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Executive Summary

The recent American Diabetes Association conference was one of the 

most exciting scientific meetings that we can remember. This report 

summarizes studies released at ADA on novel obesity drugs and compares 

results from novel agents highlighted at the conference to other agents in 

development. We also discuss the evolution of the obesity drug market 

and the growing importance of the image conscious consumer.

Retatrutide Data at ADA

Retatrutide (RETA) from Lilly, a triple incretin drug, reported stunning 48-

week weight loss data with 22% placebo-adjusted weight loss. On 

average, this corresponded to 58 pounds for study participants. There are 

some side effects that will need to be tracked as this agent goes through 

Phase 3 trials. 

Remarkably, Lillyõs RETA, its tirzepatide molecule and newly introduced 

orforglipron jointly position Lilly as the market leader in weight loss 

efficacy at 24 weeks.

The story behind Lillyõs success involves persistence, focus and speed. A 

backgrounder on Lillyõs efforts in the Wall Street Journalwas illuminating.

When one starts to look at agents that are earlier in development it is far 

from clear that either tirzepatide or retatrutide will emerge as the long-

term winners in the market.

(continued on next page)
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Executive Summary 

(Continued)
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There are four earlier stage agents with strong data from 4-

week and 12-week obesity studies that have caught our eye: 

Amgenõs AMG133, Vikingõs VK2734, CarmotõsCT-268 and Sunõs 

GL0034. All are incretin modulators, and each has potential to 

be outcompete retatrutide , tirzepatide and semaglutide.

AMG133

Amgenõs is a GLP-1 agonist fused to a GIPrantagonist. The 

weight loss seen with this agent corresponds to going from 250 

pounds to 215 pounds in three months. 

AMG133 is the first pharmacologic agent to beat bariatric 

surgery for weight loss.

Unmet Needs in the Market and Emerging Pipeline

Despite recent successes, the obesity market remains wide open 

to competition. New agents are needed by patients that can 

deliver one or more of the following traits: (1) avoidance of 

nausea, (2) avoidance of the òrebound effectó, (3) reduced cost, 

(4) oral delivery, (5) avoidance of muscle loss, (6) less frequent 

dosing and (7) delivery via direct-to-consumer models.

There are a number of exciting agents in development. Both Structure 

Therapeutics and Pfizer are developing oral agents to compete with 

Novoõsoral semaglutideand Lillyõs orforglipron . Other promising oral 

approaches in development include AZ/Regeneronõs GPR75 modulator, 

InversagoõsCB1r agonist, Glaceumõsmitochondrial drug and Kallyopeõs

gut-brain axis drugs. A number of companies are working on 

approaches that would selectively eliminate fat mass while preserving 

muscle. Of particular interest are Rivusand Versanis, which is using an 

antibody to attack a target selectively expressed on adipocytes.

The Changing Market and Opportunity

Interest in the modern GLP-1 agonists like Ozempic® is off the charts. A 

recent STAT / Harris Poll survey indicated that 16% of Americans would 

be willing to pay more than $500 a month out of pocket for these 

obesity drugs. One of the remarkable differences between todayõs 

obesity market and that of the past is how important the consumerõs 

direct participation has become. Because of shortages with semaglutide, 

consumers have increasingly gone online to buy drugs directly. 

The market opportunity is obviously a large one. After conducting some 

analysis, we conclude that current estimates of ultimate market size ($30 

billion to $100 billion peak sales) appear conservative. There is both a 

gigantic private pay market opportunity and a reimbursed market 

opportunity ðunlike anything we have seen before in the pharma sector. 

The latter will depend on upcoming readouts from outcomes studies.



Lillyõs Retatrutide Stuns the Market Last Week
Alexandria Center for Life Sciences, South San Francisco, CA. Source: Stifel
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Lillyõs Retatrutide Associated with 24.2% Weight Loss in 

Eleven Months (58 Pounds, on Average)
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INDIANAPOLIS, June 26, 2023 /PRNewswire/ -- Eli Lilly and Company (NYSE: LLY) announced today new phase 2 data from 

retatrutide , Lilly's investigational molecule being studied for the treatment of obesity. At 24 weeks, retatrutide (1 mg, 4 mg, 8 mg or 12 

mg) met the primary endpoint for the efficacy estimand in participants living with obesity or overweighti without diabetes, 

demonstrating a mean weight reduction up to 17.5% (41.2 lb. or 18.7 kg)ii. In a secondary endpoint, retatrutide demonstrated a mean 

weight reduction up to 24.2% (57.8 lb. or 26.2 kg)ii at the end of the 48-week treatment duration. The results were presented in a 

symposium at the American Diabetes Association's® 83rd Scientific Sessions and were simultaneously published in The New England 

Journal of Medicine (NEJM).

The safety profile of retatrutide was similar to other incretin -based therapies. Gastrointestinal side effects were the most commonly 

reported adverse events, were generally mild-to-moderate in severity, and usually occurred during the dose escalation period. 

"Obesity is a treatable chronic disease with a complex underlying biology. We are now in the midst of a rapidly expanding therapeutic 

landscape of potential highly effective treatment options for individuals with obesity," said Ania Jastreboff, MD, Ph.D., Associate Professor 

of Medicine & Pediatrics, Endocrinology & Metabolism, at Yale School of Medicine; Director, Yale Obesity Research Center (Y-Weight); 

and co-Director of the Yale Center for Weight Management. "Participants treated with the highest dose of retatrutide achieved a mean 

weight reduction of 24.2%; this translates to an average absolute weight reduction of about 58 pounds over 11 months of the 

study. Given that participants had not yet reached a weight plateau at the time the study ended, it appears that full weight reduction 

efficacy was not yet attained. Longer duration phase 3 trials will enable comprehensive evaluation of efficacy and tolerability of this 

potential pharmacotherapeutic for the treatment of obesity."

Source: https://www.prnewswire.com/news-releases/lillys-phase-2-retatrutide -results-published-in-the-new-england-journal-of-medicine-show-the-

investigational-molecule-achieved-up-to-17-5-mean-weight-reduction-at-24-weeks-in-adults-with-obesity-and-overweight-301863690.html



Audience at ADA Stunned by Retatrutide Data
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Source: https://twitter.com/ScripMandy

Lillyõs retatrutide

presentation at ADA 

was not an everyday 

industry event.

https://twitter.com/ScripMandy


The New Weight Loss òGodzillaó Has Arrived
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òThis is really a ôwowõ kind of a reaction because we 

haven't reached this degree of weight loss in people 

with type 2 diabetes before,ó said Julio Rosenstock 

[Professor of Medicine at UT Southwestern].

Right now, tirzepatide is the gold standard for weight 

loss. With these promising new findings, retatrutide

could present a whole new generation of treatments for 

weight loss management.

òWe know that tirzepatide is the King Kong of the 

GLP-1s,ó said Rosenstock. òAnd when I look at 

retatrutide , I think that there is no question that 

Godzilla is smiling."

Better than Mounjaro ? New Drug Sees Highest Weight Loss 

Results Seen in Studies Yet, Diatribe , June 27, 2023

Source: https://diatribe.org/better -mounjaro-new-drug-sees-highest-weight-loss-results-seen-studies-yet. Photo sourced from Getty Images.

Godzilla Has Arrived

https://diatribe.org/better-mounjaro-new-drug-sees-highest-weight-loss-results-seen-studies-yet


Retatrutide Sets the New Benchmark for 48 Week 

Weight Loss

8Source: Stifel analysis of study results for various agents.
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Placebo Adjusted Weight Loss Among Obese Persons by Therapeutic Approach

(48 Weeks, Highest Dose Used)

Unlike some of our previous analyses this chart shows placebo -adjusted weight loss at the same timepoint in order to enhance 

comparability. The results speak for themselves: Lillyõs retatrutide has edged out tirzepatide ðanother Lilly product. Itõs important, of 

course, to note that none of these agents were compared head -to -head and, indeed, study designs can influence outcomes.



Retatrutide Weight Loss at 12 Months is Competitive 

With Bariatric Surgery
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Source: Cadart O, Degrandi O, BarnetcheT, Mehsen-Cetre N, Monsaingeon-Henry M, Pupier E, Bosc L, Collet D, Gronnier C, Tremollieres F, Gatta-Cherifi B. Long-Term 

Effects of Roux-en-Y Gastric Bypass and Sleeve Gastrectomy on Bone Mineral Density: a 4-Year Longitudinal Study. ObesSurg. 2020 Sep;30(9):3317-3325.

A pharma industry holy grail has been to match the effect of 

bariatric surgery with a drug.

