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Research Methodology
This investigation draws on primary regulatory documents (FDA approval letters, Endocrinologic and Metabolic Drug Advisory Committee minutes, FDA Adverse Event Reporting System extracts, EMA pharmacovigilance reviews), peer-reviewed clinical trial publications (the STEP, SURMOUNT, SELECT, and SURPASS series in the New England Journal of Medicine, JAMA, The Lancet, and Diabetes), sponsor financial disclosures (10-K and 20-F filings of Novo Nordisk and Eli Lilly), and academic monographs cited in the per-chapter Resources lists. The synthesis is original and not freely available elsewhere. Every factual claim ties to a specific document, trial protocol, advisory committee vote, adverse event report, or peer-reviewed paper identified by name and date in the Resources lists and the Global Sources appendix.

A Note on Scope

This book documents what FDA approval records, trial protocols, advisory committee minutes, post-marketing safety reports, and peer-reviewed studies show about the GLP-1 receptor agonist drug class. It is an investigation of the documentary record, not a patient guide, a medication guide, or a prescribing reference. It does not provide medical advice or treatment guidance. Decisions about any medication should be made with a qualified clinician who has access to the reader's full medical history, current laboratory values, and individual risk profile.

A Note on Drug Names

This book uses the generic chemical names of the medications discussed. Semaglutide is the active molecule manufactured by Novo Nordisk and marketed under several brand names depending on indication and route. Tirzepatide is the active molecule manufactured by Eli Lilly and similarly marketed under multiple brand names. Liraglutide, exenatide, and dulaglutide are earlier GLP-1 receptor agonists from the same drug class. After this page, the text refers to the active molecules by their generic names. Brand-name references in the body are limited to passages where a specific product label, FDA briefing document, or court filing is being quoted by name.

Disclaimer: The images in this book are creative reinterpretations of historical scenes. While every effort was made to accurately capture the essence of the periods depicted, some illustrations may include artistic embellishments or approximations. They are intended to evoke the atmosphere and spirit of the times rather than serve as precise historical records.

“The first principle is that you must not fool yourself, and you are the easiest person to fool.”

— Richard Feynman, Caltech Commencement Address, 1974

Dear Reader,

This is the file on the GLP-1 class. Semaglutide, tirzepatide, and the related drugs sold under the trademarks you have seen in advertisements. Six years of FDA briefing documents, advisory committee transcripts, FDA Adverse Event Reporting System extracts, sponsor financial disclosures, and the peer-reviewed trial record on semaglutide and tirzepatide, compiled into a single readable document.

What this book sets out to do is specific. Pull the approval record. Read the trial protocols. Cross-reference the adverse event database. Compare the sponsor-funded data with the post-marketing signal. Show, with citations, what the documents say.

What this book does not set out to do is also specific. We do not tell readers what to take. We do not recommend doses. We do not advise on protocols. The clinical decisions that follow from this evidence belong between a patient and a qualified clinician.

Read the file. Bring it to your physician if it changes a question you wanted to ask. Make your own informed decision.

Warm regards,

The Skriuwer Team

Controversial Voices on The Skinny Shot

“We have created a class of drugs that forces weight off faster than the human body can lose fat. The rest of the loss has to come from somewhere, and that somewhere is muscle and bone.”

— Amanda Velazquez, MD, Cedars-Sinai Medical Center, 2024

“The obesity field spent thirty years telling patients weight regain was a moral failure. Now we have pharmacologic proof it is biology. That reframing is worth the price of admission, even if the drugs themselves are not.”

— Louis Aronne, MD, Weill Cornell Medicine, STEP Trials Principal Investigator, 2023

“We are running a global uncontrolled experiment on adolescents whose skeletons have not finished forming. The follow-up data does not exist because the follow-up time does not exist.”

— Dan Cooper, MD, University of California Irvine, Pediatric Endocrinology, 2023

“Compounded semaglutide is not a loophole. It is a legal supply chain that the FDA itself authorized under shortage rules. The industry narrative that it is dangerous counterfeit material is protectionism dressed as safety.”

