-

endocrines

Review

Which Diabetes Patients Will Benefit the Most from
Once-Weekly Basal Insulin Analogs? A Review with a Special
Focus on Type 1 Diabetes Patients

Chrysoula Kosmeri !

, Maria Baltogianni 2 Vasileios Giapros 2,* Ekaterini Siomou 1,

1

Vasiliki-Regina Tsinopoulou 3(, Foteini Balomenou ? and Anastasios Serbis !

check for
updates

Citation: Kosmeri, C.; Baltogianni, M.;
Giapros, V.; Siomou, E.; Tsinopoulou,
V.-R.; Balomenou, F.; Serbis, A. Which
Diabetes Patients Will Benefit the
Most from Once-Weekly Basal Insulin
Analogs? A Review with a Special
Focus on Type 1 Diabetes Patients.
Endocrines 2024, 5, 214-224. https://
doi.org/10.3390/endocrines5020015

Academic Editor: Maria Mirabelli

Received: 28 February 2024
Revised: 9 April 2024
Accepted: 7 May 2024
Published: 9 May 2024

Copyright: © 2024 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Pediatrics, University Hospital of Ioannina, 45500 Ioannina, Greece;

chrisa. kosmeri@gmail.com (C.K.); eksiomou@uoi.gr (E.S.); tasos_serbis@yahoo.com (A.S.)

Neonatal Intensive Care Unit, School of Medicine, University of loannina, 45500 loannina, Greece;
mbalt@doctors.org.uk (M.B.); faybal18@yahoo.com (E.B.)

Second Department of Pediatrics, School of Medicine, Faculty of Health Sciences, AHEPA University
Hospital, Aristotle University of Thessaloniki, 54636 Thessaloniki, Greece; vasotsino@gmail.com

*  Correspondence: vgiapros@uoi.gr; Tel.: +30-2651007546

Abstract: Basal insulin analogs, typically administered once or twice daily, have been one of the
two pillars of the multiple daily injection (MDI) insulin therapy of patients with type 1 diabetes
(T1D) for the last twenty years. Recently, once-weekly basal insulin analogs have been developed
and are in late-phase clinical trials. One of these analogs is insulin icodec (icodec), appropriately
developed to bind reversibly to albumin and to be gradually released into the patient’s circulation.
Icodec has been tried mostly in clinical trials of adult patients with type 2 diabetes. A recent phase
3a clinical trial comprising adult patients with T1D was designed to evaluate icodec’s efficacy and
safety compared with a daily basal insulin analog (degludec) after a 26-week main phase plus a
safety extension of another 26 weeks. Icodec showed non-inferiority to once-daily degludec in
glycated hemoglobin (HbA1lc) reduction at week 26, and no significant differences in time in range
(TIR) (70-180 mg/dL) and in time above range (TAR) (>180 mg/dL). On the other hand, it was
associated with increased rates of clinically significant hypoglycemia (blood glucose < 54 mg/dL) and
severe hypoglycemia (external assistance need for recovery), remaining either below or close to the
internationally recommended targets for hypoglycemia. Another once-weekly insulin analog, basal
insulin Fc (BIF), has been investigated in a phase 2 clinical trial comprising adult patients with T1D,
with equally promising results. These preliminary data suggest that once-weekly insulin analogs
could be of use for some patients with T1D, for example, patients not taking insulin regularly or those
who are on MDI and wish for fewer injections. In addition, due to its prolonged mode of action, it
could decrease the risk of diabetic ketoacidosis and the need for hospitalization. Additionally, patients
with T1D that struggle with wearing diabetes mellitus devices/closed-loop insulin pumps either due
to the cost or due to skin issues may also benefit from long-acting insulin. There is increasing evidence
of the benefits of adjunctive therapies to insulin in T1D patients, but these therapies are not FDA-
approved due to a possible higher risk of diabetic ketoacidosis. These long-acting insulin analogues
could be used with adjunctive therapies in selected patients. This review aims to present available
data on the mode of action, clinical trial results, and possible benefits of once-weekly insulin analogs
for patients with T1D. In addition, it intends to suggest a future research framework for important
clinical questions, such as once-weekly insulin analog use and exercise, sick days, or surgery, that
will enhance our knowledge regarding this indisputable innovation in insulin management.
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1. Introduction

