the Asian subgroup 
	In conclusion, semaglutide safety does not appear to be affected by the racial subgroup based on the available data, with the caveat that the great majority of patients in clinical trials were white. 
	Ethnicity 
	Figure

	The trial population was divided into subgroups by ethnicity as follows: -Not Hispanic/Latino 
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	-Hispanic/Latino Most patients in the phase 3a pool were non-Hispanic/Latino. 
	Figure 47 AE Overview by Ethnicity – Bar Plot – Phase 3a Pool – On-Treatment 
	Figure
	Source: Figure 5-7 ISS 
	For the following SOCs and/or PTs, treatment differences for oral semaglutide vs comparator were more pronounced among patients of Hispanic/Latino vs non-Hispanic/Latino ethnicity -Diarrhea (PT): The treatment difference was more pronounced among the patients of Hispanic/Latino than non-Hispanic/Latino ethnicity 
	-Diabetic retinopathy (PT): A small treatment difference was present among the patients of Hispanic/Latino ethnicity (4.1% vs 1.9%), but not among the non-Hispanic/Latino patients (2.9% vs 3.1%) 
	Weight 
	Figure

	The trial population was divided by the applicant into subgroups by baseline body weight as 
	follows: -<70 kg -ϳ΄,фϵ΄ ̄Ϩ -ϵ΄,фϭϭ΄ ̄Ϩ ->110 kg 
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	Figure 48 AE Overview by Body Weight Groups – Bar Plot – Phase 3a Pool – On-Treatment 
	Figure
	Source: Figure 5-9 ISS 
	While overall there were no major differences between the weight subgroups, the applicant noted the following: 
	-Gastrointestinal disorders SOC: treatment difference (oral semaglutide vs comparator) was Ϩζ̎ζ̤Κ̇̇͟ ̨̲̍̕ ̡̤͍̎̎̕̕Ψζβ ϵ̎ ̲ϲζ фϳ΄ ̄Ϩ Κ̎β ϳ΄,фϵ΄ ̄Ϩ ̨͍ΧϨ̡̨̤͍̕ ̖β̤ϵ͘ζ̎ Χ͟ Pϼ̨ vomiting, constipation, abdominal discomfort). 
	-Decreased appetite (PT): An inverse correlation to body weight was observed with oral semaglutide, but not with comparators. -Weight decreased (PT): An inverse correlation to body weight was observed with oral semaglutide, but not with comparators. 
	These differences may be due to higher exposure in patients with lower weight. 
	Baseline renal function 
	Figure

	The trial population was divided into subgroups by baseline renal function (based on estimated eGFR clearance according to the MDRD equation) as follows: 
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	• 
	• 
	• 
	N̤̍̕Κ̇ ̤ζ̎Κ̇ π͍̎Ψ̲ϵ̎̕ ̘шϵ΄ ̍щ̄̍ϵ̎ ̡ζ̤ ϭϰϳϯ ̍Ϯ̙ 

	• 
	• 
	Mϵ̇β ̤ζ̎Κ̇ ϵ̡̍Κϵ̤̍ζ̲̎ ̘ϲ΄,ϴϵ ̍щ̄̍ϵ̎ ̡ζ̤ ϭϰϳϯ ̍Ϯ̙ 

	• 
	• 
	Moderate renal impairment [<60 mL/min per 1.73 m2] 


	Patient̨ ͙ϵ̲ϲ ̨ζ͘ζ̤ζ ̤ζ̎Κ̇ ϵ̡̍Κϵ̤̍ζ̲̎ ̖ϭϱ,ϯ΄ ̍щ̄̍ϵ̎ ̡ζ̤ ϭϰϳϯ ̍Ϯ̗ ̤̕ ζ̎β-stage renal disease (<15 mL/min per 1.73 m2) were excluded from all trials. 
	Figure 49 AE Overview by Renal Function – Bar Plot – Phase 3a Pool – On-Treatment 
	Figure
	Source: Figure 5-13 ISS 
	For the following SOCs and/or PTs, oral semaglutide-related treatment differences were more 
	pronounced in patients with renal impairment than in patients with normal renal function: -Gastrointestinal disorders SOC (driven in part by PTs nausea, vomiting, dyspepsia) -Decreased appetite (PT) -Investigations SOC (driven in part by PTs weight decreased, pancreatic enzymes 
	increased). -Renal and urinary disorders SOC. 
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	Additionally, PIONEER 5 was a dedicated trial comparing oral semaglutide 14 mg to placebo in patients with moderate renal impairment. In this trial, 324 patients with moderate renal impairment were randomized to receive either oral semaglutide (163 patients) or placebo (161 patients). Overall, oral semaglutide was safe and well tolerated in patients with moderate renal impairment. A greater proportion of patients treated with oral semaglutide vs placebo had AEs (73.6% vs 65.2%), but there was no difference 
	Geographic region 
	Figure

