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CITY OF HOPE

Cultural Linguistic Competency (CLC) & Implicit Bias (IB)

STATE LAW:

The California legislature has passed Assembly Bill (AB) 1195, which states that as of July 1, 2006, all Category 1 CME activities that relate to patient care must 
include a cultural diversity/linguistics component. It has also passed AB 241, which states that as of January 1, 2022, all continuing education courses for a 
physician and surgeon must contain curriculum that includes specified instruction in the understanding of implicit bias in medical treatment.

The cultural and linguistic competency (CLC) and implicit bias (IB) definitions reiterate how patients’ diverse backgrounds may impact their access to care.

EXEMPTION:

Business and Professions Code 2190.1 exempts activities which are dedicated solely to research or other issues that do not contain a direct patient care 
component. 

This presentation is dedicated solely to research or other issues that do not contain a direct patient care component. 
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https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=200520060AB1195
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201920200AB241


Overview

1. History of the incretin effect, incretins and incretin-based drugs
2. Development of GLP-1RA for treating diabetes
3. The use of GLP-1RA for weight loss
4. GLP-1RA and prevention of clinical ASCVD 
5. Development of MRA
6. The future- promise and limitations



The Origin of Endocrinology… was in the gut

Incretin- humoral factors from the 
duodenum (intestine) that stimulate internal  
secretions of the pancreas (eg. insulin)



The incretin axis

β-cell

GIPGLP-1



What qualifies as an Incretin?

The Creutzfeldt criteria
1. Gut hormone secreted after meals (esp CHO)
2. Stimulates insulin in glucose-dependent manner
3. Acts at physiologic concentrations

W Creutzfeldt, Diabetologia 1979

K Miyawaki PNAS, 2000

A Loss-of-Function Model

OGTT

OGTTIPGTT



B Kreymann, Lancet, 1987

Insulinotropic effects of GLP-1 and GIP in healthy humans



GLP-1 stimulates insulin release and normalizes fasting glucose 
in patients with T2DM… but the effect is short-lived

M Nauck, Diabetologia, 1993

J Rachman, Diabetologia, 1997



The Development of GLP-1RA to treat Diabetes

Challenges and goals:

• Peptides- minimal oral availability

• Protection from inactivation by DPP4

• Acceptable pharmacokinetics

• Side effects and mitigation of these



Exendin-based GLP-1RAs
Human GLP-1 analogues

Small Large

Liraglutide (3.75 kDa, 97% homology)

His Ala Thr Thr SerPheGlu Gly Asp Val

Ser
SerTyrLeuGluGlyAlaAla GlnLys

Glu

Glu

Phe
Ile Ala Trp Leu GlyVal Gly ArgArg

Semaglutide (4.11 kDa, 94% homology)

Once weekly

His Aib Thr Thr SerPheGlu Gly Asp
Val

Ser
SerTyrLeuGluGlyAlaAla Gln

Phe

LysGlu

Ile Ala Trp Leu GlyVal Gly ArgArg

Dulaglutide (~63 kDa, 90% homology)

Once weekly
His Gly Thr Thr SerPheGlu Gly AspVal

Ser
SerTyrLeuGluGluAlaAla GlnLys

Phe
Glu

Ile Ala Trp Leu GlyVal Gly GlyLys

Phe Ile Ala Trp Leu GlyVal Gly GlyLys
Glu

SerTyrLeuGluGluAlaAla GlnLys
Ser

His Gly Thr Thr SerPheGlu Gly AspVal
Linker 

peptide
Modified IgG4 Fc 

domain

Albiglutide (no longer commercially available) 

His Gly Thr Thr SerPheGlu Gly Asp Val SerSerTyrLeuGluGly Ala
Ala

Gln

Lys

Phe GluIleAlaTrpLeuGly ValGlyArg LysHisGlyThrThr
Ser

Phe GluGly

Asp
ValSerSer Tyr Leu Glu Gly Ala AlaGln Lys PheGlu Ile AlaTrp

Leu

Asp

Val

Gly
Arg

Lys

ALBUMIN

The different flavors of GLP-1 RA

Lund A et al. Eur J Intern Med, 25: 407-414, 2014

Lixisenatide (4.86 kDa, ~50% homology)

HisGly Thr ThrSerPheGluGly Asp
Leu

Ser

LysGlnMetGluGluAlaVal GluArg

Ile GluTrpLeu ProLys GlyGlyAsp SerSerGly AlaProProProSerLys
Lys

Lys
LysLysLys

Phe

Leu

HisGly Thr ThrSerPheGluGly Asp

Leu

Ser

LysGlnMetGluGluAlaVal GluArg

Phe

Leu

IleGluTrpLeu ProLys GlyGlyAsp SerSerGlyAlaProProProSer

Exenatide ER (4.19 kDa, 53% homology)

Once weekly



Pharmacologic effects of GLP-1r agonists in T2DM
The first decade

1. Stimulation of glucose-stimulated insulin secretion

2. Suppression of glucagon

3. Delayed gastric emptying

4. Reduced food intake and weight loss

Reduction of A1c ~ 1%
2-4 kg of body weight loss



Semaglutide comparative efficacy
The second decade

Overgaard RV, et al. Diabetes Obes Metab. 2018 J Frias, Lancet 2021



The use of GLP-1RA for weight loss



Rates of obesity have increased steadily since ~ 1980



Chronology of Anti-Obesity Pharmacotherapies1,2,3

Based on First Approval 

AOMs = Antiobesity medications

1. Pilitsi E, et al. Metabolism. 2019;92:170-192.
2. Müller TD, et al. Nat Rev Drug Discov. 2021;1-23.
3. Onakpoya IJ, et al. BMC Med. 2016;14:191.

