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INTRODUCTION

On December 4, 2020, Novo Nordisk Inc. submitted for the Agency’s review an
original New Drug Application (NDA) 215256 for WEGOVY (semaglutide)
injection, for subcutaneous use. This NDA is proposing an indication of weight
management.

This collaborative review is written by the Division of Medical Policy Programs
(DMPP) and the Office of Prescription Drug Promotion (OPDP) in response to a
request by the Division of Diabetes, Lipid Disorders, and Obesity (DDLO) on
January 7, 2021, for DMPP and OPDP to review the Applicant’s proposed
Medication Guide (MG) and Instructions for Use (IFU) for WEGOVY (semaglutide)
injection, for subcutaneous use.

MATERIAL REVIEWED

e Draft WEGOVY (semaglutide) MG and IFU received on December 4, 2020, and
received by DMPP and OPDP on May 14, 2021.

e Draft WEGOVY (semaglutide) Prescribing Information (PI) received on
December 4, 2020, revised by the Review Division throughout the review cycle,
and received by DMPP and OPDP on May 14, 2021.

REVIEW METHODS

To enhance patient comprehension, materials should be written at a 6 to 8" grade
reading level, and have a reading ease score of at least 60%. A reading ease score of
60% corresponds to an 8" grade reading level.

Additionally, in 2008 the American Society of Consultant Pharmacists Foundation
(ASCP) in collaboration with the American Foundation for the Blind (AFB)
published Guidelines for Prescription Labeling and Consumer Medication
Information for People with Vision Loss. The ASCP and AFB recommended using
fonts such as Verdana, Arial or APHont to make medical information more
accessible for patients with vision loss. We reformatted the IFU document using the
Arial font, size 10.

In our collaborative review of the MG and IFU we:
e simplified wording and clarified concepts where possible

e ensured that the MG and IFU are consistent with the Prescribing Information
(PT)

e removed unnecessary or redundant information

e ensured that the MG and IFU are free of promotional language or suggested
revisions to ensure that it is free of promotional language

e ensured that the MG meets the Regulations as specified in 21 CFR 208.20



e ensured that the MG and IFU meet the criteria as specified in FDA’s Guidance
for Useful Written Consumer Medication Information (published July 2006)

e ensured that the MG and IFU are consistent with the approved comparator
labeling where applicable.
4 CONCLUSIONS

The MG and IFU are acceptable with our recommended changes.

5 RECOMMENDATIONS

e Please send these comments to the Applicant and copy DMPP and OPDP on the
correspondence.

e Our collaborative review of the MG and IFU is appended to this memorandum.
Consult DMPP and OPDP regarding any additional revisions made to the PI to
determine if corresponding revisions need to be made to the MG and IFU.

Please let us know if you have any questions.
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FooD AND DRUG ADMINISTRATION
Center for Drug Evaluation and Research
Office of Prescription Drug Promotion

****Pre-decisional Agency Information****

Memorandum
Date: May 25, 2021
To: Martin White, Regulatory Project Manager, Division of Diabetes, Lipid

Disorders, and Obesity (DDLO)

Monika Houston, Associate Director for Labeling, (DDLO)

From: Meena Savani, Regulatory Review Officer
Office of Prescription Drug Promotion (OPDP)

CC: Melinda McLawhorn, Team Leader, OPDP

Subiject: OPDP Labeling Comments for WEGOVY™ (semaglutide) injection, for
subcutaneous use

NDA: 215256

In response to DDLO'’s consult request dated January 7, 2021, OPDP has reviewed the
proposed product labeling (PI), Medication Guide, Instructions for Use (IFU), and carton and
container labeling for the original NDA submission for WEGOVY.

Labeling: OPDP’s comments on the proposed labeling are based on the draft labeling
downloaded from SharePoint on May 24, 2021, and are provided below.

A combined OPDP and Division of Medical Policy Programs (DMPP) review will be completed,
and comments on the proposed Medication Guide and IFU will be sent under separate cover.

Carton and Container Labeling: OPDP has reviewed the attached proposed carton and
container labeling submitted by the Sponsor to the electronic document room on April 23,
2021, and we do not have any comments.

Thank you for your consult. If you have any questions, please contact Meena Savani at (240)
402-1348 or Meena.Savani@fda.hhs.gov.
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§C Memorandum

DEPARTMENT OF HEALTH AND HUMAN SERVICES
PUBLIC HEALTH SERVICE
FOOD AND DRUG ADMINISTRATION
CENTER FOR DRUG EVALUATION AND RESEARCH
DIVISION OF CARDIOLOGY AND NEPHROLOGY

Date: May 21, 2021
From: Interdisciplinary Review Team for Cardiac Safety Studies

Through: Christine Garnett, PharmD
Clinical Analyst, DCN

To: Martin White, RPM
DDLO
Subject: IRT Consult to NDA-215256 (SDNO001)

Note: Any text in the review with a light background should be inferred as copied from the
sponsor’s document.

This memo responds to your consult to us dated 5/13/2021 regarding the Division’s QT related
question. We reviewed the following materials:

e Previous IRT review for IND-126360 dated 10/05/2017 in DARRTS (link);
e Previous IRT review for NDA-209637 dated 05/03/2017 in DARRTS (link); and
e Sponsor’s proposed product label (SN0O001; link).

1 IRT Responses

Previously, the IRT agreed with the sponsor’s proposal to characterize QT effects using the data
from Phase-3 study to support the weight management indication (Dt: 10/05/2017). The expected
steady-state peak concentrations (~116 nmol/L vs ~73 nmol/L) with the proposed therapeutic dose
are higher (~58%) than those observed with 1.5 mg dose in the thorough QT study (Study NN9535-
3652). However, considering - 1) a shallow exposure-response relationship between AAQTcI and
plasma concentrations of semaglutide observed in the thorough QT study; 2) peptide nature of
semaglutide; and 3) no considerable impact of intrinsic and extrinsic factors of the exposures of
semaglutide, the sponsor’s approach of extending the findings of previous thorough QT study
appears reasonable. In addition, relatively lower exposures of semaglutide were observed in the
target population (obese) compared to the healthy subjects.

Below are proposed edits to the label submitted to SDNO01(link) from the IRT. Our changes are
highlighted (addition, deletion). Please note, that this is a suggestion only and that we defer final
labeling decisions to the Division.

Reference ID: 4799532



12.2 Pharmacodynamics
Cardiac Electrophysiology

The effect of semaglutide on cardiac repolarization was tested in a thorough QTc trial.

Semaglutide did not prolong QTc intervals at doses up to 1.5 mg at steady state. R
(b) (4

We propose to use labeling language for this product consistent with the ““Clinical
Pharmacology Section of Labeling for Human Prescription Drug and Biological Products —
Content and Format™ guidance.

2 Internal Comments to the Division

e None.
3 Background

3.1 Product Information

Novo Nordisk is developing semaglutide as an adjunct to a reduced calorie meal plan and increased
physical activity for chronic weight management @@ in adult
patients. Semaglutide (MW: 4113.58 g/mol; the peptide backbone is produced by yeast
fermentation) is glucagon-like peptide-1 (GLP-1) receptor agonist. Previously, semaglutide is
approved for the treatment of diabetes (type 2) as once-weekly subcutaneous administration
(Ozempic solution; NDA-209637) or once-daily oral administration (Rybelsus; NDA-213051 &
NDA-213182).

The product is formulated as sterile solution containing 0.25, 0.5, or 1 mg semaglutide (in 0.5 mL
single dose pen) for subcutaneous administration. The maximum proposed therapeutic dose for the
present indication is 2.4 mg once weekly (the starting dose is 0.25 mg qW. After 4 weeks, the dose
is increased to 0.5 mg qW, followed by 1.0 mg qW, 1.7 mg qW and finally the maintenance dose
of 2.4 mg qW. All escalation steps are given for 4 weeks). The peak concentrations of ~119 nmol/L
(Tmax: 1-3 days; half-life: ~1 week) were observed at steady state with the anticipated therapeutic
dose (Study # 4590 and POP-PK). The product exhibit dose-proportional increase in exposures up
to 2.4 mg once weekly.

Since semaglutide is primarily metabolized by proteolytic degradation (cleavage of the peptide
backbone and sequential beta-oxidation of the fatty acid sidechain; no major metabolites were
identified), it has no significant drug interaction liability. Semaglutide is excreted in the urine (~3%
as unchanged drug) and feces. The sponsor states that renal (mild, moderate, severe, or ESRD) or
hepatic (mild, moderate, severe) impairment did not have any impact on the exposure of
semaglutide (single dose of 0.5 mg semaglutide). The sponsor proposed no dose adjustment based
on age, gender, race, ethnicity, body weight, renal function, injection site or glycemic status.

Previously, the IRT agreed with the sponsor’s proposal to characterize QT effects using the data
from Phase-3 study to support the weight management indication (Dt: 10/05/2017).
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3.2 Sponsor’s Position related to the Question

The sponsor states that the risk of QT prolongation of semaglutide was adequately characterized
in the previous thorough QT study in healthy subjects conducted under NDA-209637 (Dt:
05/03/2017). Refer to the sponsor’s summary of clinical pharmacology studies (m2.7.2)

The potential effect of semaglutide on cardiac repolarization by QTc has previously been studied
for Ozempic®. No prolongation of the QTc interval was observed with semaglutide in doses up to
1.5 mg and no semaglutide exposure-QTc relation was observed in the QTc trial for Ozempic®.

In addition, as expected, body weight was the most important covariate resulting in lower exposure
with higher body weight and vice versa, while other investigated covariates had a minor or no
influence on semaglutide exposure. Further, semaglutide elimination is not organ specific, thus,
conditions such as renal or hepatic impairment are not associated with higher semaglutide
exposure.

As evident from Figure 4-1, comparable exposures were observed between the semaglutide 2.4
mg weight management program (STEP 1 and STEP 2) and trial NN9535-3652. Therefore, the
QTec trial (NN9535-3652) is considered adequate to support the weight management indication
with semaglutide 2.4 mg.

Figure 4-1 Exposure of semaglutide — Semaglutide 2.4 mg vs. semaglutide QTc assessment -
modelling

250 ~
200 ~
150 A
100 -

50 ~

Semaglutide Cavg (nmol/L)

0 NN9535-3652 STEP 1 STEP 2

(N=76) (N=1295) (N=393)

164u1-2020 16:43 34 E/ProjectNNO536/Phaseda_meta_snatysis/currentScripts’50_Erposure_Bridge_3652 R

N: Number of subjects contributing with PK data (STEP 1 and 2) or completing the trial (NN9535-
3652). Data are individual Cavg values (open symbols) and geometric means with 90% ranges
(closed symbols with error bars) obtained with semaglutide 2.4 mg (STEP 1 and STEP 2) or
semaglutide 1.5 mg (trial NN9535-3652). Cavg values in STEP 1 and 2 were derived as described
for estimation of steady-state exposure in Section 1.3.3.2. Cavg values in trial NN9535-3652 were
derived from noncompartmental analyses.