	The trial population was divided to subgroups by region as follows: 
	• 
	• 
	• 
	Europe 

	• 
	• 
	North America (United States, Canada) 

	• 
	• 
	South America 

	• 
	• 
	Asia 

	• 
	• 
	Africa 


	Most patients were from Europe, North America, and Asia, with few patients from South America and Africa. 
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	Figure 50 AE Overview by Region – Bar Plot – Phase 3a Pool – On-Treatment 
	Figure
	Source: Figure 5-19 ISS 
	The following SOCs and PTs were associated with differences between the regional subgroups: 
	-Gastrointestinal disorders SOC: the overall treatment difference was most pronounced in North America and South America, driven by PTs nausea, diarrhea, constipation and gastroesophageal reflux disease 
	-Headache (PT): a treatment difference was observed with oral semaglutide vs .comparator only in Africa. 
	In conclusion, while the treatment difference for specific PTs was more pronounced in specific subgroups, the differences were small and do not necessarily impact the overall safety profile of semaglutide. 
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	Antidiabetic background medication 
	The trial population was divided into subgroups by antidiabetic background medication as 
	follows: -None -Metformin only 
	-
	-
	-
	SU±metformin 

	-
	-
	SGLT-2 inhibitors±metformin 

	-
	-
	Insulin±OADs 

	-
	-
	Other 
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	Figure 51 AE Overview by Anti-Diabetic Background Medication – Bar Plot – Phase 3a Pool – On-Treatment 
	Figure
	Source: Figure 5-21 ISS 
	The following SOCs and PTs were associated with differences across the anti-diabetic 
	background medication subgroups: -Gastrointestinal disorders SOC: There was a treatment difference in all subgroups; it was most pronounced in the insulin±OADs subgroup, driven by PTs nausea, diarrhea, vomiting and constipation -Nervous system disorders SOC: A treatment difference was present in the SGLT-2i±metformin subgroup, driven by headache (PT) 
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	-Decreased appetite (PT): A treatment difference was most pronounced in the subgroup taking insulin±OADs as anti-diabetic background medication -Investigations SOC: A treatment difference was mainly present in the insulin±OADs subgroup, driven by lipase increased (PT) -Renal and urinary disorders SOC: A more pronounced treatment difference was present in the SGLT-2i±metformin subgroup compared to the other subgroups -Hepatobiliary disorders SOC: A small treatment difference was present in the SGLT-2i±metfor
	The applicant concludes that, although minor differences were observed between the subgroups, the overall safety profile of semaglutide was not substantially affected by different antidiabetic background medications. While I generally agree with the applicant assessment, some differences were seen in the evaluation of hypoglycemia, however, this is discussed separately in section 8.4.4. 
	Specific Safety Studies/Clinical Trials 
	Figure

	PIONEER 6 is a CVOT of short duration which was conducted to rule out unacceptable increase in CV risk with semaglutide pre-marketing. No increase in CV risk with semaglutide was observed pre-marketing. 
	Additional Safety Explorations 
	Figure

	Human Carcinogenicity or Tumor Development 
	As noted in the Pharmacology and Toxicology review, the administration of semaglutide once daily by subcutaneous injection to mice and rats for two years resulted in an increased incidence of thyroid C-cell adenoma and combined C-cell adenoma and carcinomas in all treated groups. Thyroid neoplasms occurred at the clinical exposure in rats, and at slightly higher than the clinical exposure in mice (2X and 5X in female and males, respectively). The incidence of C-Ψζ̇̇ ΨΚ̤Ψϵ̎̍̕Κ̨ ͙Κ̨ ̨̲Κ̲ϵ̨̲ϵΨΚ̇̇͟ ̨ϵϨ̎ϵπϵΨΚ̲̎ 
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	Information regarding SNAC from the Pharmacology and Toxicology review by Dr Elena Braithwhite is outlined below: 
	-In a 2-year carcinogenicity study in Sprague Dawley rats, oral doses of 75, 200 or 500 mg/kg/day (males: 1-, 3-, or 10-fold the clinical AUC0-24h, females: 0.2-, 0.6-, or 7-fold the clinical AUCmax) did not result in neoplastic findings that were related to oral SNAC exposure. 
	-Increased mortality was observed in female rats receiving 200 or 500 mg/kg/day starting at ~ Week 80 and SNAC dosing was stopped for the remainder of the study at Week 103 for the 200 mg/kg/day group and at Week 99 for the 500 mg/kg/day group. No consistent cause of death was identified at the histopathological examination. Although the typical clinical signs associated with SNAC toxicity were not noted, relationship of mortality to SNAC exposure cannot be excluded. 
	-In a 26-week carcinogenicity study in rasH2 mice, oral doses of 0, 30, 100, or 300 (males: 0.01-, 0.06-, or 0.3-fold the clinical AUC0-24h, females: 0.04-, 0.1-, or 0.7-fold the clinical AUC0-24h) did not result in neoplastic findings that were related to oral SNAC exposure. 
	Please see Pharmacology and Toxicology review by Dr Elena Braithwhite for details. 
	Human Reproduction and Pregnancy 
	Figure