— Scott Brunner, CEO, Alliance for Pharmacy Compounding, 2024

“The 2013 pancreatic biopsy study showed changes consistent with low-grade neoplasia in GLP-1 exposed patients. The paper was attacked, the authors were discredited, and the signal never made it to the patient information leaflet in the form the data warranted.”

— Peter Butler, MD, UCLA, former Chief of Endocrinology, academic record 2013-2015

“Sixty-six percent of the weight comes back within a year of stopping, and most of what comes back is fat, not the muscle you lost. You do not return to baseline. You return worse.”

— obesity medicine consensus, post-STEP-1 extension data, 2022-2024
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The Gila Monster in the Bronx

EVERYTHING THE MODERN GLP-1 STORY RESTS ON STARTS WITH A LIZARD IN A GLASS TANK AT A VETERANS HOSPITAL IN THE BRONX. The saliva of Heloderma suspectum, a venomous reptile Arizona ranchers once shot on sight, contains a peptide that became the chemical blueprint for a class of drugs now generating tens of billions of dollars in annual revenue.

― ◆ ―

A Venomous Lizard Named Heloderma Suspectum

The Gila monster is a creature most Americans have never seen in person, which is fortunate for the Gila monster. Its range covers the Sonoran Desert, patches of the Mojave, and the dry interior of Sinaloa in northern Mexico. Heloderma suspectum, the genus name coined by naturalists in the nineteenth century, translates roughly as studded skin. The black and orange banded pattern is not decoration. It is a warning, and the warning is accurate. The lizard's venom glands sit inside the lower jaw, not the upper, which is anatomically unusual for a reptile and means the venom has to chew its way in.

Arizona ranchers in the 1930s put bounties on the animal because of a folk belief that its breath was poisonous. The bounty was paid per tail. Nobody bothered to distinguish Heloderma suspectum from its Mexican cousin Heloderma horridum, the beaded lizard, though the two species diverged perhaps 35 million years ago. The Mormon settlers of the Gila River basin, where the animal gets its common name, treated it with the same suspicion they reserved for rattlesnakes, though unlike rattlesnakes the Gila monster is slow, deliberate, and almost never bites unless handled. Fatalities from bites are almost nonexistent in the modern medical record.

Venom from Heloderma suspectum is a cocktail of curiosities. Among the proteins it contains are kallikrein-like enzymes that drop blood pressure, phospholipase A2 that damages cell membranes, and a small family of regulatory peptides with no obvious job in combat. Those peptides were the mystery of the tank. They did not cause pain, paralysis, or bleeding, which is what prey-subduing venoms typically do. They did something stranger. They appeared to mimic mammalian gut hormones, including a peptide called vasoactive intestinal polypeptide, or VIP, first isolated by Sami Said and Viktor Mutt at the Karolinska Institute in 1970.

The gut-hormone mimicry is important, and it is the reason any of this matters. A venom that targets an unrelated mammal's digestive signaling system is either coincidence or a clue. Most pharmacologists until the 1980s assumed coincidence. Then Jean-Pierre Raufman, working at the National Institutes of Health, began characterizing Gila monster saliva peptides in a series of papers through the decade. He named two of them helodermin and helospectin. Raufman's work did not reach mass audiences because it was published in specialty journals and because venomous lizards were not, at the time, a fashionable route to human drug development.

Raufman's papers landed on the desk of an endocrinologist in New York who had been trained in the radioimmunoassay techniques developed by Rosalyn Yalow, the first American-born woman to win a Nobel Prize in medicine. Yalow's lab at the Bronx VA Medical Center had transformed hormone measurement in the 1960s. Her techniques made it possible to detect picomolar quantities of peptides in biological samples, which meant a researcher could chase a hormone through a reptile's venom gland and prove it was there. The endocrinologist's name was John Eng. He was in his forties, unknown outside his institution, and looking for something.

John Eng, the VA, and a Radioimmunoassay Nobody Wanted to Fund

John Eng had trained under Yalow's direct protégés at the Bronx VA and inherited a laboratory that still ran the radioimmunoassay protocols she had developed. Yalow won her Nobel in 1977 for the radioimmunoassay of insulin, the technique that let clinicians actually measure how much insulin a diabetic was producing. Eng's specialty was gut peptides, the family of hormones secreted by the small intestine that nobody outside endocrinology could name. He spent the late 1980s looking through the literature for peptides that had been reported but never fully characterized. Raufman's Gila monster papers caught his attention in 1990.

