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Abstract

Background: Reaching the HbA 1c target and keeping the
euglycemic state are major challenges in the management of
individuals with diabetes. Given the high rate of failure of
oral antidiabetic drugs (OADs) to control the glycemic state
of individuals with type-2 diabetes mellitus (T2DM), other
new options have emerged to replace the traditional treatments
in such cases. Second-generation basal insulin glarginehas
proven its safety and efficacy in improving glycemic control
in individuals with uncontrolled T2DM in multiple randomized
clinical trials (RCTSs).

Aimof Study: This study aims to assess the effectiveness
and safety of insulin glargine 300U/mL (Gla-300) when added
to OADs and titrated to individualized goalsin real-world
practice.

Patient and Methods: The ATOS study was a prospective,
observational, international, multicenter study to collect
information on 4422 individuals with T2DMinitiating Gla-
300 across 18 countries in different geographical regions, and
which routinely assessed glycated hemoglobin (HbA1c) at
least every 6 months (NCT03703869). Our posthocsub group
analysisisapart of thislarge-scale multinational study that
analyzed the data collected from Egypt, one of the countries
representing the South African region, to assess the real-world
effectiveness of Gla-300 in Egyptian individuals with T2DM.
The primary outcomes include an assessment of the effective-
ness of Gla-300 in achieving glycemic goals measured by
HbA1c after 6 months. The secondary objectives include
effectiveness and safety during the extended follow-up period
(12 months).

Results: This posthocsubgroup analysisincluded 216
individuals with T2DM in Egypt with a mean age of 52.7
(2£9.8) years. The mean body weight and bodymass index
(BMI) were 86.8 (+13.6) and 30.6 (£5.0), respectively. Most
included participants were on more than one concomitant
OAD (mostly metformin and sulfonylureas). The HbAlc
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target achievement after 6 months was 27.7%. This figure
increased to 51.2% after 12 months. Inindividuals =65 years,
the HbA 1c target achievement after 6 and 12 months was
36% and 52%, respectively. The mean HbA1c% reduced from
abaseline value of 9.45 (0.94) to 7.36 (0.60) after 6 months
and 6.97 (+0.55) after 12 months of Gla-300 treatment. No
major or serious adverse events (AES) were reported during
the follow-up period. Two participants (0.9%) had hypoglyc-
emic events, with only oneexperiencing severe hypoglycemia.

Conclusion: Insulin treatment with Glar-300 in Egyptian
individuals with T2D Muncontrolled on OADs improved
glycemic control, and target HbA 1c level was achieved in
27.7% after 6 months with avery low risk of hypoglycemia
and other treatment-related AEs. People with T2DM who are
uncontrolled on OADs may benefit from therapy with Gla-
300. Our study results are in line with the results of previously
conducted studies.

Key Words. Diabetes — Type-2 diabetes mellitus — Insulin —
Glargine — Oral antidiabetic drugs— Egypt.

Introduction

DIABETES mellitus (DM) is one of the major
public health challenges that carries a heavy burden
on the global public healthcare system [1]. DM is
a chronic metabolic disease characterized by hy-
perglycemia developed from absent insulin secre-
tion and reduced insulin secretion or action [2,3].
According to the American Diabetes Association
(ADA), DM can be classified intotype-1, type-2,
gestational diabetes mellitus (GDM), and other
types [4] . Individuals with type-2 diabetes mellitus
(T2DM) are characterized by high insulin resist-
ance. Both types of DM (type-1 and type-2) are
genetically determined; however, the genetic pre-
disposition revealed a stronger association in type-
2 (such as the association between T2DM and
TCF7L2 gene) [5]. The pathogenesis of T2DM
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starts with the development of insulin resistance
on acellular level; in response, compensatory
hyperinsulinemia occurs to control this high blood
sugar level [6]. This state of hyperinsulinemiawill
lead to a progressive degenerationof beta cells that
ends up with adrop in insulin secretion and more
hyperglycemia. Hyperglycemiainhibitsinsulin
secretion and leads to more insulin resistance [7.9].

The prevalence of DM has been on arising
trend in most devel oped and devel oping countries
inthe last few years [9-11] . As per statistics from
the International Diabetes Federation (IDF), nearly
463 million adult individual s worldwide were
diagnosed with DM in 2019. These numbers might
rise to 693 million by 2030 and 548 million by
2045 if no proper management plans are imple-
mented to prevent or control the progression of
the disease [12].

Egypt's diabetes epidemiology data are limited.
With a prevalence of 15.2%, Egypt has the ninth-
highest rate of DM worldwide, and the number of
adult people with diabetes was 8,850,400 as early
as 2020, per data from the IDF. Egypt is a member
of the Middle East and North Africa (MENA)
region of the IDF. Regarding the MENA region,
DM affected almost 55 million peoplein 2019 as
per the I DF statistics - the highest prevalence in
the world - and this number might uprise to 107.6
million by 2045 [12-14].