Roux-en-Y Gastric Bypass and Sleeve Gastrectomy surgery are 

associated with 14% weight loss at 90 days, with 28% weigh loss 

at one year and, ultimately, get to 30% weight loss at year 2.

Retatrutideõs22% weight loss result is within shouting distance 

of gastric surgery.

There are major disadvantages of bariatric surgery including 

potential nutritional deficiencies. Chronic complications include 

but are not limited to strictures, bone loss, internal hernias, 

fistulae, gallstones and dumping syndrome. 

There is one major benefit of gastric surgery versus obesity 

drugs: the weight loss is permanent . While there is some 

rebound gain it is quite limited versus whatõs seen with GLP-1s 

to date



NAFLD Sub Study with Retatrutide Also Impressive
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The phase 2 obesity study included a NAFLD substudy, which sought to evaluate how the use of retatrutide in 

patients with obesity and NAFLD would affect the amount of fat in the liver. The substudy evaluated 98 patients 

with obesity and NAFLD who underwent magnetic resonance imaging (MRI) of their livers and had biomarkers of 

liver injury and fibrosis (scarring) measured in their blood.

Findings showed that in those with NAFLD, the amount of fat in the liver normalized in 9 out of 10 patients 

after 48 weeks treatment with the two highest doses of retatrutide . These data indicate that retatrutide has 

the potential to resolve NAFLD.

òThis study raises the possibility that in the early stages of liver disease, it is possible to ôde-fatõ theliver, which 

could in turn help to reduce the long -term cardiac, metabolic, renal, and liver-related harm from obesity. We are 

encouraged by these results and how they can potentially help tackle a disease that is currently without any 

approved therapies,ó said Arun J. Sanyal, MD, Director of the Stravitz Sanyal Institute for Liver Disease and 

Metabolic Health, Professor of Medicine, Physiology, andMolecular Pathology and Interim -Chair of the 

Gastroenterology, Hepatology, and Nutrition Division at Virginia Commonwealth University.

Source: https://diabetes.org/newsroom/press -releases/2023/american-diabetes-association-highlights -novel-agent-retatrutide -results-substantial-weight-reduction-people-

with-obesity-type-2-diabetes-during-late-breaking-symposium

ADA Press Release, June 26, 2023

https://diabetes.org/newsroom/press-releases/2023/american-diabetes-association-highlights-novel-agent-retatrutide-results-substantial-weight-reduction-people-with-obesity-type-2-diabetes-during-late-breaking-symposium
https://diabetes.org/newsroom/press-releases/2023/american-diabetes-association-highlights-novel-agent-retatrutide-results-substantial-weight-reduction-people-with-obesity-type-2-diabetes-during-late-breaking-symposium


Impressive Reductions in Liver Fat with Retatrutide

11Source: ADA slides from Dr. Sanyal

These findings mirror a well-known phenomenon ðthat 

NAFLD largely resolves with meaningful weight loss. It 

remains to be seen how competitive weight loss drugs will be 

to FGF21 analogues and other competitors in the NASH field.



Some Safety Items to Track with Retatrutide
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Will be important to 

track arrhythmias in 

subsequent 

development.

Will be important to 

track severe GI events 

in subsequent 

development.



Lilly Sweeps All Three Top Spots in 24-Week Weight 

Loss Rankings

13Source: Stifel analysis of study results for various agents.

To be able to drop 16% of body weight with retatrutide in less than a half year is stunning and important 

therapeutic option for persons who are overweight. Itõs interesting to note that the three agents with the best 

weight loss at this time period all come from Eli Lilly.  We are reminded of Jamaicaõs medal sweep in the womenõs 

100 meters at the 2020 Olympics.
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The Difference Between Tirzepatide and Retatrutide 

Narrows When One Compares Discontinuation Rates

14

Both retatrutide and tirzepatide are preferred by patients over placebo. But tirzepatide had a more favorable net discontinuation 

rate. Of course, studies are not comparable, and a head -to -head comparison could find a different result.
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Source: Stifel analysis of study results for various agents.
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How Has Lilly Gotten So Good in 

Obesity Drugs?
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òDr. Skovronskyrecommended Lilly pursue drug projects 

where it best understood the science and lean less on 

commercial sales estimates. Lilly was not very good at 

predicting a drugõs sales over time anyway, he concluded, 

but could better predict the scientific probability of a 

drugõs success.

Lilly jettisoned research on diseases where it was tougher 

to deliver an advance, including osteoporosis and 

psychiatric conditions, and doubled down in areas where 

it had expertise: diabetes, oncology and Alzheimerõs 

disease.ó

Peter Loftus, Wall Street JournalΣ ά¢ƘŜ ΨYƛƴƎ YƻƴƎΩ ƻŦ ²ŜƛƎƘǘ-Loss 
5ǊǳƎǎ Lǎ /ƻƳƛƴƎΣέ !ǇǊƛƭ оΣ нлно

Eli Lillyõs Mounjaro could outpace Ozempic as the most powerful treatment on the market. To 

develop it, the drug company needed to overhaul long -held but failing practices.

Source: https://www.wsj.com/articles/ozempic -mounjaro-weight-loss-drug-wegovy-eli-lilly-66f2906

Focus on 

Science 

Early On

https://www.wsj.com/articles/ozempic-mounjaro-weight-loss-drug-wegovy-eli-lilly-66f2906


Key Lilly Insight: Believe in Mouse Models. They Predict 

Efficacy of Obesity Drugs in Humans

16

òLilly scientists expressed hope their drug candidate [Mounjaro] 

could do much more than that. The experimental drug combined 

a synthesized GLP-1 gut hormone like the one in Trulicity with a 

cousin called GIP, which the scientists theorized could produce 

even more insulin and suppress appetite further.

Two weeks after starting to get the compound, chubby 

laboratory mice given the compound lost 20% to 25% of their 

weight.

Despite the unknowns, Lilly went ahead and greenlighted the 

experimental drug for human testing. òIt was the largest degree 

of weight loss I had ever seen in a mouse model of obesity. It felt 

pretty compelling,ó Dr. Skovronskysaid.ó

Peter Loftus, Wall Street JournalΣ ά¢ƘŜ ΨYƛƴƎ YƻƴƎΩ ƻŦ 
Weight-[ƻǎǎ 5ǊǳƎǎ Lǎ /ƻƳƛƴƎΣέ !ǇǊƛƭ оΣ нлно

Sources: (1) left: https://www.wsj.com/articles/ozempic -mounjaro-weight-loss-drug-wegovy-eli-lilly-66f2906, (2) right: https://www.nature.com/articles/s41573 -021-00337-8/.

Timo D. Müller, Matthias Blüher, Matthias H. Tschöp& Richard D. DiMarchi, 

Anti-obesity drug discovery: advances and challenges,ó Nature Reviews 

Drug Discovery, 2022: òweight loss effects generally translate from 

rodents to humansó

https://www.wsj.com/articles/ozempic-mounjaro-weight-loss-drug-wegovy-eli-lilly-66f2906
https://www.nature.com/articles/s41573-021-00337-8/


Key Consideration from an IRA Perspective
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òSynthetic chemistry has provided access to a wide class of peptides and proteins which was out of bound several decades ago,

particularly peptides containing more than 10-15 amino acids. With the advent of solid phase peptide synthesis (SPPS), peptides longer 

than 20 amino acids could be readily built on a solid support through either Boc/Bzlor Fmoc/t-Bu strategies. However, it was still 

challenging to synthesize peptides containing 50 or more amino acids by the linear SPPS because of lower yields and reduced purities 

with increasing peptide length. Thus, the convergent hybrid strategy becomes highly attractive wherein high purity peptide fragments 

can be coupled together in solution phase to overcome the drawbacks of the linear SPPS. Some of the shortcomings of this strategy are 

the need for tight control over epimerization because of the limited non-epimerizable coupling junctions, and the decreasing solubility 

of the growing protected peptide chain in organic solvents. The introduction of native chemical ligation (NCL) in 1994 has helped 

immensely in the synthesis of numerous large peptides and proteins, which were inaccessible earlier. Retatrutide, a 39 -amino acid 

synthetic peptide , is a once-weekly novel GIP (glucose-dependent insulinotropic polypeptide), GLP-1 (glucagon-like-peptide-1) and 

glucagon receptor agonist and is currently in phase 2 clinical trials for diabetes and obesity. Herein, we have developed an NCLsynthesis 

where two unprotected peptide fragments are coupled in aqueous media without any epimerization to yield retatrutidecysteine 

analogue, which is then subjected to desulfurization with water soluble radical initiators to chemoselectivelygive retatrutide.ó

Like Tirzepatide, Retatrutide is a 39 -amino acid peptide. The good news is that it can be made synthetically. The bad news is 

that from an IRA perspective, it is a small molecule ðnot a biologic. The threshold to file a BLA on a peptide is that a drug 

needs to have 40 or more amino acids.* This means that this drug will be eligible for IRA negotiation rather soon after its 

approach. Obviously, Lilly developed this drug well before the IRA was passed.