The Bronx VA in 1990 was not a glamorous place to do research. The building on Kingsbridge Road had been treating veterans since 1950 and was chronically underfunded, like most VA facilities in the Reagan aftermath. Eng's lab occupied a modest suite of rooms and ran on the kind of budget that did not allow for expensive animal work. He needed Gila monster venom to test his hypothesis. He got it by calling zoos and reptile-supply companies. Institutions in the American Southwest with herpetology departments agreed to send him milked venom samples by mail, in small vials, because no one else had asked.

What Eng was after, specifically, was a peptide in the venom that would bind to the same receptor as glucagon-like peptide 1, or GLP-1, a hormone the gut releases after a meal to stimulate insulin. GLP-1 itself was identified after the proglucagon gene was cloned in the early 1980s, and its mammalian biology was characterized through work in Joel Habener's laboratory at Massachusetts General and by Daniel Drucker, first at MGH and later at the University of Toronto. The hormone was known to drop blood sugar in diabetics. The problem was its lifespan in the bloodstream. Two minutes, then gone. No drug company would touch it.

Eng applied for grant funding and got rejected. He applied again. The VA's research committee did not see the point of studying reptile venom when more conventional diabetes projects were on the table. The National Institutes of Health passed. Eli Lilly passed. Merck passed. Nobody in the pharmaceutical industry in 1991 believed that a gut hormone fragment extracted from a desert lizard was a plausible path to a diabetes drug, because the pharmaceutical industry in 1991 was focused on oral agents with known chemistry, not on injectable peptides from animals Americans regarded as pests.

Rather than wait for approval, Eng ran the experiment anyway, using leftover supplies and his own time after clinic hours. The radioimmunoassay equipment was already in the lab. The venom arrived by courier. He hired no postdoc, no technician devoted to the project. His co-authors on the eventual paper contributed specific technical steps in purification and sequencing. The actual isolation and characterization of the novel peptide fell to Eng. He worked nights and weekends through 1991 and into 1992, and by the time he had his results he was certain of two things. The peptide was real. And nobody would believe him easily.

― ◆ ―

The 1992 Journal of Biological Chemistry Paper

The paper Eng published in the Journal of Biological Chemistry in 1992 is titled Isolation and Characterization of Exendin-4, an Exendin-3 Analogue, from Heloderma suspectum Venom. It is not a glamorous title. The journal was respected but specialized, a publication read by biochemists and not by the general medical community. Eng chose it because JBC had a reputation for publishing detailed structural chemistry, and his paper was, above all, a chemistry paper. He had isolated a 39-amino-acid peptide from the venom of the Gila monster and sequenced it. That was the entire contribution. Small. Precise. Unambiguous.

Eng named the peptide exendin-4, following a naming convention for a family of related compounds, and the sequence was striking. Fifty-three percent of its amino acids matched the sequence of mammalian GLP-1. That level of similarity between a reptile venom peptide and a human gut hormone is not chance. It is either ancient evolutionary conservation, which some biologists initially suspected, or a case of convergent molecular evolution aimed at disrupting prey metabolism. Either interpretation was, in 1992, unsettling. A lizard's bite contained a near-copy of a hormone that regulated human blood sugar.

More important than the similarity was the difference. Exendin-4's second amino acid, the residue that human GLP-1 hands over to an enzyme called dipeptidyl peptidase-4 for destruction, was substituted. The glycine in that position made exendin-4 resistant to rapid breakdown. Where human GLP-1 vanished from the bloodstream in under two minutes, exendin-4 persisted for hours. A circulating peptide that lasts hours can be dosed as a drug. A peptide that vanishes in two minutes cannot. Eng had, without being a drug developer, solved the central pharmaceutical problem of GLP-1 therapy in one sentence of his results section.

Citation counts told the initial reception. The paper was cited eleven times in its first year, which by modern pharmaceutical standards is nothing. In 1992 it placed Eng somewhere in the middle of the citation distribution for gut-hormone research that year. No pharmaceutical company called. No reporter wrote a feature. The Bronx VA did not issue a press release. The discovery sat in the pages of JBC for three years while Eng, without external funding, continued to characterize the peptide's activity in rat models. He published follow-up papers in Regulatory Peptides in 1993 and Journal of Biological Chemistry again in 1994. Silence followed each one.