Earlyonset of T2DM is characterized by no or
mild clinical symptoms, making its diagnosis chal-
lengingand might be delayed for years, especially
in developing countries. This diagnostic delay
increases the risk of long-term complications re-
sulting from untreated hyperglycemia. Common
symptoms of T2DM include frequent nocturnal
urination, feeling thirsty most of the time, increased
hunger sensation, daytime fatigue, decreased visual
acuity with blurred vision, and weight loss [15].
Also, individuals with T2DM and insulin resistance
may manifestobesity, hypertension, dydlipidemia,
polycystic ovary and hyperandrogenism, non-
alcoholic fatty liver, and recurrent systemic infec-
tions [2,16,17] . Other diabetes complications include
microvascular complications (including nephrop-
athy, retinopathy, and neuropathy) and macrovas-
cular complications (including cardiovascular and
cerebrovascular comorbidities such as coronary
heart disease, arrhythmias, and sudden death) [18].

The diagnostic criteriaof DM comprise a com-
bination of clinical symptoms and laboratory find-
ings. The laboratory diagnosis depends on either
blood glucose [including fasting blood glucose
(FPG) or oral glucose tolerancetest (OGTT)] or
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HbA1c level. In order to diagnose a patient with
DM, the patient must have symptoms of hypergly-
cemiaaongside FPG >126mg/dL, plasma glucose
after 2-h of OGTT >200mg/dL, HbA1lc > 6.5%, or
arandom plasmaglucose level > 200mg/dL [2].

Lifestyle modifications (i.e., diet therapy and
physical exercise) are the cornerstone of the man-
agement plan for both TAIDM and T2DM and should
be started initially for all caseswith DM [19,20].
The main goal of non-pharmacological therapy in
individuals with T2DM isto lose weight in order
to decrease insulin resistance. Pharmacol ogical
treatment comprises mainly oral antidiabetic drugs
(OADSs). The available pharmacological options
for individuals with T2DM include metformin
(considered the first-line therapy), dipeptidyl pepti-
dase-4 (DPP-4) inhibitors, sulfonylureas, glucagon-
like peptide-1 (GLP-I) receptor agonists, sodium-
glucose co-transporter-2 (SGLT2) inhibitors, thia-
zolidinedione (as pioglitazone), and insulin in some
cases [15] . Choosing the appropriate OAD for
people with diabetesrelies mainly on associated
comorbidities and types of developed complica-
tions. For instance, pioglitazone is reported to
improve individuals' lipid profile - it decreases
triglycerides, low-density lipoprotein, and serum
fatty acids and increases the level of high-density
lipoproteins - so it is better prescribed for individ-
uals with fatty liver disease [21,22]. Also, inindi-
viduals with cardiovascular disorders (CVDs),
SGL T2 inhibitors (such as empagliflozin) and the
GLP-1 receptor agonist (such asliraglutide) should
be considered due to their effects on CV events
and mortality rate [23].

Despite the availability of many therapeutic
options for individuals with diabetes, in some
cases, they fail to achieve the required treatment
goals. Therefore, a combination of two or more
treatment options (OADs and insulin) are prescribed
in order to achieve the therapeutic target and de-
crease the risk of complications. Insulin is one of
the treatment options that has been used in combi-
nations or alone in individuals with T2DM. Long-
acting forms of insulin are preferred over short-
acting forms as theyproject alower frequency of
injections, higher patient compliance, and higher
diabetic control. Insulin glargine 300U/mL (Gla-
300) is one ofthe long-acting insulin forms that
has proven its efficacy in lowering HbA1c levels,
providing an effective replacement for basal insulin,
and protecting from the risk of hypoglycemia
[24,25] .

This non-interventional observational study
aims to assess the effectiveness and safety of Gla-
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300 when added to OADs and titrated to individu-
alized goasin daily clinical practice. The primary
endpoints were analyzed at 6 months; however,
the study was extended to 12 monthsin order to
assess long-term effectiveness, safety, and patient-
reported outcomes (PROS).

Patients and M ethods

Study design and procedures:

The ATOS studywas a prospective, observation-
al, international, multicenter study to collect infor-
mation on 4422 individualswith T2DM initiating
Gla-300 across 18 countries in different geograph-
ical regions (Colombia, Egypt, India, Indonesia,
Israel, Jordan, Kuwait, L ebanon, Mexico, Peru,
Philippines, Russian Federation, Saudi Arabia,
Singapore, Taiwan, Thailand, Ukraine, and the
United Arab Emirates), to assess the real-world
effectiveness of Gla-300 in individuals with T2DM
(NCTO03703869) [26].

Our posthocsub group analysisis a part of this
large-scale multinational study that analyzed the
data collected from Egypt, one of the countries
representing the South African region, to assess
the real-world effectiveness of Gla-300 in Egyptian
individuals with T2DM. The study protocol was
approved by the Research and Ethics Committee
of the included centers. All participants wereasked
to givetheir written informed consent prior to study
enrollment. Also, the study methodology and ob-
jectives were explained to all study participants
before enrollment.

Included participants planned to use Gla-300
for their T2DM and were under routine assessment
of their HbA lc at least every 6 months. Study
participants were assessed at 4 visits at study sites:
baseling, 3, 6, and 12 months. Baseline data were
collected regardingparticipants demography, dia-
betes medical history, andother medical conditions.
Eligibility criteria:

Eligibility criteriawere minimized to include
almost all participants who would otherwise be
treated according to the local prescribing informa-
tion. Individuals who previously used insulin were

not allowed in the study as the intention was to
collect data on individualsinitiated on insulin

therapy.

