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With new advances, scientists and drug makers reach for ‘holy grail’ of diabetes
treatment
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June 25, 2018
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or decades, Americans living with diabetes1 have been relying on injections of insulin to manage their
illness. Those injections can be painful — and inconvenient.

Two new developments — one a newly released study2 and the other the publication of new clinical trial
data — describe advances toward an alternative approach: the delivery of blood-sugar-regulating
hormones in a pill, long regarded as the “holy grail” of diabetes treatment.

The study, conducted by scientists from the University of California, Santa Barbara, and Harvard
University, demonstrated a technical breakthrough in the oral delivery of insulin, a hormone produced in
the pancreas that allows the body to absorb and store sugar from the blood. This discovery is the first step
in a longer process to package insulin in a pill that could take many years.
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Separately, three clinical trials conducted by Novo Nordisk3, the Danish multinational pharmaceutical
company, studied the possibility of replacing insulin with a pill that acts like glucagon-like peptide-1
(GLP-1), a hormone that is produced in the intestine and stimulates insulin release. The trials showed that
the pill outperformed placebo and injectable forms of GLP-1. Novo Nordisk plans to submit its oral drug
for regulatory approval in 2019, ahead of a potential 2020 launch.

Related: 3

In the ‘diabetes belt,’ a small town grapples with growth of the world’s largest insulin maker 3

People with diabetes cannot produce or respond normally to insulin. To survive, they must constantly
monitor their blood sugar levels — increasing those levels by eating and decreasing them by injecting
insulin.

The stakes are high. If the disease isn’t tightly controlled, spiking or plunging blood sugar levels can lead
to coma and death. In the long run, complications of diabetes may damage the eyes, the kidneys, and the
heart.

“You have to do all these calculations constantly, plan things in advance, and think about the cause and
effect of everything you do that day,” said Paul Durso, a musician who lives near San Diego and who has
had diabetes for 18 years. “Just the task of eating something or planning to eat something later in the day
can seem insurmountable.”

Insulin in a pill

Scientists and doctors believe that delivering insulin orally is more convenient and safer than using
needles. Because swallowing a pill is less invasive, patients are more likely to begin treatment earlier —
before the disease progresses too much — and stick to a regimented schedule.

Insulin delivered orally also copies the physiological path of pancreatic insulin by traveling directly to
the liver, its primary site of action. By contrast, injected insulin finds its way into the whole-body
circulatory system, making it more likely that patients lower their blood sugar further than they intended.

For now though, injecting insulin has one critical advantage over swallowing pills: It works.

When ingested, insulin is destroyed by stomach acid. Because insulin is a large molecule, even if it
survives the stomach, it does not reach the liver. Instead, the hormone is trapped by a thick layer of
mucous lining the intestines and blocked by the inner surface of the gut.

Samir Mitragotri, a professor of bioengineering at Harvard John A. Paulson School of Engineering and
Applied Sciences and the Wyss Institute for Biologically Inspired Engineering, believes that he and his
team have come up with a solution.
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The key, as they described in a paper published Monday in journal of the Proceedings of the National
Academy of Sciences, is to sheath insulin in a class of chemicals known as ionic liquids. Referred to as
“the solvent of the future,”6 ionic liquids are salts that are liquid at room temperature (unlike table salt,
which has a crystalline form).

Enclosing insulin in a particular ionic liquid, aptly named CAGE, has the dual benefit of protecting the
hormone from stomach acid and promoting its absorption through layers of mucous and the intestinal
wall. That could help it reach the liver.

Researchers working with rats and CAGE-enclosed insulin noticed a difference between delivery
methods. Injecting led to a rapid but short-lived decrease in blood sugar levels while feeding capsules
caused a smaller but longer-lived decrease in levels lasting at least 12 hours.

Mitragotri attributed the difference to the fact that swallowing insulin concentrates the hormone in the
liver. “This type of insulin is particularly good for basal insulin, “ he said, “where a single dose can
provide the basic requirements of insulin for a long period of time.”

Related: 1
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David Nathan, director of the Diabetes Center at Massachusetts General Hospital and professor of
medicine at Harvard Medical School, agreed and believes that CAGE-enclosed insulin would be best
suited for people with type 2 diabetes who need medication to supplement the insulin that their
pancreases secrete. People with type 1 diabetes, who do not produce insulin at all, are better served by
insulin pumps, which act as an artificial pancreas to constantly supply small doses of faster-acting insulin
throughout the day.

