
REVIEWS AND NOVEL CLINICAL 
PERSPECTIVES OF A GLP-1RAWITH 

UNPRECEDENTED GLUCOSE & WEIGHT 
CONTROL FOR T2DM
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Once-weekly semaglutide (Ozempic)



Clinical Application of Incretin-Based Therapy:
Therapeutic Potential, Patient Selection and Clinical Use

David M. Kendall et al. The American Journal of Medicine 2009(122): S37ςS50.
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Clinical Application of Incretin-Based Therapy:
Therapeutic Potential, Patient Selection and Clinical Use

David M. Kendall et al. The American Journal of Medicine 2009(122): S37ςS50.

Insulin
injection



Glucagonπlike peptideπ1 receptor agonists in type 2 diabetes 
treatment: are they all the same?

Raffaella Gentilellaet al.   Diabetes Metab Res Rev. 2019;35:e3070.

{ǘǊǳŎǘǳǊŜ ŀƴŘ ǇǊƻǇŜǊǘƛŜǎ ƻŦ ƎƭǳŎŀƎƻƴ ƭƛƪŜ ǇŜǇǘƛŘŜπм ǊŜŎŜǇǘƻǊ ŀƎƻƴƛǎǘǎ όD[tπм w!ǎύ

xenatide (exendin-4 derivatives) glutide (modified human GLP-1)

9ȄŜƴŘƛƴπп ŘŜǊƛǾŀǘƛǾŜǎare more likely to be associated with the development of 
anti-ŘǊǳƎ ŀƴǘƛōƻŘƛŜǎ ǘƘŀƴ D[tπм w!ǎ ƳƻŘƛŦƛŜŘ ŦǊƻƳ ƘǳƳŀƴ D[tπмΦ

The European Medicines Agency (EMA) has approved the use of all commercially available 
human GLP-1 analogs up to eGFR of 15 mL/min/1.73 m2, while all exendin-4 analogs are 
contraindicated below 30 mL/min/1.73 m2, given the risk of accumulation and toxicity.



Anti -Glycemic Effects of

GLP-1 RA

in Type 2 DM
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GLP-1/GLP -1 RA action in the ȁcell via GLP-1R

Hinke SA et al. J Physiol 2004;558:369 ï380; Henquin JC. Diabetes 2000;49:1751 ï1760; 
Henquin JC. Diabetes 2004;53:S48 ïS58; Drucker D. Cell Metab 2006;3:153 ï165
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Semaglutide versus dulaglutide once weekly in patients 
with type 2 diabetes (SUSTAIN 7): a randomised, open-
label, phase 3b trial.

Between Jan 6, 2016, and June 22, 2016, 1201 patients were randomly assigned to treatment; of these, 301 were 
exposed to semaglutide 0·5 mg, 299 to dulaglutide 0·75 mg, 300 to semaglutide 1·0 mg, and 299 to dulaglutide 1·5 mg.
The primary endpoint was change from baseline in percentage HbA1c; the confirmatory secondary endpoint was change 
in bodyweight, both at week 40.

Pratley REet al.  Lancet Diabetes Endocrinol2018 Apr;6(4):275-286.

HbA1C

AC Glucose

Anti-hyperglycemic effects: semaglutide > dulaglutide



Non-Glycemic Effects of

GLP-1 RA
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Rory J. McCrimmon et al. Diabetologia (2020) 63:473ï485.

Effects of once-weekly semaglutidevs once-daily canagliflozin on 
body compositionin type 2 diabetes: a substudyof the SUSTAIN 8
randomised controlled clinical trial

Total
fat mass

Visceral 
fat mass

Semaglutidecan reduce both total and visceral fat mass !



Semaglutide versus dulaglutide once weekly in patients 
with type 2 diabetes (SUSTAIN 7): a randomised, open-
label, phase 3b trial.

Between Jan 6, 2016, and June 22, 2016, 1201 patients were randomly assigned to treatment; of these, 301 were 
exposed to semaglutide 0·5 mg, 299 to dulaglutide 0·75 mg, 300 to semaglutide 1·0 mg, and 299 to dulaglutide 1·5 mg.
The primary endpoint was change from baseline in percentage HbA1c; the confirmatory secondary endpoint was change 
in bodyweight, both at week 40.