Based on the population PK analysis, an estimated expected highest exposure scenario in the
clinical setting based on the covariates included in the final model (including only significant
covariate factors) was evaluated to be the exposure of a normo-glycaemic Black female with
moderate renal impairment and with a body weight of 74 kg (5th percentile in the PK population).
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The estimated average concentration at steady state for this subject profile was 116 nmol/L (90%
prediction interval 87-155 nmol/L). Based on the full profiles from previous clinical
pharmacology trials, the influence of covariates on Cavg and Cmax is close to identical. Cmax is
approximately 25% above the Cavg. Adding 25% to the Cavg from the expected highest clinical
exposure scenario above, gives an approximate expected Cmax of 145 nmol/L.

Reviewer’s comment: Based on population pharmacokinetics, body weight is a significant
covariate and higher exposures are expected in subjects with lower body weight (e.g., 74 kg: 1.4-
fold and 143 kg: 0.8-fold, compared to exposure relative to body weight 110 kg). Relatively, lower
exposures of semaglutide were observed in the target population (obese) compared to the healthy
subjects.

3.3 Nonclinical Cardiac Safety

Refer to the sponsor’s highlights of clinical pharmacology and clinical safety (m2.7.2; Appendix
5.1), the sponsor’s non-clinical overview (m2.4), and the previous IRT review for NDA-209637
dated 05/03/2017 in DARRTS (link).

In vitro cardiovascular studies were also performed to evaluate potential effects on the cardiac
action potential. In addition, cardiac electrophysiology was monitored by ECG in the repeat dose
toxicity studies in cynomolgus monkeys.

Semaglutide was well tolerated in the monkey, and no adverse effects were observed in the
cardiovascular telemetry study, evaluating single doses of up to 0.5 mg/kg corresponding to 6-fold
the exposure at the MRHD based on Cavg. GLP-1R agonists have been reported to decrease the
arterial blood pressure in humans and to cause an increase in heart rate of 2-3 beats per minute
(88). These effects were not detected in the acute, single dose study in monkeys.

Semaglutide had no effect in the hERG study or Purkinje fiber study investigating cardiac ion
channels when tested up to 8.2 uM (109-fold the expected human Cavg at a clinical dose of 2.4
mg gqW).

3.4 Clinical Cardiac Safety

Refer to the sponsor’s highlights of clinical pharmacology and clinical safety, integrated summary
of safety (link), and the sponsor’s clinical overview (m2.5)

Clinical cardiac safety was evaluated based on the phase 3a pool (phase 3a trials: STEP 1, STEP
2, STEP 3 and STEP 4), the number of exposed subjects to semaglutide 2.4 mg was 2650 and
patient years of exposure was 3309.5.

There was no apparent treatment difference in the reporting of AEs within the HLGT Cardiac
arrhythmias (semaglutide 2.4 mg: 2.3%, 2.1°events per 100 PYE, placebo: 2.0%, 1.9 events per
100 PYE) in the phase 3a pool. The most frequently reported events were atrial fibrillation and
tachycardia. One event of atrial fibrillation led to premature treatment discontinuation. Also, AEs
of increased heart rate (grouped preferred terms) were reported in a small proportion of subjects
with no apparent imbalance between the treatment groups (semaglutide 2.4 mg: 0.8%, placebo:
0.6%).

In all the phase 3a trials, a 12-lead ECG was performed at the randomization visit, the week 20
visit and the end-of-treatment visit. The ECGs were to be interpreted by the investigator and
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categorized as normal or abnormal, and, if abnormal, furthermore indicated whether or not the

finding was clinically significant.

Overall, the proportion of subjects with ECG abnormalities did not differ between the treatment
groups for any of the abnormality categories. The effects of semaglutide s.c. 2.4 mg once weekly
on cardiovascular outcomes are currently being investigated in a dedicated cardiovascular outcome

trial, SELECT (trial NN9536-4388), in subjects with

established cardiovascular disease and

obesity or overweight and without T2D. Reporting of results from SELECT is expected during

2024.

3.5 Summary Results of Prior QTc Assessments

The sponsor conducted a thorough QT study under NDA-209637. In our previously assessment,
no significant QTc prolongation effect of semaglutide (0.5 mg, 1.0 mg, and 1.5 mg) was detected
(TQT study # NN9535-3652; Dt: 05/03/2017). It was a randomized, blinded, 3-arm parallel study
with a nested crossover design (n=168). Healthy subjects were randomized to receive semaglutide
(dose escalation regimen of 0.25 mg, 0.5 mg, 1.0 mg, and 1.5 mg), semaglutide placebo,
moxifloxacin placebo, and a single dose of moxifloxacin 400 mg. Within the studied exposure
range (up to 1.5 mg), no exposure-response relationship was seen between baseline- and placebo-
adjusted QTcF and QTcl intervals and semaglutide concentrations.

Semaglutide
Moxifloxacin placebo (V
moxifloxacin placebo (V11)
(n=84)

Semaglutide placebo
Moxifloxacin (V2)
moxifloxacin placebo (V11
(n=42)

Semaglutide placebo
Moxifloxacin placebo (V2

noxifloxacin (V11)
(n=42)

Visit 13

Follow-up

Study Design:
A Semaglutide/semaglutide placebo dosing
A\ Moxifloxacin/moxifloxacin placebo dosing
0.25mg
[—P
>
[
[—’
Visit 1 V2 V3 v4 V5 V6 Vi V8 V9 V10 V11 V12
1 St | T | Loy | Ot LR |
| T I ) PN | I T 1 I T 1
reemn A A
Week S AA A A A A A A A A A A A A A A
Sto-1 0 3 4 7 8 1 12 16 16

|
ECG
PK sampling

| | |
Randomisation PK sampling ECG

Baseline ECG

PK sampling

Week
20to 22

period

|
ECG
PK sampling

The exposure-response relationship was assessed by baseline- and placebo-adjusted QTcl at steady
state of semaglutide 0.5, 1.0 and 1.5 mg versus corresponding semaglutide plasma concentrations.
No significant exposure-response relationship was identified between AAQTcI and semaglutide

concentrations.

The mean (90% CI) AAQTcF and AAQTclI at mean steady-state Cmax of 74.19 nmol/L following
supratherapeutic dosing regimen 1.5 mg once weekly is estimated to be -0.22 (-3.07, 2.63) and -

5.11 (-7.77, -2.46) ms, respectively.

Figure: The relationships between AAQTcF and AAQTcI and semaglutide concentrations.
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Reviewer’s comment: Based on the previous assessment, the mean (90% CI) 4A4QTcF and A4QTcl
at mean steady-state Cmax of 74.19 nmol/L following supratherapeutic dosing regimen 1.5 mg
once weekly is estimated to be -0.22 (-3.07, 2.63) and -5.11 (-7.77, -2.46) ms, respectively. The
expected steady state peak concentrations (~116 nmol/L vs 72.6 nmol/L) with the proposed
therapeutic dose are higher (~60%) than those observed with 1.5 mg dose in the thorough QT
study (Study NN9535-3652). However, a shallow exposure-response relationship between A4QTcl
and plasma concentrations of semaglutide was observed in the thorough QT study.

3.6 Relevant Details of Planned Phase 3 Study
Not applicable.

Thank you for requesting our input into the development of this product. We welcome more
discussion with you now and in the future. Please feel free to contact us via email at
cderdcrpgt@fda.hhs.gov.
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Center for Drug Evaluation and Research | Office of Surveillance and Epidemiology (OSE)
Epidemiology: ARIA Sufficiency

Date: May 21, 2021
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Subject: ARIA Sufficiency Assessment for pregnancy safety of semaglutide
in the treatment of obesity

Drug Name: Wegovy® (semaglutide)

Application Type/Number: NDA 215256

Applicant/sponsor: Novo Nordisk

OSE RCM #: 2020-2565
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EXECUTIVE SUMMARY

Memo type
-Initial
-Interim
-Final X
Source of safety concern
-Peri-approval X
-Post-approval

Is ARIA sufficient to help characterize the safety concern?
-Yes

-No X
If “No”, please identify the area(s) of concern.
-Surveillance or Study Population

-Exposure

-Outcome(s) of Interest

-Covariate(s) of Interest X
-Surveillance Design/Analytic Tools X
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1. BACKGROUND INFORMATION
1.1. Medical Product

On December 4, 2020, Novo Nordisk submitted a New Drug Application (NDA 215256) for
semaglutide, a long-acting glucagon-like peptide-1 (GLP-1) receptor agonist, for the proposed
indication of weight management. NDA 215256 is a 505(b)(2) application referencing IND
126360 and NDA 209637 for Ozempic (semaglutide) injection prefilled pen, which is indicated
for use in adult patients with type 2 diabetes mellitus. Ozempic is a subcutaneous injection
administered at a starting dose of 0.25 mg once weekly, and can be increased to 0.5 mg once
weekly after 4 weeks, up to a maximum of 1 mg once weekly.!

The proposed indication for NDA 215456 is as an adjunct to a reduced calorie diet and increased
physical activity for chronic weight management in adults with an initial body mass index (BMI)
of:
e 30 kg/m? or greater (obese) or
e 27 kg/m? or greater (overweight) in the presence of at least one weight-related comorbid
condition (e.g., hypertension, type 2 diabetes mellitus, or dyslipidemia)

The starting dose of semaglutide is 0.25 mg injected subcutaneously once-weekly, which can be
escalated to 2.4 mg once-weekly according to the following schedule to minimize
gastrointestinal adverse reactions:

Dose Escalation Schedule

Weeks Weekly Dose
1 through 4 0.25 mg

5 through 8 0.5 mg

9 through 12 1 mg

13 through 16 1.7 mg

Week 17 and onward 2.4 mg

1.2. Describe the Safety Concern

Preclinical data

The pharmacology/toxicology review by Dr. Elena Braithwaite, Division of Pharm/Tox for
Cardiology, Hematology, Endocrinology and Nephrology (DPT-OCHEN), includes an
evaluation of embryofetal development and pre- and postnatal development studies that were
conducted in rats, rabbits, and cynomolgus monkeys.(1) In rats, findings included decreased
placental and fetal weights, and major malformations, including cardiovascular abnormalities

1 Semaglutide is also available in tablet form (Rybelsus, NDA 213051) for the treatment of type 2 diabetes mellitus,
with a starting dose of 3 mg once daily, which can be increased in a stepwise fashion to 14 mg once daily if
additional glycemic control is needed.

Page 3 0of 9
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(retro-esophageal aortic arch, double aortic arch, and membranous ventricular septal defect) and
short tibia at doses below the maximum recommended human dose (MRHD). In rabbits, there
were minor skeletal abnormalities (additional sternebral centers, bridge of ossification/partially
fused/fused sternebra, unossified/incompletely ossified metacarpals/phalanges) and minor
visceral abnormalities (dilated renal pelvis, additional liver lobe, and forepaw flexure) observed
at 0.9-fold the MRHD.

Cynomolgus monkey experienced decreased maternal body weight that was associated with
reduced food consumption during the semaglutide dosing phase at all doses examined. A few
sporadic abnormalities (focal reddening of the skin, kinked and stiff wrist, blood accumulation
under the skull causing misshapen right brain hemisphere, fused kidneys, liver cysts and shift in
alignment of the vertebrae, ribs, and first sternebra, at the cervico-thoracic border) were observed
in fetuses (at =2-fold the MRHD). Pregnant monkeys also experienced an increased incidence
of early pregnancy loss (at 3-fold the MRHD). Reduced infant body weights at birth were also
observed; but, by Day 91, body weights were similar across all groups. Semaglutide treatment
did not result in neurobehavioral impairment during a neurobehavioral test battery conducted on
post-partum day 1 and 7.

