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Abstract

Introduction: Data on the real-world use of Lyumjev®, ultra-rapid-acting insulin lispro, as a mealtime insulin for people with diabetes in Germany are limited. We
aimed to describe children and adults with diabetes receiving Lyumjev® in routine care in Germany.

Materials and Methods: This retrospective cohort study used data on patients with type 1 or type 2 diabetes who initiated Lyumjev® treatment between June
14, 2020, and December 31, 2023, from the multicenter diabetes perspective follow-up registry. Patients were grouped into cohorts by age and diabetes type.
Demographics, clinical characteristics, comorbidities, details of treatment at Lyumjev® initiation, and antidiabetic treatment history were described by cohort at
baseline. Selected characteristics and treatment details were described for cohorts and follow-up time points at which data for 225 patients were available.

Results: In total, 485 patients were included: 106 children and 291 adults with type 1 diabetes and 88 adults with type 2 diabetes. These cohorts receiving Lyumjev®
were generally similar to the respective diabetes Lyumjev® phase III clinical trial populations in terms of age, disease duration, body mass index, and glycated
hemoglobin. In adults with type 1 diabetes followed up for 12-18 months, glycated hemoglobin was stable without an increase in prandial and overall insulin dose
or hypoglycemic events.

Conclusion: These data suggest that the clinical utility of Lyumjev® demonstrated in phase III clinical trials is reflected in a real-world setting in Germany.
Keywords: Insulin; Type 1 Diabetes; Type 2 Diabetes; Ultra-Rapid Lispro

Abbreviations: BMI: Body Mass Index; CT: Conventional Insulin Therapy; DPV: Diabetes Prospective Follow-up registry; eGFR: Estimated Glomerular Filtration
Rate; GLP-1 RA: Glucagon-Like Peptide-1 Receptor Agonist; HbAlc: Glycated Hemoglobin; HDL-C: High-Density Lipoprotein Cholesterol; ICT: Intensive Conventional
Insulin Therapy; LDL-C: Low-Density Lipoprotein Cholesterol; M: Month; N/A: Not Applicable; OAD: Oral Anti diabetes Drug; PPG: Postprandial Glucose; SD: Standard
Deviation; SDS: Standard Deviation Score; SIT: Supplementary Insulin Therapy at Mealtimes; T1D: Type 1 Diabetes; T2D: Type 2 Diabetes

Introduction

In Germany in 2023, the estimated number of people with
documented diabetes was almost 9 million (372,000 with type 1
diabetes and 8.9 million with type 2 diabetes), and an estimated 2

Diabetes is a common, chronic, and progressive disease.
Several studies have shown that the prevalence of diabetes

in Germany has increased significantly in recent years [1-5]. million people had unreported diabetes [6]
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Insulin therapy has advanced significantly over the past
few decades to include recombinant insulin analogs that more
effectively mimic the basal insulin response between meals and
the rapid insulin response after meals in people without diabetes
(e.g., insulin lispro, as part, and glulisine) [7,8]. These rapid-
acting insulins offer a more rapid onset and shorter duration of
action than regular human insulin and are associated with less
hypoglycemia and lower HbA1c [8]. The 2023 American Diabetes
Association Standards of Care in Diabetes guideline recommended
rapid-acting insulin analogs in most individuals with type 1
diabetes to decrease hypoglycemia risk [8].

However, despite the availability of many basal and mealtime
insulin analogs, a considerable number of people with diabetes
still do not achieve glycemic goals [9-11]. Elevated postprandial
glucose (PPG) is a persistent challenge to diabetes management
among both people with type 1 diabetes and those with type 2
diabetes [12,13], and inadequately controlled PPG is associated
with unfavorable clinical outcomes for people with diabetes [14-
16].