In order to replicate real-world conditions, no
interventions and no study-specific observations
were proposed. The study applied a* new-user”
design, enrolling participants at the moment when
they commenced treatment. Thisdesign isthe
recommended approach to minimize patient selec-
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tion bias [27]. It issimilar to that of an interventiona
clinical trial, thereby allowing a reasonable com-
parison of the observational data collected with
clinical trial data.

Inclusion criteria:

Participating physicians proposed participation
in the study to all individuals with T2DM initiated
on basal insulin after OAD failure at their sitesiif
they potentially met the eligibility criteria. The
study inclusion criteriainclude the following: The
patient is willing to give a signed informed consent,
has a diagnosis of T2DM, treatment with at |east
1 OAD for at least 6 months, and is above thelegal
age of adulthood (at least *>_18 years), HbA1c >7.0%
and < 11% within 3 months of study baseline, and
physician’'s decision in accordance with the local
Egyptian guidelines to add basal Gla-300 to the
existing OAD regimen.

Exclusion criteria:

Individuals with the following characteristics
were excluded: DM other than type 2, existing or
previous treatment with insulin or other injectable
antidiabetic drugs, contraindications to Gla-300
according to local product labeling (including
hypersensitivity during the attacks of hypoglycemia,
low potassium level, liver problems, and decreased
renal functions), drug or alcohol abuse within the
past year, a concomitant disease with alife expect-
ancy of lessthan 1 year, and concomitant partici-
pation in other clinical trials. Also, pregnant fe-
males, breastfeeding or planning pregnancy were
excluded, as the present study did not aim to eval-
uate these populations.

Included sites:

Sites using or planning to use Gla-300 and
routinely assessing HbA 1c at least every 6 months
were invited to participate in the study. Treating
physicians were either specialistsin endocrinology,
diabetology, internal medicine, or general practi-
tioners (GPs) working in centers with expertisein
these specialties. Overall, 17 participating sites
were randomly selected based on alist of sites
provided for Egypt.

We took all reasonable measuresto minimize
the impact of funding sources on the outcomes. In
particular, the selection process was randomized
in order to minimize site selection bias. In addition,
al potentially eligible individuals at a study site
were offered to participate in the study to minimize
patient-sel ection bias. With the measuresimple-
mented to minimize these possible sources of bias,
the study aimed to obtain real-world information
on the use of Gla-300.
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Treatment plan:

Participants enrolled in the study were selected
among individuals for whom the treating physician
had decided to prescribe Gla-300 independently
from the study entry. Therefore, study treatment
was not provided by the Sponsor for the study. The
individual patient's HbA 1c glycemic goal was set
by the treating physician, and the titration was
performed using the locally applicable titration
algorithm. Participants must have been treated with
at least one OAD for at least 6 months before
initiating the basal insulin treatment. Other antid-
iabetics were given as treatment intensification for
individuals with poor glycemic control.

Sudy objectives:

The primary objective of the ATOS study isto
assess the effectiveness of Gla-300 in achieving
the glycemic goal measured by HbA 1c after 6
months. Whereas the secondary objectives include
efficacy-related objectivesand safety-related objec-
tives. Efficacy objectives were targeted to assess
the following: Treatment effectivenessin achieving
glycemic goal measured by HbA1c at 3 and 12
months; treatment effectiveness on change in
HbA1c, FPG, and fasting self-measured plasma
glucose (SMPG) after 3, 6, and 12 months; and
requirements for therapeutic intensification by
additional antidiabetics. Safety objectivesinclude
assessment of the incidence of hypoglycemia, any
change in the body weight, and other safety end-
points [including adverse events (AES) and severe
adverse events (SAES)].

Data collection:
Data collection schedule;

Data collection was performed on scheduled
individuals' visits to the included centers (four
planned visits: At baseline, 3, 6, and 12 months).
Individuals visits to the included study site were
scheduled and performed according to clinical
practice. Observations closest to the study schedule
were recorded as a study visit. If there was no
observation within £ 1 month of the planned visit,
the closest observation was recorded as avisit if
thisvisit occurred before the end of data collection
for the study.

Data collected:
Baseline characteristics data:

Baseline characteristics data were collected
from each included patient, which includes demo-
graphic data, diabetes medical history, HbAlc goal
as set by the treating physician at the baseline,
determinant factors for HbA1c goals, and history
of diseases other than diabetes. Individuals demo-
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graphic datainclude gender, age (year of birth),
and socioeconomic status (i.e., living in the urban-
rura or sub-urban area; educational level: Illiterate,
primary, secondary, or university /higher education).
The details of diabetic history were collected,
including duration of diabetes, concomitant antid-
iabetic drugs, and diabetes-associated comorbidi-
ties. Also, other factors that determine HbA 1c
goals such as body mass index (weight and height),
history of severe hypoglycemia, limited life ex-
pectancy, and advanced microvascular or macrov-
ascular complications.