Because these findings in animals are potentially due to the weight loss that occurred in the
animals, and it is not clear if the findings are clinically relevant.

Clinical experience

According to a review by the Dr. Carrie Ceresa, Division of Pediatric and Maternal Health
(DPMH), 29 pregnancies were reported in females treated with semaglutide across 4 clinical
trials within the clinical development program for semaglutide 2.4 mg.(2) These and other
exposed pregnancies are included in the Novo Nordisk safety database, which contains a total of
98 pregnancies exposed to semaglutide (including Ozempic and Rybelsus), with known fetal
outcomes in 47 pregnancies. They include 26 live births without congenital anomalies, 1 live
birth with congenital anomaly,? 9 fetal losses (spontaneous abortion), and 11 terminations
without known fetal defects.

Dr. Ceresa summarized the sponsor’s review of the literature and conducted her own literature
review. None of the retrieved publications contain pregnancy exposure cases to semaglutide.

The reviewer concluded that the data are insufficient to determine if there is a drug associated
risk of maternal or fetal adverse reactions.

Weight management and pregnancy

According to the DPMH review, women with a BMI = 30kg/m? are at risk for gestational
diabetes, pre-eclampsia, and cesarean delivery. Also, women with excessive pregnancy weight
gain are at risk for postpartum weight retention, obesity and type 2 diabetes. Yet, fetal/neonatal

2 One case of “small left ear fold/anomaly of external ear congenital” involved exposure to semaglutide during
pregnancy at unknown gestational timing. The mother was HIV positive and the pregnancy was conceived while
mother had an IUD in place. The infant was born at 38 weeks and 4 days gestation and had a small left ear fold that
resolved itself 4 weeks after birth. This event was categorized as “unlikely” related to study drug.

Page 4 of 9
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adverse outcomes, such as fetal growth restriction, can occur in obese women who try to lose
weight during pregnancy.

Consequently, the draft labeling of semaglutide (below) states that

Nevertheless, because women of childbearing age represent a large proportion of antiobesity
drug users, (3) a substantial number of pregnancies could be affected by early exposure to
semaglutide.

Draft Labeling

As of the date of this memo, Section 8.1 of the draft labeling states:

Page 5 of 9
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1.3. FDAAA Purpose (per Section 505(0)(3)(B))

Purpose

Assess a known serious risk

Assess signals of serious risk

Identify unexpected serious risk when available data indicate potential for
serious risk

Page 6 of 9
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2.

REVIEW QUESTIONS

2.1. Why is pregnancy safety a safety concern for this product? Check all that apply.

(]

Specific FDA-approved indication in pregnant women exists and exposure is expected
No approved indication, but practitioners may use product off-label in pregnant women

No approved indication, but there is the potential for inadvertent exposure before a
pregnancy is recognized

No approved indication, but use in women of childbearing age is a general concern

2.2. Regulatory Goal

O

O

Signal detection — Nonspecific safety concern with no prerequisite level of statistical
precision and certainty

Signal refinement of specific outcome(s) — Important safety concern needing moderate level
of statistical precision and certainty.

Signal evaluation of specific outcome(s) — Important safety concern needing highest level of
statistical precision and certainty (e.g., chart review).

2.3. What type of analysis or study design is being considered or requested along with

OXXOOX

ARIA? Check all that apply.

Pregnancy registry with internal comparison group

Pregnancy registry with external comparison group

Enhanced pharmacovigilance (i.e., passive surveillance enhanced by with additional actions)
Electronic database study with chart review

Electronic database study without chart review

Other, please specify:

2.4. Which are the major areas where ARIA not sufficient, and what would be needed to

XX OOo

make ARIA sufficient?

Study Population
Exposures
Outcomes
Covariates
Analytical Tools
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For any checked boxes above, please describe briefly:

Covariates

BMI is not comprehensively and reliably available in Sentinel claims data. Because it is an
important predictor of treatment initiation, and is associated with various pregnancy
complications, the ability to ascertain BMI is critical.

Analytical Tools

The requested PMR targets more than one outcome, including major congenital
malformations (MCM), spontaneous abortions, stillbirths, small for gestational age, and
preterm birth. Moreover, the MCM outcome covers several subclasses of potential interest
(e.g., congenital malformation of the circulatory system, congenital malformation of the
nervous system, or cleft lip and cleft palate). ARIA might address the complexity presented
by multiple discrete outcomes by means of an appropriate data mining approach. However, a
suitable data mining approach (e.g., TreeScan) is not yet available for signal detection of
birth defects and other pregnancy outcomes in ARIA.

2.5. Please include the proposed PMR language in the approval letter.

As of the date of this memo, the FDA drafted the PMR language below:

1. Conduct a prospective, registry based observational exposure cohort study that compares
the maternal, fetal, and infant outcomes of women exposed to semaglutide during
pregnancy to an unexposed reference population. The registry will detect and record
major and minor congenital malformations, spontaneous abortions, stillbirths, elective
terminations, small for gestational age, preterm birth, and any other adverse pregnancy
outcomes. These outcomes will be assessed throughout pregnancy. Infant outcomes,
including effects on postnatal growth and development, will be assessed through at least
the first year of life.

2. Conduct an additional pregnancy study that uses a different observational design from the
Pregnancy Exposure Registry, using claims or electronic medical record data, to assess
the associations between semaglutide exposure during pregnancy with pregnancy
outcomes and infant outcomes including but not limited to major congenital
malformations, spontaneous abortions, stillbirths, and small for gestational age, preterm
birth, and postnatal growth and development.
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EXECUTIVE SUMMARY (place “X’ in appropriate boxes)

Memo type
-Initial
-Interim
-Final X
Source of safety concern
-Peri-approval X
-Post-approval

Is ARIA sufficient to help characterize the safety concern?
-Yes

-No X
If “No”, please identify the area(s) of concern.
-Surveillance or Study Population

-Exposure X
-Outcome(s) of Interest X
-Covariate(s) of Interest
-Surveillance Design/Analytic Tools
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1. BACKGROUND INFORMATION
1.1. Medical Product

On December 4, 2020, Novo Nordisk submitted a New Drug Application (NDA 215256) for
semaglutide, a long-acting glucagon-like peptide-1 (GLP-1) receptor agonist, for the proposed
indication of weight management. NDA 215256 is a 505(b)(2) application referencing IND
126360 and NDA 209637 for Ozempic (semaglutide) injection prefilled pen, which is indicated
for use in adult patients with type 2 diabetes mellitus. Ozempic is a subcutaneous injection
administered at a starting dose of 0.25 mg once weekly, and can be increased to 0.5 mg once
weekly after 4 weeks, up to a maximum of 1 mg once weekly.?

The proposed indication for NDA 215456 is as an adjunct to a reduced calorie diet and increased
physical activity for chronic weight management in adults with an initial body mass index (BMI)
of:
e 30 kg/m? or greater (obese) or
e 27 kg/m? or greater (overweight) in the presence of at least one weight-related comorbid
condition (e.g., hypertension, type 2 diabetes mellitus, or dyslipidemia)

The starting dose of semaglutide is 0.25 mg injected subcutaneously once-weekly, which can be
escalated to 2.4 mg once-weekly according to the following schedule to minimize
gastrointestinal adverse reactions:

Dose Escalation Schedule

Weeks Weekly Dose
1 through 4 0.25 mg

5 through 8 0.5 mg

9 through 12 1 mg

13 through 16 1.7 mg

Week 17 and onward 2.4 mg

1.2. Describe the Safety Concern

Medullary Thyroid Carcinoma (MTC), accounting for approximately 5-8% of all thyroid
carcinoma cases,(1) is a malignant thyroid neoplasm caused by production of calcitonin by the
proliferation of the parafollicular C-cells.(1, 2)

Nonclinical toxicology data indicate that long-acting GLP-1 receptor agonists cause dose-related
and treatment-duration-dependent thyroid C-cell tumors (adenomas or carcinomas) in rodents.

& Semaglutide is also available in tablet form (Rybelsus, NDA 213051) for the treatment of type 2 diabetes mellitus,
with a starting dose of 3 mg once daily, which can be increased in a stepwise fashion to 14 mg once daily if
additional glycemic control is needed.
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Non-clinical studies showed that semaglutide was associated with an increase in thyroid C-cell
adenomas and combined C-cell adenomas and carcinoma in male and female mice and male (C-
cell carcinoma and adenomas) and female (C-cell adenomas) rats.(3) A hypothetical mechanism
is that long-term exposure to long-acting GLP-1 receptor agonists may stimulate the GLP-1
receptors on the thyroid C cells of rodents, which is sufficient to increase cyclic adenosine
monophosphate (CAMP) and initiate the release of calcitonin.(2, 4) However, the GLP-1
receptors in humans are expressed less frequently and do not induce cAMP elevation and
calcitonin secretion (2) and there appeared no reports of MTC following GLP-1 receptor agonists
in clinical studies among humans.(4, 5) The causal link between GLP-1 receptor agonists and
thyroid C-cell tumors, including MTC, in humans remains unknown because of limited duration
of follow-up and interspecies differences.(5) No cases of MTC among humans were identified
during the clinical development phase of semaglutide for weight management.

FDA first approved long-acting GLP-1 receptor agonist, Victoza®, on January 25, 2010. Table 1
summarizes the currently FDA approved long-acting GLP-1 receptor agonists.

Table 1. List of FDA approved long-acting GLP-1 receptor agonists, May 12, 2021

Nordisk/NDA213182

Boxed
. .. Warning
Brand Name Actlve_ SponS(_)r/Appllcatlon FDA Approval with Thyroid
Ingredient Tracking Number Date
C-Cell
tumor”
. Liraglutide Novo Nordisk
Victoza recombinant INDA022341 January 25, 2010 Yes
Exenatide Astrazeneca
Bydureon synthetic INDA022200 January 27, 2012 Yes
Tanzeum Albiglutide GSK .
IBLA125431 April 15, 2014 Yes
Liraglutide Novo Nordisk
Saxenda recombinant INDA206321. December 23, 2014 | Yes
- . Eli Lilly
Trulicity Dulaglutide IBLAL25469 September 19, 2014 | Yes
Insulin degludec | Novo Nordisk
Xultophy | o liraglutide | /NDA208583 November 21, 2016 | Yes
. . Novo
Ozempic Semaglutide Nordisk/NDA209637 December 5, 2017 Yes
Rybelsus Semaglutide Novo January 16, 2020 Yes

*Including medullary thyroid carcinoma (MTC).

Although “FDA concluded increases in the incidence of carcinomas among rodents translated
into a low risk for humans, because statistically significant increases occurred only at drug-
exposure levels many times those anticipated in humans, and the increase in cancers did not
affect overall survival rates,”(6) the product labeling of all long-acting GLP-1 analogs listed in
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Table 1 include thyroid C-cell tumor in the Boxed Warning because of increased risk of MTC
among rodents. The following Boxed Warning is part of the current Ozempic labeling (7):

WARNING: RISK OF THYROID C-CELL TUMORS
See full prescribing information for complete boxed warning.