One of the primary limiting factors for exogenous insulin
response is the rate of absorption; therefore, recent rapid-acting
insulin analog development has focused on approaches to address
PPG control by speeding up the absorption of insulin into the
bloodstream [17]. Ultra-rapid-acting insulin lispro (Lyumjev®,
Eli Lilly, Indianapolis, IN, USA) is a novel insulin lispro that aims
to mimic physiological prandial insulin secretion for PPG control
[18]. Lyumjev® uses two excipients to accelerate the absorption
of insulin lispro at the injection site: a microdose of treprostinil, a
prostacyclin analog that increases local vasodilation, and citrate,
which enhances local vascular permeability [19-21]. Clinical trials
have confirmed the superiority of ultra-rapid-acting over rapid-
acting insulin analogs in controlling PPG excursions and shown
a safety profile that is comparable to that of the rapid-acting
insulins [22].

In phase III clinical trials (PRONTO-T1D [23] and PRONTO-
T2D [24]), Lyumjev® achieved noninferior reduction in HbAlc
compared with Humalog® at 26 weeks in adults with type 1
diabetes (mean age 44.1 years, BMI 26.6 kg/m? HbA1c 8.04%, and
duration of diabetes 18.8 years) or type 2 diabetes (mean age 60.2
years, BMI 32.1 kg/m? HbAlc 8.30%, and duration of diabetes
16.4 years). Lyumjev® also demonstrated superior PPG control
at 1 and 2 hours after meals [23,24]. Notably, in adults with type
1 diabetes (PRONTO-T1D continuous glucose monitoring sub-
study), Lyumjev® improved daytime time in range compared with
Humalog® [25].

On March 24, 2020, Lyumjev® received a marketing
authorization from the European Medicines Agency as a mealtime
insulin for subcutaneous injection for adults with diabetes

[26]. Lyumjev® subsequently became available in Germany in
September 2020 [27]. The indication for Lyumjev® 100 units/ml
was expanded to include adolescents and children aged =1 year
in November 2022 [28]. To date, limited real-world evidence is
available for Lyumjev®. The objective of this study was to describe
patients with type 1 or type 2 diabetes receiving Lyumjev®
treatment in real-world clinical practice in Germany, including
demographics and clinical characteristics over the course of
Lyumjev® treatment.

Materials and Methods
Data source

This retrospective cohort study used data from the diabetes
perspective follow-up (DPV) initiative database. The DPV registry
was established in 1995 and is a standardized, prospective,
multicenter, computer-based registry of diabetes care and
outcomes [29,30]. Data from 511 pediatric and adult diabetes
care centers, located predominantly in Germany but also in
Austria, Luxembourg, and Switzerland, are recorded locally
and transferred to the registry database twice a year for central
analysis after anonymization.

Patient consent and ethics approval

Data collection and analysis of anonymized routine data for
benchmarking and diabetes research within the DPV initiative
were approved by the ethics committee of Ulm University (number
314/21) and by local review boards of the participating centers.

Study design

Patients were indexed to the study between June 14, 2020,
and December 31, 2023. A patient’s index date was defined as the
date when Lyumjev® treatment was started. Baseline was defined
as the 3-month period preceding the patient’s index date. Patients
were followed from index until the end of the study period
(December 31, 2023), discontinuation of Lyumjev® treatment, or
loss to follow-up, whichever occurred first. Depending on the date
on which Lyumjev® treatment was started, the length of follow-
up could vary between 1 day and 24 months. Index +3M, index
+6M, and index +9M were defined as the index date plus 3, 6, or
9 months, respectively, plus or minus 1.5 months. Index +12M
was defined as the index date plus 12 months, minus 1.5 months
and plus 3 months. Index +18M and index +24M were defined as
the index date plus 18 or 24 months, respectively, plus or minus
3 months. The study index, pre-index, and follow-up periods are
illustrated in Figure S1 in the Supplementary materials.

Study population

Patients diagnosed with type 1 or type 2 diabetes who
received Lyumjev® treatment outside a clinical trial for which
treatment initiation was documented in the DPV registry were
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included. Patients were excluded if they had a diagnosis of
gestational diabetes or had received another prandial insulin
(analog or human insulin) or a premixed insulin during treatment
with Lyumjev®.