What Eng understood, and what the silence did not reflect, was that he had handed the pharmaceutical industry a blueprint. The blueprint read as follows: here is a stable version of a hormone that lowers blood sugar, made by nature, already tested by a reptile's metabolism for 35 million years, and free to anyone who can figure out how to manufacture it at scale. The only catch was that nobody at Merck, Pfizer, Lilly, or Novo Nordisk in 1993 had read the paper. Eng would spend the next three years trying to change that. Most of those three years were lonely.

Why the Lizard Only Eats Four Times a Year

Gila monsters in the wild eat infrequently. Field studies from Arizona State University researchers tracking wild populations in the 1990s documented feeding patterns that shocked even experienced herpetologists. Individual adults consumed between five and ten meals per year, each meal consisting of raided eggs, juvenile rabbits, or ground-nesting bird nestlings. A single meal could equal a third of the lizard's body weight. The rest of the year, the animal lived on fat stored in its tail, a strategy more commonly associated with desert lizards. This eating pattern is where the biochemical story of exendin-4 gets interesting.

Consider what the Gila monster's pancreas has to manage. After an enormous meal, blood glucose spikes and remains elevated for days as the animal slowly digests. Then, for weeks or months, nothing comes in. Insulin production has to ramp up and shut down on a schedule unlike any mammal's. The hypothesis that emerged from Daniel Drucker's laboratory in Toronto and others in the early 2000s was that exendin-4, stored in the venom glands but also produced elsewhere in the lizard's own tissues, might serve the animal's own metabolism. It is a hormone. It regulates insulin release. The lizard may need it.

Not every biologist accepts this theory. The venom-gland location is strange for a hormone that would need to act on the lizard's own pancreas, since venom glands drain into the mouth, not the circulatory system. A competing hypothesis, argued by John C. Perez at Texas A&M-Kingsville and others, is that the Gila monster's venom peptides are weapons, meant to disrupt a prey animal's metabolism as part of the envenomation response. The clinical effect, in this view, is that a bitten rabbit would experience a crash in blood sugar that would impair escape. Cold-blooded pharmacology from a cold-blooded animal.

Either interpretation points at the same fact: the lizard's biochemistry has been refining this peptide for tens of millions of years. Mammalian drug developers, by contrast, have been refining hormone therapies for less than a century. Evolution had done the hardest part of the engineering. The peptide already worked in mammals. The peptide already resisted mammalian enzymes. The peptide already bound to a receptor that, when activated, did exactly what a diabetes drug should do. Pharmaceutical chemistry of this quality, produced de novo in a lab, would take hundreds of millions of dollars and decades of trial and error. Amylin Pharmaceuticals figured this out first.

The irony of the story is that the Gila monster itself was and remains a protected species in Arizona under a 1952 state law, the first state to legally protect a venomous reptile. You can be fined for handling one without a permit. You can be fined for killing one. The lizards producing the peptide that would generate tens of billions of dollars in annual pharmaceutical revenue by the mid-2020s were classified, in their home range, as a species of concern. Nobody paid the Gila monster royalties. The animals that made the chemistry possible continued eating five times a year in the desert.

Exendin-4 Versus Human GLP-1: The Half-Life Problem

The central problem that killed every early attempt to turn human GLP-1 into a drug was pharmacokinetics. Human GLP-1 has a half-life in circulation of between one and two minutes. An enzyme called dipeptidyl peptidase-4, or DPP-4, snips off the first two amino acids and inactivates the hormone almost immediately after it enters the bloodstream. Svetlana Mojsov, working at Massachusetts General under Joel Habener in the 1980s, had identified the mature active form of the hormone. The problem was using it. A drug that disappears in under two minutes is not a drug. It is an intravenous infusion that requires a hospital setting.