Efficacy data were recorded at each visit:

Data related to treatment efficacy were recorded
at each visit, including the following:

1- HbA1c: Prior to or at each visit.
2- FPG: Prior to or at each visit.

3- Fasting SMPG: the mean of the 3 most recent
readings prior to each visit and the mean of the
last 3 consecutive readings each month of the
study (e.g., the last 3 readings 1 month after
baseline and 2 months after the baseline).

4- Gla-300 dose and time of injection at every
visit. Only the dose of the last visit or the most
recent dose just prior to each visit.

5- Treatment intensification by additional antidia-
betics and the reason for their administration.

Safety data recorded at each post-basdline visit:

We collected the safety data related to the study
treatment in order to ensure the high safety profile
of the Gla-300. The collected safety data include
hypoglycemia (either documented symptomatic
hypoglycemia or severe hypoglycemia), body
weight changes, and other safety-related data (such
as AEsand SAES).

Sample size calculation and statistical analysis
plan:

The sample size was calculated based on the
primary objective and stetistical analysis plan of
the whole ATOS study (NCT03703869); however,
our posthocsubgroup analysis shared only the data
related to the Egyptian participants. Our analysis
shared data from 216 Egyptian individuals with
T2DM from 17 investigational sites across Egypt.
For more details on sample size justification and
statistical analysis plan of the whole study, please
refer to Supplementary File No 1.

Results

Demographics and baseline characteristics:

A total of 216 participants with T2DM (123
females, 56.9%) were included in our study and
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completed the 12-month follow-up period. The
mean age (SD) was 52.7 (9.8), with 191 (88.4%)
of the included participants below 65 years of age.
Mean weight (SD) was 86.8 (13.6), and mean BMI
(SD) was 30.6 (5), with the majority of participants
(43.3%) being obese (i.e., 25-30 BMI). Most in-
cluded participants were from urban areas (92.1 %)
and had health insurance coverage (56.9%) - mostly
public health insurance. Mostparticipants had long-
standing diabetes [mean duration (SD) was 9.8
(6.7)], with 44% of them having had diabetes for
more than 10 years. The mean (SD) HbA1c %
among the included participants at the baseline
was 9.4 (0.9); withonly 3 participants (1.4%)having
HbA1c of 7-7.5%, 18 (8.3%) had HbA1c of 7.5-
8%, 46 (21.3%) had HbA 1c of 8-9%, 76 (35.2%)
had HbA 1c of 9-10%, and 73 (33.8%) had HbA1c%
210. Full details of participants demographics and
baseline characteristics are presented in Table (1).

Table (1): Demographics, patient characteristics, and treatment
characteristics at baseline.

733

Table (1): Count.

N (%) Totdl

N (%) Totdl

Age (years), Mean (SD)
Age Group (years) [n (%)]:

52.7 (9.8) 216

<65 191 (88.4%) 216
65-75 24 (11.1%)
>=75 1(0.5%)
Sex, n (%):
Male 93 (43.1%) 216
Femae 123 (56.9%)

Weight (kg), Mean (SD)
Height (cm), Mean (SD)
BMI (kg/m2), Mean (SD)

BMI (kg/m 2) [n (%)]:
<25

86.8(136) 171
168.0(64) 216
30.6 (5.0) 171

15 (8.8%) 171

25-30 74 (43.3%)
30-35 54 (31.6%)
>=35 28 (16.4%)
Work disability due to diabetes
[n (%)]#:
Yes 0 (0.0%) 58
No 58 (100.0%)

Patient's location [n (%)] :

Urban area 199 (92.1%) 216
Rural area 8 (3.7%)
Suburban area 4 (1.9%)
Unknown 5 (2.3%)
Lifestyle [n (%0)]:
Alone 10 (4.6%) 216
With another adult 197 (91.2%)
In an institution or a community 0 (0.0%)
Other 9 (4.2%)
Health insurance cover [n (%0)]:
Yes 93 (43.1%) 216
No 123 (56.9%)

Type of health insurance [n (%)] ##:

Public Health Insurance 59 (63.4%) 93

Private Health Insurance 20 (21.5%)

Public + Private Health Insurance 14 (15.1%)
Duration of diabetes (years), 9.8 (6.7) 216
Mean (SD)

Duration of diabetes (years) [n (%)]:

<1 0 (0.0%) 216

1-5 59 (27.3%)

5-10 62 (28.7%)

>=10 95 (44.0%)

Age of onset of diabetesin years, 44.9 (8.8) 216
Mean (SD)

History of gestational diabetes

[n (%)]:

Yes 9 (7.3%) 123

No 114 (92.7%)
Duration of OAD in years, 9.5(6.6) 216
Mean (SD) ###

OAD use at baseline [n (%)]:

1 OAD use 37 (17.1%) 216

2 OADsuse 121 (56.0%)

3 or more OADs use 58 (26.9%)

OAD at baseline classification

[n (%)]:
Biguanides 172 (79.6%) 216
Sulfonylureas 171 (79.2%)
Glinides 2 (0.9%)
Thiazolidinediones 16 (7.4%)
DDP-4 inhibitors 79 (36.6%)
SGLT-2 inhibitors 21 (9.7%)
Alpha-glucosidase inhibitors 1(0.5%)

# If “Part-time,” or “Not employed,” or “Incapacity” answered in
employment status.

##1f “Yes’ answered in the Health insurance cover.