Study patients were divided into four cohorts based on age
and diabetes type. Cohort 1 included children with type 1 diabetes
aged =1 year and <18 years at the start of Lyumjev® treatment,
and Cohort 2 included adults with type 1 diabetes aged 218 years
at the start of Lyumjev® treatment. Cohort 3 included children
with type 2 diabetes aged 21 year and <18 years at the start of
Lyumjev® treatment, and Cohort 4 included adults with type 2
diabetes aged 218 years at the start of Lyumjev® treatment.

Study variables

To evaluate the use of Lyumjev® in routine clinical care,
demographics, clinical characteristics, comorbidities, details of
treatment at Lyumjev® initiation, and antidiabetic treatment
history were described by cohort at baseline. The record closest
to the index date was used for baseline descriptions. Selected
characteristics (HbAlc, BMI, and number of patients with severe
hypoglycemic events) and treatment details (Lyumjev® dose and
insulin comedication) were described across the follow-up period,
if available. As sample size markedly decreased across the follow-
up time points, baseline characteristics were also described
for the subgroup of patients with follow-up data available at
each respective time point. The record closest to the end of the
respective time period was used. Follow-up results were only
described for cohorts, variables, and time points at which data for
at least 25 patients were available.

Statistical analyses

Descriptive statistics were implemented for each study cohort.
The number of patients with missing data were reported for each
measured variable in the study. For categorical variables, results
were presented as number, number missing, frequency, and
percentage. For continuous variables, results were presented as
number, number missing, mean, and SD. No comparative analyses
were performed. All analyses were conducted using SAS version
9.4 (SAS Institute Inc, Cary, NC, USA).

Results
Patients

Initially, 637,188 people with type 1 or type 2 diabetes from
the DPV registry were confirmed as eligible for study participation
based on predefined inclusion and exclusion criteria (Figure 1).
Of those, 485 patients treated with Lyumjev® were included in
the study: 106 children and 291 adults with type 1 diabetes were
included in Cohorts 1 and 2, respectively; the number of children
with type 2 diabetes was less than five (Cohort 3), and 88 adults
with type 2 diabetes were included in Cohort 4. As the sample size
of Cohort 3 was less than five, no further description of this cohort
is provided.

The mean (SD) duration of follow-up was short: 0.1 (0.2)
years in Cohort 1, 0.5 (0.7) years in Cohort 2, and 0.6 (0.9) years
in Cohort 4. Figure 1 describes the number of patients available
for follow-up at each post-index time point in each cohort. Most
patients, especially children, initiated Lyumjev® treatment late
during the study period, which strongly limited the duration of
available follow-up data. In Cohorts 1, 2, and 4, when the follow-up
period ended, 86.8%, 84.2%, and 76.1% of patients, respectively,
were still receiving Lyumjev® treatment; 13.2%, 15.8%, and
23.9% of patients, respectively, stopped Lyumjev® treatment
during the study period. The reason for treatment discontinuation
is not recorded within the DPV registry.

Baseline characteristics

The baseline demographics, clinical characteristics, and
comorbidities of patients who received Lyumjev® treatment are
summarized by cohort in Table 1. In Cohort 1, children with type
1 diabetes (59.4% male) had a mean (SD) age of 11.6 (4.4) years
at index, BMI 22.1 (4.9) kg/m? (BMI standard deviation score
[SDS] 0.7 [1.2]), HbAlc 8.1 (2.5) %, and duration of diabetes of
3.9 (4.0) years. In this cohort, 50.9% of children had dyslipidemia,
10.4% had microalbuminuria, 5.3% had hypertension, and 0.9%
had macroalbuminuria. Whether patients received medication
for comorbid conditions (e.g., lipid-lowering or antihypertensive
treatments) was not analyzed.
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Table 1: Baseline characteristics of patients who received Lyumjev® treatment by cohort (Cohorts 1, 2, and 4*).