Type 1 diabetes (T1D) is one of the most prevalent chronic diseases affecting children,
adolescents, and adults globally, characterized by the destruction of insulin-producing
pancreatic beta cells and subsequent insulin deficiency [1]. The incidence of childhood T1D
varies considerably across different regions, with the United States recording an annual inci-
dence of 22.3 per 100,000 in children and adolescents, demonstrating significant disparities
among various ethnic groups [2,3]. Notably, countries like Finland or regions like Sardinia
report the highest incidences of T1D, ranging from 45 to 65 cases per 100,000 children under
the age of 15 [2,4].

Typically diagnosed during childhood, T1D follows a bimodal distribution, with peaks
occurring around four to six years of age and during early puberty [5]. The cornerstone of
T1D management is subcutaneous insulin administration, aiming to substitute the deficient
hormone and achieve optimal blood glucose levels [6]. Various insulin formulations
and delivery systems have been developed, including rapid-acting (e.g., lispro, aspart,
glulisine), short-acting (e.g., regular insulin), intermediate-acting NPH insulin, and long-
acting insulins (e.g., glargine, detemir, and degludec), with rapid-acting and long-acting
variants being the most commonly utilized [6].

Basal insulin plays a pivotal role in T1D management. Available basal long-acting
insulin analogs exhibit onset times ranging from 1 to 6 h and durations spanning from 20
to over 42 h [7]. First-generation long-acting basal insulin analogs, such as insulin glargine
U100 and insulin detemir, have half-lives of approximately 12 h and 5-7 h, respectively,
with durations of action up to 24 h. Degludec offers the longest duration, exceeding 42 h [8].
All basal insulin preparations, even degludec, are administered once or twice daily [8]. Two
once-weekly basal insulins are currently under clinical development: insulin icodec and
basal insulin Fc (BIF) (insulin efsitora alfa; LY3209590) [9]. A third once-weekly insulin
analog, GZR4, is under investigation in a phase Ib clinical trial which will be completed by
the end of 2024.

Research indicates a 22% probability of missing at least one basal insulin dose in
a 14-day period, linked to poorer glycemic control [10] and increased rates of diabetic
ketoacidosis [11]. Over the past two decades, extensive research has aimed to develop long-
acting basal insulin analogs with more predictable, reliable, and stable pharmacokinetic
and pharmacodynamic profiles, substantially reducing the risk of hypoglycemia compared
to previous formulations [7].

This review aims to present current knowledge on once-weekly insulin analogs and
their use in patients with T1D. It seeks to provide insights into its mechanism of action,
clinical trial outcomes, and potential advantages. In addition, it intends to suggest a future
research framework for important clinical questions, such as once-weekly insulin analog
use and exercise, sick days, or surgery, that will enhance our knowledge regarding this
indisputable innovation in insulin management.

2. Materials and Methods

PubMed and Google Scholar databases were searched for relevant studies on data
regarding the novel basal insulin icodec. The following terms were used: basal insulin
icodec, diabetes mellitus type 1, children, up to December 2024. We also reviewed the
reference lists of the retrieved articles in search for other relevant articles that could have
been missed in the initial search.

3. Main Characteristics of Icodec
3.1. Method of Administration, Pharmacokinetic and Pharmacodynamic Data

Insulin icodec (Novo Nordisk) is a basal insulin analog that works like any other
insulin, namely by replacing insulin in individuals with diabetes who lack sufficient insulin
production. It is administered subcutaneously [12], and it is the only insulin that has been
tried in late-phase clinical trials that can be administered once weekly and thus can provide
basal coverage over a full week following a single injection [12]. Pharmacokinetic data
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showed a time to maximum plasma concentration of 16 h after subcutaneous administration
and a mean half-life of 196 h, which means a half-life of more than a week [13,14].