	A total of 8 pregnancies were reported in six trials of the oral semaglutide clinical development program; 7 in women treated with oral semaglutide and 1 in a woman treated with sitagliptin. 
	In all cases, the fetuses were exposed to oral semaglutide for a short time during the first trimester, until the pregnancy was discovered and trial product discontinued. No congenital anomalies were reported in children of women treated with oral semaglutide. For one patient treated with oral semaglutide an SAE (PT: umbilical cord compression) and 2 non-serious AEs (PTs: premature baby, jaundice neonatal) related to the baby were reported. 
	Table 137 All Pregnancies Reported in the Oral Semaglutide Clinical Development Program 
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	Source: Table 5-12 ISS 
	Pediatrics and Assessment of Effects on Growth 
	Figure

	Not applicable. There is no data on semaglutide in pediatric patients. 
	Overdose, Drug Abuse Potential, Withdrawal, and Rebound 
	Figure

	Limited data are available regarding overdoses of semaglutide. Expected adverse events in connection with an overdose of semaglutide are GI AEs and hypoglycemia (especially if combined with SU and insulin). 
	In the phase 3a pool, AEs of overdose (preferred term: overdose, accidental overdose) occurred in 0.7% of patients, with no differences between the treatment groups. Only one was an SAE, with placebo, and it was an accidental overdose of combination crack/cocaine and alcohol.  No events of hypoglycemia were reported within 7 days of any semaglutide overdose. 
	<

	One SAE of accidental overdose was identified from PIONEER 6, where one patient took 75 units of Humalog insulin instead of Tresiba. 
	CDER Clinical Review Template 
	Version date: September 6, 2017 for all NDAs and BLAs 
	Safety Concerns Identified Through Postmarket ExperienceNot 
	Figure

	applicable. There is no postmarketing experience with oral semaglutide. Subcutaneous semaglutide was approved in 2018.  No new safety concerns have been identified in the postmarketing experience to date. 
	Expectations on Safety in the Postmarket Setting 
	Figure

	Semaglutide is intended to be prescribed as an adjunct to diet and exercise to improve glycemic control in adults with T2DM. No new safety concerns have been identified from review of the clinical data, in addition to the safety concerns with the subcutaneous semaglutide and the GLP-1 RA class of drugs. 
	Additional Safety Issues From Other Disciplines 
	Figure

	Because of issues pertaining of potential SNAC concentration in breast milk (observed in animal models, unknown in humans), a postmarketing lactation study was recommended by the Division of Pediatrics and Maternal Health (DPMH) for further evaluation. 
	Integrated Assessment of Safety 
	Figure

