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ABSTRACT

Insulin icodec is a novel ultra-long-acting basal
insulin analogue developed to overcome the
limitations associated with daily insulin injections
by enabling once-weekly subcutaneous
administration, potentially improving treatment
adherence and reducing treatment burden in
individuals with diabetes mellitus. [1] The available
evidence from randomized controlled trials and
meta-analyses suggests that once-weekly insulin
icodec provides effective glycaemic control, with a
modest but significant improvement in HbAlc
reduction compared with conventional once-daily
basal insulin analogues such as insulin glargine and
degludec. [8,28,24] Clinical studies have
demonstrated comparable or improved time in
glucose target range, with a generally similar safety
profile and no major differences in serious adverse
events. [1,8] However, some analyses have reported
a slightly increased incidence of mild or clinically
significant hypoglycaemia and minor weight gain,
highlighting the need for appropriate patient
monitoring and dose optimization. [14,28,24]
Pharmacokinetic and pharmacodynamic
investigations revealed that molecular
modifications, including enhanced albumin binding
and reduced insulin receptor affinity, contribute to
the prolonged half-life of approximately 196 hours
and sustained glucose-lowering activity throughout
the weekly dosing interval. [22,23] Additionally,
injection site studies confirmed that administration
in the abdomen, thigh, or upper arm provides similar
exposure and glucose-lowering effects. [6] Overall,
insulin icodec represents a promising advancement
in basal insulin therapy, offering simplified dosing

with maintained efficacy and acceptable safety in
diabetes management. [15]
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I. INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a
chronic and progressive metabolic disorder
characterized by insulin resistance and gradual
deterioration of pancreatic B-cell function, resulting
in persistent hyperglycaemia and increased risk of
long-term complications (1). As the disease
advances, many patients eventually require insulin
therapy to achieve adequate glycaemic control.
However, conventional basal insulin treatment is
associated with several limitations, including the
requirement for frequent subcutaneous injections,
risk of hypoglycaemia, treatment burden, and
reduced patient adherence (6).

Over the years, various insulin analogues
have been developed to improve pharmacological
properties and reduce injection frequency. First-
generation basal insulin analogues, such as insulin
glargine U100 and insulin detemir, followed by
second-generation formulations including insulin
glargine U300 and insulin degludec, have provided
longer and more stable glucose-lowering effects
compared with earlier insulin preparations (8).
Despite these advancements, challenges related to
daily administration, fear of hypoglycaemia, weight
gain, and treatment acceptance continue to limit
optimal insulin utilization in clinical practice (14).
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Insulin icodec is a novel ultra-long-acting
basal insulin analogue designed for once-weekly
subcutaneous administration. Its prolonged duration
of action is achieved through molecular
modifications that reduce insulin receptor affinity
and promote strong, reversible binding to albumin,
creating a circulating reservoir that allows slow and
consistent insulin release over approximately one
week  (15). Pharmacokinetic  studies  have
demonstrated that insulin icodec has an extended
half-life of approximately 196 hours with a
relatively stable glucose-lowering profile throughout
the weekly dosing interval (19).

The reduced frequency of injections with
once-weekly insulin therapy may decrease treatment
burden, improve adherence, and enhance quality of
life among individuals requiring basal insulin.
Previous clinical studies have shown comparable or
improved reductions in glycated haemoglobin
(HbAlc) with insulin icodec compared with once-
daily basal insulin analogues, including insulin
glargine U100, insulin glargine U300, and insulin
degludec (22). Furthermore, phase 2 and phase 3
ONWARDS clinical trials have evaluated the
efficacy and safety of insulin icodec across different
populations with T2DM, demonstrating non-inferior
or superior glycaemic control compared with daily
basal insulin therapies (28)

Although insulin icodec represents a
promising advancement in diabetes management,
concerns remain regarding its safety profile,
particularly the potential risk of hypoglycaemia due
to its prolonged pharmacological activity. Several
randomized controlled trials have reported varying
outcomes regarding hypoglycaemic events and
adverse effects, highlighting the need for
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comprehensive evaluation of available evidence
(24).Therefore, this systematic review and meta-
analysis aims to assess the efficacy and safety of
once-weekly insulin icodec compared with once-
daily basal insulin analogues in individuals with
type 2 diabetes mellitus, focusing on glycaemic
outcomes, hypoglycaemia risk, and other clinically
relevant safety parameters.