Insulins designed for weekly administration should ideally maintain a consistent
action profile throughout each day of the week, minimizing variations in insulin effects
between daytime and nighttime hypoglycemia. However, they typically exhibit a peak-to-
trough pattern over the span of a week, which mirrors the concept of administering higher
insulin doses mid-week, potentially leading to tighter glucose control but an increased risk
of hypoglycemia during those days [15]. Based on pharmacodynamic data, there appears
to be a difference in the effect of the insulin dose administered early in the injection week
compared to later in the week. Specifically, the difference in effect between day 3 and
day 7 suggests that the insulin’s potency could be approximately 1.36 times higher on day
3 compared to day 7 [12]. This implies that the impact of the insulin dose may decrease
over the course of the week, with it being approximately one-third more potent earlier in
the week than later.

Steady levels in the blood are reached after 3 to 4 once-weekly injections [16], so
additional insulin may be needed in the transition period when switching from a daily
basal insulin to insulin icodec. One unit of icodec provides the same glucose-lowering
effect as one unit of comparable daily basal insulins, and an equivalent once-weekly dose
is usually seven times that of daily basal insulin [12].

3.2. Production of Icodec

As already discussed, the development of insulin icodec involved meticulous molecu-
lar engineering, aiming to achieve a long half-life suitable for once-weekly insulin adminis-
tration while ensuring an evenly distributed action throughout the week, without causing
episodes of hypoglycemia.

Acylation has emerged as a viable technology in engineering insulin analogs, in order
to create once-daily basal insulin analogs, like insulin detemir and insulin degludec, as
well as longer-acting insulin analogs such as oral insulin 338 [17,18]. Icodec, as an insulin
analogue, underwent a series of alterations to its amino acid structure. The addition of a
20-carbon-atom-long icosane fatty diacid (icosanedioic acid) at the C-terminal of the B-chain
of the human insulin amino acid sequence enabled strong and reversible binding to albumin,
an important factor in extending the duration of action [12]. Specifically, the affinity of
icodec for albumin was approximately 9.5 times higher than that of insulin detemir.

Additionally, three amino acid substitutions (A14E, B16H, and B25H) contributed to
enhancing molecular stability in insulin icodec. These substitutions resulted in a decrease
in insulin receptor affinity, thereby slowing down its clearance from the body. Each
substitution of amino acids resulted in a further reduction in insulin receptor affinity,
consequently prolonging the half-life of icodec. After all these substitutions, the overall
insulin receptor affinity of the molecule, without any chemical modification, is reduced to
5.5% relative to human insulin [12]. The high albumin binding affinity of the fatty diacid
limits the number of insulin icodec molecules available to bind to the insulin receptor,
further reducing the relative affinity from 5.5% to 0.03% in the presence of 1.5% human
serum albumin. Moreover, the combination of A14E and B25H enhances solubility, enabling
a formulation of 4.2 mM, which is seven times greater than that of a standard U100 insulin
formulation. This explains why the dose volume can be low and similar to once-daily basal
insulin dosing volumes [17]. In summary, the combination of alterations in icodec led to
high affinity for albumin, improved stability, low insulin receptor binding affinity, and high
solubility [12].

As a result, insulin icodec forms a circulating reservoir bound to albumin, initially
inactive, but gradually and consistently activating insulin receptors, thereby sustaining
its effect over an extended period suitable for weekly dosing [12]. This means that its
prolonged action primarily results from reduced insulin receptor binding and a slower rate
of insulin receptor-mediated clearance, rather than prolonged release from the injection
site [13].
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In vitro studies have shown that despite these modifications, icodec retains biological
properties similar to native human insulin, with no increase in insulin-like growth factor-1
receptor binding or mitogenicity [12].

4. Basal Insulin-Fc (Insulin Efsitora Alfa, LY3209590)

Besides Icodec, BIF, known by its developmental designation LY3209590, is another
innovative once-weekly basal insulin currently undergoing clinical evaluation by Eli Lilly.
It is administered subcutaneously.

This investigational insulin is constructed from a novel single-chain variant of insulin
fused with a fragment crystallizable region derived from a human IgG2 antibody, inter-
connected by a peptide linker [9]. This intricate design is engineered to capitalize on the
Fc fragment’s intrinsic ability to prolong the insulin’s half-life within the body, aiming for
sustained therapeutic action over extended periods. It has a molecular weight of 64.1 kDa.

Functionally, BIF operates as a selective agonist for the insulin receptor, delivering
comprehensive agonistic activity despite displaying a marginally decreased affinity for the
receptor in comparison to native human insulin. While BIF achieves internalization by the
insulin receptor to a degree analogous to that of human insulin, its efficacy is somewhat
attenuated, notably presenting an approximately two-orders-of-magnitude lower potency
relative to human insulin [9,19,20].