. In rodents, semaglutide causes thyroid C-cell tumors. It is
unknown whether OZEMPIC causes thyroid C-cell tumors,
including medullary thyroid carcinoma (MTC), in humans as
the human relevance of semaglutide-induced rodent thyroid C-
cell tumors has not been determined (5.1, 13.1).

. OZEMPIC is contraindicated in patients with a personal or
family history of MTC or in patients with Multiple Endocrine
Neoplasia syndrome type 2 (MEN 2). Counsel patients
regarding the potential risk of MTC and symptoms of thyroid
tumors (4, S.1).

Under Sections 505(0)(3), 505(k)(1), and 505(k)(3) of the Federal Food, Drug, and Cosmetic Act
(FDCA), FDA issued a postmarketing requirement (PMR) for the sponsors of long-acting GLP-1
receptor agonists to join a MTC case series registry to investigate the relationship between long-
acting GLP-1 receptor agonist treatment and the development of MTC in humans. The sponsors
formed an MTC Registry Consortium to address this PMR after FDA approved more than one
GLP-1 receptor agonist. Within the MTC Registry Consortium, the sponsors monitor the annual
incidence and change in incidence of MTC through the North American Association of Central
Center Registries (NAACCR); and document demographic and medical risk factors related to the
MTC diagnosis among cases in the MTC participating State Cancer Registries (SCRs). The MTC
case series registry verifies prior GLP-1 receptor agonist treatment through treating physicians.

Because of the potential association between long-acting GLP-1 receptor agonists and risk of
MTC, and in order to ensure that the benefits of long-acting GLP-1 receptor agonists outweigh
the potential risk of MTC, FDA also requires a class wide Risk Evaluation and Mitigation
Strategy (REMS) for approved long-acting GLP-1 receptor agonists as these drugs are indicated
for a large patient population with wide range of potential prescribers for prescription and
dispensing.
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1.3. FDAAA Purpose (per Section 505(0)(3)(B))

Purpose (place an “X”” in the appropriate boxes; more than one may be
chosen)

Assess a known serious risk

Assess signals of serious risk

Identify unexpected serious risk when available data indicate potential for
serious risk

X X

1.4. Statement of Purpose

Since the FDA approval of the first long-acting GLP-1 receptor agonist, Victoza (liraglutide),
FDA requires all subsequently approved GLP-1 receptor agonists to join an MTC case series
registry for a class-wide postmarketing surveillance to systemically monitor the annual incidence
of MTC in the United States for at least 15 years and characterize the MTC cases regarding their
medical history and possible risk factors, including history of GLP-1 receptor agonist treatment.
The sponsors? and the American Thyroid Association (ATA) initiated the MTC case series
registry in 2010.

Per the request of the Division of Diabetes, Lipid Disorders, and Obesity (DDLO) in the Office
of New Drugs (OND), the Division of Epidemiology-1 (DEPI-I) conducted an assessment of the
Sentinel Active Risk Identification and Analysis (ARIA) system to determine, instead of the
class-wide MTC case series registry for GLP-1 receptor agonists, if Sentinel ARIA is sufficient
to assess the MTC safety signal in human, under Food and Drug Administration Amendments
Act (FDAAA) 2007, for postmarketing safety surveillance of semaglutide for weight
management.

1.5. Effect Size of Interest or Estimated Sample Size Desired
Skipped. Insufficiency in exposure and study outcome preclude further discussion.

2. SURVEILLANCE OR DESIRED STUDY POPULATION
2.1 Population
Skipped. Insufficiency in exposure and study outcome preclude further discussion.

2.2 Is ARIA sufficient to assess the intended population?

Skipped. Insufficiency in exposure and study outcome preclude further discussion.

b Currently, the MTC case registry covers exenatide extended release (Bydureon, AstraZeneca), albiglutide
(Tanzeum, of GlaxoSmithKline), dulaglutide (Trulicity, Eli Lily), liraglutide for diabetes treatment (Victoza, Novo
Nordisk), liraglutide for weight management (Saxenda, Novo Nordisk), semaglutide injection for diabetes treatment
(Ozempic, Novo Nordisk), and semaglutide tablets for diabetes treatment (Rybelsus, Novo Nordisk).
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3 EXPOSURES
3.1 Treatment Exposure(s)

During the period between 2000 and 2020, the Sentinel Distributed Database accumulated over
350 million patients of all ages, with 70 million patients currently accruing new data.(8)
Although Sentinel allows for the evaluation of data on a large number of patients:
o Market uptake rates of semaglutide for @@ are uncertain and Sentinel only
represents a fraction of all semaglutide users;
e In the Sentinel system, approximately 50% of enrollment episodes with medical and
pharmacy coverage are shorter than 2 years, and only 25% are longer than 5 years.(9)
Yet, MTC is a rare, long latency outcome (Section 4), requiring long-term follow-up of a
large number of exposed patients.

3.2 Comparator Exposure(s)
Skipped.

3.3 Is ARIA sufficient to identify the exposure of interest?

No. The number of patients in Sentinel with exposure to semaglutide for @@ and long-
term follow-up would likely be insufficient to support an ARIA evaluation, especially in the
context that MTC is a rare, long latency event (Section 4).

4 OUTCOME(S)
4.1 Outcomes of Interest

MTC is a rare disease with long latency. It occurs in people at all ages and the incidence varies
with age, sex, and racial/ethnic group.(10-12) According to the Surveillance, Epidemiology, and
End Results (SEER) program of the National Cancer Institute, the incidence of MTC in the
United States ranged from 0.10 per 100,000 person-years in black males to 0.22 per 100,000
person-years in white females during the period between 1992 and 2006.(10) Each year, there are
only approximately 600 incident cases of MTC in the United States.(6) There are four types of
thyroid cancer: papillary, follicular, medullary, and anaplastic. MTC accounts for 1-2% of all
thyroid cancers. Most (75%) MTC cases are sporadic, while 25% are familial, occurring in
association with multiple endocrine neoplasia type 2 syndrome. MTC can be cured only by
complete resection of the thyroid tumor and metastases. Furthermore, MTC takes decades to
develop symptoms/signs inducting medical visit and studies of limited duration are insufficient
to characterize an increase in MTC risk.(1, 13-15)

In addition, there is only one ICD-10 code for thyroid cancer and it is nonspecific: C73
“malignant neoplasm of thyroid gland.” There are several surgical removal codes, shown below,
but they are also nonspecific to MTC and surgery is the primary treatment modality for thyroid
cancer in general. Although laboratory measurements for calcitonin and carcinoembryonic
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antigen (CEA) are also performed as part of the evaluation, their results would not be available
in Sentinel ARIA. CEA is a tumor marker that is also routinely used in colon cancer screening
and is elevated in other malignancies such as breast, pancreas and lung cancers. There are no
known validation studies using ICD10 code and CEA procedure code (92378) to identify MTC.
Also, genetic screening results using the RET germline mutation would not be available in
Sentinel and would only identify a proportion of the patients with genetically based MTC.

SURGEON

CPTCODE'  PROCEDURE

60210 Partial thyroid lobectomy, unilateral; with or without isthmusectomy

60212 Partial thyroid lobectomy, unilateral; with contralateral subtotal lobectomy, including isthmusectomy
60220 Total thyroid lobectomy, unilateral; with or without isthmusectomy

60225 Total thyroid lobectomy, unilateral; with contralateral subtotal lobectomy, including isthmusectomy
60240 Thyroidectomy, total or complete

60257 Thyroidectomy, total or subtotal for malignancy; with limited neck dissection

60254 Thyroidectomy, total or subtotal for malignancy; with radical neck dissection

60260 Thyroidectomy, removal of all remaining thyroid tissue following previous removal of a portion of thyroid
60270 Thyroidectomy, including substernal thyroid; sternal split or transthoracic approach

6021 Thyroidectomy, including substernal thyroid; cervical approach

60500 Parathyroidectomy or exploration of parathyroid

4.2 Is ARIA sufficient to assess the outcome of interest?
No. The Sentinel ARIA system is unlikely to include a sufficient number of patients with the
outcome of interest, and with a duration of follow-up needed to evaluate any increased risk in the

development of MTC. Moreover, administrative codes used to identify thyroid cancers are not
specific.

5 COVARIATES
5.1 Covariates of Interest
Skipped. Insufficiency in exposure and study outcome preclude further discussion.

5.2 Is ARIA sufficient to assess the covariates of interest?

Skipped. Insufficiency in exposure and study outcome preclude further discussion.
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6 SURVEILLANCE DESIGN/ANALYTIC TOOLS
6.1 Surveillance or Study Design

Skipped. Insufficiency in exposure and study outcome preclude further discussion.

6.2 Is ARIA sufficient with respect to the design/analytic tools available to assess the
guestion of interest?

Skipped. Insufficiency in exposure and study outcome preclude further discussion.

7 NEXT STEPS

In order to fulfill the postmarketing requirement of the FDA approval of the first long-acting
GLP-1 receptor agonist, Victoza (liraglutide), the sponsor and the American Thyroid Association
(ATA) initiated a MTC case series registry in 2010 to observe all new cases of MTC diagnosed
in the United States for at least 15 years. FDA then obligated the subsequently approved long-
acting GLP-1 receptor agonists to join the MTC case series registry for a class-wide
postmarketing surveillance to systemically monitor the annual incidence of MTC in the United
States and characterize the MTC cases regarding their medical history and possible risk factors
including history of GLP-1 receptor agonist treatment.(16, 17)

In alignment with other long-acting GLP-1 receptor agonists in the class, DEPI-I recommends
that FDA issue a postmarketing requirement (PMR) for semaglutide for weight management to
assess the MTC safety signal, under Section 505(0)(3)(B) Food and Drug Administration
Amendments Act (FDAAA). Given the challenges in obtaining a population with sufficient
exposure, duration of follow-up, and number of events, given the rarity of MTC, DEPI-I concurs
with the use of an MTC registry design.

As of the date of this memo, FDA has developed the following PMR language:

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 semaglutide for
the treatment of obesity into the marketplace. This study will also establish a registry of
incident cases of medullary thyroid carcinoma and characterize their medical histories
related to the use of semaglutide for the treatment of obesity.
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NDA:

Subject:

Review Date:
PDUFA due Date:
Primary Reviewer:
Secondary Reviewer:
Applicant:

Associated IND:

215256

Immunogenicity review memo — Semaglutide 2.4 mg once weekly
subcutaneous injection as an adjunct to a reduced-calorie diet and

increased physical activity for chronic weight management
@ in adult patients with

an initial body mass index of >30kg/m” (obesity) OR >27 kg/m?
(overweight) in the presence of at least one weight-related
comorbidity.