	The safety of oral semaglutide has been studied in 10 phase 3 trials, with over 5000 semaglutide-treated patients, including patients across the T2DM spectrum, from drug-naïve to patients using a variety of background antidiabetics, including metformin, SU, and insulin. The clinical program included a study in patients with renal impairment, and a pre-market cardiovascular outcomes trial which enrolled patients with high CV risk and other diabetes comorbidities. 
	Overall, the semaglutide safety profile was consistent across the phase 3 studies, and with the known safety profile for GLP1 RAs.  
	A number of medical events of special interest were pre-defined and captured across all phase 3 trials (based on the information already known with other GLP1 RAs), and some of these events were adjudicated.  Additional events based on safety from the development program for oral semaglutide (lactic acidosis, CK elevations) were added to the list of adverse events of interest. 
	Semaglutide treatment appears to result in treatment discontinuation more frequently vs all comparators, and particularly when compared to placebo. This is mostly due to GI AEs (nausea, vomiting, diarrhea, and preferred terms related to abdominal pain), and it was dose dependent in studies where more than one dose of semaglutide was evaluated. 
	Deaths and SAEs were balanced with semaglutide vs comparator/placebo in the phase 3a and placebo pools. Cardiac disorders were the most frequently reported SAEs with both oral 
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	semaglutide and comparators. 
	As expected with the drug class, GI AEs (nausea, vomiting, diarrhea), reduced appetite and weight decrease and hypoglycemia (when combined with insulin or SU) were adverse drug reactions most commonly reported with semaglutide. GI AEs were mostly reported as mild or moderate, with few events reported as SAEs. Additionally, most of the GI AEs were reported during the uptitration period for oral semaglutide, and the GI AEs with semaglutide did appear to be dose-dependent. While the GI AEs could lead to dehydr
	The data do not suggest an increased risk for major adverse cardiovascular events with semaglutide. Deaths were balanced in the phase 3a and placebo pools. Overall MACE events were less frequent with oral semaglutide vs placebo, although superiority was not demonstrated statistically. Events of hospitalization for heart failure were balanced between treatment groups in PIONEER 6. 
	Renal disorders were reported more frequently with semaglutide vs comparator in the phase 3a pool, but not in PIONEER 6.  Acute kidney injury was an adjudicated event in the oral semaglutide clinical program, and events that were confirmed were further categorized as stage 1, 2 or 3. In the phase 3a pool, a marginally higher proportion of patients on semaglutide experienced such events, while the reverse was observed in PIONEER 6, the cardiovascular outcomes trial. Most of the events in the phase 3a pool we
	(9) vs 5 with placebo, however it is not clear whether this numerical imbalance is due to chance. 
	As for other GLP-1 RAs, MTC was assessed to be an important potential risk for semaglutide, based on nonclinical data and due to the potential serious clinical consequences and impact on the individual patient as well as on public health. Only one event of medullary microcarcinoma was reported in the clinical development program, and it appears that the pathology was preceding the initiation of semaglutide treatment. Calcitonin levels were monitored during the trials and few patients had elevated calcitonin
	Cholelithiasis was more frequently seen with semaglutide vs placebo in the placebo pool, but this was not observed in the phase 3a pool or PIONEER 6 where events were balanced between treatment groups. No dose response was observed for semaglutide. Cholecystitis was rare but 
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	was reported by a larger proportion of patients in the semaglutide arm vs placebo in the placebo pool (4 events with semaglutide vs 0 with placebo). This is in line with safety information reported with other members of the class. 
	Events of pancreatitis were also adjudicated in the oral semaglutide clinical program. The MedDRA search, and the adjudication, did not identify an imbalance between semaglutide and comparator regarding pancreatitis events. However, a larger number of pancreatitis events on semaglutide were sent for adjudication but not positively adjudicated for reasons that are not entirely clear. Regardless, the number of events is low and could represent, at most, a small numerical imbalance. The risk of pancreatitis is
	A numerical imbalance in certain malignancies was observed in the phase 3a pool, however these imbalances were not observed in PIONEER 6. Skin, prostate, lung, colorectal, and thyroid cancers were more common with semaglutide vs comparator in the phase 3a pool. It is not clear how such malignancies would be the result of semaglutide treatment over such a short period of time and is therefore likely that these imbalances were due to chance. Most patients had confounding factors, and the number of events was 
	Liver events were balanced between the treatment groups in all pools, and only 2 SAEs of potential drug induced lived injury were identified, one on semaglutide and one on placebo, all with potential confounders. Most liver events were reported with preferred term hepatic steatosis, balanced between treatment groups. Few liver disease SAEs were reported from the entire phase 3 program, and they were generally balanced between the treatment groups except in the placebo pool where 2 SAEs were reported with se
	Severe hypoglycemia, as expected, was rare. Hypoglycemia was balanced between treatment groups in the phase 3a pool, but it occurred at a higher rate with semaglutide vs placebo in the placebo pool, and in the renal impairment trial PIONEER 5. Hypoglycemia with semaglutide occurred more on a background of insulin and/or insulin secretagogues as expected with this drug class. No dose-response was observed for hypoglycemia, likely due to the small number of events. 
	Semaglutide treatment was associated with an increase in pulse rate which was expected with 
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	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 increase in heart rate. 
	Semaglutide treatment did not have any impact on creatine kinase levels, and the proportion of patients with transient CK elevations was similar between semaglutide and comparator in the phase 3a pool and PIONEER 6. 
	There were no indications of an immunogenic response against semaglutide as witnessed by low frequencies of anti-semaglutide antibodies (0.5%), with no neutralizing antibodies as well Κ̨ ̎̕ IϨEϳ̨ϰ F͍̤̲ϲζ̤̤̍̕ζϭ immunogenicity-related AEs were balanced between treatment groups. 
	The risk of retinopathy with oral semaglutide was evaluated in light of the increased risk observed with subcutaneous semaglutide. Eye examinations were performed at screening and at the end of treatment for all trials. While marginally more events were identified via MedDRA search with semaglutide vs comparators, the results of the eye examinations did not suggest any difference between semaglutide and comparator. The significance of these findings in such short-term trials is not clear. 
	Because of the SNAC component of oral semaglutide, and its potential inhibition of electron chain transport, clinical events of lactic acidosis were collected during the trials and adjudicated, and lactic acid levels were monitored in selected trials. Few events of lactic acidosis were confirmed in the phase 3 program, none with placebo, but otherwise generally balanced between semaglutide and comparator. While some events reported with preferred term of lactic acidosis were not confirmed by the EAC, all la
	In conclusion, no unexpected safety findings were seen with oral semaglutide vs comparator/placebo. The safety profile was generally consistent across sub-groups of sex, age, race, ethnicity, CV history, renal function, region, anti-glycemic background medication. 
	9. Advisory Committee Meeting and Other External Consultations 
	Not applicable. 
	10. Labeling Recommendations 
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	Prescription Drug Labeling 
	Figure