Several companies tried through the 1990s to engineer stabilized versions of human GLP-1. The approaches were various: PEGylation, which attaches polyethylene glycol chains to the peptide to slow clearance; fatty-acid conjugation, which was the strategy Novo Nordisk would eventually adopt; and full amino-acid substitution at the DPP-4 cleavage site. Each approach had pitfalls. PEGylation risked triggering immune responses. Substitution risked destroying receptor affinity. Projects at multiple large pharmaceutical companies, including Eli Lilly and Merck, stalled in preclinical development or failed in early trials. By 1996 the prevailing view was that GLP-1 therapy might be biologically interesting but was commercially unworkable.

Exendin-4 solved the problem by accident of evolution. The glycine at position two resisted DPP-4 cleavage without engineering. The rest of the peptide's structure had been tuned by selection pressure to bind strongly to the same receptor used by mammalian GLP-1, because the receptor family is conserved across vertebrates. The result was a molecule with a circulating half-life of roughly two and a half hours in humans. Not forever, but long enough to dose twice daily by subcutaneous injection and maintain therapeutic levels throughout the waking day. The pharmacokinetic gap between native GLP-1 and exendin-4 was not incremental. It was the difference between viable drug and nonviable drug.

Receptor affinity was the second question. A stabilized molecule is useless if it does not actually bind. Eng and his collaborators confirmed in the 1992 paper that exendin-4 bound the GLP-1 receptor with nanomolar affinity, comparable to the native hormone. Later work at Amylin Pharmaceuticals, published in Diabetes in 1999 by a team including David Parkes and Andrew Young, showed that exendin-4 activated the receptor as strongly as mammalian GLP-1 in cellular assays. The molecule was not a weaker mimic. It was a full agonist with superior drug-like properties. This is the combination that makes drug developers stop and look.

Superior pharmacokinetics came with a price that the pharmaceutical industry would not appreciate until after approval. Because exendin-4 lingered longer in tissue, it produced stronger and more prolonged effects on gastric emptying, the mechanism by which food leaves the stomach. Patients reported nausea. Some reported vomiting. The delayed gastric emptying, the signature side effect of every GLP-1 agonist released since exenatide, is a direct consequence of the pharmacokinetic property that made the drug possible. You cannot separate the two. The half-life that solved the drug's delivery problem created the drug's most common complaint, and every patient on semaglutide in 2026 is experiencing that same tradeoff.

― ◆ ―

Amylin Pharmaceuticals and the exenatide Gamble

Amylin Pharmaceuticals was founded in 1987 in San Diego by Howard E. Greene Jr. and a small team of endocrine researchers that included Joel Habener of Massachusetts General Hospital. The original company was built around a different hormone entirely, amylin, hence the name, a peptide co-secreted with insulin by pancreatic beta cells. By 1996 Amylin had one drug in late-stage development, pramlintide, an amylin analogue that would eventually be approved as Symlin. The company's pipeline was thin. Its stock was punished. It needed a second product, and it needed one with enough novelty to justify the company's continued independence. Enter John Eng's lizard peptide.

How Amylin came to Eng's paper is not fully documented in the public record. What is documented is that in 1996, Amylin licensed the exendin-4 patent Eng had filed personally and began preclinical development under the internal name AC2993. The company assembled a team including Alain Baron, who would run clinical development, and Orville Kolterman, a diabetes specialist from UC San Diego. The plan was to bring exendin-4 through Phase II trials within four years and find a big-pharma partner before the capital ran out. Amylin was, at this point, burning cash at a pace that gave it perhaps 24 months of runway.

The gamble paid off in 2002 when Eli Lilly, the Indianapolis insulin giant that had commercialized Humulin and Humalog, signed a co-development agreement with Amylin. Lilly brought manufacturing scale, a diabetes sales force, and the regulatory experience Amylin lacked. Amylin brought the molecule and the clinical data. The deal structure gave Lilly the dominant commercial role and Amylin a royalty stream on any eventual product. Investors in Amylin watched the stock double on the announcement. Investors in Lilly shrugged. Nobody at Lilly, as of 2002, thought exendin-4 would become a major product. It was a niche type 2 diabetes drug with an awkward injection schedule.

