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The Future of Insulin—Weekly, Oral, Smart, or Interchangeable
Therapies

Weekly Insulins on the Horizon (Harpreet S Bajaj)

Once-weekly Insulins in Development (Past or Current)
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Currently, patients who are prescribed insulin need to take daily self-injections to regulate their blood sugar. Such a regimen
can be cumbersome, inconvenient and difficult to remember, leading to suboptimal diabetes treatment. If not well-controlled,
Type 2 diabetes can cause serious conditions such as heart and kidney disease and blindness.

i) A huge step forward in making Type 2 diabetes management easier is on the horizon: the promise of a once-weekly insulin
injection.

ii) Why do we need a weekly basal insulin? Which once-weekly insulins are in development? How/ when may we use weekly
insulins in clinical practice?

Dr Harpreet S Bajaj discussed the transformations/ innovations of basal insulin over the last 100 years, with the second genera-
tion insulins having a longer half-life of almost a day. However he emphasized the need is of a once weekly insulin which have
a half-life of more than one week, to improve adherence, convenience, improve clinical inertia with less missed injections &
offer better glycaemic control by overcoming some of these factors. So a weekly insulin is the need of the hour.

Two once-weekly insulins are entering phase 3 development - BIF from Eli Lilly & Company & Insulin Icodec (LAI 287). BIF is a
Fc-fusion protein where a protein is fused with immunoglobulin Fc region & it thus prolongs the half-life. The other Insulin
Icodec from Novo Nordisk has acylation mechanism where the fatty diacid chain helps it bind to albumin prolonging its half-life.

From a publication where other such once weekly insulins were discussed, 2 have been shelved now. These were AB101 &
Insumera, PE0139. 4 other developments too have been shelved.

BIF Insulin Fc also called Insulin Efsitora alfa -INN is a fusion protein that combines a single chain insulin ie insulin B chain
analog, short peptide linker and an insulin a chain analog. Itis fused to a modified human IgG2 Fc region. Phase 1 study with a
single dose showed a half-life of 17 days. Another phase one study with multiple ascending doses over 6 weeks showed a steady
state, a flatter peak to trough ratio compared to daily doses of basal insulin. 3 Phase 2 clinical trials are being conducted which
include switching type 2 diabetes (SWITCH TRIAL) patients on daily basal insulin to the weekly insulin. They had HbAlc
6.5-10%. It reduced HbAlc substantially from baseline of 8.1% . It was non-inferior in terms of CGM derived hypoglycaemia. BIF
is entering 5 phase Il clinical trials called QWINT comparing it with Glargine & Degludec.

From the makers of:

2] Tazl@c*- Beta " Tazl@c -CT

Telmisartan 40mg + Metoprolol Succinate 25mg/50mg Telmisartan 40/80 mg + Chiorthalidone 12.5 mg



\ 4 DAY 4

2 Tazlloc

Telmisartan 20/40/80 mg

/6t June 2022

The Future of Insulin—Weekly, Oral, Smart, or Interchangeable
Therapies

Weekly Insulins on the Horizon (Harpreet S Bajaj)

Insulin Icodec (LAI 287) which in phase 3 development has 3 amino acid substitutions that offer molecular stability, reduced
enzymatic degradation, reduced receptor-mediated clearance & a fatty acid chain that is added allows strong reversible binding
to albumin that prolongs the action. It showed a half-life of 196 hours in a study. There was even distribution of glucose lower-
ing effect over the week. 2 phase 2 trials are on. In a study vs Glargine, Icodec reduced HbAlc to 6.7% from a baseline of 8.1% &
the weekly insulin dose administered for Glargine was higher. Icodec dose was 20% less. Insulin Icodec has entered phase Il
trials called ONWARDS. The results so far have shown Icodec was found to be superior to Degludec in HbAlc reduction in few
studies.