In clinical investigations, BIF has exhibited dose-proportional pharmacokinetics, along-
side minimal variability observed between different days and among individual patients.
Noteworthy findings from studies involving patients with type 2 diabetes (T2D) include
the attainment of the maximum plasma concentration by approximately day 4 following a
single subcutaneous dose. Additionally, BIF demonstrated an average half-life of around
17 days, indicative of its prolonged duration of action, with a sustained decrease in fasting
glucose over the course of 1 week [21]. Because of the minimal fluctuations in insulin levels
between the peak and trough concentrations, glucose levels are more consistent and stable,
both on a day-to-day basis and within individual days.

5. Clinical Trials of Once-Weekly Analogs in Adult Patients with T2D

The once-weekly insulin analog, GZR4, is under investigation in a phase Ib clinical
trial (ClinicalTrials.gov Identifier: NCT06202079) which will be completed by the end of
2024. In this trial, GZR4's efficacy, safety, and tolerability are being compared to once-daily
insulin degludec administration in patients with T2D who had poor glycemic control either
on oral medications or oral medications plus basal insulin.

During the last couple of years, clinical trials have been carried out to evaluate the
efficacy and safety of once-weekly insulin icodec, mainly in adult patients with T2D. More
specifically, the ONWARDS 1-5 program is a series of phase 3a clinical trials that examined
once-weekly icodec efficacy and safety compared to available daily basal insulin analogues
in adults with T2D in various therapeutic settings [22]. Published results showed that
icodec is at least as effective as once-daily basal insulin at reducing glycated hemoglobin
(HbA1c), without increasing hypoglycemic episodes, thus improving the overall glycemic
control in these patients. Actually, HbAlc reduction was higher for the icodec group
both in ONWARDS 1, 3, and 5 [23-25] trials that comprised insulin-naive patients and
in ONWARDS 2 and 4 trials [26,27] that included patients already receiving daily basal
insulin treatment. The findings of these clinical trials are shown in more detail in Table 1.
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Table 1. Clinical trials assessing insulin icodec in adults.

Diagnosis

HbA1c Reduction
Prior Insulin with Icodec Risk of Hypo-
Trial Design ~ Sample (1) Intervention Compared to the P
Treatment glycemia
Comparator

Group

ONWARDS 1

T2D

Icodec plus
glucose-lowering
Randomized agents vs.
No open label 70 Glargine U100 plus
glucose-lowering

agents

Higher Similar

ONWARDS 2

T2D

Icodec +/—
glucose-lowering
Randomized agents vs.
Yes open label 520 Degludec +/—
glucose-lowering

agents

Higher Similar

ONWARDS 3

T2D

Icodec plus
glucose-lowering
No Randomized 580 agents plus placebo vs.
double-blind Degludec plus
glucose-lowering

agents plus placebo

Higher with

Higher Icodec

ONWARDS 4

T2D

Icodec plus
glucose-lowering
agents plus aspart

Randomized 2—4 times daily vs.

Yes open label 580 Glargine UlOOy plus

glucose-lowering
agents plus aspart
2—4 times

Higher Similar

ONWARDS 5

T2D

Icodec +/—
glucose-lowering
agents vs.
1096 Once-daily basal Higher Similar
analoques plus
glucose-lowering
agents

Randomized
open label
real-world
elements

ONWARDS 6

T1D

. Icodec plus aspart
Ye?., multiple Randomized > 2 times daily vs.
daily open label 580 Degludec plus aspart
injections P & P P