Source: https://acs.digitellinc.com/sessions/531874/view

Jalan and Kopath , American Chemical Society, 2023

* See https://www.fda.gov/about -fda/economic -impact-analyses-fda-regulations/definition -term-biological -product -final-regulatory-impact-analysis

https://acs.digitellinc.com/sessions/531874/view
https://www.fda.gov/about-fda/economic-impact-analyses-fda-regulations/definition-term-biological-product-final-regulatory-impact-analysis


Picture With 12 Week Data Gets More Complicated

18
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Placebo Adjusted Weight Loss Among Obese Persons by Therapeutic Approach

(12 Weeks, Highest Dose Used)

Recall that Retatrutide is associated with 16% weight loss at 24 weeks. Amgen is seeing the same level of weight loss in half the time 

and is by far the leader at this point. Amgen has not yet reported data for AMG133 beyond 12 weeks. Based on weight loss curves 

over time for other agents, we expect 48-week weight loss with AMG133 to be on the order of 30% to 35% of starting weight.

Source: Stifel analysis of study results for various agents.



Multiple Agents Showing Game-Changing 4 Week Weight Loss

19

Amgen has reported 9% placebo -adjusted weight loss with AMG133 at four weeks. Carmot Therapeutics, Viking and Sun Pharma 

have also shown game changing four -week weight loss data.

Source: Stifel analysis of study results for various agents.
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Carmot Therapeutics Dual Incretin, CT-268, Showing 

Highly Impressive 4-Week Weight Loss at ADA

20

Poster No. 75-LB: CT-388, a novel once-weekly dual GLP-1 and GIP receptor modulator, is safe, well-tolerated, and produces more 

than 8% weight loss in 4 weeks in overweight and obese adults

As part of a larger Phase 1/2 clinical trial, the Phase 1 results presented at ADA comprised single ascending doses (SAD; 0.5-7.5 mg) 

and multiple ascending doses (MAD; 5-12 mg) for 4 weeks administered to overweight/obese adults. The primary objective, safety 

and tolerability of CT-388, was evaluated across a total of 64 participants who received at least one dose of CT-388 or placebo. The 

results were as follows across the three MAD cohorts:

Á Favorable tolerability profile in both overweight and obese participants with most common adverse events (AEs) being GI-

related, consistent with the incretin class. No temporal patterns for AEs around dose up-titration periods.

Á Pharmacokinetic (PK) profile supports once weekly dose administration.

Á CT-388 dosed at 5/8/12/12 mg produced 8.4% weight loss (7.7 kg, ~17 lbs) accompanied by a decrease in waist and hip 

circumference, and improvement in markers of insulin sensitivity (HOMA-IR). Initial profile suggests that obese patients might 

benefit the most given the higher weight loss and more favorable tolerability.

Á These data warrant further clinical evaluation of CT-388, possibly with minimal to no titration, for the treatment of obesity, t ype 

2 diabetes and other weight-related comorbidities. Carmot has designed the Phase 1/2 CT-388 clinical trial to evaluate not only 

higher doses across longer treatment durations (e.g. 12-24 weeks), but also cohorts with minimal to no titrations. Carmot 

expects data from these additional cohorts in the first half of 2024. Additional Phase 2 clinical trials in overweight and obese

adults are planned to commence in 2023.

SAN DIEGO, Calif., June 23, 2023 (GLOBE NEWSWIRE)

Source: https://carmot.us/carmot -therapeutics-highlights -clinical-data-from-its-pipeline-of-treatments-for-obesity-and-diabetes-at-the-83rd-american-

diabetes-association-scientific-sessions/

https://carmot.us/carmot-therapeutics-highlights-clinical-data-from-its-pipeline-of-treatments-for-obesity-and-diabetes-at-the-83rd-american-diabetes-association-scientific-sessions/
https://carmot.us/carmot-therapeutics-highlights-clinical-data-from-its-pipeline-of-treatments-for-obesity-and-diabetes-at-the-83rd-american-diabetes-association-scientific-sessions/


Strength of Vikingõs VK2735 at Four Weeks

21

There is a lot to like about Vikingõs story. Unlike Amgenõs drug there 

were no discontinuations at the high dose.

Unlike Carmotõsstory, patients in the MAD portion had BMIõsunder 

30 (Carmotõshigh dose group had a starting BMI average of 34.9). It 

is well known that percentage weight loss tends to be lower when 

baseline BMI is lower.

We see Viking as a relatively tolerable dual competitor in the market.

Source: https://www.prnewswire.com/news-releases/viking-therapeutics-announces-results-from-phase-1-clinical-trial-of-dual-glp-1gip-receptor -agonist-vk2735-301782861.html

https://www.prnewswire.com/news-releases/viking-therapeutics-announces-results-from-phase-1-clinical-trial-of-dual-glp-1gip-receptor-agonist-vk2735-301782861.html


Sun Pharmaõs Long-acting GLP-1 Receptor Agonist

22Source: https://www.prnewswire.com/news-releases/sun-pharma-presents-data-from-first-in-human-phase-1-studies-of-gl0034-at-the-american-diabetes-association-83rd-scientific-sessions-301861402.html, ADA presentation.

Sunõs new GLP-1 agonist at ADA was a surprise to us.

10.7% weight loss at 52 days is highly competitive and itõs far from clear 

that Sun has yet optimized dose. Nausea rates with the drug were quite 

low and their Phase 1 only included male subjects who tend to 

experience lower weight loss than females with GLP-1õs, on average.

Sun is a low-cost manufacturer and is willing to compete on price.

They could be a very interesting addition to the U.S. obesity market 

which is in dire need of price competition.

https://www.prnewswire.com/news-releases/sun-pharma-presents-data-from-first-in-human-phase-1-studies-of-gl0034-at-the-american-diabetes-association-83rd-scientific-sessions-301861402.html
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Details on Amgenõs AMG133
Alexandria Center for Life Sciences, South San Francisco, CA. Source: Stifel



AMG 133 Antagonizes GIP and Agonizes GLP-1

Source: https://www.amgen.com/stories/2022/12/targeting -obesity-using-biology -not-behavior

To create AMG 133, Amgen researchers started with an antibody that 

blocks GIPR (GIP Receptor).

To this antibody backbone, they then added two modified GLP-1 

peptides that activate the GLP-1 receptor.

Preclinical research at Amgen confirmed that this dual action, or 

bifunctionality that targets these two key metabolic pathways, seemed 

to have a stronger effect on weight loss than either GLP-1 or GIPR 

antibodies alone.

Gastric inhibitory polypeptide (GIP) is a 42-amino acid hormone made 

in K-cells localized to the proximal gut, and it is secreted after eating 

food containing glucose and fat. 

Although originally named as an acid blocker, the principal property of 

GIP is the stimulation of insulin release from pancreatic islet Ȃ-cells in 

the presence of glucose.  Accordingly, GIP is also known as òglucose-

dependent insulinotropic polypeptideó.

GIP enhances gut nutrient absorption, and it increases uptake of 

glucose into fat cells. Importantly, GIP increases insulin release which 

further improves nutrient uptake and storage.

24

https://www.amgen.com/stories/2022/12/targeting-obesity-using-biology-not-behavior


òFurther obesity research at Amgen and Icelandic subsidiary deCODEGenetics began looking at the effects of 

rare genetic changes, called variants, on Body Mass Index (BMI), a measure of body fat based on height and 

weight. The Centers for Disease Control and Prevention (CDC) defines obesity as having a BMI of 30 or higher. 

deCODElooked for variants associated with low BMI in human data accumulated from hundreds of thousands 

of individuals across biobanks from several countries, with the idea that these could be valuable drug targets.

The deCODEwork and other research uncovered variants in the GIPR (Gastric Inhibitory Polypeptide Receptor) 

gene that were particularly interesting. GIP and its receptor are involved in regulating insulin levels after eating. 