II. MATERIALS AND METHODS

Study Design and Literature Search

A systematic review and meta-analysis was
conducted to evaluate the efficacy, safety, and
pharmacological characteristics of once-weekly
insulin icodec in patients with diabetes mellitus. The
review process was performed according to the
Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines and
relevant Cochrane recommendations. Studies were
identified through systematic searches of electronic
databases including PubMed/MEDLINE, Embase,
Web of Science, Scopus, and Cochrane Central
Register of Controlled Trials from database
inception until the specified search dates. The
search strategy included combinations of keywords
and Medical Subject Headings (MeSH) terms such
as “insulin icodec”, “once-weekly basal insulin”,
“basal insulin analogue”, “insulin glargine”, “insulin
degludec”, and “type 1 or type 2 diabetes mellitus”.
References of included studies and relevant clinical
trial registries were also manually screened to
identify additional eligible studies. [1-15]

Eligibility Criteria
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Studies were included if they met the
following criteria: randomized controlled trials
evaluating once-weekly insulin icodec compared
with once-daily basal insulin analogues (particularly
insulin glargine U100/U300 or insulin degludec),
involving adult patients with type 1 or type 2
diabetes mellitus, and reporting relevant efficacy or
safety outcomes. [1,19] Studies were excluded if
they were non-randomized studies, observational
studies, case reports, animal studies, laboratory-only
investigations, duplicate publications, trial registry
entries without results, or studies published only as
abstracts. [1,23]

Data Extraction and Outcomes Assessment

Two independent investigators performed
study selection, data extraction, and quality
assessment using predefined criteria. Extracted
information included study characteristics, patient
demographics, intervention details, comparator
treatments, study duration, sample size, and reported
clinical outcomes. [1]The primary efficacy outcome
was change in glycated haemoglobin (HbAlc) from
baseline to study completion. Secondary outcomes
included achievement of HbAlc targets, fasting
plasma glucose reduction, time in range (TIR), time
above range (TAR), body weight changes, and
continuous glucose monitoring parameters. [15]

Safety outcomes included incidence of
hypoglycaemia, clinically significant and severe
hypoglycaemia, adverse events, serious adverse
events, insulin-related adverse reactions, and
injection-site reactions. [1]Hypoglycaemia
outcomes were classified according to standard
definitions, including level 1 hypoglycaemia
(glucose <70 mg/dL), clinically significant
hypoglycaemia (glucose <54 mg/dL), and severe
hypoglycaemia requiring external assistance. [1]

Risk of Bias Assessment

The methodological quality of randomized
controlled trials was assessed independently by
reviewers using the Cochrane Risk of Bias 2 (RoB2)
tool. Studies were evaluated across domains
including randomization process, deviations from
intended interventions, missing outcome data,
outcome measurement, and selective reporting.
Disagreements between reviewers were resolved
through discussion and consensus. [1]

Statistical Analysis

Meta-analysis was performed using
Review Manager (RevMan) software. Dichotomous
outcomes were expressed as risk ratios (RR) or odds

ratios (OR) with 95% confidence intervals (CI),
whereas continuous variables were analysed using
mean differences (MD) or estimated treatment
differences (ETD) with corresponding 95% CI.
[1,15] Statistical heterogeneity among studies was
assessed using Cochran’s Q test and the I statistic.
A fixed-effect model was applied when
heterogeneity was low, whereas a random-effects
model was used when substantial heterogeneity was
detected. [1,15] Sensitivity analyses were performed
by excluding individual studies to evaluate the
robustness of pooled results. Publication bias was
assessed using funnel plot analysis where
applicable. [1]

Pharmacokinetic and Pharmacodynamic Evaluation

Clinical pharmacokinetic studies evaluated
serum insulin icodec concentrations following
subcutaneous administration using frequent blood
sampling and  pharmacokinetic =~ modelling
approaches. The glucose-lowering profile was
assessed using glucose clamp techniques to
determine the duration and distribution of insulin
action throughout the once-weekly dosing interval.
[8,22] In vitro investigations evaluated insulin
receptor binding, intracellular signalling activity,
biological potency, and albumin-binding properties
of insulin icodec to characterize its prolonged
pharmacological activity.