> 2 times daily

Non-inferior Higher

Similar were the results of two phase 2 clinical trials investigating the safety and
efficacy of once-weekly BIF. In these two trials, BIF was compared to insulin degludec in
both insulin-naive adult patients with T2D [28] and in patients that were previously treated
with basal insulin for T2D [29]. In the first study [28], 278 patients were randomly assigned
to either BIF or degludec and were titrated to fasting glucose levels of 80-100 mg/dL. After
a follow-up of 26 weeks, BIF demonstrated a non-inferior HbAlc change from baseline
vs. degludec, with a treatment difference of 0.06% (90% CI —0.11, 0.24, p = 0.56). Level 2
hypoglycemia episodes were rare and not significantly different between the two groups.
In the second study [29], 399 patients were enrolled and randomized to receive either BIF
or degludec for 32 weeks. The results showed that BIF achieved a non-inferior HbAlc
change from baseline of —0.7% vs. degludec. Importantly, hypoglycemia (defined as
glucose levels < 70 mg/dL [<3.9 mmol/L]) event rates in the BIF group were 25% lower
than those in the degludec group. Authors of both studies suggest that BIF is a promising
once-weekly insulin, and phase 3 clinical trials will follow.

The main characteristics of novel long-acting basal insulins are found in Table 2.
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Table 2. Main characteristics of novel long-acting basal insulins.

Icodec BIF GZR4
. R Gan & Lee
Company Novo Nordisk Eli Lilly Pharmaceuticals
. . Subcutaneously Subcutaneously Subcutaneously
Administration Once weekly Once weekly Once weekly
Time to max plasma 16h 4th day NA
concentration
Half-life 196 h 14-17 days NA
Addition of a C20-
lgng. icosane fatty Novel single-chain
diacid at the . ; . ..
. . variant of insulin Addition of a C22
Mechanism of C-terminal of the .
. . fused with a fragment  fatty
prolongation of B-chain of the . . .7 ..
. . . crystallizable region diacid-containing
half-life human insulin. . . .
. . derived from human side chain at B29K.
Three amino acid IeG2 antibod
substitutions (A14E,  © Y
B16H, and B25H).
None
. Phase 1b in T2D
St}ldles on adults Phase 3a [30] Phase 2 [31] (ClinicalTrials.gov
with TID e
Identifier:
NCT06202079)

6. Clinical Trials of Once-Weekly Insulins in Patients with T1D

In late 2023, the results of the ONWARDS 6 clinical trial were published by Russel-
Jones et al. in The Lancet [30]. This is thus far the first and only large-scale phase 3a study
comprising adult patients with T1D of various nationalities, carried out at 99 sites across
12 countries. More specifically, it was a randomized, open-label, treat-to-target trial that
followed adult patients with T1D (HbAlc < 10.0% [<86 mmol/mol]) for 52 weeks, with
a 26-week main phase and a 26-week safety extension. The trial population comprised
582 patients (337 men and 245 women), of whom 448 were Caucasian, 123 Asian, and 11
Black or African American. The patients had an average age of 44 years and an average
diabetes duration of 20 years and were randomized either to receive once-weekly insulin
icodec or daily basal insulin degludec, together with short-acting insulin aspart before
meals (two or more daily injections) [30].

In both patient groups, basal insulin doses were adjusted according to a prespecified
algorithm targeting a pre-breakfast self-monitored blood glucose level of 80-130 mg/dL
(4.4-7.2 mmol/L). Regarding the primary endpoint of HbAlc reduction, icodec showed non-
inferiority at week 26 compared to degludec, since, in the icodec group, HbAlc decreased
by 0.47% compared to 0.51% in the degludec group, with an estimated treatment difference
of 0.05% (95% CI: 0.13 to 0.23). At week 52, though, the estimated mean HbAlc reduction
in the icodec group was statistically significantly inferior compared to the degludec group,
namely —0.37% vs. —0.54%, with an estimated treatment difference of 0.17% (95% CI: 0.02
to 0.31), p = 0.021 [30].