5/3/2021

06/04/2021

Mohanraj Manangeeswaran, Ph.D

Daniela Verthelyi, M.D., Ph.D

Novo Nordisk Inc

126360

Proposed Proprietary Name: NA

Nonproprietary Name:
Dosage form:
Indication:

Clinical Division:

RPM:

Semaglutide

Injection, solution

Treatment of patients for chronic weight management
OND/ODEII/DMEP

Martin White

1. Recommendation:

New drug application for Semaglutide 2.4 mg once weekly subcutaneous injection as an adjunct to
a reduced-calorie diet and increased physical activity for chronic weight management is
recommeded for approval from an immunogenicity standpoint.
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2. Executive summary:

The sponsor conducted clinical trials to assess the immunogenicity of Semaglutide administered
subcutaneously in obese patients and overweight patients with type II diabetes. 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
sufficient sensitivity (1165ng/mL in the presence of 2nM semaglutide). The sensitivity of 1165
ng/mL in the presence of residual levels of semaglutide present in the clinical samples can only
detect NABs in samples that have a % B/T value of more than 40. Antibody positive samples in the
clinical trials had much lower levels of antibodies. The sensitivity of the NAB assay is not
sufficient to assess the neutralizing ability of the antibodies. Previously, PMCs were issued to
develop a sensitive NAB assay for subcutaneous semaglutide (Ozempic) and oral semaglutide
(Rybelsus) programs for the treatment of T2DM. The sponsor made a good-faith effort and was not
able to develop a sensitive assay that is tolerant to on-board semaglutide and capable of monitoring
low levels of antibodies present in clinical samples. In light of this previous experience and lack of
safety and efficacy concerns with the approved semaglutide (Ozempic, chronic use in T2D patients)
available in the market, PMCs need not be issued to the Sponsor to develop a suitable NAB assay
but claims about the lack of neutralizing antibodies in treated patients will not be allowed in the
label. The clinical studies included 2 phase 3a trials, 1 phase 2 trial, and two clinical pharmacology
trial. The overall incidence of ADA for the different trials was 2.9% (50/1709). Among those
subjects that seroconverted, 54% were found to crossreact with endogenous GLP1 but MRD
adjusted ADA titers were low (15-240; median 30) The neutralizing activity of the antibodies is
unknown at this time. No impact on PK, PD, safety or efficacy was evident.

3. Review memorandum:

Summary of drug and use in proposed indication

This is an original NDA submitted by Novo Nordisk Inc. on December 4th, 2020, seeking
marketing approval for subcutaneous administration of semaglutide once a wekk as an adjunct to a
reduced-calorie diet and increased physical activity for chronic weight management.

Semaglutide is a GLP-1 receptor agonist that selectively binds to and activates the GLP-1 receptor,
a target receptor for native GLP-1. The GLP-1 peptide hormone belongs to the superfamily of
glucagon-related peptides. Physiologically, GLP-1 is secreted by the endocrine L-cells of the
intestine in response to food intake and also by neurons of the hind brian. Secreted GLP-1 binds to
GLP-1 receptor ( GLP-1R) and induces glucose-dependent release of insulin as well as increased
synthesis of insulin, glucokinase and glucose transporters. GLP-1 also induces glucose-dependent
lowering of glucagon secretion, which in turn lowers the hepatic glucose output. Thus, GLP-1
stimulates insulin secretion and inhibits glucagon secretion in a glucose-dependent manner. Patients
with T2DM have reduced response to GLP-1 but can respond to the blood glucose lowering effect
of GLP-1 when admininstered at supraphysiological levels. In addition, GLP-1 can lower energy
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intake via inducing feelings of satiety and fullness and lowering feelings of hunger. GLP-1 receptors
expressed in the hypothalamus and hind brain are implicated in reduced food intake. The decreased
apetite, early satiety, and preference for low fat and low sugar diets may results in weight loss.
GLP-1 receptor agonists are designed to mimic the effect of endogenous GLP-1. The half-life of
native GLP-1 is 1.5 minutes after i.v administration and so are not suitable for therapeutic use.

Semaglutide is a long acting analogue of the endogenous GLP-1 molecule and so belongs to the
GLP-1 receptor agonist class of drugs. When compared to human native GLP-1, the semaglutide
molecule has 94% structural homology to native GLP-1 with three main modifications

1. 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.

2. Lysine to Arginine at position 34

3. 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.

Structure of semaglutide:

o 20 o 2
"
E— O T F-T-8-D-V-3-8-Y-L-E—0-8-A-A-N L FeFuleAeWelaVeR—GaR= G0N

Semaglutide formulation is a clear and colorless @@ solution for injection available in a

pre-filled disposable pen injector.The route of administration for semaglutide is once-weekly (OW)
subcutaneous injection. It is intended to improve glycemic control in patients with T2D as an
adjunct to diet and excercise.

Following subcutaneous (SC) administration, semaglutide has a relatively long terminal half-life
(t12) which allows for once weekly dosing. The Applicant claimed that the prolonged action
profile of semaglutide is due to the following mechanisms: delayed absorption from the
subcutaneous tissue, increased binding to albumin (decrease in renal clearance and protection from
metabolic degradation), and an increased resistance to enzymatic degradation by dipeptidyl
peptidase 4 (DPP-4) enzymes. Native GLP-1 and GLP-1 receptor agonists lower energy intake via
inducing feeling of satiety and fullness and lowering feelings of hunger.

Regulatory history:
Novo Nordisk submitted an original NDA 215256 for semaglutide once weekly (OW) subcutaneous
(SC) injection indicated for chronic weight management in adults who are obese or overweight with
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a weigt-related comorbidity. Semaglutide (NDA 209637-Ozempic) 0.5 mg and 1 mg, once weekly
SC injection is approved worldwide for treatment of type 2 diabetes (T2D). It is also approved in
the US for reducing cardiovascular risk in patients with T2D. Oral Semaglutide (NDA 213051-
Rybelsus) 7 mg and 14 mg is approved in the US, Canada and EU for the treatment of T2D. Another
GLP-1 analogue, Liraglutide ( NDA 206321- Saxenda) 3 mg daily subcutaneous administration is
approved worldwide for weight management in adults who are obese ( BMI >30) or overweight (
BMI>27) with a weight-related comorbidity. There is established clinical experience with GLP-1
receptor agonist class of products and also for oral and subcutaneous semaglutide for diabetes.

Past immunogenicity experience with the product class:

There are several GLP-1 receptor agonists that are commercially available. In the past, products
that had low homology to human GLP-1 had a high incidence of anti-drug antibodies (ADA) that
was associated with loss of efficacy particularly, in subjects with high ADA titers, whereas those
with high homology, such as semiglutide, have shown low incidence of ADA that did not impact
on safety and efficacy.

Products with high homology include: Liraglutide (Victoza and Saxenda), which has 97%
homology to native GLP-1, have one amino acid substitution and are acylated in position 26.
Dulaglutide (Trulicity) consists of dipeptidyl peptidase-IV-protected GLP-1 analogue that is
covalently linked to a human IgG4-Fc heavy chain by a small peptide linker. Albiglutide ( Eperzan
/Tanzeum) is a GLP-1 dimer fused to human albumin. These GLP-1 RA that are human GLP-1
analogues reported low incidence of ADAs. In contrast, Exenatide (Byetta and Bydureon) and
Lixisenatide which are GLP-1RA derived from peptide exendin-4 found in Gila monsters show
higher immunogenicity. Lixisenatide is a GLP1-RA derived from the first 39 amino acids of
exendin-4, without proline at position 38 and with six additional lysine residues. Exenatide and
lixisenatide has been associated with high rates of treatment emergent ADA and also loss of efficacy
in patients with high ADA titer.

The table below summarizes the past immunogenicity experience of various GLP-1RA.
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Table 2-1 Marketed GLP-1 receptor agonists — observed immunogenicity and impact on
efficacy and safety

GLP-1 Ozempic® Rybelsus® Victoza® Saxenda®™ Trulicity® Byetta®  Bvdureon® Adlyxin®
receptor Lyxumia®
agonist
Active Semaglutide Semaglutide Liraglutide Liraglutide Dulaglutide Exenatide Exenatide Lixisenatide
drug
Homology 94% 94% Q7% 97% 90% 53% 53% =< 53%
to human
GLP-1
Level of 1-2% 0.5% 8.6% 2.8% 1.6% 38% (low  45% (low T0%
ADA in (low titres)  (low titres) (low titres) (low titres) (low titres) titres) titres)
Phase 3 6% (high  12% (high
titres) titres)

Level of 0.6% 0.2% 4.8-6.9% - 0.9% None None None
CTOSS-
reactivity
to GLP-1
Level of 0% 0% 1.0-23% 1.2% 0.9% - - -
in vifro
neutralising
ADA
Impact on None None None None None Halfof 6% hadan 2.4% hadan
efficacy those with  attenuated attenuated or

highest  glycaemic no

titre had ~ response glycaemic

no response
glycaemic

response
Impact on None None None Mild - Injection  Greater Mild
safety injection site incidence injection site

site reactions of injection  reactions
reactions site and allergic
reactions reactions
with higher
titre
ADA: anti-drug antibodies; GLP-1: glucagon-like peptide 1; %: Percentage of the treated patients with antibody

56822

measurements: - - information not available. Based on-

Reviewers comments:
The Sponsor reports 0% neutralizing antibodies for Rybelsus and Ozempic. However, the
neutralizing assay used by the Sponsor is not sensitive enough to assess the neutralizing ability of
the antibodies present in the clinical samples. The label reports that ’The neutralizing ability of
the antibodies is uncertain at this time"

Semaglutide has 94% homology to native human GLP-1.According to the past experience of ADA
response in its product class and based on previous clinical experience with subcutaneous
semaglutide and oral semaglutide, semaglutide is not expected to be highly immunogenic.
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.. . b) (4
Immunogenicity risk B

The semaglutide for chronic weight management program used two formulations, one was used
with the PDS290 pen-injector and one formulation used with the single dose pen-injector. The
semaglutide formulation used in phase 3a trials contained semaglutide Rl
@@ This formulation was also used in SC semaglutide for T2D

and the risk is captured as part of the clinical experience for Ozempic. The other formulation is the
one used for the to-be-marketed semaglutide and was used in the single-dose pen-injector in the
bioequivalence trials 4590 and 4588 contained .
Assessor’s comments:

@@ seen in the first formulation is captured both by the current clinical trials for obesity and also
in clinical trials for diabetes (Ozempic).
To-be-marketed formulation was used in the single-dose pen-injector in the bioequivalence trials
and the immunogenicity risk of the 0@ i captured in those trials. There was no anti-
semaglutide antibodies reported in these trials.

Overview of clinical trials:

Development of ADA in the SC 2.4 mg once weekly development programme for weight
management was assessed in the following 5 clinical trials:

1) Two phase 3a clinical trials (4373 &4374)
2) One phase 2 dose finding trials (4153-dose finding)
3) Two bioequivalence trials (trials - 4590, 4588)

Figure 1-1 Overview of completed clinical trials in the development programme for
semaglutide 2.4 mg for weight management

| Semaglutide 2.4 mg for weight management

... /N
Phase 3a
4373 (STEP 1): Weight management
4374 (STEP 2): Weight management in T2D

4375 (STEP 3): Weight management with IBT
4376 (STEP 4): Sustained weight management
\ : : - - J
-
Phase 2

4153: Dose-finding

Clinical Pharmacology
4455: Pharmacodynamics

4590: Bioequivalence 2.4 mg

L NN9525-4588: Bioequivalence 0.25 mg

Blue text indicates trials with antibody assessments.
IBT: Intensive Behavioural Therapy; T2D: type 2 diabetes.