Individuals with specific variants in this gene that reduced its activity had lower BMIs. Further analysis by 

Amgen researchers confirmed this finding.ó

Source: https://www.amgen.com/stories/2022/12/targeting -obesity-using-biology -not-behavior

Amgen Work on GIP Receptor Motivated by Rare Genetic 

Variants Seen in GWAS Studies by its deCODESubsidiary

1. Nature Genetics 2012; 44 (3):302-6

2. Nature Genetics 2010; 42 (11):937-48 (deCODEiscollaborator)

3. Nature Genetics 2013; 45 (5):501-12 (deCODEiscollaborator)

4. Science 2021; 373 (6550)

Amgen cites to GWAS work
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https://www.amgen.com/stories/2022/12/targeting-obesity-using-biology-not-behavior


òSecretion of gastric inhibitory polypeptide (GIP), a duodenal 

hormone, is primarily induced by absorption of ingested fat. Here 

we describe a novel pathway of obesity promotion via GIP. 

Wild-type mice fed a high-fat diet exhibited both hypersecretion of 

GIP and extreme visceral and subcutaneous fat deposition with 

insulin resistance. 

In contrast, mice lacking the GIP receptor (Gipr(-/-)) fed a high-fat 

diet were clearly protected from both the obesity and the insulin 

resistance. Moreover, double-homozygous mice (Gipr(-/-), 

Lep(ob)/Lep(ob)) generated by crossbreeding Gipr(-/-) and obese 

ob/ob (Lep(ob)/Lep(ob)) mice gained less weight and had lower 

adiposity than Lep(ob)/Lep(ob) mice. The Gipr(-/-) mice had a lower 

respiratory quotient and used fat as the preferred energy substrate, 

and were thus resistant to obesity. Therefore, GIP directly links 

overnutrition to obesity and it is a potential target for anti -

obesity drugs .ó

Mice With Loss-of-Function Mutations in GIPR Gain Only a 

Third of Weight of Normal Mice When Fed High Fat Diets

Fig. 2 Inhibition of GIP signal prevents hyperphagia-induced obesity.
a and b, Gross appearance of Lepob/Lepob (a) and Giprς/ςLepob/Lepob (b) mice.
c, Body weight of WT (), Lepob/Lepob () and Giprς/ςLepob/Lepob mice () at
35 wk of age. n = 4; *, P < 0.05, compared with Lepob/Lepob mice. d, TOBEC
of WT (), Lepob/Lepob () and Giprς/ςLepob/Lepob () mice at 35 wk. n = 4;
**, P < 0.01, compared with Lepob/Lepob mice.

Source: https://pubmed.ncbi.nlm.nih.gov/12068290/

GIPr KO mouse gains weight 

but only modestly despite HF 

diet

Normal mouse 3x 

heavier at 36 

weeks
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https://pubmed.ncbi.nlm.nih.gov/12068290/


The Scale of Weight Loss Seen with AMG133 Has Never 

Been Seen Before with a Pharmacological Agent

27

The observed weight 

loss with a GLP1 agonist 

and GIPr antagonist 

corresponds to going 

from 250 pounds to 215 

pounds in three months. 

Note that two subjects dropped out of the Phase 1b at the high dose. 

This discontinuation rate is not unusual for the GLP -1 class, however.

The weight loss slope at the 

420mg dose is extreme. Patients 

lost 1% of their body weight 

every four days.
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AMG133 Was Dosed Q4W ðOnce Monthly



Type I diabetes has been described as ôstarvation 

in the midst of plenty.õ Despite hyperphagia and 

high levels of circulating fuels, insulin deficiency 

prevents effective use of fuels by many tissues, 

hence ôstarvingõ them of nutrition.ó*

Prior to the invention of insulin, children with 

Type 1 diabetes starved to death. To the left is a 

remarkable photo of a child who was fortunate 

to get access to Lillyõs insulin before death by 

starvation.

* EndocrRev, Volume 40, Issue 1, February 2019, Pages 1ð16

Before and after pictures of child treated with insulin in the 1920s. Lilly got insulin to this child just in time.

Type 1 Diabetes Induces Starvation Because Patients Canõt Make Insulin Needed to Convert Glucose to Fat. Similarly, 

by reducing insulin production by roughly 60% to 70% a perfect GIP inhibitor can induce the effect of partial 

starvation despite eating a normal amount of food.

Understanding GIP: Insulin Signaling is Essential to Life. Without 

Insulin We Canõt Store Energy. Without Energy We Starve.
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Understanding GIP: When Glucose Goes Through the 

Gut Something Happens: GIPr is Agonized

A landmark study performed in humans was published in 1964 in Lancet.1

The study showed that blood insulin levels were about three times greater after 

humans consumed glucose compared to when it was given intravenously (IV), while 

blood glucose levels were similar.

Thus, something in the intestine was responsible for 2/3 of the effect; a yet to be 

identified incretin hormone.

The principal incretin hormone proved to be gastric inhibitory polypeptide (GIP ).2

Explanation : IV glucose bypasses the gut which avoids agonism of GIP, in turn resulting 

in less insulin signaling.

1 McIntyre N et al. Lancet1964; 2:20-21
2 Saltiel AR and Kahn CR. Nature 2001; 414:799-806 

Saltiel and Kahn identified GIP as 

the main explanation of why insulin 

production largely requires that 

glucose pass through the gut.

30



31

ÁMike Wolfe and Mike Boylan conducted a series of pathbreaking 

experiments at Case Western in which they explored whether GIP 

blockade might be a good strategy for weight loss.

ÁThis work was independent of Amgenõs genetic work but led to 

very similar insights.

Á In this seminal study done in C57BL/6 mice, a GIP antibody 

attenuated the insulin response to oral glucose by 2/3 (similar to

the 1964 human study in Lancet) and eliminated the insulin 

response to co-administered intraperitoneal glucose.

ÁThe effect of the anti-GIP mAb on weight was dramatic; weight 

gain  decreased by  46.5% and was equivalent to the low-fat diet  

control mice.

ÁThere were no differences in the amount of  food consumed 

among the treatment groups.

ÁAn intriguing possibility with GIP blockage is that the nausea and 

potential muscle loss side effects of GLP-1õs could be avoided. 

You eat the same amount of food but just fail to store it as fat 

because you are making less insulin.
Source: Boylan MO et al. Am J Physiol 2015; 309:E1008-E1018.

Boylan and Wolfe: GIP Blockade = Big Effect on Weight



Amgen Scientists Replicate Boylan and Wolfe Findings with 

GIPrAntagonist and Dual GIP and GLP1 Modulator

32

Killion et al ., Science Translational Medicine, 2018

Source: https://www.science.org/doi/10.1126/scitranslmed.aat3392

Mono GIPrinhibition reduces NHP insulin by around 65% 

when monkeys were subject to a glucose challenge.

Food consumption down around a 

third with mono GIPror GLP-1 and 

down 70%+ with dual GIPrand GLP-1.

Weight changes in monkeys similar to those seen 

in humans with AMG133. Adding the GIPr

antagonist makes a big difference.

https://www.science.org/doi/10.1126/scitranslmed.aat3392


Other GIP Antagonists in Development
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We are aware of at least 

three companies working on 

various strategies to block 

GIP. Each has its proõsand 

conõs. NM-136 is an antibody that 

blocks glucose-dependent 

insulinotropic polypeptide (GIP), 

a hormone found in the upper 

small intestine that is released 

into circulation after food is 

ingested. NM-136 has been 

shown to prevent GIP from 

binding to its receptor, which in 

preclinical obesity models has 

been shown to significantly 

decrease weight and abdominal 

fat by reducing nutrient 

absorption from the intestine. 9 

Meters indicates that it may be in 

Phase 1 with this compound by 

2024.

The research teams of professors 

Mette M. Rosenkildeand Jens J. 

Holst have discovered naturally 

occurring therapeutic peptides 

that are being investigated in 

several human studies. 

Antag is pursuing a peptide 

approach to antagonizing GIP 

and is currently in the process of 

completing preclinical studies.

The company expects to be in 

the clinic in 2024.

GMAX is a Chinese biotech that 

was established by Amgen 

alums. Their GMA 106 is  

rationally designed using GMAXõs 

GPCR and M-Body technologies. 

Like AMG133, this M-body is 

composed of an anti-GIPR anti-

body fused with a GLP1 peptide. 

It can simultaneously interact 

with GLP-1R and GIPR and 

regulate both signaling pathways 

to synergistically suppress 

appetite, reduce blood glucose 

and fat accumulation, and 

improve insulin resistance. This 

drug is well into Phase 1 studies 

at present.