Secondary supportive endpoints of the trial included CGM changes, changes in FPG,
episodes of clinically significant or severe hypoglycemia, and weekly insulin dose. Regarding
CGM measurements, the calculated time in range (70-180 mg/dL, TIR [3.9-10.0 mmol/L])
and time above range (>180 mg/dL, TAR [>10.0 mmol/L]) were both similar in the two
groups in the middle and at the end of the study. More specifically, the calculated TIR was
14 h and 11 min per day for icodec vs. 14 h and 36 min per day for degludec at weeks 22-26,
and 13 h and 45 min per day for icodec vs. 14 h and 18 min per day for degludec at weeks
48-52. The calculated TAR was 8 h and 53 min per day for patients in the icodec group vs.
8 h and 42 min per day for patients in the degludec group at weeks 22-26, and 9 h and
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26 min per day vs. 8 h and 56 min per day, respectively, at weeks 48-52. What was different
was the calculated time below range (<54 mg/dL TBR [(<3.0 mmol/L]), which was higher
for the icodec group between weeks 22 and 26 (15 min/day for icodec vs. 10 min/day for
degludec) but was the same between weeks 48 and 52 (12 min/day for both groups). The
mean FPG levels decreased in both groups from baseline to both 26 and 52 weeks. For
the icodec group, the mean FPG change was —15 mg/dL (—0.84 mmol/L) at the end of
26 weeks and —10 mg/dL (—0.58 mmol/L) at the end of 52 weeks. In the degludec group,
a larger FPG reduction was observed, namely —34 mg/dL (—1.87 mmol/L) at both 24 and
52 weeks (p = 0.0003 and p < 0.0001, respectively) [30].

Hypoglycemia, defined as glucose levels < 54 mg/dL (<3.0 mmol/L) with continu-
ous glucose monitoring (CGM), was statistically significantly higher in the icodec group
compared to the control group. Similarly, episodes of severe hypoglycemia, meaning a
hypoglycemic episode requiring another person’s assistance for recovery, were also more
frequent in the icodec group. More specifically, both simple and severe hypoglycemic
events were 20 per patient-year of treatment in the icodec group compared to 10 events
per patient-year of treatment for patients in the degludec group (p < 0.0001). Regard-
ing serious adverse events, 39 were reported in 24 patients in the icodec group, with
25 events in 20 patients in the degludec group. Nevertheless, for the icodec group, time
spent < 54 mg/dL (<3.0 mmol/L) and <70 mg/dL (<3.0 mmol/L) was either below or close
to the internationally recommended targets, both at the end of the main phase and at the
end of the safety extension period [30].

Regarding total weekly insulin dose requirements, they were similar in both groups of
patients, namely 311 units per week for icodec (~44 units/day) and 323 units per week for
degludec (~46 units/day). What was different was the ratio of basal to bolus insulin. More
specifically, in the icodec group, the average weekly basal dose was higher at 170 units per
week (~24 units/day) vs. 151 units per week (~22 units/day) in the degludec group. On the
contrary, the average weekly bolus dose in the icodec group was 132 units (~19 units/day)
compared to the higher 161 units per week (~23 units/day) in the degludec group [30].

Regarding the other once-weekly insulin, BIF, the results of a phase 2 clinical trial that
investigated its safety and efficacy in patients with T1D were recently published [31]. More
specifically, 265 patients with T1D on a multiple daily injection regimen were randomly
assigned to either once-weekly BIF or once-daily degludec over a 26-week treatment period.
Both groups aimed for a fasting glucose of 80-100 mg/dL (4.4-5.6 mmol/L). At the end
of the treatment period, patients in the BIF group had a non-inferior HbAlc decrease
from baseline compared to those in the degludec group, with a statistically significant
treatment difference of 0.17% (90% CI 0.01, 0.32; p = 0.07) in favor of degludec. The TIR
percent showed no statistically significant difference between patients in the two groups
(56.1% vs. 58.9%, respectively, p = 0.112), while the mean FPG levels were significantly
higher in the BIF group (158.8 mg/dL) compared to the degludec group (143.2 mg/dL,
p = 0.003). Regarding BIF’s safety, hypoglycemia events identified by CGM showed no
statistically significant difference between the two groups, either for level 1 (p = 0.960) or
level 2 (p = 0.517) hypoglycemia, as well as for serious hypoglycemic events. Similarly
to trials in patients with T2D, the authors of this trial concluded that once-weekly BIF is
effective and safe for patients with T1D, and phase 3 trials will ensue. There are no studies
assessing these long-acting insulins in children with T1D.