	Labeling is not yet finalized at the time of this review. I will discuss my opinion regarding some information from the prescribing information below. 
	TRADENAME is indicated as an adjunct to diet and exercise to improve glycemic control in adults with type 2 diabetes mellitus 
	Section 1 Proposed indication: 

	Reviewer comment: The indication is supported by the efficacy findings 
	Section 2 Dosage and administration 
	Section 2 Dosage and administration 

	2.1 Important Administration Instructions ̓ Instruct patients to take TRADENAME at least 30 minutes before the first food, beverage, or medication of the day with no more than 4 ounces of plain water only [see 
	Clinical Pharmacology (12.3)]. Waiting less than 
	30 minutes, or taking TRADENAME with food, beverages (other than plain water) or other medications will lessen the effect of TRADENAME by decreasing its absorption.  
	Figure
	̓ Swallow TRADENAME whole. Do not split, crush or chew tablets. 
	2.2 Recommended Dosage ̓ Start TRADENAME with 3 mg once daily for 30 days then increase the dose to 7 mg once daily. ̓ Dose may be increased to 14 mg once daily if additional glycemic control is needed after at least 30 days on the 7 mg dose. ̓ Taking two 7 mg TRADENAME tablets to achieve a 14 mg dose is not recommended. 
	̓ If a dose is missed, the missed dose should be skipped, and the next dose should be taken the following day. 
	Reviewer comment: This is generally reasonable. The details in administration are necessary as the absorption of semaglutide and/or SNAC is highly variable. 
	Similar to subcutaneous semaglutide. 
	Section 5 Warnings and Precautions 

	Reviewer comment: The overall presentation is reasonable. Certain details regarding data presentation with oral semaglutide particularly for events of pancreatitis are under discussion with the applicant. 
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	Section 6 Adverse reactions. Generally presented as for other members of the class.. 
	DPMH was consulted to provide input regarding the pregnancy and lactation section in the .prescribing information. Based on the currently available clinical and non-clinical data (SNAC. present in breast milk in animal studies), DPMH recommended the following language for the .highlights of the prescribing information:. 
	Section 8 Use in specific populations ̌ Pregnancy and Lactation. 

	HIGHLIGHTS OF PRESCRIBING INFORMATION -----------------------USE IN SPECIFIC POPULATIONS-----------------------­
	̓ P̤ζϨ̎Κ̎Ψ͟ϯ MΚ͟ ΨΚ̨͍ζ πζ̲Κ̇ ϲΚ̤̍ ̖ϴϰϭ̗ϰ 
	̓ щΚΨ̲Κ̲ϵ̎̕ϯ .̤ζΚ̨̲πζζβϵ̎Ϩ ̲̎̕ ̤ζΨ̍̍̕ζ̎βζβ ̖ϴϰϮ̗ϰ ̓ Fζ̍Κ̇ζ̨ Κ̎β MΚ̇ζ̨ ̕π Rζ̡̤̕β͍Ψ̲ϵ͘ζ P̲̕ζ̲̎ϵΚ̇ϯ Dϵ̨Ψ̲̎̕ϵ͍̎ζ ϼR!DEN!ME ϵ̎ ͙̍̕ζ̎ Κ̲ least 2 months before a planned pregnancy due to the long washout period for semaglutide (8.3). 
	Please see DPMH review by Dr Jane Liedtka for recommendations for the full prescribing information. 
	Section 14 Clinical Studies The applicant proposes to include efficacy data from studies PIONEER 1-5, and 7, 8, including HbA1c, FPG, and weight loss data. Additionally, selected information from PIONEER 6 is to be included in support of no increased CV risk with oral semaglutide. 
	Reviewer comment: The overall information proposed for inclusion in section 14 of the PI is reasonable. Will ask the applicant to make changes to align the label with other members of the class, such as presentation of weight data in text format, and presenting only data from the main study phase, and not open label study extensions. One major difference from other member of the class pertains to the lactation recommendation (do not breastfeed) and it is due to the uncertainties related to the SNAC componen
	Nonprescription Drug Labeling 
	Figure

	Not applicable. 
	11. Risk Evaluation and Mitigation Strategies (REMS) 
	No REMS was deemed to be necessary for semaglutide. .CDER Clinical Review Template. 
	Version date: September 6, 2017 for all NDAs and BLAs 
	Reference ID: 4494441
	12. Postmarketing Requirements and Commitments. 
	The review team is recommending the following Post Marketing Requirements: 
	1) 
	1) 
	1) 
	Conduct a 26-week, randomized, double-blind, placebo-controlled parallel group 

	TR
	study of the safety and efficacy of Rybelsus (semaglutide) tablets for the 

	TR
	treatment of type 2 diabetes mellitus in pediatric patients ages 10 to 17 years 

	TR
	(inclusive), followed by a 26-week open-label, controlled extension. Background 

	TR
	therapy will consist of either metformin, insulin, or metformin plus insulin. 