_CoNncLusion /

The talk was concluded by saying that we need to know how & when will these once weekly insulins be usable & the dose
titrations that are available for clinical practice. More PK/PD data would be required, more clinical data on glycaemic
control, use of Al for titration, efficacy & safety, dosing algorithms, results of post-marketing studies & most importantly
the adoption & impact on clinical inertia & adherence.
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A Pill to Swallow—Oral Insulins (George Grunberger)

Oral insulin vs. subcutaneous injection of insulin
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Insulin needs to be injected because nature does not want the Gl tract to absorb large molecules. We have seen there are chal-
lenges in delivering oral peptides & proteins in vascular spaces. There are various barriers to the absorption in the gastrointestinal
tract such as intestinal enzymes, mucus, tight junctions, epithelial cells & sub epithelium.

i) Research is going on how to overcome these challenges & one of the ways is to develop nano particles by overcoming various
barriers.

ii) Various pathways for oral absorption of nano particles are endocytosis, transcytosis, absorption via microfold cells, passive
transcellular absorption & paracellular absorption. So the insulin has to be packaged such that it will be allowed to get easily
absorbed when administered orally.

Dr George Grunberger discussed the challenges when insulin is injected subcutaneously & also the research going on in develop-
ment or oral insulin. When insulin is administered orally it would undergo intestinal absorption, go immediately into portal circu-
lation, perform its action & then go into general circulation. Alternately when it is injected subcutaneously, there is sudden high
level of insulin in entire body & some may go into the liver eventually. So we are not sure if enough insulin is available safely where
it belongs.

Nano particles can overcome the barriers. Various pathways for oral absorption of nano particles are endocytosis, transcytosis,
absorption via microfold cells, passive transcellular absorption & paracellular absorption. So the insulin has to be packaged such
that it will get absorbed.

Various oral peptide drug nano particles used till date are liposome, lipid-based micelle, polymer nana particle, mesoporous
silica nano particles & metal-organic framework.

In aresearch insulin was packaged inside epithelial microenvironment-adaptive nanoparticles. It penetrated the mucosa &in the
mucosa there is a transition from hydrophilic to hydrophobic environment which allows the whole structure to be absorbed &
gets into the cell & insulin is delivered where required. Studies showed that the nano particles offered glucose lowering & the
effect lasted 12 hours.

Another development was small intestine D-DNP PEPTIDE Hooked with Insulin Hexamer. The cyclic peptide allows the entire unit
to go through the cell followed by insulin absorption.
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Another development discussed was Imine-linked covalent organic framework nanoparticles, where insulin is loaded between
nano sheets. It is a concentration/ pH dependent release, maximum release happening at physiological PH. Also higher the
glucose, more was the insulin released.

In another version orally developed bile-acid-polymer nanocarriers of insulin were developed. There was substantial blood
glucose lowering.

An ideal smart insulin was discussed which would be delivered when there is hyperglycaemia & stop in case of hypoglycaemia.
This is glucose -responsive oral insulin delivery for post prandial glycaemic control. A swallow able device with an injection
system shaped like the shell of African leopard tortoise was also discussed. The SOMA device lowered glycaemic levels.

The ORAMED Technology created a product with enteric coating, a protease inhibitor & an absorption enhancer. Oramed oral
insulin capsule completed phase Il B trials. It significantly reduced A1C levels & is now in phase Il trials.

_ConcLusion /4

The talk was concluded by saying that it is too early to tell if oral insulins for treatment of diabetes is a dream or the future
& that results from the ORA-D-013-1 trial will be available in January 2023 for us to know the future of oral insulins.
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Determining the Sequence of Microvascular Complications: Results of
Multistate Markov Modelling in the Diabetes Control and Complications Trial
(DCCT) (Lovblom L)

Neuropathy screening is difficult and underutilised in practice. If neuropathy emerges after retinopathy or nephropathy, neurop-
athy screening may be postponed until retinopathy or nephropathy is verified. To address this, the sequence of microvascular
complications in the natural history of type 1 diabetes (T1D) was definitively determined. Using data available from the public
NIDDK Repository (1983-2012), independent of the DCCT/EDIC research group, a total of 1441 patients with T1D were subjected
to a multistate study using biostatistics techniques for complex trivariate processes.