In the phase 3a trials, STEP 1 included subjects without T2D while STEP 2 included subjects with

T2D and compared with placebo in both trials. In addition to semaglutide 2.4 mg, STEP 2 included
a semaglutide 1 mg treatment arm, to bridge to the semaglutide SC for T2D ( Ozempic). Both STEP
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1 and STEP 2 trials had durations of 68 weeks with an additional 7 weeks of off-drug follow-up.
For semaglutide 2.4 mg, the 68 weeks of treatment included 16 weeks of dose escalation and 52
weeks on maintenance dose. 1 mg treatment arm in STEP 2 included 8 weeks of dose escalation
and 60 weeks on maintenance dose.

In the phase 2 trial ( 4153), the effect and safety including antibody assessments were evaluated for
five dose levels of SC semaglutide, 0.05, 0.1, 0.2, 0.3 or 0.4 mg once daily and compared to placebo
and liraglutide 3 mg after 52 weeks of treatment.

In the clinical pharmacology trials ( 4590 and 4588), bioequivalence was evaluated between the
intended to-be-marketed product and the phase 3 drug product. In these trials, at a minimum,

antibody assessments were evaluated at baseline and follow-up.

The sampling time points for all the clinical trials where a sample was drawn for the analysis of
ADA are given below.

Table 3-1 Antibody sample collection time points

Antibody sample

collection time point STEP1 STEP 2 4153 4500 NNO535-45887
(Phase 3a) (Phase 3a) (Phase 2) (Clin. Pharm.)  (Clin. Pharm.)
Week 0 (baseline) X X X X X
Week 2 X
Week 4 X X X
Week 8 X X X
Week 11 X (FU9
Week 12 X X
Week 16 X X
Week 21 X
Week 27 X (FU)
Week 28 X X X
Week 40 X
Week 52 X X X
Week 59 X (FUY)
Week 68 X X
Week 75 X (FUY) X (FU)

Clin. Pharm : clinical pharmacology tnial; FU: Follow-up.
#Trial NN9535-4588 evaluated semaglutide 1.0 mg dose.
“Follow-up: 7 weeks post end of treatment + a visit window of 0 to +5 days.
“Follow-up: 7 weeks post end of treatment + a visit window of 0 to +4 days

SFollow-up: 5 weeks post end of treatment + a visit window of +1 day.
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For the trials with semaglutide 2.4 mg, the follow-up antibody sample was taken after a drug
washout period of 7 weeks ( with a visit window of 0 to +5 days) corresponding to approximately
7 elimination half-lives to prevent interference in the antibody assays from residual semaglutide. In
trial 4588 with semaglutide 1 mg, the follow-up sample was collected 5 weeks after end of
treatment, with a visit of +1 day.

Assessors comment:
The sample collection time points for the assessment of antibodies is acceptable.

ADA screening strategy:

Tiered antibody assay approach was used to monitor the development of ADA. The overview of
the strategy is given below.

Figure 3-1 Tiered antibody assay approach

Sample
< I Above cut point Tier 3
Binding _ creening lTiter, cross-reactivity
. Tier 1 assay
antibody , X
l Below cut point Tier 2 .
Antibody Confirmatory Antibody
negative analysis positive
MNeutralising Functional Tier 4
Neutralising antibody negative assays
antibody l
Neutralising

antibody positive

Antibody analysis was performed with a tiered approach. Tier 1: screeming analysis, Tier 2: confirmatory analysis,
Tier 3: cross-reactivity to endogenous GLP-1, Tier 4: in vifre neutralising antibody analysis.

Assays to monitor Anti-drug antibodies

Screening Radio immuno assay (RIA):

In the screening assay, a known amount of radiolabelled semaglutide is added to the sample and
the sample is precipitated with Polyethylene glycol (PEG 6000). Antibodies present in the sample
bound to radiolabelled semaglutide. Radioactivity in the precipitate was meaured using a gamma
counter and served as a measure of the level of ADA present in the sample. Values were reported
as percentage of radioactivity in the precipitate compared to total radioactivity added to the sample
(%B/T). Sponsor reports that there is a linear relationship betweent the amount of antibody present
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in the sample and the %B/T measured. Linear relationship is shown in figure below: Dilution of
anti-semaglutide control antibody GLIP-C-1F27 in normal human serum.

Mean %B/T response versus Ab concentration

90 +
BO
70
60
50
a0 =—4=—Mean %B/T response
30
ol v—“'/
10
’ T

1 10 100 1000 10000

% BT

antibody log{ng/mi)

Figure 3-2  Two-fold dilution of an anti-semaglutide antibody (GLIP-C-1 F27) in the anti-

semaglutide antibody RIA
Details of the antibody (isotype) were not provided, however any isotype would be suitable for a
RIA assay.

Reviewers comments:
These assays are semi-quantitative, the %B/T values can be used to monitor the level of ADA

Confirmatory assay:

Samples that were positive in the screening assay were subjected to confirmatory assay. In this
assay the samples were re-analyzed with or without surplus unlabelled semaglutide (5 pg/mL).
Samples that had reduced radioactivity in the presence of unlabelled semaglutide were confirmed
as positive for ADA.

Cross-reactivity assay:

Confirmed antibody positive samples were then tested for cross-reactivity to endogenous GLP-1.
This was done by doing the RIA analysis in the presence (5 pg/mL) or absence of unlabelled GLP-
1. Samples that showed reduced radioactivity in the presence of unlabelled GLP-1 were confirmed
to cross react with endogenous GLP-1

Overview of the binding antibody assays used in the different clinical trials are given below. These
assays were previously used for the oral and subcutaneous semaglutide program for T2DM and
previously reviewed.
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Table 3-2  Antibody binding assays used during clinical development

Analysis Method Clinical Phase Trials Pre-treatment of Validation
(Validation study samples
number)

- - - - (b) (4)

Anfi-semaglutide RIA, Clin Pharm. 4590 Samples

antibody assay (Study 216142 NN9535-4588. pre-treated with

(Section3.2.13) [M53.14]) acid and PEG

Anti-semaglutide RIA, Phase 2 4153 Samples

antibody assay (Study 216142 pre-treated with

(Section3.2.1.2) [M5.3.14]) acid and PEG

Anti-semaglutide RIA, Phase 3a STEP 1 Samples

antibody assay (Study 216142 STEP 2 pre-treated with

(Section3.2.12) [M53.14] acid and PEG

Anti-semaglutide RIA, Phase 3a STEP 1 Samples pre- Validated by

antibody assay (Study 214096 Unscheduled STEP 4 treated with acid  Novo Nordisk

(Section3.2.14) [M53.14]) samples only and PEG

Clin Pharm : clinical pharmacology trial: PEG: polyvethylene glvcol: RIA: radioimmunoassay

Positive control antibody:

Anti-semaglutide polyclonal antibodies raised in rabbit and three mAbs, raised against liraglutide
(GLIP-C-1 F27), semaglutide (GLIP162-3F15) and GLP-1 (GLPb1 7F1) were tested. Polyclonal
antibodies showed poor binding both in direct ELISA and in the RIA method. Of the three mAbs,
GLIP-C1-F27 mAb had the best binding response and high %B/T values.

Reviewers comments:
Liraglutide has high homology (97%) with native GLP-1 and semaglutide. The use of anti-
liraglutide antibody as the positive control is acceptable.

Suitability controls: Six levels of quality control (QC) samples, negative (0 ng/mL mAb), low

T2D (80 ng/mL mAb), low OB (60 ng/mL mAb), low (100 ng/mL mAb), medium (900 ng/mL
mAb) and high (2500 ng/mL mAb) positive controls were included in the validation study. Four
levels of QC samples negative, low (80), low and high were used in subsequent analyses of samples
from clinical trials. All QC samples were prepared in normal human serum with or without spiking
of anti-semaglutide antibody. Positive QC samples were spiked with GLIP-C-1F27.

Summary metrics of method validation from anti-semaglutide antibody assay used for phase II and
phase 3a studies is given below.

Semaglutide concentration versus time profile following administration of 1.0 mg semaglutide at
steady state in patients with T2D patients is given below (from trial 3635).
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Semaglutide plasma (nmol/L)
Semaglutide plasma (nmol/L)

Time since last dosing (hour)

In patients with T2D, the mean steady state concentrations following SC administration of 0.5 mg
and 1.0 mg semaglutide were approximately 16 nmol/L and 30 nmol/L respectively.

Levels of on-board levels of semaglutide after treatment.

Figure 5-1 Observed semaglutide concentrations versus time since first dose
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Figure 5-7 Simulated semaglutide concentration profiles following delayed doses
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Validation of RIA assay used to analyze phase 3a samples: Validation study no. 216142

This is the assay used for assessing samples from phase 3a clinical trials. Assay in validation study
no 207194 was re-validated after modifying the assay to limit the acid incubation time for an assay
run to be maximum 7 minutes and with type 2 diabetes and obese clinical trial populations. This
also validated optional use of Tecan Genesis liquid handling system. In this method, after initial
acidic pre-treatment ( between 5-7 minutes) and PEG precipitation to remove free semaglutide from
samples, the precipitate containing the antibodies is dissolved in assay buffer in excess unlabelled
semaglutide or in excess unlabelled GLP-1 and incubated with 1125 labelled semaglutide (tracer)
overnight at 5 C. The following day, antibodies are precipitated with any bound antigen and the
precipitate is measured in a gamma counter for 5 minutes. The radioactive signal from the tracer is
expressed in percent of the total amount of added radioactiveity (%B/T)

50 human sera from type 2 diabetic patients (T2D) and 50 sera from obese patients were analysed
for the validation. For each medical condition, the analysis of the 50 individuals was performed 6
times in series A, B and C for a total of 12 analytical runs. For each medical condition, the 6
analytical runs were at least performed by 2 different analysts and during a period of 2 weeks.
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7.2.4 Results of anti-semaglutide antibody RIA validation study 216142
Parameter Description Result
MED Volume of sample in assay 10 pl (6.7%) in a total of 150 pl. i.e.

MED =15.

Screening cut point (SCP)

Normalisation factor (NF)

Normalised screening cut point

50 T2D sera analysed 6x
Calculated using robust-parametric
approach with 5% false positive rate

SCP — Mean QC neg
Mean QC neg + NF

8.8982 %B/T

14762
Mean QU neg + 1.4762

Confirmatory cut point

%% Inhibition of results with (Series B)
or without unlabelled semaglutide
(Series A) for T2D samples.
Calculated to give a 1% false positive
rate.

20.18%

Cross reactivity cut point

%% Inhibition of results with (Series C)
or without native GLP-1 (Sernies A) for
T2D samples.

Calculated to give a 1% false positive
rate.

16.20%

Normalised titer cut point

Mean QC neg + 2xNF

Confirmed positive samples with
results = normalised titer cut point
subjected to titration.

Confirmed positive samples with
results < normalised titer cut point
assigned MRD adjusted titer = 15.