	2) 
	2) 
	Conduct a medullary thyroid carcinoma registry-based case series of at least 15 

	TR
	years duration to systematically monitor the annual incidence of medullary 

	TR
	thyroid carcinoma in the United States and to identify any increase related to the 

	TR
	introduction of Rybelsus (semaglutide) into the marketplace. This study will also 

	TR
	establish a registry of incident cases of medullary thyroid carcinoma and 

	TR
	characterize their medical histories related to diabetes and use of Rybelsus 

	TR
	(semaglutide). 

	3) 
	3) 
	Conduct a milk-only lactation study in lactating women who have received 

	TR
	Rybelsus (semaglutide) tablets semaglutide oral tablet therapeutically to assess 

	TR
	concentrations of semaglutide and salcaprozate sodium (SNAC) in breast milk 

	TR
	using a validated assay. 


	The following Post marketing Commitments are recommended as well: 4) The assay used to monitor neutralizing activity of anti-drug antibodies is not sensitive. Develop a sensitive assay to assess the neutralizing activity of anti­semaglutide antibodies and its cross-neutralizing effect on native GLP-1. 5) Assess the incidence of neutralizing antibodies to semaglutide and GLP-1 in subjects treated with semaglutide. The samples can be derived from pre-existing clinical studies, but a plan to select the samples
	13. Appendices 
	References 
	Figure

	NA 
	MedDRA Queries used for the safety analyses 
	Figure

	MedDRA version 20.1̌ list of terms within safety focus areas 
	CDER Clinical Review Template 
	Version date: September 6, 2017 for all NDAs and BLAs 
	HLGT: higher level group term, HLT: higher level term, NEC: not elsewhere classified, NNMQ: Novo Nordisk MedDRA queries, PT: preferred term, SMQ: standard MedDRA queries, SOC: system organ class 
	1. 
	1. 
	1. 
	Gastrointestinal disorders SOC gastrointestinal disorders, primary events 

	2. 
	2. 
	Renal disorders 


	ϲ϶MQ !Ψ͍̲ζ Rζ̎Κ̇ FΚϵ͍̤̇ζϳϭ ̎Κ̤̤͙̕ ̨Ψ̡̕ζ ̎̇̕͟ 
	3. Hypovolemia ϲ϶MQϯ Hypovolemic shock condition̨ϳ ̖̎Κ̤̤͙̕ ̨Ψ̡̕ζ̗ + ̲͙̕ Κββϵ̲ϵ̎̕Κ̇ Pϼ̨ϯ H̡̲̕͟ζ̨̎ϵ̎̕ Κ̎β ϶̎͟Ψ̡̕ζϳϰ 
	Note: this area of interest should only be included for trials having SGLT-2 inhibitors as background. 
	4. 
	4. 
	4. 
	Hepatic disorders. ϲ϶MQ D̤͍Ϩ ̤ζ̇Κ̲ζβ ϲζ̡Κ̲ϵΨ βϵ̨̤̕βζ̨̤ ̌ Ψ̡̤̍̕ζϲζ̨̎ϵ͘ζ ̨ζΚ̤Ψϲϳϭ ζ͞Ψ̇uding the two sub-SMQs. Liver neoplasms, benign (incl cysts and polyps) (SMQ) and Liver neoplasms, malignant and. unspecified (SMQ)). 

	5. 
	5. 
	Gallbladder-related disorders. SMQ: Biliary tract disorders. SMQ: Biliary system related investigations, signs and symptoms. SMQ: Gallbladder related disorders. SMQ: Gallstone related disorders. SMQ: Infectious biliary disorders. Narrow scope for all SMQs.. 

	6. 
	6. 
	Cardiovascular disorders. Narrow scope only for the following SMQs. 


	1. 
	1. 
	1. 
	Central nervous system vascular disorders (SMQ);. 

	2. 
	2. 
	Ischemic heart disease (SMQ);. 

	3. 
	3. 
	Cardiac arrhythmias (SMQ);. 

	4. 
	4. 
	Cardiac failure (SMQ);. 

	5. 
	5. 
	Cardiomyopathy (SMQ);. 

	6. 
	6. 
	Embolic and thrombotic events (SMQ) (contains sub-SMQs);. 

	7. 
	7. 
	Shock (SMQ) (contains sub-SMQs);. 

	8. 
	8. 
	Torsade de pointes/QT prolongation (SMQ). 