Pratley REet al.  Lancet Diabetes Endocrinol. 2018 Apr;6(4):275-286.

HbA1C

AC Glucose

Body weight Body weight change

At low and high doses, semaglutide was superior to dulaglutide in improving glycaemic control and 
reducing bodyweight, enabling a significantly greater number of patients with type 2 diabetes to 
achieve clinically meaningful glycaemic targets and weight loss, with a similar safety profile.



Treatment with GLP1 receptor agonists reduce serum CRP 
concentrations in patients with type 2 diabetes mellitus: A 
systematic review and meta-analysis of randomized controlled trials

Mohsen Mazidi et al. .  Journal of Diabetes And Its Complications 2017;31(7):1237-1242.
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Does Glucagon-like Peptide-1 Ameliorate Oxidative Stress 
in Diabetes? Evidence Based on Experimental and Clinical 
Studies

Karen Ekkelund Petersen et al.    Current Diabetes Reviews, 2016, 12, 331-358

GLP-1 RA

GLP-1 interventions on
Oxidative Stress markers

Å Collectively, the available data demonstrates that GLP-1 can decrease OS 
but also that this effect is dependent on dose, diabetic status, obesity etc. 

Å This effect of GLP-1 may have therapeutic potential if OS is in fact causally 
related to the development of late-onset diabetic complications.



Liraglutide, a Glucagon-Like Peptide-1 Analog, Increased Insulin 
SensitivityAssessed by Hyperinsulinemic-Euglycemic Clamp 
Examination in Patients with Uncontrolled Type 2 Diabetes Mellitus

Hideaki Jinnouchi et al.Journal of Diabetes Research Volume 2015, Article ID 706416, 8 pages

4 weeks post treatment
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Effects of semaglutideon beta cell function and glycaemiccontrol in 
participants with type 2 diabetes: a randomised, double-blind, placebo-
controlled trial

Christoph Kapitzaet al.  Diabetologia (2017) 60:1390ς1399.

Healthy control
Semaglutide

Placebo
Baseline before treatment

Conclusions/interpretation: Twelve weeks of once-weekly treatment with semaglutide 
significantly improved beta cell function and glycaemic control in participants with 
type 2 diabetes.



The GLP-1 Analogs Liraglutideand SemaglutideReduce Atherosclerosis 

in ApoE -/ - and LDLr-/ - Miceby a Mechanism That Includes Inflammatory 

Pathways

Günaj Rakipovski et al.  J Am Coll Cardiol Basic Trans Science. 2018;3(6):844ς57.
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Anti-atherosclerotic effects of the glucagon-like peptide-1 (GLP-1) 

based therapies in patients with type 2 Diabetes Mellitus: 

A meta-analysis

Xiaoyan Song et al.  Scientific Reports 2015; 5:10202 | DOI: 10.1038/srep10202
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Liraglutide promotes improvements in objective measures 
of cognitive dysfunction in individuals with mood disorders: 
A pilot, open-label study

Rodrigo B. Mansur et al.   Journal of Affective Disorders 207 (2017) 114-120.

In this 4-week, pilot, open-label, domain-based study (e.g. cognition), Liraglutide 1.8 mg/day 
was added as an adjunct to existing pharmacotherapy.

After adjustment for age and gender, there were positive associations between percent- change between 
baseline and endpoint in the composite z-score and baseline HOMA2-Lw όʲҐлΦплфΣ фр҈ /L лΦлфлΤ 0.727, 
p=0.012) (Fig. 2)



2020tŀǊǘ ǘƘŜ /ƭƻǳŘΥ ¢Ǌŀƴǎƭŀǘƛƻƴŀƭ wŜǎŜŀǊŎƘ CǳƴŘƛƴƎ ŦƻǊ !ƭȊƘŜƛƳŜǊΩǎ 5ƛǎŜŀǎŜ όt¢/ύ 

This clinical trial will evaluate type 2 diabetes medication in a Phase 2a clinical 
ǘǊƛŀƭ ŀǎ ǇƻǘŜƴǘƛŀƭ ǘǊŜŀǘƳŜƴǘ ŦƻǊ !ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜ

5ǊΦ tŀǳƭ 9Řƛǎƻƴ ŀƴŘ ŎƻƭƭŜŀƎǳŜǎ ǇǊƻǇƻǎŜ ǘƻ ǘŜǎǘ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ŀ Řŀƛƭȅ ǘŀōƭŜǘ ŎŀƭƭŜŘ άƻǊŀƭ ǎŜƳŀƎƭǳǘƛŘŜέ ƻƴ ƛƴŘƛǾƛŘǳŀƭǎ ǿƛǘƘ Ƴƛƭd 
!ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜΦ {ŜƳŀƎƭǳǘƛŘŜ ƛǎ ŀƭǊŜŀŘȅ ƻƴ ǘƘŜ ƳŀǊƪŜǘ ŀǎ ŀ ǘǊŜŀǘƳŜƴǘ ŦƻǊ ǘȅǇŜ н ŘƛŀōŜǘŜǎΦ

Background
Insulin is a hormone that helps the body maintain appropriate levels of sugar. Insulin can also be transported to the brain, where it 
helps maintain nerve cell energy levels and connections between nerve cells. Since insulin plays an important role in the
ōǊŀƛƴΣ ǊŜǎŜŀǊŎƘŜǊǎ ōŜƭƛŜǾŜ ƛƴǎǳƭƛƴ ƳƛƎƘǘ ŀƭǎƻ Ǉƭŀȅ ŀ ǊƻƭŜ ƛƴ !ƭȊƘŜƛƳŜǊΩǎ ǇǊƻƎǊŜǎǎƛƻƴΦ tŀǎǘ ǎǘǳŘƛŜǎ ƘŀǾŜ ǎƘƻǿƴ ǘƘŀǘ ǇǊƻōƭŜƳǎ ǿith how 
ƛƴǎǳƭƛƴ ǎŜƴŘǎ ǎƛƎƴŀƭǎ ƛƴ ǘƘŜ ōǊŀƛƴ ŀƭǎƻ ƪƴƻǿƴ ŀǎ άƛƴǎǳƭƛƴ ǊŜǎƛǎǘŀƴŎŜέ ŎƻǳƭŘ ƭŜŀŘ ǘƻ ŎƘŀƴƎŜ ƛƴ ƴŜǊǾŜ ŎŜƭƭ ƴŜǘǿƻǊƪǎ ŀƴŘ ŎŀǳǎŜ
ŎƻƎƴƛǘƛǾŜ ǎȅƳǇǘƻƳǎ ƻŦ !ƭȊƘŜƛƳŜǊΩǎΦ !ǎ ŀ ǊŜǎǳƭǘΣ ǎǘǳŘƛŜǎ ƘŀǾŜ ƛŘŜƴǘƛŦƛŜŘ ǘȅǇŜ н ŘƛŀōŜǘŜǎ ŀǎ ŀ Ǌƛǎƪ ŦŀŎǘƻǊ ŦƻǊ !ƭȊƘŜƛƳŜǊΩǎΦ
Research Plan
5ǊΦ 9Řƛǎƻƴ ŀƴŘ ŎƻƭƭŜŀƎǳŜǎ ǿƛƭƭ ǊŜŎǊǳƛǘ сл ƛƴŘƛǾƛŘǳŀƭǎ ǿƛǘƘ !ƭȊƘŜƛƳŜǊΩǎ ǘƻ ǘƘŜ ǎǘǳŘȅΣ ŦǊƻƳ ǘƘŜ ƳŜƳƻǊȅ ŎƭƛƴƛŎǎ ŀǘ ǘƘŜ LƳǇŜǊƛŀƭ College 
London and Imperial College Healthcare NHS trust as well as other sites across the UK. All the participants will undergo detailed 
cognitive tests and physical examination. The participants will also undergo different types of brain scans to measure brain volume, 
brain glucose metabolism (ability of brain cells to convert glucose into energy) and nerve cell function. In addition, the participants will 
have blood samples taken to assess their glucose levels and to measure any radioactivity in the blood. 