Cohort 2 Cohort 4
Cohort 1 Children and adolescents . .
Characteristic (21 and <18 years) with T1D Adults (218 years) with | Adults (218 years) with
N=106 T1D T2D
- N=291 N=88
Demographics
Sex, n (%)

Male 63 (59.4) 159 (54.6) 53 (60.2)
Female 43 (40.6) 132 (45.4) 35(39.8)

Age (years) at diabetes onset [N]

7.7 (4.1) [106]

21.1 (13.9) [291]

46.3 (14.2) [88]

Age (years) at index [N]

11.6 (4.4) [106]

40.6 (16.2) [291]

62.8 (12.9) [88]

Duration of diabetes (years) at index [N]

3.9 (4.0) [106]

19.5 (14.6) [291]

16.4 (10.7) [88]

Smokers, n (%)

1(0.943)

37 (12.715)

5(5.7)

Duration of follow-up (years) [N]

0.1 (0.2) [106]

0.5 (0.7) [291]

0.6 (0.9) [88]

Clinical characteristics

BMI (kg/m?) [N]

22.1(4.9) [78]

26.1 (5.0) [276]

32.5 (6.9) [84]

Weight (kg) [N]

59.2 (20.0) [78]

79.4 (16.6) [276]

96.5 (23.2) [84]

Height (cm) [N]

161.8 (15.6) [78]

174.2 (9.5) [276]

172.0 (8.7) [84]

HbA1c [N]

%

8.1 (2.5) [99]

7.6 (1.7) [240]

8.1 (1.7) [80]

mmol/mol

65.5 (27.6) [99]

59.3 (18.6) [240]

64.8 (18.9) [80]

Lipid profile (mg/dL) [N]

Total cholesterol

165.4 (42.8) [51]

182.0 (36.0) [105]

161.6 (55.1) [44]

HDL-C 52.5 (15.6) [49] 62.7 (18.7) [93] 43.6 (11.6) [35]
LDL-C 91.6 (27.0) [46] 104.2 (32.5) [114] 91.8 (45.8) [43]
Triglycerides 148.2 (143.5) [49] 101.4 (58.7) [104] 177.2 (92.9) [44]

Renal parameters [N]

eGFR (mL/min/1.73 m2)

145.6 (16.9) [45]

96.4 (26.8) [150]

72.9 (27.2) [77]

Creatinine (mg/dL)

0.6 (0.2) [45]

1.1 (1.3) [150]

1.3 (1.0) [77]

Blood pressure [N]

Systolic (mmHg)

115.8 (12.4) [94]

129.7 (16.2) [245]

134.1 (19.3) [78]

Diastolic (mmHg)

70.5 (9.7) [94]

78.6 (9.7) [245]

78.0 (10.6) [78]

Comorbidities
Hypertension (90/140), n (%) 5(5.3) 100 (40.0) 64 (77.1)
Dyslipidemia, n (%) * 27 (50.9) 110 (75.3) 55(91.7)
Microalbuminuria, n (%) 11 (10.4) 19 (6.5) 6 (6.8)
Macroalbuminuria, n (%) * 1(0.9) 4(1.4) 2(2.3)

All data reported are mean (SD) unless described otherwise.
N values in italics represent the number of patients with data available for continuous variable at baseline.
*As the sample size in Cohort 3 was small, no description of this cohort is provided.

tPercentage calculated with number of patients with non-missing data in denominator.

BMI, body mass index; eGFR, estimated glomerular filtration rate; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; n, number of patients in categorical variable category at baseline; N, total number of patients in cohort;
SD, standard deviation; T1D, type 1 diabetes; T2D, type 2 diabetes.