Paradox: How Can AMG133 (Which Antagonizes GIP) and 

Tirzepatide(Which Agonizes GIP) Both Be So Effective?

34

Another important difference is that GLP-1 inhibits appetite and food intake (5), resulting in weight loss upon chronic administ ration, 

whereas GIP generally is thought to have no effects on food intake (6). Despite this, some researchers have kept working withGIP and 

have developed analogs, modified to have activity also on other receptors including the GLP-1 receptor. Application of these in clinical 

trials has been surprisingly successful. Most recently, the pharmaceutical company, Eli Lilly, presented impressive Phase 2 results in 

overweight patients with T2DM treated with tirzepatide, a mono-molecular, long-acting (weekly) GIP-GLP-1 co-agonist (7). A6-month 

treatment with this compound resulted in near -normalization of glycated hemoglobin levels and weight losses reaching 2-digit 

percentages, with both effects exceeding what was obtained in the same study with a long-acting GLP-1 receptor agonist, dulaglut ide. 

Increasing the confusion even further, another company, Amgen, presented preclinical data from nonhuman primates showing that a 

GIP receptor antagonist (a monoclonal antibody), both alone and in combination with GLP-1, effectively reduced the normal increase 

in body weight in obese animals (8). In addition, upon comparison of results from animal studies, it appears that almost identical 

results can be obtained with certain proven GIP agonists and GIP antagonists, at least with respect to their effects on body weight (8-

10). In other words, both GIP agonism (normally thought to be inactive) and GIP antagonism appear to be effective in T2DM 

and obesity. 

Source: https://academic.oup.com/jcem/article/105/8/e2710/5847843

J Clin Endocrinol Metab. 2020 Aug 1;105(8):e2710ς6.

https://academic.oup.com/jcem/article/105/8/e2710/5847843


Paradox Addressed: TirzepatideõsGLP-1 SignallingLikely 

Enhanced by GIP Co-Agonism

35

Nevertheless, it was recently shown that N-terminal modifications of exendin -4 (a strong GLP-1 receptor agonist) will turn it in to a 

biased agonist with a lower tendency to arrestin recruitment and/or receptor internalization and therefore with potentially greater 

efficacy and tolerability as a therapeutic (58). Asimilar alteration in GLP-1 receptor signaling profile was recently established for a dual 

acting GIP-GLP-1 peptide (59). It is thus possible that the observed beneficial effects in vivo of dual GIP-GLP-1 agonistsñat least 

partlyñrely on altered signaling of the molecule toward a biased signaling profile for one, or both, of the components. If both 

mechanisms apply to the GIP- GLP-1 co-agonists, the effect might be even greater. It is still unclear how the GIP part of the co-agonist 

would lead to weight loss, but if the incorporation of GIP activity in the co -agonist changes the GLP -1 signaling, then it would 

make sense that even the GIP part of the molecule might contribute to an enhanced weight -losing effect . It should be possible 

with careful molecular pharmacological experimentation to determine whether it is the influence of one part of the co -agonist (GIP) on 

the signaling pathways of the other part that makes a co-agonist like tirzepatide so effective, despite the overwhelming evidence that 

GIP, investigated in isolation, does not possess these activities. Such experiments are ongoing, and we will probably soon have at least 

some answers to this mind -boggling paradox .

J Clin Endocrinol Metab. 2020 Aug 1;105(8):e2710ς6.

Source: https://academic.oup.com/jcem/article/105/8/e2710/5847843

https://academic.oup.com/jcem/article/105/8/e2710/5847843
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Unmet Needs in the Obesity Drug Landscape

Alexandria Center for Life Sciences, South San Francisco, CA. Source: Stifel



Significant Room for Players to Compete by Feature 

Differentiation

37

òBut Narimon Honarpour, Amgen's vice president of 

general medicines, says there's room for multiple 

medications in the obesity treatment market. More than 

600 million people have obesity, including 40% of the U.S. 

population. Not all patients respond well to one drug, he 

said.

ôUnraveling which patient segment benefits the most from 

which therapy, having a consistent response to therapy 

from patients is very important," he told Investor's Business 

Daily. "What I think we can conclude ñ though I can't give 

you a firm number on what the market size and 

opportunity would be ñ is that it's going to be, and is 

currently, a very large market.õó

Allison Gatlin, Investors Business Daily, Dec 8, 2022

Source: https://www.investors.com/news/technology/amgen -stock-here-is-what-we-know-about-its-belated-obesity-treatment / . Photo from Getty Images.

https://www.investors.com/news/technology/amgen-stock-here-is-what-we-know-about-its-belated-obesity-treatment/


Key Unmet Needs in Obesity Drug Development

38

Avoidance of Nausea Side Effect

Avoidance of the òRebound Effectó

Reduction in Drug Cost

Oral Delivery

Avoidance of Muscle Loss

Less Frequent Dosing

Drugs That Can be Safely Provided Direct to the Patient

1

2

3

4

5

For all the progress that has been made, there is ample room for new entrants to gain footing by 

addressing unmet needs that remain with existing therapies. Key unmet market needs include:

6

7



39

Since GLP-1 agonists impact many physiological processes, side effects 

are not uncommon. Some that are common to all GLP-1 agonists 

include nausea, vomiting and diarrhea. Other possible side effects for 

GLP-1 agonists include pancreatitis, increased risk of low blood sugar, 

kidney problems and changes in vision.

Injected weekly, Wegovy is essentially a higher dosage of semaglutide. 

While Ozempic is injected at a dosage of 0.5 mg or 1 mg for type 2 

diabetes, the dose for Wegovy is 2.4 mg. To reduce the potential for 

side effects, the dose of Wegovy is gradually increased over 16 to 20 

weeks.

In addition to these common side effects, Wegovy contains a boxed 

warning about the potential risk of thyroid C-cell tumors.

Source: https://www.optum.com/business/insights/pharmacy -care-services/page.hub.diabetes-drugs-obesity.html

Optum Pharmacy Care Services, 2023

#1: Nausea is an Issue with GLP-1 Agonists 

A key priority is to 

design out the nausea 

side effect associated 

with the current 

generation of GLP -1 

drugs.

https://www.optum.com/business/insights/pharmacy-care-services/page.hub.diabetes-drugs-obesity.html
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Source: https://dom -pubs.onlinelibrary.wiley.com/doi/10.1111/dom.14725

#2: The Rebound Effect

Diabetes, Obesity and Metabolism, April 2022

òOne year after withdrawal of once-weekly 

subcutaneous semaglutide2.4 mg and lifestyle 

intervention, participants regained two -thirds 

of their prior weight loss , with similar changes 

in cardiometabolic variables. Findings confirm the 

chronicity of obesity and suggest ongoing 

treatment is required to maintain improvements in 

weight and health.ó

https://dom-pubs.onlinelibrary.wiley.com/doi/10.1111/dom.14725


41* Note: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5357070/

The Rebound Effect: Is it a Bug or a Feature?

People who overeat appear to put their weight back on when they go off GLP-1õs.

From a pharma perspective this is a desirable feature . Patients will need to be on their obesity 

drugs forever basically or will regain weight.

Each patient becomes quite valuable. If you could get paid $1,000 a month forever, the NPV 

would work out to $120,000 if you had a 10% discount rate (model for value of a perpetuity). To 

be clear, other CVM drugs for blood pressure and lipids also require long-term administration. Itõs 

not as if obesity drugs are uniquely burdensome in this regard.

From a payor / societal perspective , this is quite challenging. If you must cover a million 

persons at $120k / each, you would be on the hook for $120 billion in expense. But there are over 

50 million obese persons in the U.S. The cost is very high.

Physicians are also concerned . We have spoken to several who worry about putting their 

patients on GLP-1õs forever. The data suggest that long-term administration of GLP-1õs is not 

associated with safety issues and patients continue to benefit (see, for example, Courtney et.al. 

(2017) for seven-year data).* As shown in the chart at right, many physicians prefer to avoid 

weight loss drugs. In one recent survey, physicians indicated that they see 136 obese patients a 

month; these physicians planned to keep only a third of their GLP-1 patients on the drugs 

indefinitely. Physicians are conservative when it comes to new drugs. 

A particular physician concern expressed at ADA with rebound is that patients may 

lose muscle on the way down and then replace it with fat on the way up.

òNinety-four surveys were analyzed. Seventy-six 

percent of all PCPs did not prescribe weight loss 

medications for long -term weight loss and 58% of 

PCPs had negative perceptions of pharmacotherapy. 

Differences existed between prescribing patterns and 

attitudes of advanced practice clinicians and 

physicians. Safety concerns were the greatest barrier. 