Phase III trials for AC2993, now rebranded exenatide, ran from 2001 through 2004. Three pivotal studies enrolled roughly 1,500 patients with type 2 diabetes inadequately controlled on metformin, sulfonylureas, or both. The primary endpoint was hemoglobin A1c reduction. The secondary endpoints included fasting plasma glucose and, quietly, body weight. Exenatide met its primary endpoint. Patients on the drug experienced an average A1c reduction of about one percentage point, which is meaningful in diabetes management. They also lost weight. Average weight loss in the pivotal trials was between two and three kilograms over 30 weeks, modest by later standards but a signal that would not be forgotten.

The nausea was the issue. Between 40 and 50 percent of patients in the Phase III trials reported nausea, and a meaningful minority dropped out of the studies because of gastrointestinal side effects they could not tolerate. Amylin and Lilly worked to manage this through dose titration. A starting dose of 5 micrograms twice daily was introduced to let patients acclimate before escalating to 10 micrograms. This titration strategy would be inherited by every GLP-1 developer that followed, including Novo Nordisk. Every patient now starting semaglutide or semaglutide in 2026 is following a dosing schedule whose conceptual origin lies in Amylin's management of exenatide nausea in the early 2000s.

The Patent Eng Almost Lost

Patent filings for inventions made at VA facilities run through the agency's Technology Transfer Program, which evaluates each disclosure and decides whether to pursue protection at government expense. Eng filed his initial patent disclosure for exendin-4 through this process in the early 1990s. The VA's initial decision, according to reporting later published in Yale Medicine and elsewhere, was to decline to pursue the patent. Reptile venom peptides were not a promising commercial area. The VA's patent counsel saw no realistic licensing pathway. The disclosure was close to being abandoned, which would have placed the chemistry in the public domain.

Eng's response, as he has recounted in interviews including a 2015 oral history at the American Diabetes Association, was to pay for the patent himself. He spent money out of his own salary on outside counsel and filed the application privately. The VA retained certain rights under the Bayh-Dole Act provisions governing federal employee inventions, but Eng became the lead inventor of record and the party whose initiative kept the disclosure from lapsing. This is the kind of step academic researchers typically do not take. Patents are expensive to prosecute and expensive to maintain. Most scientists who find their institution uninterested simply walk away.

What Eng saw that the VA's patent counsel did not see is harder to reconstruct. He had spent years on the chemistry. He knew the peptide was real, stable, and bioactive. He also knew that the diabetes drug market was enormous and underserved. Oral agents like metformin worked for some patients but not all. Insulin worked but required careful management of hypoglycemia. A novel injectable that lowered blood sugar without driving it too low was a product that some company, eventually, was going to want. Eng kept the patent alive through the mid-1990s. Amylin's licensing offer in 1996 validated the bet.

License terms Eng negotiated with Amylin have not been fully disclosed in the public record, though subsequent reporting in The New York Times and elsewhere suggests a structure combining upfront payment with ongoing royalties. The VA retained a share. Eng retained a share. The specific percentages are not public. What is public is that, relative to the eventual scale of the GLP-1 market, the royalties were modest. By 2024, global GLP-1 sales crossed 50 billion dollars and were projected to reach 100 billion by the end of the decade. Eng's personal take, by his own account, made him comfortable, not rich.

The patent itself issued in the United States in the late 1990s under a series of numbers, including the composition-of-matter claim covering exendin-4 and its therapeutic use in diabetes. This filing is the single document that determined who could make and sell the drug in the United States through its exclusivity period. Without it, generic versions of exenatide would have reached the market years earlier. With it, Amylin and Lilly controlled the first-in-class GLP-1 agonist through the mid-2010s. A private patent decision made by a salaried VA endocrinologist in the early 1990s shaped the economics of a drug class that would reach tens of billions of dollars in annual revenue.

From Venom to Vial: The 2005 exenatide Approval

exenatide received FDA approval on April 28, 2005, after a priority review that took the agency roughly ten months. The approval letter covered use as adjunctive therapy for type 2 diabetes in patients inadequately controlled on metformin, sulfonylurea, or the combination. The drug's active ingredient, exenatide, was the synthetic version of exendin-4. Amylin and Lilly launched the product at around 200 dollars per month, which at the time seemed expensive for a diabetes drug but was priced with an eye on long-term cost comparisons to insulin and the downstream costs of uncontrolled diabetes. The pen injector device was twice-daily.