Evaluating oral semaglutide as a treatment 
for !ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜ

Impact
If successful, the study will help the researchers plan a larger study to evaluate the efficacy 
of the drug. The study results may also provide an understanding of the biological 
mechanisms by which insulin resistance may disrupt nerve cell function and 
ŎƻƳƳǳƴƛŎŀǘƛƻƴ ƛƴ !ƭȊƘŜƛƳŜǊΩǎ ŘƛǎŜŀǎŜ. 



Liraglutide safety and efficacy in patients with non-
alcoholic steatohepatitis(LEAN): a multicentre, double-
blind, randomised, placebo-controlled phase 2 study

Matthew James Armstrong et al.  Lancet 2016; 387: 679ς90.



A Research Study on How Semaglutide Works in People 
With Fatty Liver Disease and Liver Damage

Clinical Trials.gov Identifier: NCT03987451

Study Type : Interventional (Clinical Trial)

Actual Enrollment : 65 participants

Allocation: Randomized

Intervention Model: Parallel Assignment

Masking: Quadruple (Participant, Care Provider, 
Investigator, Outcomes Assessor)

Masking Description: Sponsor staff involved in the clinical trial is 
masked according to company standard 
procedures.

Primary Purpose: Treatment

Official Title: Investigation of Efficacy and Safety of 
Semaglutide s.c. Once-weekly Versus Placebo in 
Subjects With Non-alcoholic Steatohepatitis and 
Compensated Liver Cirrhosis

Actual Study Start 
Date :

June 18, 2019

Estimated Primary 
Completion Date :

January 6, 2021

Estimated Study 
Completion Date :

June 17, 2021

Study Design

Condition or 
disease

Intervention/treatment
Phase

Non-alcoholic 
Steatohepatitis

Drug: Semaglutide
Drug: Placebo 

Phase 2

ClinicalTrials.gov Identifier: NCT03987451
Recruitment Status  : Active, not recruiting
First Posted  : June 17, 2019
Last Update Posted  : October 8, 2020

In a first-quarter earnings report (May 12, 2020), Novo Nordisk announced 
promising initial data from a phase 2 trial testing the efficacy of glucagon-like 
peptide-1 (GLP-1) agonist semaglutide(Ozempic) in individuals with 
nonalcoholic steatohepatitis (NASH).
Liver biopsies performed at baseline and at the end of the trial revealed that 
ƻŦ άǇŀǘƛŜƴǘǎ ǊŜŎŜƛǾƛƴƎ ǎǳōŎǳǘŀƴŜƻǳǎ semaglutide0.4 mg, 33 of 56 patients had 
b!{I ǊŜǎƻƭǳǘƛƻƴ ŎƻƳǇŀǊŜŘ ǘƻ мл ƻŦ ру ǇŀǘƛŜƴǘǎ ƻƴ ǇƭŀŎŜōƻ όрф҈ Ǿǎ мт҈ύΦέ



A Physiologicand Pharmacological Basis for Implementation
of Incretin Hormones in the Treatment of Type 2 Diabetes Mellitus

Jeffrey S. Freeman, DO.Mayo Clin Proc.  December 2010;85(12)(suppl):S5-S14.

GLP-1RA 
(Liraglutide, Semaglutideetc.)
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Efficacy, safety and Cardiorenal outcomes
Studies of Semaglutide in Type 2 DM



Semaglutide SUSTAIN 1-7 

T2D=type 2 diabetes; MET=metformin; TZD=thiazolidinedione; OAD=oral antidiabetic drug; SU=sulphonylurea; w=week.
References: 

1. ® . 