The early-stage phenotypes of retinopathy ('Eye', E), nephropathy ('Kidney', K), and neuropathy ('Nerve', N) were all screened and
defined. Participants had a mean age of 27+7 years and duration 6+4 years. The simulations of the Markov model began with no
problems (d). Eye was the most common initial complication (49%), followed by nerve (28%), and kidney (22%). The median
period from the onset of the first problem was 5.3 years. Only 4% of those who were followed up on experienced no issues.

_concLusion /4

In conclusion, while retinopathy is by far the most prevalent, the great incidence of other early sequelae supports the
current practice of screening for all three, including neuropathy, without exception.
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WATCH-DM Identifies Diabetic Cardiomyopathy: A Multicohort Analysis
(Segar M)
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Diabetic cardiomyopathy (DbCM), a transitional phenotype that may precede overt heart failure (HF) onset, is defined by changes
in cardiac structure or function in people with diabetes (DM) who do not have cardiovascular disease (CVD) or major risk factors.
It's unclear whether WATCH-DM, a validated risk score for detecting incident heart failure (HF) in people with diabetes, can also
detect DbCM.

Adults without a history of CAD or overt HF were gathered from two community-based cohort studies (ARIC and CHS). Different
definitions were used to determine the presence of DbCM in diabetic individuals. Adjusted logistic regression and restricted
spline models were used to evaluate the association of WATCH-DM and the individual components of DbCM.

Using the most and least restrictive definitions, the prevalence of DbCM was 9.8% and 62.8 percent, respectively, among 2,241
people with DM. The WATCH-DM score was linked to a higher probability of LV hypertrophy and diastolic dysfunction for every
1-unitincrease (odds ratio [95% CI] =1.20 [1.15- 1.27] and 1.[1.05-1.13], respectively), but not LA enlargement. Across definitions,
higher WATCH-DM scores were associated with a higher risk of DbCM.

_CONcLusion /4

In conclusion, The WATCH-DM risk score is linked to a higher prevalence of DbCM and could be used to screen for the
disease.
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INNOVATIONS: Improving Care of Patients with Type 1 Diabetes Mellitus
through Utilization of Telemedicine and Outreach (Rasbach L)

Frequent diabetes assistance and glucose monitoring via telehealth may help reduce hospitalisation rates and improve glycaemic
control for high-risk youth. This assistance may also aid in the adoption and long-term viability of diabetic technology. Eligible
youth had insulin dependent diabetes, Medicaid insurance, ages 8-18, and willing to use a continuous glucose monitor (CGM).

Weekly check-ins with a diabetes educator, visit reminders, and monthly video visits with a nurse practitioner were all part of the
quality improvement project. 10-item Likert questionnaire (1=not at all comfortable; 5=very comfortable) given at baseline
assessed diabetes related comprehension. Alc was done at quarterly clinic visits and ED/hospitalization rates tracked and data of
3 months was presented. Youth (N=29, 62% female, 79% NHB) aged 8-18 years with diabetes for 6.3+4.3 years and had baseline
mean Alc 12.3+1.7%; 28% on CSII.

Mean baseline score of diabetes comprehension was 4.0+0.6. Baseline Alc correlated negatively with diabetes comprehension
(r=-0.40, p<0.05). No difference between Alc at baseline and at 3 months (p=0.14) was observed there were no differences in
ED/hospitalization rates compared to 2 years ago. From three months prior to the intervention, there was an increase in CGM use
(36% of participants) to 3 months after baseline (64%), but it was not statistically significant. (p=0.09). According to preliminary
evidence, people with the highest HbAlc have the lowest comprehension of optimal diabetes treatment and may benefit from
further education.