Having 2+ comorbidities and severe obesity were 

facilitators for prescribing weight loss medications.ó

Source: https://onlinelibrary.wiley.com/doi/abs/10.1002/2327 -6924.12481

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5357070/
https://onlinelibrary.wiley.com/doi/abs/10.1002/2327-6924.12481


#3: Cost is a Major Issue
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Sheldon Litwin, MD, a cardiologist at the Medical 
University of South Carolina, Pharmacy Times, Mar 8, 
2023

òThe other big issue with the new drugs is the cost. And 

theyõre very, very expensive drugs. I don't know if they have 

to be or not, but they are. And when we're prescribing them 

for diabetes, they're usually covered by insurance, although 

there may be a higher copay. But if we're giving them just 

for weight loss in patients that don't have diabetes, at this 

point in time, most insurance plans and most federal plans 

like Medicare are not covering the cost of the medicines. 

And they're retailing for about $1,300 a month or $16,000 a 

year, which is not affordable for most of my patients. So, 

access is still a big issue.ó

Source: https://www.pharmacytimes.com/view/expert -following -decades-of-

challenges-anti-obesity-drugs-have-leapt-forward-in-recent-years

Sheldon Litwin, Medical University of South Carolina

https://www.pharmacytimes.com/view/expert-following-decades-of-challenges-anti-obesity-drugs-have-leapt-forward-in-recent-years
https://www.pharmacytimes.com/view/expert-following-decades-of-challenges-anti-obesity-drugs-have-leapt-forward-in-recent-years


43Source: https://icer.org/wp -content/uploads/2022/03/ICER_Obesity_Evidence_Report_083122.pdf

ICERõs view expressed 

here is that as currently 

priced the GLP -1õs are 

too expensive to justify 

reimbursement.

Both Lilly and Novo are 

running studies today to 

disprove this type of 

analysis by showing the 

societal savings from 

using obesity drugs.

But clearly an unmet 

need in the market is to 

deliver strong weight 

loss at a lower price.

https://icer.org/wp-content/uploads/2022/03/ICER_Obesity_Evidence_Report_083122.pdf
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òPfizer believes an oral therapy will appeal to people who want to avoid 

injections. The company plans to enroll some patients in its late-stage trial who 

have already used Wegovy or Mounjaro to show they can effectively switch to 

the Pfizer alternative.

Eli Lilly is working on an oral GLP-1. Novo Nordisk already offers Rybelsus, an 

oral version of the same compound (semaglutide) in Wegovy for diabetes, 

although its success has been limited.

"More treatment options to help improve the lives of those living with obesity 

are good advancements for patients and a testament to the significant unmet 

need of addressing obesity," a Novo spokesperson said. 

Dr. Jamie Kane, chief of obesity medicine at New York's Northwell Health, 

called the new weight-loss drugs ôvery promising.õó

Source: https://www.reuters.com/business/healthcare-pharmaceuticals/novo-nordisk-rivals-see-room-compete-100-bln-weight-loss-drug-market-2023-05-04/. Photo from Getty Images.

#4: Oral Options Desirable

aƛŎƘŀŜƭ 9ǊƳŀƴΣ wŜǳǘŜǊǎΣ άbƻǾƻ bƻǊŘƛǎƪ ǊƛǾŀƭǎ ǎŜŜ ǊƻƻƳ ǘƻ ŎƻƳǇŜǘŜ ƛƴ Ϸмлл 
billion weight-ƭƻǎǎ ŘǊǳƎ ƳŀǊƪŜǘΣέ aŀȅ уΣ нлно

Many patients prefer an oral option.

https://www.reuters.com/business/healthcare-pharmaceuticals/novo-nordisk-rivals-see-room-compete-100-bln-weight-loss-drug-market-2023-05-04/


Selected GLP-1 Oral Drug Candidates in Development
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Pfizer Inc. (NYSE: PFE) today announced its decision to 

continue to progress one oral late-stage glucagon-like 

peptide-1 receptor agonist (GLP-1-RA) candidate toward 

further clinical development for the potential treatment 

of adults with obesity and Type 2 diabetes mellitus 

(T2DM). Results previously published in the Journal of 

the American Medical Association Network Open from 

the Phase 2 study (NCT03985293) of danuglipron in 

T2DM showed dose-dependent placebo-adjusted 

reductions (doses ranging from 2.5 mg through 120 mg 

for 16 weeks) in HbA1c of up to -1.16%; fasting plasma 

glucose of -33.24 mg/dL; and body weight of -4.17 kg 

over 16 weeks. The most common adverse events were 

nausea, vomiting and diarrhea. The Phase 2b study of 

danuglipron in non-diabetic obesity participants is 

currently ongoing (doses ranging from 40 mg through 

200 mg for up to 32 weeks) and expected to complete 

by end of year. 

Pfizer, Press Release, June 26, 2023

Danuglipron

Structure Therapeutics completed a Phase 1 study 

of GSBR-1290, an orally available small molecule 

GLP-1 receptor agonist being developed for the 

treatment of patients with type 2 diabetes mellitus 

and obesity. The Company completed its Phase 1 

single ascending dose (SAD) study in September 

2022. GSBR-1290 was generally well tolerated and 

demonstrated dose-dependent pharmacokinetic 

(PK) and pharmacodynamic (PD) activity in 48 

healthy volunteers. The Company has completed 

dosing of its Phase 1b multiple ascending dose 

(MAD) study focused on safety, PK and tolerability 

in 24 healthy volunteers, and has initiated a Phase 

2a study in T2DM and obesity. Topline data from 

the Phase 1b MAD study and the Phase 2a study 

are expected to be announced in the latter half of 

the fourth quarter of 2023.

Sources: (1) Lilly: https://www.nature.com/articles/d41586 -023-02092-9, (2) Pfizer: https://www.pfizer.com/news/press -release/press-release-detail/pfizer -provides-update-glp-1-ra-clinical-development

òBoth Wegovyand Mounjaro require weekly injections, 

which many people find unpleasant. Whatõs more, the 

drugs both belong to a group of molecules called 

peptides, which are expensive and labour-intensiveto 

produce. The list prices for Wegovyand Mounjaro are 

more than US$1,000 per month, and supply shortages 

have sometimes made the drugs hard to find. 

Orforglipron, however, is a non-peptide molecule thatõs 

easy to produce and package into a pill. The drugõs price 

has not yet been set, but it will probably be much 

cheaper than existing weight-management drugs, says 

internal-medicine physician Sean Wharton at McMaster 

University in Hamilton, Canada. òI see it as a game 

changer, myself,ó says Wharton, who co-authored the 

orforglipronstudy.ó

Saima Sidik, òBeyond Ozempic: brand-new 

obesity drugs will be cheaper and more 

effective,ó Nature , June 26, 2023

Orforglipron

https://www.nature.com/articles/d41586-023-02092-9
https://www.pfizer.com/news/press-release/press-release-detail/pfizer-provides-update-glp-1-ra-clinical-development
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In this phase 2, randomized, double-blind trial, we enrolled adults with obesity, or with 

overweight plus at least one weight-related coexisting condition, and without diabetes. 

Participants were randomly assigned to receive orforglipron at one of four doses (12, 24, 36, 

or 45 mg) or placebo once daily for 36 weeks. The percentage change from baseline in body 

weight was assessed at week 26 (primary end point) and at week 36 (secondary end point).

A total of 272 participants underwent randomization. At baseline, the mean body weight was 

108.7 kg, and the mean body-mass index (the weight in kilograms divided by the square of 

the height in meters) was 37.9. At week 26, the mean change from baseline in body weight 

ranged from Ĭ8.6% to Ĭ12.6% across the orforgliprondose cohorts and was Ĭ2.0% in the 

placebo group. At week 36, the mean change ranged from Ĭ9.4% to Ĭ14.7% with orforglipron

and was Ĭ2.3% with placebo. A weight reduction of at least 10% by week 36 occurred in 46 to 

75% of the participants who received orforglipron, as compared with 9% who received 

placebo. The use of orforglipron led to improvement in all prespecified weight-related and 

cardiometabolic measures. The most common adverse events reported with orforglipron were 

gastrointestinal events, which were mild to moderate, occurred primarily during dose 

escalation, and led to discontinuation of orforglipron in 10 to 17% of participants across dose 

cohorts. The safety profile of orforglipron was consistent with that of the GLP-1 receptor 

agonist class.