### Duration calcul ated based on the participants who have reported
at least one OAD in the concomitant CRF form; Note: the answers
as“Not Applicable” in history of gestational diabetes has been
considered as No; Note: OAD use at baseline is defined as the
medications taken within 6 months of screening (i.e., taken in
any time from the 6 months previous to informed consent (IC)
date until the IC date).

Treatment characteristics:

OADs were received for amean (SD) period of
9.5 (6.6.) years, with 37 participants (17.1%) on
one OAD, 121 (56%) on two OADs, and 58 (26.9%)
on three or more OADs use. OADs used at the
baseline were Biguanides by 172 participants
(79.6%), Sulfonylureas by 171 (79.2%), DDP-4
inhibitors by 79 (36.6%), SGLT-2 inhibitors by 21
(9.7%), Thiazolidinediones by 16 (7.4%), and Gli-
nides by 2 (0.9%), Table (1). Basal insulin was
initiated on a mean dose (SD) of 16.7 (6.5), which
was increased at 3 monthsto 20.3 (7.6), 6 months
to 22.1 (8.0), and at 12 months to 23.6 (9.0) as
shown in Table (2). Bodyweight did not significantly
change after Gla-300 dose adjustments across visits



734

(mean weight at baseline = 86.8, at 3 months =
87.3, at 6 months = 87.3, andat 12 months = 87.6).

Table (2): Basal insulin dose change from baseline across

visits.
Basal insulin dose (U)
change across visits
Baseline Mean (SD) 16.7 (6.5)
Month 3 (visit 2) Mean (SD) 20.3(7.6)
Month 6 (visit 3) Mean (SD) 22.1(8.0)
Month 12 (visit4)  Mean (SD) 23.6(9.0)

Effectiveness of Insulin Glargine Added to OADs in T2DM

Treatment effectiveness outcomes:

The hbA1c target was achieved by 59 partici-
pants (27.7%) [95% CI = 21.8 to 34.2] after 6
months. After 12 months, the HbA 1c target
achievement was increased to 109 participants
(51.2%) [95% CI = 44.3t0 58.1], Table (3). At 6
months, five participants achieved an HbA 1c target
of <7%, 49 achieved an HbA 1c target of 7%-7.5%,
four achieved an HbA 1¢c% target of 7.5%-8%, and
one patient achieved an HbA 1c target of > 8%,
Table (3).

Table (3): Summary of individuals achieving different HbA 1c targets by baseline HbA1c value and by each visit.

Summary of All individuals achieving
different HbA 1c targets by baseline

Summary of individuals aged
>=65 years achieving different

HbA1c value and by visit HbA 1c targets by
n (%), 95% ClI baseline HbA 1c value and by visit

Month 3 (visit 2):

HbA 1c target achievement

HbA1c value <7%
HbA1c value <7.5%
HbA1c value <8%
N

Month 6 (visit 3):

HbA 1c target achievement

HbA1c value <7%
HbA1c value <7.5%
HbA1c value <8%

HbAlc target achievement according

to basdline HbAlc value:
<8%
8%-10%
>=10%

HbAlc target achievement according

to HbA1c goal:
<7%
7%-7.5%
7.5%-8%
>=8%
N

Month 12 (visit 4):

HbA 1c target achievement

HbA1c value <7%
HbA1c value <7.5%
HbA1c value <8%

HbA1c target achievement according

to basdline HbA1c value:
<8%
8%-10%
>=10%
N

22 (10.4%), 6.7t0 15.4
19 (9.0%), 5510 13.7
48 (22.7%), 17.3 10 29.0
92 (43.6%), 36.8 10 50.6
211

59 (27.7%), 21.8 t0 34.2
53 (24.9%), 19.2 t0 31.2
124 (58.2%), 51.3 t0 64.9
180 (84.5%), 78.9t0 89.1

10 (50.0%), 27.2t0 72.8
43 (35.5%), 27.0t0 44.8
6(8.3%), 3.1t0 17.3

5(7.7%), 2510 17.0
49 (36.0%), 28.0t0 44.7
4 (40.0%), 12.21073.8

1 (50.0%), 1.3t0 98.7
213

109 (51.2%), 44.3t0 58.1
100 (46.9%), 40.1 t0 53.9
182 (85.4%), 80.0 to 89.9
206 (96.7%), 93.3 10 98.7

15 (75.0%), 50.9 to 91.3
67 (55.4%), 46.1 to 64.4
27 (37.5%), 26.410 49.7
213

2(8.3%), 1.010 27.0
2(8.3%), 1.010 27.0

5 (20.8%), 7.1t0 42.2
9 (37.5%), 18.8t0 59.4
24

9 (36.0%), 18.0t057.5
10 (40.0%), 21.1 to 61.3
16 (64.0%), 42.5 to 82.0
22 (88.0%), 68.8t0 97.5