*Approved for short term use in the United States.   

Rainbow Pills 
(withdrawn 1968)

Amphetamine 
(withdrawn 1979)

2,4 Dinitrophenol
(withdrawn 1938)

Clobenzorex 
(withdrawn 2000)

Mazindol
(withdrawn 1987)

Sibutramine
(withdrawn 2010)

Orlistat (1999)

Dexfenfluramine 
(withdrawn 1997)

Phentermine/
topiramate 

Lorcaserin 
(withdrawn 2020)

Liraglutide
Naltrexone/bupropion

Semaglutide

Phentermine*

Phenmetrazine*
(withdrawn 1982) 

Desoxyephedrine 
(withdrawn 1973)

Diethylpropion*

Withdrawn AOMs AOMs on market

Benzphetamine*

Phendimetrazine*

Fenfluramine 
(withdrawn 1997)

1933 1939 1944 1956 1970 1973 1995 2014 20211959 1960 1961 1963 1997 1999 2006 2012

Rimonabant 
(withdrawn 2007)
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Food Intake in Healthy and Diabetic Men Given 
IV GLP-1

Gutzwiler et al, AJP, 1999

Gutzwiler et al, Gut, 1999





Comparisons (cross-trial) of GLP-1RA

A1c Body Weight

M Nauck and J Meier, Mol Metab 2020



Unprecedented potency of semaglutide for weight loss
in nondiabetic subjects

J Wilding, NEJM 2021

Injectable Semaglutide

V Aroda, Lancet 2023

Oral Semaglutide



GLP-1RA and prevention of clinical ASCVD 



The LEADER trial demonstrates significance of 
Liraglutide in the prevention of MACE 

S Marso, NEJM 2016



Semaglutide reduces MACE in overweight/obese subjects
without diabetes

AM Lincoff, NEJM 2023





The Development of Multi-receptor agonists (MRA)



J Day, Nat Chem Biol, 2009

B Finan, Sci Trans Med, 2013

GLP-1

Gcg
GIP

How to make a multi-receptor agonist



LY3298176: a Novel dual GIP and GLP-1 receptor agonist 

Y Aib E G T F T S D

Y

SIAibL

QVFA

K

Q A I K D

W L I A G

G

PS SGAP P

5

1015

20

25C20 diacid-g-Glu-(AEEA)2-

S P

303539

H2N

Human β-cells (ECN90)

Human Adipocytes

Coskun T et al. Mol Metab. 2018



Effect of Tirzepatide on A1c and body weight in persons with T2DM

J Frias, Lancet 2018

A1c Body Weight



TZP and Semaglutide effects on A1c and Body Weight

J Frias, NEJM 2021



Tirzepatide reduces body weight in overweight/obese subject
without diabetes

A Jastreboff, NEJM 2022



How do MRA work?

1. Simple additivity: cAMP1 + cAMP2 + cAMP3 
2. Complementary down stream signaling
3. Heterodimerization and unique signaling
4. Distinct actions at the GLP-1R
5. Distinct actions in separate tissues

Where is this all headed?



GLP-1R/GIPR/GCGR triple agonist for weight loss
in nondiabetic subjects

A Jastreboff, NEJM 2023



Addition of semaglutide to amylin analogue Cagrilintide shows
additive effects on weight loss



J Rosenstock, Lancet 2023

Effects of retatrutide on clinical parameters in T2DM



The future: Can small molecule agents replicate the effects of 
incretin-based injectables

S Wharton et al, NEJM 2023



What does the future hold?

• More and stronger injectable MRA/GLP-1RA

• Small molecule agents that are orally available but work through the incretin 
system

• Deeper understanding of the relevant biology 

 - fewer side effects and a wider therapeutic window

 - personalized or targeted therapy



Are there any downsides to these miracle drugs?



GI side effects of GLP-1RA abate over time

J Buse, Lancet, 2009



GLP-1 receptor agonists are the most expensive diabetes 
medications on the market today

ADA Standards of Care, Chapt 9, Diabetes Care, Jan 2020



• GI toxicity

• Potential for rare but serious side effects

• Low rates of drug persistence

• Absence of long term outcome studies

• Incomplete understanding of mechanisms

• Expensive to produce, ship and store

• EXPENSIVE.

The Downsides



Summary

• The incretin effect is now nearly 100 years old and remains important physiology

• Understanding incretin biology has opened the door to an important new class of 
therapeutics

• The GLP-1R system has turned out to be a great drug target

• Incretin-based drugs are still a dynamic area of development with potential for an 
even greater impact on metabolic disease

• For GLP-1RA/MRA to bend the curves of diabetes and obesity will require greater 
availability and expanded access to the people who need them.
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