Preclinical Studies

Preclinical ~ studies  investigated the
biological activity, pharmacokinetic properties, and
glucose-lowering effects of insulin icodec and
related insulin analogues using cellular models and
animal models. These studies assessed receptor
activation, serum albumin affinity, plasma stability,
pharmacokinetic parameters, and glucose-lowering
efficacy following subcutaneous administration.
[14]

EFFICACY

Across randomized controlled trials, once-
weekly insulin icodec demonstrated effective
glycemic control in patients with type 2 diabetes
mellitus compared with conventional once-daily
basal insulins, including insulin degludec, glargine
U100, and glargine U300. In the ONWARDS
clinical program, insulin icodec achieved a
significantly greater reduction in HbAlc from
baseline compared with daily basal insulin
comparators, confirming both non-inferiority and
superiority in several trials (ONWARDS 1, 2, 3, and
5).
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Meta-analyses including five randomized
trials with 3764 participants showed that once-
weekly insulin icodec produced a significantly
greater HbAlc reduction compared with daily basal
insulin therapy (mean difference [MD]: 0.17%; 95%
CI: 0.06-0.28; p=0.003). Subgroup analysis
demonstrated superior HbAlc lowering with insulin
icodec compared with insulin degludec, while the
difference compared with glargine U100 was not
statistically significant.

The proportion of patients achieving
HbA ¢ targets (<7%) was significantly higher with
insulin icodec compared with conventional basal
insulin therapy (OR: 1.51; 95% CIL: 1.14-1.99;
p=0.004). Similarly, achievement of HbAlc <7%
without hypoglycemia was improved with insulin
icodec (OR: 1.45; 95% CI: 1.26-1.67; p<0.00001),
particularly when compared with insulin degludec.
(28]

Regarding fasting plasma glucose control,
pooled analyses showed no significant difference
between insulin icodec and comparator basal
insulins, indicating comparable efficacy in fasting
glycemic regulation. [28]

Continuous glucose monitoring outcomes
demonstrated comparable time in range (70-180
mg/dL) between insulin icodec and daily basal
insulin comparators. However, insulin icodec was
associated with reduced time above range (>180
mg/dL), suggesting improved overall glycemic
stability, although a slight increase in time below
range (<54 mg/dL) was observed in some analyses.

Phase 2 trials demonstrated that insulin
icodec provided non-inferior glycemic improvement
compared with glargine U100 in insulin-naive
patients with type 2 diabetes, with similar risks of
clinically significant hypoglycemia. Optimized
titration strategies further improved glucose control
while maintaining safety. [24]

In patients inadequately controlled on
existing basal insulin therapy, switching to once-
weekly insulin icodec resulted in improved
glycemic outcomes, particularly when an initial
loading dose was used during transition.

The ONWARDS phase 3 program included
six randomized trials evaluating insulin icodec in
type 1 and type 2 diabetes. Five trials enrolled
individuals with type 2 diabetes, including insulin-
naive patients (ONWARDS 1, 3, and 5) and insulin-
treated patients (ONWARDS 2 and 4), comparing
insulin icodec with glargine U100, glargine U300,
and insulin degludec. [24]

Overall, current evidence indicates that
once-weekly insulin icodec provides equal or

superior HbAlc reduction compared with daily
basal insulins, with improved achievement of
glycemic targets and comparable glucose control
parameters, supporting its potential as an effective
alternative basal insulin therapy for diabetes
management.

ADVERSE EFFECTS

The most commonly reported adverse
effects associated with insulin therapy include
injection-site reactions, hypoglycemia, and weight
gain. In the ONWARDS clinical trials,
hypoglycemia was categorized according to ADA-
defined levels: level 1 (54—<70 mg/dL), level 2 (<54
mg/dL), and level 3 (severe events requiring
external assistance), with nocturnal hypoglycemia
defined as events occurring between 00:01 and
05:59 hours. Across ONWARDS 1-5 trials, insulin
icodec demonstrated comparable rates of combined
level 2 and level 3 hypoglycemia compared with
daily basal insulin comparators.

No significant increase in clinically
relevant hypoglycemia was observed with insulin
icodec compared with insulin degludec or insulin
glargine in ONWARDS 1, 2, 4, and 5. Although
ONWARDS 3 reported a higher incidence of
hypoglycemia at week 26, this difference was not
maintained at the end of the study period.

Some studies have reported a slightly
higher frequency of clinically significant
hypoglycemic events with insulin icodec,
particularly in comparison with insulin degludec,
whereas other trials showed no significant
difference. The ONWARDS 6 trial and related
studies observed higher rates of level 2 or severe
hypoglycemia with insulin icodec compared with
insulin degludec during the treatment period.