	7. Pancreatitis. SMQ acute pancreatitis, narrow scope.. 
	CDER Clinical Review Template 
	Version date: September 6, 2017 for all NDAs and BLAs 
	HLT acute and chronic pancreatitis (including primary and secondary terms) 
	8. 
	8. 
	8. 
	Neoplasms SOC Neoplasms benign, malignant and unspecified (incl cysts and polyps) (primary and secondary terms) SMQ Biliary neoplasms SMQ Breast neoplasms, malignant and unspecified SMQ Liver neoplasms, benign (incl cysts and polyps) SMQ Liver neoplasms, malignant and unspecified SMQ Malignancies SMQ Malignant lymphomas SMQ Oropharyngeal neoplasms SMQ Ovarian neoplasms, malignant and unspecified SMQ Premalignant disorders SMQ Prostate neoplasms, malignant and unspecified SMQ Skin neoplasms, malignant and un

	9. 
	9. 
	Malignant neoplasms SMQ malignant tumors 

	10.
	10.
	 Diabetic retinopathy and related complications includes the following PTs: Amaurosis Cystoid macular edema Diabetic blindness Diabetic eye disease Diabetic glaucoma Diabetic retinal edema Diabetic retinopathy Diabetic uveitis Exudative retinopathy Macular ischemia Macular edema Macular opacity Macular pseudohole Maculopathy Night blindness Papilledema Papillophlebitis Retinal deposits 


	CDER Clinical Review Template 
	Version date: September 6, 2017 for all NDAs and BLAs 
	Retinal detachment Retinal exudates Retinal hemorrhage Retinal ischemia Retinal neovascularization Retinal edema Retinal pallor Retinal vascular occlusion Retinopathy Retinopathy proliferative Sudden visual loss Visual acuity reduced Visual acuity reduced transiently Vitreal cells Vitreous detachment Vitreous hemorrhage Vitreous opacities 
	11. Lactic acidosis 
	϶MQ ϲщΚΨ̲ϵΨ ΚΨϵβ̨̕ϵ̨ϳ ̖Χ̤̕Κβ Κ̎β ̎Κ̤̤͙̕ ̨Ψ̡̕ζ̗ ζ͞Ψ͍̇βϵ̎Ϩ ̲ϲζ Pϼ̨ ϲΧ̇̕̕β ΧϵΨΚ̤Χ̎̕Κ̲ζ βζΨ̤ζΚ̨ζβϳ Κ̎β ϲΧ̇̕̕β ΧϵΨΚ̤Χ̎̕Κ̲ζ ΚΧ̤̎̍̕Κ̇ϳ̗ 
	12.
	12.
	12.
	 Immunogenicity. Anaphylactic reaction (SMQ). Angioedema (SMQ). Severe cutaneous adverse reactions (SMQ). Anaphylactic/anaphylactoid shock conditions (SMQ). Hypersensitivity (SMQ). Narrow scope for all SMQs .. 

	13.
	13.
	 Rare events. SMQ: Acute renal failure (SMQ), narrow terms only. SMQ: Agranulocytosis (SMQ) narrow terms only. SMQ: Anaphylactic reaction (SMQ) narrow terms only. SMQ: Cardiac arrhythmias (SMQ), broad and narrow. SMQ: Cholestasis and jaundice of hepatic origin (SMQ), broad and narrow terms. SMQ: Guillain-Barre syndrome (SMQ), narrow terms only. SMQ: Hematopoietic cytopenias affecting more than one type of blood cell (SMQ), broad and. narrow. SMQ: Hematopoietic leukopenia (SMQ), broad and narrow terms. SMQ: 


	CDER Clinical Review Template 
	Version date: September 6, 2017 for all NDAs and BLAs 
	narrow terms only SMQ: Hepatitis, non-infectious (SMQ), broad and narrow terms SMQ: Severe cutaneous adverse reactions (SMQ), narrow terms only SMQ: Interstitial lung disease (SMQ) narrow terms only SMQ: Neuroleptic malignant syndrome (SMQ), narrow terms only SMQ: Pseudomembranous colitis (SMQ), narrow terms only SMQ: Retroperitoneal fibrosis (SMQ), narrow terms only SMQ: Acute Pancreatitis, narrow (A) terms only SOC: Congenital, familial and genetic disorders (SOC), (primary and secondary routed PTs) HLT: 
	14.
	14.
	14.
	 Overdose. HLT 'Overdoses NEC'.. In addition, the following PTs are also included:. -Accidental overdose,. -Completed suicide,. -Suicide attempt. 

	15.
	15.
	 Medication errors. 