New England Journal of Medicine , June 23, 2023

Source: https://www.nejm.org/doi/full/10.1056/NEJMoa2304286

https://www.nejm.org/doi/full/10.1056/NEJMoa2304286


Emerging Opportunity for Oral Polypills
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Regeneron and AZ are in a 

collaboration to target GPR75 for 

obesity. This is based on REGNõs finding 

that mutations in the GPR75 gene 

associated with protection against 

obesity.

Inversagohad impressive Phase 1 obesity 

data with a CB1 inverse agonist at ADA. 

Now going into other indications in Phase 

2 studies. MOA same as rimonabant but 

company has engineered out toxicity 

issues. Private Canadian biotech company.

Vutiglabridinis an orally available 

modulator of mitochondrial 

paraoxonase-2 (PON2). It has completed 

its phase 1 studies with optimal safety 

profile and target exposure, and its phase 

2a study for the treatment of obesity is 

near completion. 

Kallyopeis testing two compounds in 

Phase 1b trials in 2023. They expect to be 

producing data in obesity as the year 

unfolds in both obese subjects and in 

persons with Type 2 diabetes.

In the same sense that we are seeing 

incretin protein companies 

developing duals and triple combos, 

it should be possible to combine 

multiple active agents to create a 

particularly effective oral anti -

obesity medication.

For example, both Vivusõ QsymiaÉ 

and CurraxõsContrave ® combine 

known active agents.

The four companies shown at right 

have particularly promising oral 

options for the treatment of obesity.

It strikes us that one might be able 

to combine these approaches to 

develop a highly effective polypill.



GWAS Study by Regeneron Discovers GPR75 Target
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Murtaza et.al., Biochimie , April 2022:

The metabolic syndrome is a plethora of related 

disorders that are frequently associated with 

morbidity and mortality in addition to economic 

burden. While various treatment options are 

available, the need to understand the pathology and 

find new targets still remains. 

Recent data have suggested GPR75 as one such 

exciting target that has shown to a highly druggable 

potential. In this review, we have discussed the 

recent findings on GPR75 in terms of its expression 

and signaling and the way it could be a novel target 

in diseases associated with metabolic syndrome 

including obesity, dyslipidemia, diabetes, 

cardiovascular disease, and cerebrovascular disease. 

In addition, the opportunities and challenges related 

with the druggable potential of GPR75 have also 

been highlighted in this review.

Sources: https://www.science.org/doi/10.1126/science.abf8683, 

https://newsroom.regeneron.com/news -releases/news-release-

details/regeneron-genetics-center-discovers-gpr75-gene-mutations-protect , 

https://www.sciencedirect.com/science/article/abs/pii/S0300908422000141

https://www.science.org/doi/10.1126/science.abf8683
https://newsroom.regeneron.com/news-releases/news-release-details/regeneron-genetics-center-discovers-gpr75-gene-mutations-protect
https://newsroom.regeneron.com/news-releases/news-release-details/regeneron-genetics-center-discovers-gpr75-gene-mutations-protect
https://www.sciencedirect.com/science/article/abs/pii/S0300908422000141


KallyopePursuing Orals Involving Gut-Brain Axis
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Led by Jay Galeota and Nancy Thornberry, 

Kallyope harnesses multiple incretins to induce 

a weight loss effect and can design therapeutics 

that turn on or turn off specific incretins. 

The company is focused on direct targeting of 

gut-brain circuits using a next generation 

approach highlighted at right.

Kallyope is testing two compounds in Phase 1b 

trials in 2023. They expect to be producing data 

in obesity as the year unfolds in both obese 

subjects and in persons with Type 2 diabetes.

While the MOA has not been specifically 

released, Kallyope has a published patent which 

described four potential targets for its drugs 

and can deliver these targets solo or in 

combination. 

The article cited at right lays out the approach 

described in the patent. Key targets include 

GPR40, AMPK, GPR119 and SSTR5.

òAs nutrients and bile acids pass 

through the duodenum and into the 

jejunum, multiple EECs containing 

GLP-1, PYY, and NTS as well as CCK, 

GIP, and SCT are activated. All of the 

receptors for these peptides, with the 

exception ofGIP, are expressed by 

vagal afferents. GLP, PYY, and CCK 

receptors have been detected in the 

ENS. GLP-1, GIP, PYY, and NTS 

receptors are expressed in central 

feeding centers. How these 

hormones signal to the brain alone 

and in combination after a meal has 

yet to be fully determined, but when 

co-infused, they produce strong 

satiety effects.ó

Richards P, Thornberry NA, Pinto S. The gut -brain axis: Identifying new therapeutic approaches for 

type 2 diabetes, obesity, and related disorders. Mol Metab . 2021 Apr;46:101175.

òThe role of the gut-brain axis has been particularly well established in regulating appetite 

and metabolism. Indeed, gut hormones, most notably GLP-1, have been pursued as 

therapeutics in multiple drug discovery programs for diabetes and obesity over the past two 

decades. While some of the beneficial effects of GLP-1 and other gut hormones, most 

notably glucose control, may not involve gut-brain circuitry, the importance of this system 

in the regulation of feeding has been clearly established.ó

Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8085592/

https://patents.google.com/patent/US20220152164A1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8085592/


InversagoPharmaõs INV-202, a Peripheral 

Cannabinoid Receptor 1Blocker for Metabolic 

Syndrome, is Highly Promising
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June 23, 2023 - MONTREAL & SAN DIEGO-- (BUSINESS WIRE)-- InversagoPharma Inc. (òInversagoó), a leader in 

the development of peripherally-acting CB1 receptor (CB1r) blockers to address complications associated with metabolic 

and fibrotic diseases, today announced data from its Phase 1b trial for INV-202 to be presented in a poster session at the 

83rd American Diabetes Association Scientific Sessions (ADA) in San Diego. INV-202 is a potential first-in-class, 

peripherally-acting CB1r blocker, being developed to treat metabolic syndrome and associated complications.  The Phase 

1b study was a randomized, double-blind clinical trial conducted in 37 adult subjects (46% female; mean age, 55 years) 

with features of metabolic syndrome to evaluate the PK/PD relationship and other biomarkers of 25 mg of INV-202 

administered orally, once daily, over 28 days. Metabolic syndrome was defined by hypertriglyceridemia, abdominal 

obesity, and impaired glucose tolerance. At 25 mg, INV-202 was well-tolerated with no serious adverse events (SAEs) 

reported during the treatment period. Observed adverse events (AE) were predominately GI related.

In the post-hoc analysis, over the 28-day treatment period, clinically significant and progressive weight loss of an average 

decline of 3.50 kg (7.7 lb) for the INV-202-treated subjects was shown. This compared with a gain of 0.55 kg (1.2 lb) on 

average for subjects on placebo (p<0.01). Weight loss for subjects treated with INV-202 averaged a 3.3% decline versus 

a 0.5% gain for subjects on placebo (p<0.01). Average waist circumference was reduced by -1.91 cm (-3/4 in) for treated 

subjects compared to an increase of +0.02 cm (+1/64 in) for subjects on placebo (p=0.03).

INV-202-treated subjects also reported average decline in hemoglobin A1C (HgbA1C) of -0.005% over the treatment 

period versus an increase of +0.065% for subjects on placebo (p=0.08).

Source: https://www.businesswire.com/news/home/20230623384277/en/Inversago-Pharma-Presents-Data-from-Phase-1b-Trial-of-INV-202-a-Peripheral-CB1r-

Blocker-for-Metabolic -Syndrome-at-the-83rd-American-Diabetes-Association-Scientific-Sessions

Inversago popped up at 

ADA with striking data for 

a CB1r blocker showing 

3.8% placebo -adjusted 

weight loss in patients with 

metabolic syndrome at 

four weeks. These data are 

similar in magnitude to 

what has been seen with 

other oral agents including 

Orforglipron and are 

stronger than what has 

been seen with Pfizerõs oral 

GLP-1. What is interesting 

here is that the CB1r MOA 

is orthogonal to what 

others are doing and could 

make for good combo 

therapy approaches.

https://www.businesswire.com/
https://www.businesswire.com/news/home/20230623384277/en/Inversago-Pharma-Presents-Data-from-Phase-1b-Trial-of-INV-202-a-Peripheral-CB1r-Blocker-for-Metabolic-Syndrome-at-the-83rd-American-Diabetes-Association-Scientific-Sessions
https://www.businesswire.com/news/home/20230623384277/en/Inversago-Pharma-Presents-Data-from-Phase-1b-Trial-of-INV-202-a-Peripheral-CB1r-Blocker-for-Metabolic-Syndrome-at-the-83rd-American-Diabetes-Association-Scientific-Sessions
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Source: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6769337 /

#5: Avoidance of Muscle Loss a Priority
The median percent of weight lost in past GLP-м ŀƎƻƴƛǎǘ ǎǘǳŘƛŜǎ ŘǳŜ ǘƻ ƭƻǎǎ ƻŦ ƭŜŀƴ Ƴŀǎǎ ƛǎ ƛƴ ǘƘŜ ƭƻǿ плΩǎΦ

Sargeant JA, Henson J, King JA, Yates T, Khunti K, Davies MJ. A Review of the Effects of Glucagon -Like Peptide -1 Receptor 

Agonists and Sodium -Glucose Cotransporter 2 Inhibitors on Lean Body Mass in Humans. Endocrinol Metab (Seoul). 2019 

Sep;34(3):247-262

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6769337/


Muscle Mass Loss is Typical in Obesity Management
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òEndocrinologists and obesity medicine specialists said that while muscle mass loss can be a side effect of semaglutide, it is not 

unique to the drug or the GLP-1 agonist drug class.