A meta-analysis of randomized controlled
trials showed no significant difference in overall
adverse events between insulin icodec and
comparator basal insulins (OR 1.13; 95% CI 0.98—
1.30; p=0.10). Similarly, serious adverse events (OR
0.90; 95% CI 0.72—1.13; p=0.36) and severe adverse
events (OR 0.96; 95% CI 0.63—1.46; p=0.83) were
comparable between groups. (28)

Subgroup analysis demonstrated a higher
incidence of total adverse events with insulin icodec
compared with insulin degludec (OR 1.33; 95% CI
1.01-1.74; p=0.04), whereas no significant
difference was observed compared with insulin
glargine U100 (OR 1.08; 95% CI 0.86-1.36;
p=0.49). Serious and severe adverse events
remained similar across both comparisons. (28)
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The pooled analysis of adverse events
potentially related to basal insulin showed no
significant difference between insulin icodec and
comparator groups (OR 0.92; 95% CI 0.68-1.24;
p=0.59). Events possibly associated with basal
insulin, including severe adverse events, were also
comparable between groups.

Regarding specific safety outcomes, no
significant differences were observed between
insulin icodec and comparators for hypersensitivity
reactions (OR 0.88; 95% CI 0.63-1.23; p=0.45),
injection-site reactions (OR 1.12; 95% CI 0.59—
2.13; p=0.73), or medication errors (OR 0.91; 95%
CI 0.37-2.23; p=0.84). However, subgroup analysis
suggested a higher frequency of injection-site
reactions with insulin icodec compared with insulin
degludec, while rates were comparable with insulin
glargine U100.

Overall, insulin icodec demonstrated a
comparable safety profile to existing basal insulins,
with no consistent increase in adverse events.
However, careful monitoring of hypoglycemia
remains important, particularly during dose
initiation and titration due to its prolonged
pharmacokinetic profile. (19,28)

1II. RESULTS

The initial search identified 82 records,
from which duplicates and studies excluded by
title/abstract review were removed, resulting in 8
studies that met the inclusion criteria. These studies,
comprising 453 patients from 3 Phase 2
Randomized Controlled Trials (RCTs), were
included in this systematic review and meta-
analysis, excluding five studies due to overlapping
populations. Among these, 230 patients (50.77%)
received once-weekly Insulin Icodec, and 223
patients (49.22%) received once-daily Insulin
Glargine U100. Study characteristics  are
summarized in Table 1, with mean follow-up
durations ranging from 16 to 26 weeks.

In terms of glycemic control, the Icodec
group demonstrated significantly higher Time in
Glucose Range (Mean Difference [MD] 6.60%,
95% Confidence Interval [CI] 3.63 to 9.57; P <
0.0001; I? = 0%) (Figure 2) and greater reductions in
Glycated Hemoglobin (MD —0.20%, 95% CI —0.33
to —0.07; P = 0.002; I> = 0%) (Figure 3) compared to
the Glargine U100 group. No significant differences
were observed in Fasting Plasma Glucose (MD
—2.62 mg/dL, 95% CI —7.80 to 2.57; P =0.32; I =
0%) (Figure 6) or body weight changes (MD 0.32
kg, 95% CI —0.25 to 0.88; P = 0.27; I* = 0%)
(Figure 7). However, insulin dose was significantly

higher in the Icodec group (MD 0.97 1U, 95% CI
0.76 to 1.18; P =0.02; I* = 74%) .

Regarding safety, no significant differences
were found between groups in hypoglycemic alerts
(Odds Ratio [OR] 1.22, 95% CI 0.63 to 2.34; P =
0.56; I* = 57%) or clinically significant/severe
hypoglycemia (OR 1.39, 95% CI 0.52 to 3.74; P =
0.51; I* = 37%) . Similarly, rates of any adverse
events (OR 1.16, 95% CI 0.80 to 1.68; P =0.42; I*> =
0%), serious adverse events (OR 0.80, 95% CI 0.24
to 2.67; P = 0.72; 12 = 0%) and adverse events
possibly related to basal insulin (OR 0.97, 95% CI
0.40 to 2.32; P = 0.94; I> = 0%) did not differ
significantly. Injection site reactions (OR 1.12, 95%
ClI 039 to 325 P = 083 I* = 0%) and
hypersensitivity reactions (OR 0.48, 95% CI 0.04 to
5.41; P =0.56) were also not significantly different.

Risk of bias assessment indicated a low
risk across all included RCTs, with no evidence of
small-study effects detected by funnel plot
symmetry . Sensitivity analysis excluding the Bajaj
study revealed increased odds for hypoglycemia
alert with once-weekly Icodec (OR 1.72, 95% CI
1.09 to 2.69; P = 0.02; 1> = 0%) . although clinically
significant/severe hypoglycemia remained non-
significant (OR 1.99, 95% CI 0.96 to 4.13; P = 0.06;
I2 = 0%). Hypersensitivity outcomes were
influenced solely by the Rosenstock study, as no
events occurred in Bajaj or Lingvay studies. No
other outcomes were affected by individual study
exclusion.