In Cohort 2, adults with type 1 diabetes (54.6% male) had a
mean (SD) age of 40.6 (16.2) years at index, BMI 26.1 (5.0) kg/
m?, HbAlc 7.6 (1.7) %, and duration of diabetes of 19.5 (14.6)
years. In this cohort, 75.3% of adults had dyslipidemia, 40.0%
had hypertension, 6.5% had microalbuminuria, and 1.4% had

macroalbuminuria.
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Adults with type 2 diabetes in Cohort 4 (60.2% male) had a
mean (SD) age of 62.8 (12.9) years at index, BMI 32.5 (6.9) kg/
m? HbAlc 8.1 (1.7) %, and duration of diabetes of 16.4 (10.7)
years. In this cohort, 91.7% of adults had dyslipidemia, 77.1%
had hypertension, 6.8% had microalbuminuria, and 2.3% had
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Figure 1: Patient flow diagram.
DPV, Diabetes Prospective Follow-up registry; M, months; N/A, not applicable; T1D, type 1 diabetes; T2D, type 2 diabetes; yrs,
years.

Details of treatment at Lyumjev® initiation and 46.0(31.6)IU (n=106)and 0.9 (0.4) IU/kg per day (n=103). In this
antidiabetic treatment history cohort, 64.2% of children were on a pump insulin regimen, and
34.0% were on an intensive conventional insulin therapy (ICT)
regimen (Figure 2A). Of the 70 children in Cohort 1 for whom data
on prior medication were available, all had previously received

In Cohort 1, the mean (SD) Lyumjev® (prandial) dose at index
was 29.0 (22.7) IU per day for children with type 1 diabetes
(n=106), and 22 (20.8%) patients received Lyumjev® directly at
initial diagnosis. In total, 40% of children received basal insulin as
comedication (Figure 2A). The mean (SD) overall insulin dose was

insulin therapy, with 44.3% receiving basal insulin and 84.3%
receiving prandial insulin (Figure 3A).
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Figure 2: Antidiabetic comedication and insulin regimens at initiation of Lyumjev® treatment by cohort (Cohorts 1, 2, and 4*)
2A. Children and adolescents (=1 and <18 years) with type 1 diabetes (Cohort 1; N=106)
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Figure 2C: Adults (=18 years) with type 2 diabetes (Cohort 4; N=88).

*As the sample size in Cohort 3 is small, no description of this cohort is provided.

All percentages calculated with total number of patients in cohort in denominator.

CT, conventional insulin therapy; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1 RA, glucagon-like peptide-1 receptor agonist;
ICT, intensive conventional insulin therapy; OAD, oral antidiabetic drug; SGLT-2i, sodium glucose transport protein-2 inhibitor; SIT,

supplementary insulin therapy at mealtimes.

In Cohort 2, the adults with type 1 diabetes received a mean
(SD) Lyumjev® (prandial) dose at index of 30.1 (33.4) IU (n=282),
and eight (2.7%) patients received Lyumjev® directly at initial
diagnosis. A total of 63% of adults received basal insulin as
comedication (Figure 2B). The mean (SD) overall insulin dose
was 52.5 (39.5) IU (n=290) and 0.7 (0.5) IU/kg per day (n=272).
In this cohort, 37.1% of adults were on an ICT insulin regimen,

28.9% were on a pump insulin regimen, and 25.4% were on a
conventional insulin therapy (CT) regimen (Figure 2B). Of the
118 adults in Cohort 2 for whom data on prior medication were
available, all had previously received insulin therapy, with 68.6%
receiving basal insulin and 79.7% receiving prandial insulin
(Figure 3B).
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Figure 3B:

Adults (=18 years) with type 1 diabetes (Cohort 2; N=291).