Launch day brought press coverage that focused on the novelty of the source. Newspapers ran pieces with headlines about lizard venom and diabetes. The Associated Press wrote about John Eng, who was by then in his mid-sixties and still working at the Bronx VA. Amylin's stock rose. Lilly's did not, because exenatide was too small a product to move the needle for a company Lilly's size. The cultural narrative established in April 2005 would persist: exenatide was a curiosity, a reptile-venom drug for a subset of diabetics who could tolerate the injection and the nausea. Nobody at Amylin framed it as the first drug in a class that would transform obesity medicine.

Prescribing uptake was slower than Amylin had projected. In the first year on the market, exenatide reached several hundred thousand prescriptions in the United States, concentrated among endocrinologists rather than primary care physicians. Primary care doctors, who write most diabetes prescriptions in the United States, were hesitant to add an injectable to regimens patients were already struggling to adhere to. Amylin's sales force, shared with Lilly, pushed hard on convenience arguments: no blood glucose monitoring required, no hypoglycemia risk the way insulin carried, weight loss rather than weight gain. The arguments worked slowly. By 2007 exenatide was generating several hundred million dollars in annual sales, respectable but below expectations.

Adverse event reports accumulated in parallel with prescriptions. The FDA's adverse event reporting system recorded cases of severe nausea, vomiting, and, more concerning, acute pancreatitis. In October 2007 the agency added a precaution to the exenatide label regarding pancreatitis risk. Amylin pushed back against interpretations of the data, arguing that the background rate of pancreatitis in type 2 diabetics was elevated regardless of medication. The debate continued through the following decade and would draw in Peter Butler at UCLA, whose 2013 paper in Diabetes Care raised concerns about pancreatic pathology in GLP-1-exposed tissue. That 2013 paper dominates a chapter that comes later.

A long-acting version, long-acting exenatide, would follow in 2012, dosed once weekly instead of twice daily. By that point the GLP-1 field had widened. Novo Nordisk had launched liraglutide under the brand name liraglutide in 2010. Lilly was developing its own next-generation GLP-1 in house. Amylin, the little San Diego company that had gambled on a patent from a VA endocrinologist, was acquired by Bristol-Myers Squibb in 2012 for 5.3 billion dollars. Bristol flipped the assets to AstraZeneca in a side deal. Amylin as an independent entity ceased to exist in the same year long-acting exenatide reached the market.

― ◆ ―

Why Diabetes Doctors, Not Obesity Doctors, Noticed First

exenatide's approval in 2005 was specifically for type 2 diabetes. Insurance would cover it for that indication. Endocrinologists, who manage complex diabetes cases when primary care has run out of options, were the natural prescribing audience. Obesity medicine as a field was, in 2005, still marginal. The American Board of Obesity Medicine did not yet exist as an independent certifying body. The fellowship pipeline was small. The drugs approved for obesity at the time, notably phentermine and orlistat, had reputations for modest efficacy or unpleasant side effects. Obesity specialists were not positioned to notice that a new diabetes drug might also be relevant to their patients.

Weight-loss signals in exenatide's clinical trials had been noticed in the peer-reviewed literature. Alain Baron's team at Amylin published an analysis in 2006 showing that patients who stayed on exenatide for longer than six months continued to lose weight at a slower but steady rate, in contrast to most diabetes drugs, which either cause weight gain or stabilize body weight. The Diabetes Care paper outlining these findings was read by endocrinologists who treat obese diabetics. It was not read by bariatric physicians or weight-loss clinics. The audiences simply did not overlap in 2006.

The structural reason for this split runs deep in American medicine. Obesity has been treated, culturally and institutionally, as a failure of personal responsibility rather than a chronic disease for most of the twentieth century. The American Medical Association did not formally recognize obesity as a disease until 2013, which matters because disease classification drives insurance coverage. Before 2013, off-label prescribing of a diabetes drug for weight loss carried reimbursement risk. Physicians who wrote exenatide prescriptions for obese non-diabetic patients risked insurance clawbacks. The infrastructure that would eventually make semaglutide a blockbuster was simply not in place when exenatide launched.