2 (66.7%), 9.4 t0 99.2
7 (50.0%), 23.0t0 77.0
0 (0.0%), NA

0 (0.0%), NA
6 (42.9%), 17.7t0 71.1
2 (50.0%), 6.8 t0 93.2
1 (100.0%), NA

25

13 (52.0%), 31.3t0 72.2
13 (52.0%), 31.3t0 72.2
21 (84.0%), 63.910 95.5
23 (92.0%), 74.0t0 99.0

3 (100.0%), NA
7 (50.0%), 23.0to 77.0
3 (37.5%), 8510 75,5
25
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The mean (SD) HbA 1c was reduced significantly
after 6 months of Gla-300, initiating from 9.45%
(0.94) to 7.36% (0.60) and further to 6.97% (0.55)
after 12 months of the treatment (Table 4). Absolute
changesin HbA1c from baseline at 3 months, 6
months, and 12 months were -1.37% (0.69), -2.09%
(0.82), and -2.48% (0.94), respectively. Also, HbAlc,
FPG, and FSM PG showed a significant reduction
from baseline values at follow-up visits (Table 4).

Adverse events and treatment safety:

During the 12-month follow-up period, hy-
poglycemic events showed arare incidence with
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Gla-300 treatment (Table 5). Only two hypoglyc-
emic events (0.93%) occurred in the first 6 months,
with one event (0.46%) considered severe hypogly-
cemia. Also, treatment-emergent adverse events
(TEAES) occurred in 21 participants (9.7%), with
only 2 (0.9%) experiencing serious TEAEs. Out
of those 21 participants, one participant (0.5) had
anervous system disorder and passed through
severe hypoglycemia during the follow-up period.
Moreover, no treastment discontinuation event due
to TEAE was reported during the follow-up period
(Table5).

Table (4): Summary of change from baseline across visitsin terms of HbA 1c (%), HbA1c (mmol/mol), FPG (mmol/L), and

SMPG (mmol/L).
HbA1c (%) HbA1c (mmol/mol) FPG (mmol/L) FSMPG (mmol/L)
change from change from change from baseline change from baseline
baseline across visits baseline across visits across visits across visits
Baseline:
Mean (SD) 9.45 (0.94) 79.82 (10.32) 12.45 (3.06) 12.33(2.81)
N 213 213 188 186
Month 3 (visit 2):
Mean (SD) 8.09 (0.80) 64.90 (8.72) 8.13(2.04) 8.59 (1.96)
Absolute change from baseline —1.37 (0.69) —14.98 (7.59) —4.50 (2.94) -3.34(2.42)
N 211 211 176 135
Month 6 (visit 3):
Mean (SD) 7.36 (0.60) 56.93 (6.55) 7.29 (1.78) 7.49 (1.77)
Absolute change from baseline —2.09 (0.82) —22.89 (8.93) —4.95 (3.03) —4.91 (2.79)
N 213 213 178 173
Month 12 (visit 4):
Mean (SD) 6.97 (0.55) 52.73 (5.96) 6.55 (1.30) 6.81 (1.24)
Absolute change from baseline —2.48 (0.94) —27.09 (10.22) -5.87 (3.28) -5.52 (2.79)
N 213 213 188 170
Change from baseline to Month 3
(visit 2) (MMRM):
LS Mean (SE), 95% ClI -1.37 (0.04), —14.98 (0.47), —4.30 (0.14), —3.77 (0.16),
(-1.46 t0 -1.29) (-15.91 to -14.05) (-4.58t0-4.01) (-4.08; -3.46)
Change from baseline to Month 6
(visit 3) (MMRM):
LS Mean (SE), 95% ClI —2.10 (0.04), —22.90 (0.39), -5.05 (0.13), —4.82 (0.12),
(-2.16 t0 -2.03) (-23.66 to -22.14) (-5.30t0 -4.80) (-5.06; -4.58)
Change from baseline to Month 12
(visit 4) (MMRM):
LS Mean (SE), 95% ClI —2.48 (0.04), —27.10 (0.40), -5.86 (0.10), -5.44 (0.09),
(-2.55t02.41) (-27.90t0 -26.31) (-6.05t0 -5.67) (-5.63; -5.26)

Note: Relative change = ((Value at specific visit - Value at baseline)/Vaue at baseline); MMRM= Mixed model for repeated measurements,
MMRM model with fixed categorical effects of time point (V2, V3, and V4) and the continuous fixed covariate of the baseline value of HbA1c;
Least-sguares (LS) means and standard errors (SE) taken from MMRM analysis.
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Table (5): Overview of adverse events and drug safety profile.