In adults with type 2 diabetes in Cohort 4, the mean (SD)
Lyumjev® (prandial) dose at index was 37.1 (32.3) IU (n=84), and
five (5.7%) patients received Lyumjev® directly at initial diagnosis.
In total, 83% of adults received basal insulin as comedication
(Figure 2C). The mean (SD) overall insulin dose was 62.0 (43.8) IU
(n=86) and 0.7 (0.6) IU/kg per day (n=80). The majority of adults
in this cohort (56.8%) were on an ICT regimen, and 25.0% were on
a CT regimen (Figure 2C). In this cohort, 78.4% of adults with type
2 diabetes received an oral antidiabetic drug (OAD) or glucagon-
like peptide 1 receptor agonist (GLP-1 RA) as comedication with
Lyumjev® (Figure 2C). Of the 37 adults in Cohort 4 for whom
data on prior medication were available, 81.1% had previously
received insulin therapy, 43.2% had received a prandial insulin,
and 86.5% had received an OAD or GLP-1 RA (Figure 3C).

Characteristics of patients over the course of Lyumjev®
treatment

Because the sample sizes in Cohorts 1 and 2 were small, follow-
up data (including clinical characteristics, details of Lyumjev®
treatment, and antidiabetic comedication) are presented and
described until index +3 months for children with type 1 diabetes
(Cohort 1) (Table 2) and until index +18 months for adults with
type 1 diabetes (Cohort 2) (Table 3). Results are descriptive only;
no comparative statistical tests were conducted between follow-
up time points. Data were available for fewer than 25 patients at
all follow-up time points in Cohort 4; therefore, no description of
patient characteristics over the course of Lyumjev® treatment is
provided for adults with type 2 diabetes.
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Figure 3C: Adults (=18 years) with type 2 diabetes (Cohort 4; N=88).

*Because the sample size in Cohort 3 was small, no description of this cohort is provided.

tAntidiabetic medication directly preceding Lyumjev® percentages calculated with number of patients with data on prior antidiabetic
medication available in denominator. Cohort 1, n=70 (66.0%); Cohort 2, n=118 (40.5%); Cohort 4, n=37 (42.0%).

FInsulin regimen directly preceding Lyumjev® percentages calculated with number of patients with data on insulin regimen available
in denominator. Cohort 1, n=70 (66.0%); Cohort 2, n=118 (40.5%); Cohort 4, n=30 (34.1%).

BOT, basal (insulin)-supported oral therapy; CT, conventional insulin therapy; DPP-4i, dipeptidyl peptidase-4 inhibitor; GLP-1 RA,
glucagon-like peptide-1 receptor agonist; ICT, intensive conventional insulin therapy; OAD, oral antidiabetic drug; SGLT-2i, sodium
glucose transport protein-2 inhibitor; SIT, supplementary insulin therapy at mealtimes.

Insulin regimens ditectly preceding
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Table 2: Characteristics of children with type 1 diabetes at index +3 months of Lyumjev® treatment (Cohort 1, N=106).

Characteristic data availabi\i oz;t(’ lf);)::]i:::s/mi(;tx +3 months At baseline At index +3 months
HbA1lc
% 44 /39 9.1(3.2) 6.9 (1.1)
mmol/mol 44 /39 75.989 (34.791) 51.883 (11.799)
Patients with one or more severe hypoglycemic event, 46 /46 0 1022)
n (%)
Lyumjev’ (prandial) dose (IU) per day 46 / 46 27.9 (19.7) 25.5(19.8)
Patients with basal insulin as comedication, n (%) 46 / 46 26 (56.5) 25 (54.3)
Overall insulin dose (1U) 46 / 46 43.7 (30.3) 41.5 (30.3)
Sex 46 / 46
Male, n (%) 29 (63.0) N/A
Female, n (%) 17 (37.0) N/A
Age (years) at index 46 / 46 11.6 (4.4) N/A
BMI (kg/m?) 34/36 21.6 (4.9) 22.1 (4.9)

All data are presented as mean (SD) unless described otherwise.

BMI, body mass index; HbA1c, glycated hemoglobin; N/A, not applicable; SD standard deviation.