Control mAb for assay parameters
and QC preparation

anti-semaglutide mAb

mAb GLIP-C1-F27

Sensitivity screening assay
Sensitivity confirmatory assay

Sensitivity cross reactivity assay

anti-semaglutide mAb
anti-semaglutide mAb

anti-semaglutide mAb

67.21 ng/ml
39.06-78.13 ng/ml confirmed positive

39 06-78.13 ng/ml confirmed cross
reactive

Recovery

10 T2D sera spiked with anti-
semaglutide mAb:

100 ng/ml mAb
150 ng/ml mAb
2500 ng/ml mAb

All had %Recovery compared to serum
pool within +/- 20%, except one
individual spiked with 150 ng/ml Ab".

9 of 10 individuals (95%) = SCP’
9 of 10 individuals (95%) = SCP'
10 of 10 individuals (95%) = SCP

Drug Interference

Sensitivity (1.25 nM semaglutide)
Sensitivity (40 nM semaglutide)
Sensitivity (100 nM semaglutide)

115 ng/ml
380 ng/ml
552 ng/ml
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Parameter

Description

Result

Drug tolerance

100 ng/ml anti-semaglutide mAb
500 ng/ml anti-semaglutide mAb

0.63 nM semaglutide
85 nM semaglutide.

Interference Interference from haemolysis No interference at any level All
examined on QC samples results < 20% difference to non-
haemolysed sample.
Interference from lipidemia examined No interference at any level. All
on QC samples results < 20% difference to non-
lipaemic sample
Robustness Effect of incubation time, analyst, No effect, 1.e. the assay is robust to

drift and manual handling versus robot
liquid handling system investigated

variations in these parameters

Precision screemng assay

(inira assay / mter assay precision)

QC neg (0 ng/ml mAb)

QC lowT2D (80 ng/ml mAb)
QC low (100 ng/ml mAb)
QC med (900 ng/ml mAb)
QC high (2500 ng/ml mAb)

20-79%CV /5.6 %CV
1.3-6.5 %CV / 5.6 %CV
0.5-6.0 %CV / 4.9%CV
0.5-34%CV/50%CV
0.7-4.7%CV /3.3 %CV

Precision confirmatory assay

(intra assay / mter assay precision)

QC neg (0 ng/ml mAb)

QC lowT2D (80 ng/ml mAb)
QC low (100 ng/ml mAb)
QC med (900 ng/ml mAb)
QC high (2500 ng/ml mAb)

12.5-42.3 %CV / 16.8 %CV
3.5-25.8%CV / 18.8 %CV
4.0-163 %CV /7.6 %CV
0.5-11.1 %CV / 4.0 %CV
0.3-1.6 %CV /1.0 %CV

Precision cross reactivity assay

(inira assay / mter assay precision)

QC neg (0 ng/ml mAb)

QC lowT2D (80 ng/ml mAb)
QC low (100 ng/ml mAb)
QC med (900 ng/ml mAb)
QC high (2500 ng/ml mAb)

16.2-43.5%CV /259 %CV
4.1-15.0 %CV / 13.1 %CV
4.7-17.6 %CV /7.7 %CV
0.7-2.2%CV /2.3 %CV
0.1-19%CV /1.0 %CV

1: The certificate for the subject with recovery < 80% at 150 ng/ml Ab level and testing = SCP at 100 and 150 ng/ml
mAb showed that this subject received treatment with Victoza (liraglutide) 1 8 mg. explaining the reduced recovery and

sensitivity for this subject.

Reviewers comments:

The parameteres validated are in-line in with previous validation study. Cut point, sensitivity and
drug tolerence reported are acceptable.
The parameters given above are for T2D serum samples and the samples from obese samples were
also evaluated and had comparable sensitivity (50.44 ng/mL obese vs 67.21 ng/ml T2D). The other
parameters were also comparable.
Revalidation of screening and confirmatory anti-semaglutide antibody RIA assay is acceptable.
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Validation of RIA assay used to analyze Phase 3a unscheduled samples: Validation study no.
214096

These samples were unscheduled and are not included in the immunogenicity samples. These
samples were collected due to suspicion of hypersensitive reaction. These samples were assessed
for the presence of anti-semagltudite antibodies using assay validation by study 214096. Serum
samples from 25 T2D patients and 25 obese individuals were used for the validation study. The 50
serum samples were analysed without semaglutide in 6 assay set-ups (three assay set-ups by two
analysts). Outliers were inspected using the outlier box-plot approach. Since outliers were evenly
distributed in both extremities, they were not excluded from the data set. Analysis of normality
using Shapiro-Wilk W test provided evidence of normal distribution in 5 out of 6 assay set-ups.
The assay set-ups were statistically different and the assay set-up variance were not statistically
different and so a floating cut point was used. The screening cut point was set to detect 5% false
positive samples ( 95% confidence level).
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7.2.5 Results of anti-semaglutide antibody RIA validation study 214096

Parameter Description Result

Minimum Required Dilution (MED)  Volume of sample in assay 10 pl (6.7%) 1n a total of 150 pl, 1e.
MRD =15.

Assay screening cut point

Specificity cut point

Sensitivity

Recovery

Drug Interference

Drug tolerance

Haemolysis

Assay precision (inter-assay)

Assay precision (intra-assay)

Drifting

QC samples

Reviewers comments:

25 T2D sera and 25 obese sera
Normalisation factor (NF)

Signal inhibition: 100 x (A-B)/A
(Drug)

Signal inhibition: 100 x (A-C)/A
(CrossR)

GLIP-C1 F27 Control mAb
60 ng/ml anti-semaglutide mAb

Sensitivity (40nM semaglutide)
Sensitivity (4nM semaglutide)
Sensitivity (0.4 nM semaglutide)
250 ng/ml anti-semagluiide mAb
500 ng/ml anti-semaglutide mAb

QC neg. QC low and high in grade 1-4
haemolysis

QC neg (%B/T)
QC low (%B/T)
QC high (%B/T)
QC neg (%B/T)
QC low (%B/T)
QC high (%B/T)

Dnfting at 3 levels; QCneg. QClow
and QChigh. Student’s t test

QC neg

QC low

QC high

Mean QC neg (%B/T) + NF
1.2

=40%

=24%

32 ng/ml

19 of 20 individuals (95%) = screening
cut pomt

500 ng/ml

250 ng/ml

62.5 ng/ml

25 nM semaglutide
100 M semaglutide

all samples between 92 - 121% of no
haemolysis

16.3 %CV
14.8 %CV
6.4 %CV
10.6 %CV
8.6 %CV
5.2 %CV

No drifting at any of the three levels,
neg. low and high (p=0.05)

Normal healthy human serum without
reference mAb

Normal healthy human serum with
60ng/ml GLIP-C-1F27

Normal healthy human serum with
2500ng/ml GLIP-C-1 F27

The screening cut point, sensitivity and drug tolerence are comparable to the previous validation
studies for anti-semaglutide RIA assays. Validation of study 214096 is acceptable.

IgE assay for ADA to Semaglutide:

An ImmunoCAP method for the detection of drug specificlgE antibodies was previously developed,
validated and used to assess clinical trial samples suspected to have hypersensitivity reaction during
treatment of subcutaneous semaglutide for NDA 209637. In this assay, control antibody was
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produced by coupling semaglutide specific IgG to unsepcific human IgE by BS3 coupling. This
assay did not have desired sensitivity. The control IgG GLIP C-1F27 antibody was isotype switched
to have IgE backbonbe. This anti-semaglutie IgE mAb was used in a supplementary study
(#307690) to reassess the validation parameters based on the control antibody. The sensitivity of
the new control anti-semaglutide IgE mAb was investigated using the validated immno CAP assay.

7.2.7 Results of anti-semaglutide IgE immunoCAP supplementary study 307690
Parameter Description Result

Assay cut point Lower Level of Quantification (LLOQ) 0.1 kUAL

Control antibody used mAb GLIP-C1 F27 with IgE backbone Anti-semaglutide IgE
Sensitivity Results from 3 set of experiments 0.5 - 1.0 ng/ml anti-

semaglutide IgE

Interference from semaglutide Anti-semaglutide IgE measured in presence
of 0 — 100 oM semaglutide:

0.5 ng/ml anti-semaglutide IgE Tolerates < 1 nM semaglutide

1.0 ng/ml anti-semaglutide IgE Tolerates 1 nM semaglutide

5.0 ng/ml anti-semaglutide IgE Tolerates 100 nM semaglutide

50 ng/ml anti-semaglutide IgE Tolerates 100 nM semaglutide
Recovery Three concentrations of anti-semaglutide All subjects = LLOQ on all 3

IgE spiked in 8 individual type 2 diabetes ab levels. Mean results and

sera: 2oCV listed for each level:

1 ng/ml anti-semaglutide IgE 0.29 kUA/, 2.87 %CV

5 ng/ml anti-semaglutide IgE 1.26 kKUA/, 16.1 %CV

50 ng/ml anti-semaglutide IgE 134 KUAML, 8.1 %CV

Reviewers comments:
The sensitivity was approximately 0.5-1 ng/mL. The previous assay had a sensitivity of 185ng/mL.
The sensitivity and drug tolerence of the anti-semaglutide IgE assay are acceptable.

Neutralizing antibody assays:

In-vitro neutralizing effect was measured using a BHK cell-based neutralizing antibody assay. In
this assay, the cells are transfected with the human GLP-1 receptor. Cellular stimulation is measured
as cAMP production upon GLP-1 receptor activation with semaglutide. The cAMP formed binds
to the cAMP response element (CRE) in the luciferase promotor leading to luciferase production
and a read out as Relative Luminescence Units (RLU). The assay is based on anti-semaglutide
antibodies binding to semaglutide and blocking its interaction with the receptor. This reduced the
production of cAMP and thereby production of luciferase. Thus reduction in luciferase directly
corelates with the level of neutralizing anti-semaglutide antibodies. Controls included in the
neutralising antibody assays include Non Specific Binding (NSB) which represents the background
in the assay, MAX which represent the maximal response in the presence of the drug without
antibody and QC samples at negative, low and high positive. The neutralizing effect was calucated
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as a percent neutralisation based on the RLU response in the test sample (X) in relation to the RLU
response in the NSB and MAX samples by using the following formula:

%N= (1-(X-NSB/MAX-NSB))*100

To test the level of cross-reactive neutralizing antibodies to native GLP-1, native GLP-1 is used
instead of semaglutide in the assay.

Control antibody for NAB assays:

Several monoclonal and polyclonal anti-semaglutide antibodies have been assessed to find a
suitable control antibody for the NAB assay. The mAb raised against liraglutide ( GLIP-C-1F27)
was the most suitable in-vitro neutralizing antibody in the NAB assay. The NAB assay using this
antibody did not tolerate residual levels of on-board drug in the clinical samples and so the
sensitivity was poor in the presence of semaglutide. Yeast display platform was tested to derive
mAbs from the human IgG yeast display library. Two mAbs NNC1212-0000-7141 and NNC1212-
0000-7148 performed similar to GLIP-C1 F27 in the binding antibody assay and was superior to
GLIP_C1 F27 mAb in the semaglutide and GLP-1 NAB assays. NAB NNC1212-0000-7141 was
used in supplemental validation studies demonstrating the sensitivity of the NAB assay in the
presence of semaglutide.