_ConcLusion /4

In conclusion, CGM use has expanded as researchers have gained a better grasp of the technology, and it may become
clinically significant in the future. To determine the long-term impact of telehealth therapies, further studies are
needed.
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Increased 24-Hour Plasma Free Fatty Acids in People with Obesity and
Prediabetes (Petersen M)
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Increased plasma free fatty acids (FFAs) may have a role in the aetiology of insulin resistance in patients with prediabetes. Therise
in plasma insulin associated with obesity has been argued to be sufficient to suppress adipose tissue lipolytic rates while main-
taining normal plasma FFA levels.

We measured serial plasma FFA concentrations over 24 hours in 20 people with obesity and normal fasting glucose and glucose
tolerance (metabolically healthy obesity [MHO]) and 20 adults with prediabetes, who were matched on age, sex, BMI, and percent
body fat.

Insulin sensitivity, assessed as the glucose infusion rate during an insulin clamp, was greater in the MHO than the prediabetes
group (48.1+3.0vs. 23.5 + 1.3 umol/kg fat-free mass/min, respectively, P <0.0001). The prediabetes group had higher plasma FFA
over the course of 24 hours than the MHO group (Figure). The prediabetes group had higher areas under the curve for plasma FFA
(5.59 + 0.37 vs.4.58 + 0.30 mmol/L x hour, P =0.04) and plasma insulin (13,507 + 1720 vs. 6,541 + 558 pmol/L x hour, P =0.0004) in
the prediabetes group than the MHO group.

_ConcLusion /4

In conclusion, despite a significant rise in plasma insulin concentration in those with prediabetes, we infer that plasma
FFA concentrations are higher throughout the day in those with prediabetes than in those with MHO. These findings
back with the theory that higher 24-hour plasma FFAs contribute to obesity-related insulin resistance.
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Effect of Eight-Hour Time-Restricted Eating vs. Daily Calorie Restriction on
Cardiovascular Disease Risk Factors in Adults with Obesity (Cienfuegos S)

Time restricted eating (TRE) is a type of intermittent fasting that involves restricting food to 8 hours and fasting for 16 hours with
zero-calorie beverages. According to short-term research (2-3 months), 8-hour TRE causes moderate weight loss and improves
blood pressure and plasma lipids. What remains to be seen is whether these benefits of TRE become more prominent over longer
periods of time (6 months), and whether they are comparable to daily calorie restriction (CR).

Accordingly, this study compared the effects of 8-h TRE versus CR and a no-intervention control group on body weight and
cardiovascular disease risk factors in adults with obesity over 6-months. Adults with obesity (n =63) were randomized to 1 of 3
interventions for 6-months: 8-h TRE (ad libitum eating between 12:00 to 8:00 pm, fasting between 8:00 to 12:00 pm); CR (25%
energy restriction daily); or control (ad libitum food intake with no meal timing restrictions).

By month 6, body weight decreased (P = 0.02) by CR (-4.9 + 1.4%) but not TRE (-3.4 + 0.7%), versus controls (-0.7 + 1.1%). TRE
(-4.0+ 1.4 mm Hg) but not CR (-0.1 + 1.7 mm Hg) lowered diastolic blood pressure significantly (P = 0.04) compared to controls
(1.6 1.5 mm Hg). At month 6, there were no differences in systolic blood pressure, fat mass, visceral fat mass, lean mass, LDL
cholesterol, HDL cholesterol, triglycerides, or heart rate between groups. Adherence to 8-h TRE remained high throughout the
trial, i.e., subjects adhered to the 8-h eating window on 6 + 0.1 days/week.

_CoNcLusion /4

The study states that these preliminary findings imply that, over the course of six months, CR may induce more weight
loss than TRE. While the TRE diet did not result in considerable weight loss, it did reduce diastolic blood pressure. This
suggests that, in the absence of weight loss, this intermittent fasting diet may result in improvements in cardiovascular
parameters.
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