"Muscle mass loss is part-and-parcel to losing weight," said Amy Rothberg of the University of Michigan , who is also a 

spokesperson for the Endocrine Society . "So in the context that semaglutide helps people lose weight, they are going to lose 

muscle mass."

"But you lose muscle mass irrespective of the modality, whether that's diet and exercise, bariatric surgery, or medications,"she said.

Karl Nadolsky, an endocrinologist and obesity medicine specialist at Holland Hospital , noted that "all weight -loss interventions 

result in some lean mass loss." According to Nadolsky, lean mass loss involves both muscle loss and things like fluid loss. Nadolsky

highlighted subgroup data from the STEP 1 Studyñ semaglutide's primary clinical trial ñ which looked at 95 people who were on 

the drug and 45 people who received a placebo. The researchers conducted scans on all participants to monitor their body mass.

Participants who received the drug lost an average of 10.4% of their fat mass and 6.9% of their lean body mass, and participants

who received a placebo lost an average of 1.2% of their fat mass and 1.5% of their lean body mass. "The placebo group lost almost 

50% more lean mass than fat mass," Nadolsky said. While the data indicate that the drug caused lean mass loss, "the percentage of 

fat mass loss to lean mass loss is favorable.òAccording to Rothberg, people generally lose fat mass to lean mass at a ratio of 2:1. 

While this varies by age, gender, and physical conditioning, Rothberg noted that the STEP 1 data appear to fall within those 

parameters.ó

Advisory Board, òAnother semaglutide side effect: Loss of muscle mass?,ó March 23, 2023

Source: https://www.advisory.com/daily -briefing/2023/03/22/wegovy -muscle-mass

https://www.advisory.com/daily-briefing/2023/03/22/wegovy-muscle-mass
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Tirzepatide Associated with Much More Fat 

Mass Loss than Lean Mass Loss

Source: https://www.nejm.org/doi/full/10.1056/NEJMoa2206038

https://www.nejm.org/doi/full/10.1056/NEJMoa2206038


Muscle Loss is of Particular Concern with Older Patients
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òWhen people lose weight, particularly when they lose a lot of weight quickly as can happen with 

Ozempic and other GLP-1 medications, they lose not only fat but also lean muscle mass. Lean muscle 

is important for strength and metabolism (since muscle burns more calories than fat) and high -

protein foods like chicken, fish, eggs and tofu contain the amino acids that are building blocks of 

muscle, says Dr. Amanda Velazquez, director of obesity medicine at Cedars-Sinai in Los Angeles. 

Gudzune is particularly concerned about the loss of muscle mass with her patients ages 70 and older 

who are on GLP-1 drugs. Muscle loss can lead to falls and difficulty doing daily movements that are 

important for remaining independent, such as getting up and down from a chair, she notes. Gudzune

says she starts her older patients taking GLP-1 medications on a strength-training routine with a 

resistance band.ó

Andrea Petersen, òOzempic Can Make You Thin, Not Necessarily Healthy,ó WSJ, June 28, 2023

Source: https://www.wsj.com/articles/ozempic -diet-exercise-healthy-43eee86c

https://www.wsj.com/articles/ozempic-diet-exercise-healthy-43eee86c


Drug Development Candidates that Are Promising for 

Selectively Targeted Fat Over Muscle Mass
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There are a number of approaches 

that are being explored to 

selectively reduce fat mass rather 

than muscle mass. 

We have already highlighted 

Amgenõs GIP antagonism approach ð

which does not necessarily induce 

appetite suppression but instead 

inhibits the storage of glucose in 

adipocytes by reducing insulin 

levels.

Rivus is focused on increasing the 

inefficiency of cellular metabolism, 

thereby causing more fat to be 

burned.

Versanis is blocking an adipocyte 

receptor whose signalling is 

required to store fat.

Rivusis in Phase 2 studies for obesity and 

other CV indications with drugs that we 

believe are mitochondrial uncouplers. 

Company raised a $132mm Series B 

financing in 2022 led by RA Capital. The 

company reported Phase 2a data at 

AASLD in Nov 2022 that its drug was 

highly selective for reduction of fat over 

muscle mass. The companyõs approach is 

based on an idea dating back to the 

1930s and has very high market potential 

if its can demonstrated an acceptable 

safety profile. Currently, the lead study 

underway is for heart failure management 

in persons with obesity. This is protected 

by a newly filed patent.

Versanisis developing Bimagrumaband 

is in Phase 2b studies with this long-

acting drug. Bimagrumabis a 

monoclonal antibody that blocks ActRII

signaling in adipose cells, mobilizing 

and metabolizing fat. 

Activin signaling via ActRIIreceptors 

directly promotes lipid storage, acting 

as a key driver of visceral fat 

accumulation and obesity. Bimagrumab

decreases body fat, especially 

abdominal visceral fat, while at the 

same time increasing muscle mass. 

Since initial development, bimagrumab

has been administered to more than 

1,000 patients for up to 18 months 

across more than 20 clinical studies.



Rivusis Pursing the òOriginal Ideaó in Weight Management: 

MitocondrialUncoupling
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òWehave recently suggested that alpha-

dinitrophenol (1 -2-4) might have therapeutic 

value in conditions in which an increased 

metabolic rate would be beneficial. Study of its 

pharmacologic properties shows that it has the 

power to increase metabolism to very high 

levels without causing important damage to 

vital organs and functions. Serious harm is 

apparently only caused by the drug in large 

doses which produce too great metabolic 

stimulation, with resulting fever. In low, or 

therapeutic, doses, the metabolism may be 

increased 50 per cent or more over considerable 

periods of time without unpleasant symptoms 

or toxicity. Such an action is useful in treating 

obesity, since the increased metabolism results 

in loss of weight, just as it does with thyroid 

medication. This paper is in the nature of a 

progress report on results obtained to date of 

treating 113 consecutive cases of obesity 

observed in clinic and private practice.ó

Tainter , Stockton & Cutting, JAMA, 1933

Sources: https://jamanetwork.com/journals/jama/article-abstract/245872, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1558869/

1.Warthin, A. S. "A fatal case of toxic jaundice caused by dinitrophenol."Bull Int Assoc Med Mus7 (1918): 123-126. 2 https://www.fiercebiotech.com/partnering/takeda-bets-500m-on-a-freshly-unstealthed-biotech, 3

https://biobuzz.io/rivus-pharma-obesity-therapy/

American Journal of Public Health, 1934 In 1918 an industrial worker exposed to a dye called 

dinitrophenol passed away after experiencing severe 

weight loss. 1 Researchers at Stanford led by Professor 

Tainter sought to understand how this dye caused 

such dramatic weight loss and published the papers 

shown at left. This was the original approach to 

obesity therapeutics ðcoming far earlier than the 

notions pursued today.

Ultimately, dinitrophenol was determined to be 

unsafe but was briefly used with great effect to treat 

obesity at a Stanford clinic. These drugs have the 

function of increasing the speed of mitochondrial 

energy consumption through what is known as 

mitochondrial uncoupling.

This led Allen Cunningham and colleagues to form a 

company called Gencia in 2002 which focused on 

developing safer mitochondrial uncouplers, 

eventually leading to a collaboration with Takeda. 2

When Takeda exited cardiometabolic disease, Rivus

was formed and is now in Phase 2b with a study in 

obese individuals with heart failure. 3

https://jamanetwork.com/journals/jama/article-abstract/245872
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1558869/
https://www.fiercebiotech.com/partnering/takeda-bets-500m-on-a-freshly-unstealthed-biotech
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