2. Steven PM et al.  N Engl J Med 2016;375:1834-44.  (SUSTAIN 6)

3. Pratley RE et al. Lancet Diabetes Endocrinol. 2018;6(4):275-286.

SUSTAIN 3 (N=813; 56 w)
vs Bydureon®

Add-on to 1ς2 OADs (MET/SU/TZD)

SUSTAIN 4 (N=1089; 30 w)
vs Lantus®

Add-on to MET ǰSU

SUSTAIN 1 (N=388; 30 w)
vs placebo

Monotherapy

SUSTAIN 5 (N=397; 30 w)
vs placebo

Add-on to basal insulin ǰMET

SUSTAIN 2 (N=1231; 56 w)
vs Januvia®

Add-on to MET ǰTZD

SUSTAIN 6 (N=3297; 104 w),  CVOT
0ς2 OADs ǰbasal or pre-mix insulin

SUSTAIN 7 (N=1201; 40 w)
vs Trulicity®

Add-on to MET

Add on to Insulin Add on to OADDrug-naïve



Anti-GlycemicResults of SUSTAIN 1-5

*P<0.0001 vs comparator. 

Å Semaglutide0.5 mg QW       -1.2~1.5% A1C
Å Semaglutide1.0 mg QW       -1.6~1.8 % A1C



Weight Reduction Results of SUSTAIN 1-5

*P<0.0001 vs comparator. 

Å Semaglutide0.5 mg QW       -3.5~4.3 Kg
Å Semaglutide1.0 mg QW       -4.5~6.4 Kg



Effects of GLP-1 receptor agonists on primary and secondary 

cardiovascular (CV) outcomes in the LEADER trial and SUSTAIN-6

B. Vergès and B. Charbonnel.  Diabetes & Metabolism 2017;43:S3-S12.

2016 NEJM2016 NEJM



Semaglutide reduce new or worsening nephropathy

in Patients with Type 2 Diabetes (SUSTAIN-6)

Steven P. Marso et al. N Engl J Med 2016;375:1834-44.

36% risk;
P=0.005



TINA VILSBØ LL et al.  Diabetes 2018;67:1084-P

SemaglutideTreatment and Renal Function in SUSTAIN 6 Trial

Å Urine albumin-to-creatinine ratio decreased with increasing renal impairment for semaglutide 1.0 mg.

Å AEs related to acute renal failure were generally higher with increasing baseline renal impairment, 
except with semaglutide 1.0 mg vs. placebo.

Å New or worsening nephropathy was lower with both doses of semaglutide vs. placebo.
Å No renal-related safety issues were observed with semaglutide regardless of baseline renal function in 

SUSTAIN 6.

Albuminuria

AKI



TINA VILSBØ LL et al.  Diabetes 2018;67:1084-P

Semaglutide Treatment and Renal Function in SUSTAIN 6 Trial

delays deterioration of eGFR in CKD



SUSTAIN 1-7 Semaglutide 

CVOT=cardiovascular outcomes trial; GI=gastrointestinal; GLP-1=glucagon-like peptide-1; CV=cardiovascular.

*Hypoglycaemiadefined as severe (requiring the assistance of another person) or symptomatic in combination with a blood glucose <3.1 mmol/L.1

ϞStandard of care included oral antidiabetic treatments, insulin, antihypertensives, diuretics and lipid-lowering therapies.9

References: 1. ® . 2. Pratley RE et al. Lancet Diabetes Endocrinol. 
2018;6(4):275-286.3. AhmannAJ et al. Diabetes Care. 2018;41(2):258-266.4. SorliC et al. Lancet  Diabetes Endocrinol. 2017;5(4):251ς260. 5. AhrénB et al. 
Lancet Diabetes Endocrinol. 2017;5(5):341ς354. 6. ArodaVR et al. Lancet Diabetes Endocrinol. 2017;5(5):355ς366. 7. RodbardHW et al. ClinEndocrinol 
Metab.  2018;103(6)(suppl1):1-28. 8. MarsoSP et al. N EnglJ Med. 2016;375(19):1834-1844. 9. MarsoSP et al. N EnglJ Med. 2016;375(suppl1):S1-S108. 
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TINA VILSBØ LL et al. Diabetes Obes Metab. 2018;20:889ï897.

Semaglutide, reduction in glycated haemoglobinand 
the riskof diabetic retinopathy

Baseline DR (+) Baseline DR (-)

DR: Diabetic Retinopathy 
Patients with DR at baseline and 
with Insulin use prior to event

Patients with DR at baseline and 
without Insulin use prior to event

Baseline DR(+),
With prior insulin use

Baseline DR(+),
Without prior insulin use