Both Mitragori and Nathan agreed that many more studies testing the safety and efficacy of CAGE-
enclosed insulin in rats and humans are needed. One promising note, experts say, is that the two
ingredients of CAGE — choline and geranic acid — are generally regarded as safe by the Food and Drug
Administration. Both choline and geranic acid have a history of human consumption: the former as a
dietary supplement and the latter as a flavoring agent.

This study is a solid proof of principle said Nathan, but “it’s the first step in a long, long journey.”

More treatment options

Novo Nordisk is developing a pill, targeted for release in 2020, which may be the best bet for an oral
treatment of diabetes.

In 2016, the company abandoned its development of an oral form of insulin in favor of the hormone
GLP-1, which is secreted by the intestines after meals to stimulate insulin production in the pancreas.
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According to Todd Hobbs, the chief medical officer of Novo Nordisk in the United States, GLP-1, which
naturally responds to changes in blood sugar or glucose levels, is a smarter drug than insulin. “It will only
work in response to an elevated glucose,” he said. “Once the glucose falls back down to normal, it is not
going to continue to drive that glucose lower.”

People with type 2 diabetes taking GLP-1 could theoretically swallow a pill that would function
throughout the day and adapt to influxes of sugar after meals.

The results of a set of Phase 3a clinical trials, two released last Wednesday7 and one released this past
Saturday8, are promising. Not only did oral GLP-1 outperform placebo but it also produced better results
than leading injectable forms offered by Novo Nordisk and its competitor Merck. The trials tracked the
outcomes of hundreds of people with type 2 diabetes over a 52-week period by measuring decreases in
blood sugar levels and weight loss.

Speaking to FiercePharma9, one analyst wrote: “From Novo’s perspective, this is likely as good an
outcome as they could have hoped for.”
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Despite the good news, questions remain about the side effects of oral GLP-1. During the trials,
approximately 20 percent of participants experienced nausea. About 10 percent of patients stopped
treatments because the side effects were too severe. Participants taking oral GLP-1 were also required to
wait 30 minutes before eating breakfast for the drug to be effective, which could prove inconvenient for
people trying to manage the disease.

Mass. General’s Nathan said there’s a long line of companies that have promised convenient insulin
delivery — only to later confront challenges.

In 2006, Pfizer introduced Exubera, an inhalable insulin drug. “It was on the front page of the New York
Times,” said Nathan. “It was big news. … A year later the company withdrew it, not for safety reasons
but because they couldn’t sell it.” Another company selling inhalable insulin, MannKind12, has recently
faced similar financial difficulties13 after failing to capture more than 0.3 percent of the mealtime insulin
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market.

Although an inhaler or pills seems preferable to needles, patients may view injections as an old and
dependable method they have grown comfortable with.

Patients “understand that diabetes, at least for the last 90 years, has been treated with injections and it’s a
hard habit to give up, “ said Nathan. “The people who are developing [oral insulin], seem to be more
enthusiastic than the patients.”

Related: 13
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Katherine Maina, a student at the University of Southern California who has diabetes, echoed that view.

“Switching over to something new that might not work out for you is a bigger fear for diabetics than for
your average everyday person,” said Maina. “You don’t know how it’s going to affect you. Everything
affects you differently and you’ve already got so much going on with your body.”

Officials at Novo Nordisk are also aware of the challenge of selling a new form of medication. “I can see
that individuals who are already on a daily injection of basal insulin are probably going to stick with what
they are doing,” said Hobbs.

Hobbs believes that Novo Nordisk’s most likely customers will be the approximately 1.4 million
Americans per year who are diagnosed with type 2 diabetes. Since they have not yet started injecting
insulin, these patients may be more open to trying new drugs and delivery methods.

Regardless of how popular inhalable or swallowable insulin becomes, people looking to manage their
diabetes stand to benefit from more choices.

“Diabetes is different for everyone,” says Stephen Shaul, a patient advocate and writer. Among his
friends, Shaul has noted varying preferences for inhalable insulin and insulin pumps. “We don’t always
like the same things.”
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