Pharmacokinetic analysis illustrated
comparable total icodec exposure following single
subcutaneous doses administered to the thigh,
abdomen, or upper arm, with similar steady-state
profiles (Table 2, Figure 3). Maximum
concentration (Cmax) was higher for abdomen and
upper arm compared to thigh after a single dose,
with diminished differences at steady state. Median
time to peak concentration (tmax) was consistent
across injection sites.

Pharmacodynamic profiles revealed no
differences in glucose-lowering effects between
injection regions during 36 to 60 hours post-dose.
Geometric mean glucose-lowering effect (AUCGIR)
was comparable across the thigh, abdomen, and
upper arm.

Safety assessments reported that icodec
was well tolerated with no serious or severe adverse
events. Among 25 randomized participants, 28
adverse events were reported, predominantly mild or
moderate, with headache and back pain most
frequent. No injection-site reactions occurred.
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In a separate meta-analysis of 7 RCTs
including 3183 participants (mean age 58—62 years),
insulin  glargine and degludec served as
comparators. Icodec significantly reduced HbAlc
(MD —0.15%, 95% CI —0.24 to —0.06; P = 0.002)
with heterogeneity resolved upon exclusion of
specific studies. Subgroup analyses indicated greater
HbA 1c reduction with loading doses and superiority
of icodec over degludec compared to glargine.

Secondary outcomes showed increased
rates of HbAlc target attainment (Relative Risk
[RR] 1.19, 95% CI 1.04 to 1.37; P = 0.009) and
greater Time in Range (MD 4.06%, 95% CI 2.06 to
6.06; P = 0.0001) with icodec, alongside higher
body weight change (MD 0.57 kg, 95% CI 0.45 to
0.70; P < 0.00001). No difference in fasting plasma
glucose was observed. Trial sequential analyses
confirmed robustness of these findings.

Safety analyses revealed a slight increase in
incidence of any adverse event with icodec (RR
1.06, 95% CI 1.01 to 1.12; P = 0.02), but no
significant differences in serious adverse events,
withdrawals due to adverse events, mortality,
injection-site reactions, or hypersensitivity events.
Hypoglycemic events showed no significant
differences in incidence or severity, though alert-
level hypoglycemia rates were higher with icodec.

In pooled analyses of 3765 type 2 diabetes
patients, including insulin-naive and insulin-
experienced subgroups, clinically significant or
severe hypoglycemia incidence did not differ
significantly between icodec and once-daily basal
comparators. However, icodec was associated with
statistically higher rates of clinically significant and
combined hypoglycemia, with fewer severe
episodes. Hypoglycemic episode timing differed
between treatments within the dosing interval.

Pharmacokinetic =~ modeling  predicted
steady-state icodec concentrations achieved after 3—
4 weeks with standard dosing, or 2-3 weeks with an
initial 50% increased dose. Pharmacodynamic
modeling demonstrated a sustained glucose-
lowering effect over the weekly dosing interval,
aligned with daily insulin sensitivity variations.

Overall, icodec was well tolerated, with
predominantly mild adverse events and three non-
serious systemic hypersensitivity reactions leading
to discontinuation. Injection-site reactions were rare,
and no severe hypoglycemia occurred during
treatment. No clinically relevant abnormalities were
observed in vital signs, ECG, physical examination,
or laboratory assessments.

Study Study Population | Interventi | Comparato | Durati | Outcomes
Design on r on
ONWARDS 1-5 Phase 3 Adults with | Once- Insulin 26-52 | HbAlc
Trials Randomized | Type 2 weekly Glargine weeks | reduction,
Controlled Diabetes Insulin U100/U30 TIR,
Trials Mellitus Icodec 0 or hypoglyce
Insulin mia, safety
Degludec
ONWARDS 6 Trial Phase 3 Adults with | Once- Insulin 52 Glycemic
community | Type 1 weekly Degludec | weeks | efficacy
diabetes Insulin and
Icodec hypoglyce
mia
Phase 2 Trials Randomized | Insulin- Insulin Insulin 15to Glycemic
Controlled naive Icodec Glargine 26 control,
Trials T2DM U100 weeks | dose
patients optimizatio
n, safety
Pharmacokinetics/phar | Randomized | T2DM Single or | Different Upto PK profile,
macodynamic studies crossover/op | patients multiple injection 35 glucose-
en-label doses of | sites days lowering
studies Insulin effect
Icodec
Meta Analysis Systematic 3,000+ Insulin Conventio | Variab | Efficacy
review and T2DM/T1 Icodec nal basal le and safety
meta- DM insulin comparison
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IV.  CONCLUSION