The cutpoint for the in-vitro neutralizing antibody assay was calculated using 90 individual human
serum samples from Normal, T2D and obese individuals (30 each), analysed six times with standard
concentration of semaglutide but in the absence of antibodies. The cut point was set to detect 1%
false positive samples. Sponsor stated that the assay had low tolerance to on board drug. To reduce
the on-board drug interference they pre-treated the serum samples with 18% PEG6000 . Despite
this, the sensitivity of the assay remained poor (34ug/ml). Due to the acylation of semaglutide, a
higher concentration of albumin in the assay led to a higher concentration of semaglutide needed
for stimulation of cells and hence a poorer sensitivity of the assay. It was found that the best
sensitivity and drug tolerence was obtained at a sample volume of 30% and a FBS concentration of
20% combined with a drug concentration of 400 pg/mL in the assay.

QC samples were included in four levels; one negative control, and three positive controls, low
positive control 1 (LPC1) at 460 ng/mL, LPC 2 at 685 ng/mL and High Positive control (HPC) at
5000 ng/mL. LPC 1 failed in many of the assays and LPC2 was used as the low positive control for
the assay. Evaluation of QC samples in normal human serum, OB serum and T2D serum indicated
that positive control levels could be used for all three types of serum. Sensitivity of the NAB assay
had a range 0f 420-875 ng/mL of the mAb GLIP-C-1 F27 and the assay sensitivity was 2000 ng/mL
of mAb GLIP-C-1 F27 in the presence of 2 nmol/L of semaglutide. The sensitivity of the assay in
OB (from obese donors) serum was further validated in the absence and presence of 2 nM
semaglutide using the newly identified control antibody NNC1212-0000-7141. No other assay
parameters or reagents were changed. The sensitivity of this assay was 245.4ng/mL in the absence
of semaglutide. The sensitivity was 1164.7 ng/mL in the presence of 2 nM semaglutide.
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Neutralization antibody (NAB) assays used in the clinical development of semaglutide 2.4 for
weight management are given below.

Table 3-3  In vitro neutralising antibody assays used during clinical development of
semaglutide 2.4 mg for weight management

Analysis Method Clinical Trials Pre-treatment of Samples  Validation
(validation Phase
study
number)
Neutralising BHK cell Phase 3a STEP 1(4373) Pre-treatment of samples N
anti- based (Study STEP 2 (4374)  with 10% PEG6000 to
semaglutide 304600 reduce matrix interference
antibody assay [M 5.3.1.4]
(Section and Study
3.2.2.2) 321593
[M5.3.1.4])
Neutralising BHK cell Phase 3a STEP 1 (4373) Pre-treatment of samples
anti-GLP-1 based (Study STEP 2 (4374)  with 10% PEGG6000 to
neutralising 304601 reduce matrix interference
antibody assay [M 5.3.1.4]
(Section and Study
3.2.2.4) 321594

[M 5.3.1.4])

BHK: baby hamster kidney; PEG: poly ethylene glycol

Critical parameters of the NAB assay validation are shown in the sponsor’s table below:
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7.2.5 Results of in vifre neutralising anti-semaglutide antibody validation study 304600
Parameter Description Result
Minimum Required dilution (MRD)  Volume of sample used in assay 30 %

Neutralising cut poimnt/floating cut
point set at 99% confidence level

Normalisation Factor (NF)

Plate specific neutralising cut point
Set at 99% confidence level

Sensitivity

Selectivity,

80% of subjects at each level should
be positive

Unspiked samples should be negative

Drug mnterference

Drug tolerance

Assay precision®
(inter-assay variation)

Assay precision’
(Intra-assay variation)

Haemolysis

Lipemia

Reference ID: 4791515

30 individual sera each from three
populations; normal healthy, obese
and T2D

Neutralising cut point — mean QC
neg

Floating cut point (FCP)

Sensitivity reference mAb GLIP-C1
F27

10 obese sera spiked with 5000 ng/mL
reference mAb, 840 ng/'mL reference
mAb and 1260ng/mL reference mAb
or 0 ng/mL mAb (NC)

10 T2D sera spiked with 5000 ng/mL
reference mAb, 650 ng/'mL reference
mAb and 975 ng/mL reference mAb
or 0 ng/ml mAb (NC)

Sensitivity in presence of 2 nlM
semaglutide

LPC 1 (460 ng/mL)
LPC 2 (685ng/mL)
HPC (5000 ng/mL)

QC low (LPC1) (%N)
QC low (LPC2) (%N)
QC high (HPC) (%N)

QC low (LPC1) (%N)
QC low (LPC2) (%N)
QC high (HPC) (%N)

QC low(LPC1 and LPC2) and
high{HPC) in haemolysis grade 1—4

QC low(LPC1 and LPC2) and
high{HPC)

NF (NHS): 14.0%N
NF (Obese): 30.4%N
NF (T2D): 23.6%N

Mean QCneg (%N) + NF

NHS: 420.3 ng/mL
Obese: 875.5 ng/mL
T2D: 665.2 ng/mL

Obese

5000 ng/mlL: 9/10 positive
840 ng/mL 10/10 positive
1260 ng/mL 10/10 positive
NC: 10/10 negative

2D

5000 ng/mL 10/10 posttive

650 ng/mL: 4/10 positive, failed
975 ng/mL.: 8/10 positive

NC: 10/10 negative

1000-2000 ng/mL

1 oM drug can be tolerated
2 oM drug can be tolerated
2 oM drug can be tolerated

46.6 %CV, not accepted
12.7 %CV, accepted
4.6 %CV, accepted

51.9 %CV, not accepted
11.6 %CV, accepted
4.1 %CV, accepted

No interference from haemolysis
All PCs showed acceptable

performance, except LPC 1in two
lipemic samples.
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Parameter

Description

Result

Drifting

Freeze-thaw stability

Bench-Top stability

Robustness (incubation time)

Robustness (standard drug
concentration for stimulation of cells)

QC samples

Drifting at three levels; QC neg (NC),
QC low (LPC1 and LPC2) and QC
high (HPC) over time

Drifting of Stimulation Index over
time

Freeze-thaw stability of reference
mAb

O/N storage of QCs at ambient
temperature

3 hours +/- half an hour

400 pg/ml semaglutide +/- 20%

QC neg (NC)
QC low (LPC1)
QC low (LPC2)
QC lugh

No drifting at any level over time

No drifting over time of stimulation
Index

Passed up to 6 FT cycles. All PCs
were positive and all NCs were
negative

All PCs except for LPC1 were
positive. NCs were negative

No impact of +/- half an hour
incubation

No impact on PCs and NCs of varying
concentration of drg from 320 pg/ml
to 480 pg/ml

NHS

NHS + 460 ng/mL GLIP-C-1 F27
NHS + 685 ng/mL GLIP-C-1 F27
NHS + 5000 ng/mL GLIPC-C1 F27

[

. QC neg in validation report= NC (Negative Control)
_Inter assay variation = 30% acceptable. All PC should be positive. NC should be negative
_Intra assay variation = 20% acceptable. All PC should be positive. NC should be negative

7.2.6 Results of in vitre neutralising anti-semaglutide antibody supplementary validation
study 321593
Parameter Description Result
Sensit_if.-“ityl Sensitivity reference mAb NNC1212- Obese serum: 245 4 ng/mL
Meen of 5 runs + (10.05df x SD) 0000-7141 Range over 5 assay runs:

Drug interference in follow up

samples?
Mezn of 5 s + (10 054f = SO

Sensitivity reference mAb NNC1212-

0000-7141 in presence of 2 M
semaglutide

104 .0-210 4 ng/ml,
median 124 7 ng/ml

Obese serum: 1164.7 ng/mL
Range over 5 assay runs:
(633.9-1094.0 ng/ml,
median 654.6 ng/ml)

1. Sensttivity determined by 4PL regression at the cut point. Cut point determined as QC neg + NFobese (30.4)

Assessor’s comments:
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Developmental studies by the sponsor in optimizing the sample volume, FBS concentration and the
use of new positive control antibody has increased the sensitivity of the NAB assay.

However, the sensitivity of 1100 ng/mL in the presence of residual levels of semaglutide present in
the clinical samples can only detect NABs in samples that have a % B/T value of more than 40.
Antibody positive samples in the clinical trials had much lower levels of antibodies. The sensitivity
of the NAB assay is not sufficient to assess the neutralizing ability of the antibodies.

In-vitro neutralizing anti-GLP-1 antibody assay:

Anti-semaglutide antibody positive samples cross-reacting with endogenous GLP-1 were analyzed
for in vitro neutralizing effect using the same cell based assay described above but stimulated cells
with recombinant human GLP-1 rather than semaglutide. The concentration of GLP-1 used for the
stimulation of cells was 1.5 ng/mL (EC80) recombinant human GLP-1. Sensitivity was determined
using equimolar mix of three anti-GLP-1 mAbs GLIP-C-1 F27, Mab26.1, GLPF5A4. The
sensitivity was in the range of 550-590 ng /mL in the absence of residual drug. In the presence of 2
nm/L semaglutide the sensitivity was 1500 ng/mL. The sensitivity of the assay was further validated
in OB (obese donor) serum in the presence or absence of 2 nm semaglutide using the newly
identified mAb NNC1212-0000-7141. In the absence of semaglutide, the sensitivity of this assay
was 65.6 ng/mL. In the presence of 2 nM semaglutide the calculated sensitivity was 896.6 ng/mL.

Critical parameters of the anti-GLP-1 NAB assay validation are shown in the sponsor’s table below:
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7.2.7 Results of in vifre neutralising anti-GLP-1 antibody validation study 304601
Parameter Description Result
Mimimum Required dilution (MRD)  Volume of sample used i assay 30%

Neutralising cut pomt/floating cut
point set at 99% confidence level

Normalisation Factor (NF)

30 individual sera each from three
populations; normal healthy, obese
and T2D

Neutralising cut point — mean QC

NF (NHS): 10.9%N

neg' NF (Obese): 25.1%N
NF (T2D): 24.5%N

Plate specific neutralising cut point Floating cut point (FCP) Mean QCuneg (%N) + NF

Sensitivity Sensitivity reference mADb (equimolar NHS: 572 .4 ng/mL
mix of GLIP-C-1F27, Mab26.1. Obese: 550.9 ng/'mL
GLPF5A4 T2D: 590.4 ng/mL
Selectivity, 10 obese sera spiked with 5000 ng/mL Obese
80% of subjects at each level should  reference mAb, 465 ng/mL reference 5000 ng/mL: 10/10 positive
be positive mAb and 695 ng/mL reference mAb 465 ng/'mL 10/10 positive

or 0 ng/mL mAb (NC) 695 ng/mL 10/10 positive

NC: 10/10 negative

Unspiked samples should be negative

10 T2D sera spiked with 5000 ng/ml. T2D
reference mAb, 590 ng/mL reference 5000 ng/mL 10/10 posiiive
mADb and 880 ng/mL reference mAb 590 ng/mL: 7/10 positive. failed
or 0 ng/ml mAb (NC) 880 ng/mL- B/10 positive

NC: 10/10 negative
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