In Cohort 1, mean (SD) HbAlc decreased from baseline at
index +3 months (6.9 [1.1] vs. 9.1 [3.2] %), whereas mean (SD)
BMI increased from baseline (22.1 [4.9] vs. 21.6 [4.9] kg/m? BMI-
SDS 0.8 [1.1] vs. 0.6 [1.3]) among children with type 1 diabetes
(Table 2). The mean (SD) Lyumjev® (prandial) dose decreased
from baseline (25.5 [19.8] vs. 27.9 [19.7] IU), the proportion of
children receiving basal insulin as comedication to Lyumjev®

treatment decreased from baseline (54.3 vs. 56.5%), and the mean
(SD) overall insulin dose decreased from baseline (41.5 [30.3] vs.
43.7 [30.3] IU) at index +3 months. One of the 46 children with
type 1 diabetes in Cohort 1 with follow-up data available at index
+3 months had one or more severe hypoglycemic event during the
first 3 months of treatment.
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Table 3: Characteristics of adults with type 1 diabetes over the course of Lyumjev® treatment from baseline to index +18 months (Cohort 2, N=291).

No. of patients

No. of patients

Characteristic with data available | Atbase- At index with data avail- At baseline At index
s at baseline / index line +3 months able at baseline / € +6 months
+3 months index +6 months
HbAlc 86 /82 62 /59
% 7.3 (1.3) 7.1 (1.0) 7.3 (1.4) 7.0 (0.8)
mmol/mol 56.6 (14.5) 54.5 (10.4) 56.2 (15.4) 52.5(8.8)
Patients with one or more severe
hypoglycemic event, n (%) 92 /92 2(2.2) 1(1.1) 66 /66 1(1.5) 0
Lyumjev® (prandial) dose (IU) per day 91 /91 35.8 (40.7) 34.3 (37.6) 65 /65 36.7 (47.0) 36.0 (43.8)
Patients with basal insulin as comedi-
cation, n (%) 92 /92 61 (66.3) 62 (67.4) 66 / 66 45 (68.2) 45 (68.2)
Overall insulin dose (IU) 92 /92 60.4 (43.8) 59.2 (41.2) 66 /66 58.7 (49.0) 59.6 (46.7)
Sex 92 /92 66 /66
Male, n (%) 51 (55.4) N/A 39 (59.1) N/A
Female, n (%) 41 (44.6) N/A 27 (40.9) N/A
Age (years) at index 92 /92 39.5 (16.3) N/A 66 / 66 40.2 (15.3) N/A
BMI (kg/m?) 92/90 26.9 (5.2) 27.1(5.3) 66 /66 26.8 (5.0) 27.1(5.1)
No. of patients No. of patients
Characteristic with data available | At base- At index with data avail- At baseline At index
at baseline / index line +9 months able at baseline / +12 months
+9 months index +12 months
HbAlc 57 /55 56 /50
% 7.3(1.4) 6.9 (0.9) 7.1 (0.9) 7.0 (0.8)
mmol/mol 55.8 (15.3) 52.4 (9.4) 54.0 (9.5) 52.6 (8.7)
Patients with one or more severe
hypoglycemic event, n (%) 57/57 18 0 56/56 0 0
Lyumjev® (prandial) dose (IU) per day 56 /56 38.1(50.2) 36.4 (46.0) 54 /55 37.6 (50.5) 36.0 (45.8)
Patients with basal insulin as comedi-
cation, n (%) 57 /57 41 (71.9) 41 (71.9) 56 /56 38(67.9) 38(67.9)
Overall insulin dose (1U) 57 /57 58.8 (52.6) 58.8 (48.5) 56 /56 58.7 (52.0) 58.8 (47.2)
Sex 57 /57 56 /56
Male, n (%) 37 (64.9) N/A 37 (66.1) N/A
Female, n (%) 20(35.1) N/A 19 (33.9) N/A
Age (years) at index 57 /57 37.1(15.5) N/A 56 /56 39.6 (14.9) N/A
BMI (kg/m?) 57 /57 26.1(5.3) 26.4 (5.1) 56 /56 26.6 (5.3) 26.9 (5.3)
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No. of patients
Characteristic with data available | At base- At index
at baseline / index line +18 months
+18 months
HbAlc 41 /35
% 7.2 (0.9) 7.2 (0.9)
mmol/mol 54.7 (9.9) 54.9 (9.4)
Patients with one or more severe
hypoglycemic event, n (%) 41/41 124 0
Lyumjev® (prandial) dose (IU) per day 41 /41 39.4 (57.1) 39.0 (52.2)
Patients with basal insulin as comedi-
cation, n (%) 41 /41 27 (65.9) 28 (68.3)
Overall insulin dose (IU) 41 /41 61.5 (58.2) 63.3 (52.8)
Sex 41 /41
Male, n (%) 24 (58.5) N/A
Female, n (%) 17 (41.5) N/A
Age (years) at index 41 /41 41.7 (16.2) N/A
BMI (kg/m?) 41/39 27.7 (5.9) 28.2 (6.0)