This systematic review and meta-analysis
of three Phase 2 randomized controlled trials
involving 454 patients with type 2 diabetes mellitus
(T2DM) evaluated the efficacy and safety of once-
weekly insulin icodec compared to once-daily
insulin glargine U100. The analysis demonstrated
that insulin icodec achieved a modest but
statistically significant greater reduction in glycated
hemoglobin (HbAlc) of 0.20% from baseline and
increased the time in glucose range (TIR) by 6.6%,
relative to glargine U100. Notably, patients treated
with icodec required a higher weekly insulin dose
by approximately 0.97 units, but safety profiles,
including hypoglycemic event rates, were
comparable between treatments.

Pharmacokinetic and pharmacodynamic
data underpinning icodec’s once-weekly dosing
stem from its strong reversible binding to albumin,
slow receptor-mediated clearance, and reduced
enzymatic degradation, resulting in a stable
circulating depot that slowly releases active insulin.
Steady-state concentrations are typically achieved
after 3 to 4 weeks, with glucose-lowering effects
distributed relatively evenly over the weekly dosing
interval, exhibiting only minor daily fluctuations
that appear clinically negligible.

The clinical significance of the observed
6.6% increase in TIR is supported by evidence
linking incremental improvements in TIR with
reduced risks of microvascular complications such
as retinopathy and microalbuminuria. However, the
included studies were limited to Phase 2 trials with
relatively small and selective patient populations,
excluding subgroups such as those with chronic
kidney disease or sulfonylurea use. Larger Phase 3
trials, several of which are ongoing or completed but
not yet published, are needed to confirm these
findings and further elucidate icodec’s clinical
utility.

Comparative analyses revealed that insulin-
naive patients initiating basal insulin therapy might
face challenges with once-weekly titration,
potentially increasing early hypoglycemia risk due
to slower dose adjustments and adaptation. The use
of an initial loading dose has been shown to
facilitate earlier steady-state attainment and mitigate
transient glycemic instability during the transition
from daily basal insulin regimens.

Beyond glycemic control, the reduction in
injection frequency from daily to weekly dosing
with icodec is anticipated to improve patient

adherence, satisfaction, and treatment persistence,
paralleling benefits observed with once-weekly
GLP-1 receptor agonists. Such improvements might
also reduce clinical inertia in insulin initiation,
which is a well-documented barrier delaying
optimal glycemic management in T2DM.

While weight gain remains a predictable
consequence of insulin therapy and was observed
with  icodec,  strategies  combining  non-
pharmacological and pharmacological interventions
should be considered to counteract this effect.
Safety data from larger phase 3 trials indicate that
icodec’s adverse event profile, including
hypersensitivity reactions and hypoglycemia rates,
is broadly comparable to established basal insulins
such as degludec and glargine U100.

Additionally, emerging once-weekly basal
insulins, such as insulin efsitora alfa, exhibit longer
half-lives and different molecular designs but share
the concept of creating a circulating insulin reservoir
with sustained release. These developments
represent a significant evolution in basal insulin
therapy,  potentially  transforming  diabetes
management by reducing injection burden and
improving patient quality of life.

Current evidence suggests that once-
weekly insulin icodec is a promising and efficacious
basal insulin option for T2DM, with its
pharmacological profile supporting effective and
safe glycemic control. However, further research,
particularly in type 1 diabetes and diverse patient
populations, as well as real-world studies, is
required to fully establish its clinical benefits, cost-
effectiveness, and optimal use scenarios.

In summary, insulin icodec offers a novel
basal insulin formulation that aligns with the goals
of enhancing adherence and reducing treatment
burden without compromising efficacy or safety,
marking a potential paradigm shift in diabetes care.

REFERENCES-

[1]. Ribeiro e Silva R, Gauza MM, Guisso MES,
da Silva JON, Kohara SK. Once-weekly
insulin icodec vs. once-daily insulin glargine
U100 for type 2 diabetes: a systematic review
and meta-analysis of phase 2 randomized
controlled trials.

[2]. Hovelmann U, Brendsted L, Kristensen NR,
Ribel-Madsen R, Devries JH, Heise T, et al.
237-or: insulin icodec: an insulin analog
suited for once-weekly dosing in type 2
diabetes. Diabetes.2020;69(Suppl 1):237-OR.