Eligible population Included population

(N=216) (N=219)
Any hypoglycemia event* 2 (0.93%) 2 (0.93%)
Severe hypoglycemia** 1 (0.46%) 1 (0.46%)
TEAE on-treatment period:
Any TEAE 21 (9.7%) 22 (10.0%)
Any serious TEAE 2 (0.9%) 2 (0.9%)
Any related TEAE 1 (0.5%) 1 (0.5%)
Any serious related TEAE 1 (0.5%) 1 (0.5%)
Any treatment-emergent AES| 0 (0.0%) 0 (0.0%)
Any TEAE leading to premature treatment 0 (0.0%) 0 (0.0%)
discontinuation
Any TEAE leading to death 0 (0.0%) 0 (0.0%)
Number (%) of individuals with related TEAE(S)
by Primary SOC and PT:
Any related TEAE 1 (0.5%) 1 (0.5%)
Nervous system disorders 1 (0.5%) 1 (0.5%)
Severe hypoglycemia 1 (0.5%) 1 (0.5%)
Number (%) of individuals with related serious TEAE(S)
by Primary SOC and PT:
Any serious related TEAE 1 (0.5%) 1 (0.5%)
Nervous system disorders 1 (0.5%) 1 (0.5%)
Severe hypoglycemia 1 (0.5%) 1 (0.5%)
Number (%) of individuals with pre-treatment AE(S)
by Primary SOC and PT:
Any pre-treatment AE 1 (0.5%) 1 (0.5%)
General disorders and administration site conditions 1 (0.5%) 1 (0.5%)
Non-cardiac chest pain 1 (0.5%) 1 (0.5%)

* All hypoglycemic events occurred in the first 6 months of the follow-up period.
* The severe hypoglycemic event occurred in the first 6 months of the follow-up period.

Note: TEAE = treatment-emergent adverse events, AES| = Adverse event of special interest, SOC = System organ

class, PT = preferred term, AEs = adverse events.

Discussion

Insulin glargine is basal injectable insulin that
comes in two formulations: Glar-100and Glar-300.
Gla-100 is the most used form due to its well-
established efficacy and safety profiles [28,29].
However, in order to achieve better glycemic con-
trol and avoid the risk of hypoglycemia, a more
concentrated formulation of glargine with a smooth-
er and longer PK-PD profile, glargine 300U, was
investigated in people living with T1D and T2DM.
The main idea behind shifting from Glar-100 to
Glar-300 isto get a prolonged and gradual insulin-
release from the subcutaneous deposit, therefore
achieving glycemic control over an extended period
(lasting more than 24 hours) [30] and aflatter profile
of glucose-lowering action decreasing the risk of
hypoglycemia.

The multinational ATOS observational study
aimed to assess the real-world effectiveness and
safety profile of Glar-300 in awider range of
countries than the previously conducted clinical
trials outside the US and counties of western Eu-

rope. Our posthoc subgroup analysis was a part of
thisinternational study that analyzed only data
collected from Egyptian individuals to investigate
the real-world effectiveness in Egypt as one of the
Northern African countries. Our analysis revealed
asignificant improvement in glycemic control with
the use of Gla-300 during the follow-up period,
with avery rare incidence of hypoglycemic events
or other TEAEs.

Baseline characteristics regarding age, gender
distribution, weight, BMI, duration of diabetes,
HbA1c, percentage of participants reaching HbA1c
targets, FPG, and SMPG were comparable with
participants of the EDITION 3 trial, BRIGHT trial,
and Toujeo-1 study [31-33] . However, participants
in our study were younger than Toujeo-1, EDITION,
and BRIGHT studies (52.7 vs. 64.9, 58.2, and 60.6,
respectively). Likewise, participants recruited from
Egypt were relatively younger compared to the
eligible population in the ATOS overall study (52.7
vs. 57.2 years old). The baseline HbA1c (%) and
FPG (mmol/mol) were higher among our study
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participants compared to previous studies; 9.45
(0.94) and 12.4 (3) vs. 8.49 (1.04) and 9.9 (2.86)
inthe EDITION trial, 8.5 (0.8) and 10.3 (2.5) in
the Toujeo-1 study], as well asthe ATOS overall

study population; 9.28 (1.0) and 11 (3.1).Theinitial
Gla-300 dose in our study period was comparable
with the Toujeo-1 study (16.6 vs. 14.7). However,
ahigher increase in Gla-300 dose was reported in
Toujeo-1 across the study period (22.1 vs. 24.2 at
6 months and 23.6 vs. 26.3 at 12 months). Our
study participants received metformin and sulfo-

nylureas (79.6 and 79.2) approximately as inthe
BRIGHT trial (91.8 and 64.6) and EDITION trial

(90.6 and 59.1), but significantly higher than in
the Toujeo-1 study (21.1 and 2.7) [31-33]. Although
this high rate of OADs use, we observed alow

hypoglycemia rate during our follow-up period.