7. More Frequent Hypoglycemia Episodes with Once-Weekly Insulin Analogs:
A Reason for Concern? Further Studies Are Needed

As mentioned, patients on icodec had a higher rate of hypoglycemia compared to those
on degludec, but this observation, as it has been reported, should be evaluated in the light
of the ONWARDS 6 clinical trial’s specific characteristics [30]. Overall, episodes of severe
hypoglycemia were low in both groups and actually lower than previously published
treat-to-target studies investigating patients with T1D on degludec [32]. Hypoglycemia in
patients on icodec could be related to the use of an intensive prespecified algorithm. In
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addition, even if all participants used CGM throughout the study, pre-breakfast glucose
measurements were used as the criterion for insulin titration, and, therefore, future studies
or real-world data may show that insulin titration based on CGM data will lead to fewer
hypoglycemic events. Another important observation was that during the second follow-up
period, a slower weekly icodec titration reduced the risk of hypoglycemia while maintaining
an acceptable glycemic control, thus raising the possibility of avoiding hypoglycemia with
better icodec titration in the future. Certainly, various other aspects of once-weekly insulin
analog administration, such as the specific time of injection, as well as other parameters
such as the effects of exercise, must be further studied.

8. Who Could Benefit from Once-Weekly Insulin?

Once-weekly insulin is undoubtedly a substantial innovation in diabetes management.
One of its obvious advantages is the much fewer injections needed, 52 instead of 365 per
year, leading to a lower diabetes self-management burden, thus increasing the possibility of
better compliance. This is certainly applicable to patients with T2D, where once-weekly in-
sulin preparations can be combined with once-weekly GLP-1 analogs, leading to improved
glycemic control, weight loss, and better cardiovascular health overall [33].

For patients with T1D, the apparent increased risk of hypoglycemia together with
the limited once-weekly ability of basal insulin dose titration make icodec use a less
attractive option. In particular, patients that use automated insulin delivery systems will
probably achieve better glycemic control, decreased hypoglycemia risk, and larger freedom
regarding food and exercise with the rapid advancement of the relevant technology and
the possibility of fully closed-loop systems in the foreseeable future [34,35]. For these
patients, once-weekly insulin analogs will be rather useless. Nevertheless, multiple daily
injections (MDIs) remain the most frequently used diabetes treatment worldwide [36,37].
In such patients, a once-weekly basal insulin analog may help with improved adherence,
thus leading to better glycemic control. In addition, the much fewer injections needed will
definitely improve the quality of life of such patients. Finally, the relatively constant basal
insulin throughout each week will probably reduce the risk of diabetic ketoacidosis, thus
preventing related hospitalizations and morbidity.

9. Future Research Framework

More research is obviously needed in various populations of patients with diabetes,
in children and adolescents and in various clinical settings. Several technical details of
once-weekly insulin administration must be clarified, including its optimal initiation and
titration along with the prandial insulin titration in order to achieve the best glycemic
control while avoiding hypoglycemia at the same time. Exercise intensity, frequency, and
distribution throughout the week must be also studied, especially if pediatric populations
are involved with their ever-changing physical activities. Sick day management and surgery
preparation are two other special situations that need to be further studied.

10. Conclusions

Even if important clinical issues remain, once-weekly insulin analogs seem to represent
an important breakthrough in diabetes management. In patients with T2D, several studies
in phase 2 or 3a have shown the safety of the analogs, mostly with few episodes of
hypoglycemia, as well as their efficacy, with a comparable and in some cases higher decrease
in HbA1lc, both in insulin-naive patients and in those that were previously receiving daily
basal insulin. Data are still scarce regarding adult patients with T1D and are non-existent
for pediatric and adolescent populations with T1D. Available data suggest that once-weekly
insulin analogs are safe and effective in such patients and could be of use in, for example,
patients not taking insulin regularly or those who are on MDIs and want fewer daily
injections. In addition, due to their prolonged mode of action, these analogs could decrease
the risk of diabetic ketoacidosis and the need for hospitalization. Additionally, patients
with T1D that struggle with wearing diabetes mellitus devices/closed-loop insulin pumps
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either due to the cost or due to skin issues may also benefit from long-acting insulins. There
is increasing evidence of the benefits of adjunctive therapies to insulin in T1D patients, but
these therapies are not FDA-approved due to a possible higher risk of diabetic ketoacidosis.
These long-acting insulin analogues could be used with adjunctive therapies in selected
patients. Further research is needed regarding important clinical questions, such as the
optimal initiation and titration of once-weekly analogs, as well as exercise, sick days,
or surgery management, that will enhance our knowledge regarding this indisputable
innovation in diabetes management.
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