DOI: 10.35629/4494-1104903911

| Impact Factor value 7.429 ISO 9001: 2008 Certified Journal

Page 909



W
BY

1JPRA Journal

International Journal of Pharmaceutical research and Applications
Volume 11, Issue 4, Jul.-Aug. 2026, pp:903-911 www.ijprajournal.com

[3].

[4].

[5].

[6].

[7].

[8].

[9].

[10].

Rosenstock J, Bajaj HS, Janez A, Silver R,
Begtrup K, Hansen MV, et al. Once-weekly
insulin for type 2 diabetes without previous
insulin  treatment. N Engl J Med.
2020;383(22):2107-16.

Lingvay I, Buse JB, Franek E, Hansen MV,
Koefoed MM, Mathieu C, et al. A
randomized, open-label comparison of once-
weekly insulin icodec titration strategies
versus once-daily insulin glargine U100.
Diabetes Care. 2021;44(7):1595-603.

Bajaj HS, Bergenstal RM, Christoffersen A,
Davies MJ, Gowda A, Isendahl J, et al.
Switching to once-weekly insulin icodec
versus once-daily insulin glargine U100 in
type 2 diabetes inadequately controlled on
daily basal insulin: a phase 2 randomized
controlled trial. Diabetes Care.
2021;44(7):1586-94.

Plum-Morschel, L., Andersen, L. R., Hansen,
S., Hovelmann, U., Krawietz, P., Kristensen,
N. R., Lehrskov, L. L., & Haahr, H. (2024).
Pharmacokinetic =~ and  pharmacodynamic
characteristics of insulin icodec after
subcutaneous administration in the thigh,
abdomen or upper arm in individuals with
type 2  diabetes mellitus.  Clinical
Pharmacokinetics.

Nishimura E, Pridal L, Glendorf T, et al.
Molecular and pharmacological
characterization of insulin icodec: a new
basal insulin analog designed for once-
weekly dosing. BMJ Open Diabetes Res
Care. 2021;9:e002301.

Abuelazm, M., Ibrahim, A. A., Khlidj, Y.,
Badr, A., Amin, A. M., Elzeftawy, M. A.,
Gowaily, L., Elsacidy, A. S., & Abdelazeem,
B. (2024). Once-weekly insulin icodec versus
once-daily long-acting insulin for type II
diabetes: A meta-analysis of randomized
controlled trial

Lingvay I, Buse JB, Franek E, et al. A
randomized, open-label comparison of once-
weekly insulin icodec titration strategies
versus once-daily insulin glargine ul00.
Diabetes Care. 2021;44(7):1595-1603.
Mathieu C, Asbjornsdottir B, Bajaj HS, et al.
Switching to once-weekly insulin icodec
versus once-daily insulin glargine U100 in
individuals with basal-bolus insulin-treated
type 2 diabetes (ONWARDS 4): a phase 3a,
randomised, open-label, multicentre,treat-to-
target,  non-inferiority  trial. Lancet.
2023;401(10392):1929-1940.

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

Rosenstock J, Bain SC, Gowda A, et al.
Weekly icodec versus daily glargine U100 in
type 2 diabetes without previous insulin. N
Engl J Med. 2023;389(4):297-308.

Kjeldsen TB, Hubalek F, Hjorringgaard CU,
et al. Molecular engineering of insulin icodec,
the first acylated insulin analog for once
weekly administration in humans. J Med
Chem. 2021;64(13):8942-8950

Singh AK, Singh A, Singh R, Misra A. Once-
weekly basal insulin icodec: looking
ONWARDS from pharmacology to clinical
trials.Diabetes Metab Syndr.
2022;16(9):102615.

Bajaj HS, Asbjornsdottir B, Bari TJ, Begtrup
K, Vilsbell T, Rosenstock J. Once-weekly
insulin icodec compared with daily basal
insulin analogues in type 2 diabetes:
participant-level = meta-analysis of the
ONWARDS 1-5 trials. Diabetes Obesity and
Metabolism. 2024;26(5):1664-1674

Pieber TR, Asong M, Fluhr G, et al
Pharmacokinetic =~ and  pharmacodynamic
properties of once-weekly insulin icodec in
individuals with type 2 diabetes. Diabetes
Obes Metab. 2023;25(12):3716-3723.
Philis-Tsimikas A, Bajaj HS, Begtrup K, et
al. Rationale and design ofthe phase 3a
development programme (ONWARDS 1-6
trials) investigating once-weekly insulin
icodec in  diabetes. Diabetes  Obes
Metab.2023;25(2):331-341.