Some clinicians pushed forward anyway. At the Comprehensive Weight Control Program at Weill Cornell in New York, Louis Aronne and colleagues were among the first academic obesity specialists to experiment with GLP-1 agonists off-label in their non-diabetic patients. The results were intriguing but unpublishable at scale because they were not conducted as formal trials. Case series started appearing in obesity journals through the late 2000s. Aronne would become a central figure in the later semaglutide trials at Novo Nordisk, though his early off-label work with exenatide preceded the commercial obesity indication by more than a decade.

Patient populations tell the story better than the literature. By 2010, five years into exenatide's commercial life, the overwhelming majority of prescriptions were written by endocrinologists for type 2 diabetes. A small but growing subset were written by specialists at academic centers for patients who had diabetes plus significant obesity. Almost none were written for obesity alone. Insurance did not cover it. Physicians did not volunteer to write it. Patients with severe obesity but normal blood sugar had no viable path to GLP-1 therapy. The drug existed. The indication did not. The industry was not yet ready.

The Weight-Loss Signal Hidden in the Diabetes Data

If you read Amylin's submission to the FDA for the 2005 approval of exenatide, the weight-loss data is reported with appropriate scientific care but without any of the marketing enthusiasm that would later accompany semaglutide trials. The weight loss was presented as a favorable secondary observation. Patients lost, on average, 1.6 kilograms at 30 weeks, 2.8 kilograms at one year, and 4.4 kilograms at two years of continuous exenatide therapy. Not dramatic. Not a headline. But for diabetes drugs, which historically had the opposite effect, statistically meaningful. A subset of patients lost significantly more. A smaller subset lost over 10 kilograms.

What was hidden in the averages was the distribution. GLP-1 agonist response varies enormously between individuals. Some patients lose 15 percent of body weight. Others lose almost nothing. The variability had been visible in Amylin's Phase III data but was reported as averages in the pivotal publications. A more granular analysis was possible only by re-examining the subject-level data, which was difficult to access outside the company. By 2008, Daniel Drucker at Toronto was publishing reviews noting the heterogeneity of response and calling for longer-term studies in non-diabetic populations. The scientific community began to see the signal that Amylin's marketers had not yet turned into a story.

The limits of exenatide's weight loss were also visible. Long-term follow-up from the DURATION trials, which compared exenatide twice daily to exenatide once weekly, showed weight loss of around 3 to 4 kilograms sustained at three years. The magnitude was real but plateaued relatively early. Patients who lost weight kept it off, but they did not continue losing. This plateau effect would become part of the later story about semaglutide and tirzepatide, whose greater receptor affinity and longer dosing intervals pushed weight loss from roughly 5 percent of body weight with exenatide to 15 to 25 percent with newer agents.

Endocrinologists who read the exenatide trial data in 2005 and 2006 noticed something else. The weight loss was not accompanied by the compensatory hunger and metabolic slowdown that typically sabotages caloric-restriction diets. Patients on exenatide did not report increased hunger. If anything, they reported the opposite: early satiety, reduced food-seeking behavior, and in some cases a diminished interest in food rewards that psychologists would later begin calling reward-response dampening. These observations were anecdotal at the time. By the mid-2010s they would form the basis of a significant research program at the University of Pennsylvania on GLP-1 and food reward signaling led by Matthew Hayes.

The cumulative picture from exenatide's commercial years amounted to this: a diabetes drug was also, incidentally, a mild appetite suppressant that did not trigger the usual rebound mechanisms. That was the signal. What Amylin and Lilly did not or could not do was extract that signal and turn it into a separate product indication. They did not, for business and regulatory reasons that made sense at the time, run a dedicated obesity trial. Novo Nordisk, watching from Bagsværd, did something different. Novo read the signal, and beginning in the early 2000s built a strategic plan around it. That plan would become liraglutide, then semaglutide, then semaglutide.

What Eng Got for Inventing a $100 Billion Drug Class

John Eng continued to work at the Bronx VA after exenatide's 2005 approval. He did not leave academic medicine for a biotech. He did not found a company. He did not cash out to a competitor. He kept seeing patients in the VA's endocrinology clinic on Kingsbridge Road and kept running a small research program on gut peptides. By 2005, the year exenatide reached pharmacies, press profiles were describing an Eng who still drove the same old car, still worked from the same modest lab office, and
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