	ϲ϶MQ MζβϵΨΚ̲ϵ̎̕ ζ̤̤̤̕ϳϭ Χ̤̕Κβ Κ̎β ̎Κ̤̤͙̕ ̨Ψ̡̕ζ ̲ζ̨̤̍ϰ 
	16. Abuse and Misuse Drug abuse and dependence (SMQ): all narrow terms, From the SMQ Suicide/self-injury, the following selected PTs: Complete suicide, Intentional self injury, Poisoning deliberate, Suicide attempt, and Assisted suicide. From the HLT Intentional Product Misuses the PTs: Intentional device misuse and Intentional Product misuse From the HLT Intentional product uses issues the PTs: Intentional dose omission and Performance enhancing product use 
	CDER Clinical Review Template 
	Version date: September 6, 2017 for all NDAs and BLAs 
	17.
	17.
	17.
	 Suspected transmission of an infectious agent HLT: Infectious disorders carrier (only primary terms) HLT: Infectious transmissions (only primary terms) 

	18.
	18.
	 Heart rate increased Search criteria: the following PTs: Tachycardia Sinus tachycardia Heart rate increased 
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	Number of investigators with certification of due diligence (Form FDA 3454, box 3) 1 Is an attachment provided with the reason: Yes NA No (Request explanation from Applicant) 
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	Covered Clinical Study (Name and/or Number): 4223 
	Was a list of clinical investigators provided: Yes No (Request list from Applicant) Total number of investigators identified: 472 Number of investigators who are Sponsor employees (including both full-time and part-time 
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	employees): 0 Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 5 If there are investigators with disclosable financial interests/arrangements, identify the number of investigators with interests/arrangements in each category (as defined in 21 CFR 54.2(a), (b), (c) and (f)): Compensation to the investigator for conducting the study where the value could be influenced by the outcome of the study: 0 Significant payments of other sorts: 5 Proprietary interest in the pro
	Covered Clinical Study (Name and/or Number): 4224 
	Was a list of clinical investigators provided: Yes No (Request list from Applicant) Total number of investigators identified: 381 Number of investigators who are Sponsor employees (including both full-time and part-time employees): 0 Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 13 If there are investigators with disclosable financial interests/arrangements, identify the number of investigators with interests/arrangements in each category (as defined in 21 CFR 
	CDER Clinical Review Template 
	Version date: September 6, 2017 for all NDAs and BLAs 
	54.2(a), (b), (c) and (f)): Compensation to the investigator for conducting the study where the value could be influenced by the outcome of the study: 0 Significant payments of other sorts: 8 Proprietary interest in the product tested held by investigator: 0 Significant equity interest held by investigator in S Sponsor of covered study: 0 Is an attachment provided with details of the disclosable financial interests/arrangements: Yes No (Request details from Applicant) Is a description of the steps taken to 
	Covered Clinical Study (Name and/or Number): 4233 
	Was a list of clinical investigators provided: Yes No (Request list from Applicant) Total number of investigators identified: 529 Number of investigators who are Sponsor employees (including both full-time and part-time employees): 0 Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 9 If there are investigators with disclosable financial interests/arrangements, identify the number of investigators with interests/arrangements in each category (as defined in 21 CFR 54.
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	Sponsor of covered study: 1 Is an attachment provided with details of the disclosable financial interests/arrangements: Yes No (Request details from Applicant) Is a description of the steps taken to minimize potential bias provided: Yes No (Request information from Applicant) Number of investigators with certification of due diligence (Form FDA 3454, box 3) 1 Is an attachment provided with the reason: Yes NA No (Request explanation from Applicant) 
	Covered Clinical Study (Name and/or Number): 4234 
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	Covered Clinical Study (Name and/or Number): 4257 
	Was a list of clinical investigators provided: Yes No (Request list from Applicant) Total number of investigators identified: 411 Number of investigators who are Sponsor employees (including both full-time and part-time employees): 0 Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 6 If there are investigators with disclosable financial interests/arrangements, identify the number of investigators with interests/arrangements in each category (as defined in 21 CFR 54.
	Covered Clinical Study (Name and/or Number): 4280 
	Was a list of clinical investigators provided: Yes No (Request list from Applicant) 
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	Total number of investigators identified: 615 Number of investigators who are Sponsor employees (including both full-time and part-time employees): 0 Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 7 If there are investigators with disclosable financial interests/arrangements, identify the number of investigators with interests/arrangements in each category (as defined in 21 CFR 54.2(a), (b), (c) and (f)): Compensation to the investigator for conducting the study w
	Covered Clinical Study (Name and/or Number): 4281 
	Was a list of clinical investigators provided: Yes No (Request list from Applicant) Total number of investigators identified: 139 Number of investigators who are Sponsor employees (including both full-time and part-time employees): 0 Number of investigators with disclosable financial interests/arrangements (Form FDA 3455): 0 If there are investigators with disclosable financial interests/arrangements, identify the number of investigators with interests/arrangements in each category (as defined in 21 CFR 
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	54.2(a), (b), (c) and (f)): Compensation to the investigator for conducting the study where the value could be influenced by the outcome of the study: 0 Significant payments of other sorts: 0 Proprietary interest in the product tested held by investigator: 0 Significant equity interest held by investigator in S Sponsor of covered study: 0 Is an attachment provided with details of the disclosable financial interests/arrangements: Yes No (Request details from Applicant) Is a description of the steps taken to 
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