The proportion of individuals achieving the
HbA 1c target after 6 months of Gla-300 (27.7%)
was higher than the overall participants of the
ATOS main study (25.2%) and less than inthe
Toujeo-1 study (33.4%), BRIGHT trial (48.7%),
and EDITION trial (43.1%). However, the absolute
reduction of mean HbA 1c from the baseline after
6 months was significantly higher in our study
compared to the ATOS main study and other studies
[-2.09 (0.82) vs. —1.50 (1.15), —1.02 (1,09), —1.64
(0.04), and -1.42 (0.05)]. The mean HbA1c level
in our study continued to decrease from month 7
to month 12 to afinal level of 6.97%, while it
slightly increased in EDITION 3 (7.08% to 7.13%)
[31]. Thisled to a double mean reduction in HbA1c
(—2.48 % vs. —1.29%) observed 12 months after
starting Gla-300 treatment in our study and EDI-
TION 3 trial. Furthermore, glycemic improvement
in clinical practice was shown in our study by a
significant reduction in the mean FPG (SD) of
—4.95 (3.03) mmol/L after 6 months and —5.87
(3.28) mmol/L after 12 months of Gla-300 tresat-
ment. However, the reduction was lower in the
ATOS overall study population after 6 and 12
months [-3.42 (2.97) mmol/L and —3.95 (3.04)
mmol/L]. Likewise, alower FPG reduction in
EDITION 3 was reported after 6 and 12 months
(=3.39mmol/L and —3.16 mmol/L) [31]. Thesere-
sults reflect better glycemic control and strict
adherence of our study participants to the prescribed
treatment, which is remarkable in an observational
study. The highest glycemic control level and
HbA 1c target achievement (51.2%) were achieved
with afinal Gla-300 dose of 23.6 (9) U/day after
12 months, which was less than half of the final
dose used in EDITION 3 study 59.4 (32.3) U/day
and final Gla-300 dose used in Tougjo-1, 26.2
(17.2) U/day [31,33] . Our final Glar-300 doseis
even less than half of the final dose used after only

737

6 monthsin the BRIGHT trial [50.5 (25.6) U/day]
[32] . These low Gla-300 doses used in our study
may also contribute to rare hypoglycemic events
(only 2 events) that occurred with our study par-
ticipants compared to other studies, despite the
improved glycemia.

Regarding body weight change, the mean body
weight/kg showed a very limited fluctuation during
the follow-up period [86.8 in the baseling, 87.3
after 3 months and 6 months, and 86,8 after 12
months]. A similar fluctuation was observed in the
ATOS overall study population [80.7, 81.4, 81.3,
and 81.4 in the baseline and after 3, 6, and 12
months, respectively]. These results align with
treatment outcomes observed in EDITION 3 and
BRIGHT trials [31,32]. Moreover, a 1.2kg loss was
observed over the 12 months of Gla-300 treatmentin
areal-world study in Switzerland [33,34] . Contrary
to popular belief and data observed in first-
generation basal insulin, therapy with Gla-300 did
not affect body weight significantly and even
resulted in slight weight loss in some cases.

Hypoglycemiais another AE that usually both
physicians and individuals with T2DM are con-
cerned about when using insulin therapy and may
lead to treatment discontinuation or severe com-
plications. Among our 216 included participants,
only two (0.9%) experienced hypoglycemic epi-
sodes. Regarding the ATOS main study popul ation,
the documented hypoglycemiaincidence was less
than 2%. In comparison to DELIVER Naive D
real-world retrospective study - in which hypogly-
cemic events occurred in 10.3% of participants-
our study provided better real-world safety data
for Gla-300 [35]. Moreover, the hypoglycemia
incidence is much lower than the incidence reported
in randomized controlled trials (RCTSs), such as
EDITION 3 (46%) and BRIGHT (66%). However,
most of these reported hypoglycemic episodes are
mild and non-complicated. Severe hypoglycemia
only occurred in one patient (0,002%) in BRIGHT
and 4 participants (1%) in EDITION 3 [31,32].

Strength points and limitations:

Our study isthe first prospective non-
interventional real-world study to collect data
related safety and effectiveness of basal Gla-300
usein insulin naive T2DM individuals in Egypt.
Our study reflects the actual efficacy of Gla-300
and supportsthe results of previously published
studiesin other populations. Also, the relatively
long period of follow-up (12 months) enables us
to detect HbA 1c fluctuations and any AEsrelated
to drug use. Most of our included participants
compl eted the follow-up without any treatment
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discontinuation. On the other hand, mgjor limita-
tions of our study include alack of randomization
due to the descriptive nature of the study and the
relatively small number of included participants.
Also, our study's absence of a comparator arm may
insert some selection bias and limit our conclusion.
However, applying a“new-user” design in our
recruitment method reduces the risk of selection
bias. The narrow scope of our included participants-

individuals with T2DM initiating Glar-300 after
the failure of OADs - limited the ability to gener-
alize our results to individual swith more advanced
diabetes. Another limitation to be considered is
the possibility of underreporting of hypos. Under-
reporting of hypos is recognized to be a challenging
prevalent issue that can arise for several reasons.
Some individualsmay not disclose they have hypos
for fear of revoking their license, while others may
not know when or if they are suffering hypos, and
others may believe their healthcare team cannot
help. The danger of severe hypos may increase
when hypos are not acknowledged, as the underly-
ing issues can only worsen without action.

Conclusion:

Our posthoc subgroup analysis results from
Egypt are consistent with those of previously
published studies, including the EDITION 3 trial,
BRIGHT trial, and Toujeo-1 study. All of these
positive outcomes, along with the drug's safety
profile, make second-generation basal insulin Gla-
300 an effective treatment option when OADs fall
to control the hyperglycemic state of T2DM indi-
viduals. Thisisin line with the primary data pub-
lished in the ATOS study that Gla-300 use demon-
strated a high level of improvement in HbA1c level
and high effectiveness in controlling the euglycemic
state of individuals with T2DM uncontrolled on
OADs, with avery low risk of AEs.
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