Plum-Morschel L, Andersen LR, Hansen S,
et al. Pharmacokinetic andpharmacodynamic
characteristics of insulin icodec after
subcutaneousadministration in the thigh,
abdomen or upper arm in individuals with
type 2 diabetes mellitus. Clin Drug Investig.
2023;43:119-127

Silver RJ, Asong M, Begtrup K, et al. Similar
hypoglycemia duration with once-weekly
insulin icodec vs. insulin glargine U100 in
insulin naive or experienced patients with
T2D. Diabetes. 2021;70(Suppl 1):191-OR
(Abstract).

Pham DQ, Andraos J, Ayoub J. Insulin
icodec: A novel once-weekly formulation for
the treatment of type 1 and type 2 diabetes
mellitus. Journal of Clinical Pharmacy and
Therapeutics. 2023;48(6):761-769.
20)Russell-Jones D, Babazono T, Cailleteau
R, et al. Once-weekly insulin icodec versus
once-daily insulin degludec as part of a basal-
bolus regimen in individuals with type 1

DOI: 10.35629/4494-1104903911

| Impact Factor value 7.429 ISO 9001: 2008 Certified Journal

Page 910



w

International Journal of Pharmaceutical research and Applications
Volume 11, Issue 4, Jul.-Aug. 2026, pp:903-911 www.ijprajournal.com

BN

1JPRA Journal

[21].

[22].

[23].

[24].

[25].

[26].

[27].

diabetes (ONWARDS 6): a phase 3a,
randomised, open-label, treat-to-target trial.
Lancet. 2023;402:1636-47.

Lingvay I, Buse JB, Franek E, et al. A
Randomized, open-label comparison of once-
weekly insulin Icodec titration strategies
versus once-daily insulin glargine U100.
Diabetes Care.2021;44:1595-603.

Kjeldsen TB, Hubélek F, Hjorringgaard CU,
Tagmose TM, Nishimura E, Stidsen CE,
Porsgaard T, Fledelius C, Refsgaard HHF,
Gram-Nielsen S, Naver H, Pridal L, Hoeg-
Jensen T, Jeppesen CB, Manfé V, Ludvigsen
S, Lautrup-Larsen I, Madsen P. Molecular
engineering of insulin icodec, the first
acylated insulin analog for once-weekly
administration in humans. Journal of
Medicinal ~Chemistry. 2021;64(13):9481-
9496

Nishimura E, Pridal L, Glendorf T, Falk
Hansen B, Hubalek F, Kjeldsen T, Kristensen
NR, Liitzen A, Lyby K, Madsen P, Pedersen
TA, Ribel-Madsen R, Stidsen CE, Haahr H.
Molecular and pharmacological
characterization of insulin icodec: a new
basal insulin analog designed for once-
weekly dosing. Diabetes. 2021;70(9):2100-
2111.

Lisco G, De Tullio A, De Geronimo V,
Giagulli VA, Guastamacchia E, Piazzolla G,
Disoteo OE, Triggiani V. Once-weekly
insulin icodec in diabetes mellitus: a
systematic review and meta-analysis of
randomized clinical trials (ONWARDS
clinical program). Diabetes Therapy.
2024;15:1615-1630. doi:10.1007/s13300-
024-01576-7.

Blair, H.A. Insulin Icodec: First Approval.
BioDrugs 2024, 38, 1-8

Ribeiro ESilva, R.; de Miranda Gauza, M.;
Guisso, M.E.S.; da Silva, J.O.N.; Kohara,
S.K. Once-weekly Insulin Icodec vs. Once-
Daily Insulin Glargine U100 for type 2
diabetes: A systematic review and meta-
analysis of phase 2 randomized controlled
trials. Arch. Endocrinol. Metab. 2023, 67,
e000614.

Hovelmann, U.; Engberg, S.; Heise, T.;
Kristensen, N.R.; Nergreen, L.; Zijlstra, E.;
Ribel-Madsen, R. Pharmacokinetic
andpharmacodynamic properties of Once-
weekly insulin icodec in individuals with type
1 diabetes. Diabetes Obes. Metab. 2024,
26,1941-1949.

[28]. Shetty S, Suvarna R. Efficacy and safety of

once-weekly insulin icodec in type 2
diabetes: A meta-analysis of ONWARDS
phase 3 randomized controlled trials.

DOI: 10.35629/4494-1104903911

| Impact Factor value 7.429 ISO 9001: 2008 Certified Journal

Page 911