In Cohort 2, mean (SD) HbA1lc varied between 6.9 (0.9) and
7.2 (0.9) % at follow-up time points until index +18 months
among adults with type 1 diabetes (Table 3). Generally, values
at follow-up time points were slightly lower than at baseline for
the respective patient subgroups. Mean (SD) BMI varied between
26.4 (5.1) and 28.2 (6.0) kg/m? over the follow-up time points to
index +18 months. At all follow-up time points, the mean (SD) BMI
was marginally higher than at baseline. The mean (SD) Lyumjev®
(prandial) dose and overall insulin dose varied little across follow-
up time points until index +18 months (between 34.3 [37.6]
and 39.0 [52.2] IU and between 58.8 [48.5] and 63.3 [52.8] IU,
respectively). Generally, the proportions of adults receiving basal
insulin as comedication to Lyumjev® treatment at follow-up time
points were slightly higher than at baseline for the respective
subgroups. Of the 92 adults with type 1 diabetes in Cohort 2 with
follow-up data available at index +3 months, one had one or more
severe hypoglycemic event during the first 3 months of treatment.
No severe hypoglycemic events were reported during any of the
other follow-up periods.

Discussion

The objective of this study was to describe the population of
patients with diabetes receiving Lyumjev® treatment in everyday
clinical practice in Germany since the ultra-rapid-acting insulin
analog became available, using real-world data derived from
the DPV initiative database. Given the superiority of ultra-rapid-
acting over rapid-acting insulin analogs in controlling PPG
excursions demonstrated in clinical trials, many people with

diabetes may benefit from these treatments in terms of prandial
glycemic control [22]. ultra-rapid-acting
analogs are not explicitly addressed in current type 2 diabetes

However, insulin
management guidelines or consensus recommendations for
clinical practice issued by medical societies such as the American
Diabetes Association or the European Association for the Study
of Diabetes [8,31]. Furthermore, in the equivalent type 1 diabetes
professional guidelines and recommendations, ultra-rapid-acting
insulin analogs are only mentioned as an alternative equivalent
to rapid-acting insulin analogs [8,32]. Therefore, real-world
data on the use of Lyumjev® and the populations of people
with diabetes for whom ultra-rapid-acting insulin analogs may
be beneficial, provide additional evidence and are important to
inform healthcare professionals and improve patient care. This
study showed that the real-world populations with type 1 or
type 2 diabetes receiving Lyumjev® treatment in Germany were
generally similar to those of the adult diabetes phase III clinical
trial populations in which Lyumjev® demonstrated superiority in
terms of PPG control and non-inferiorityin HbAlcreduction versus
insulin lispro [23,24], thereby supporting the generalizability of
these results to everyday clinical practice.

Adults with type 1 diabetes in this study were slightly younger
(mean age 40.6 vs. 44.1 years) but had a similar disease duration
(mean 19.5 vs. 18.8 years), a similar BMI (mean 26.1 vs. 26.6
kg/m?), and slightly lower HbAlc (mean 7.58 vs. 8.04%) when
initiating Lyumjev® treatment than those who were enrolled in
the PRONTO-T1D trial [23]. These findings were mirrored when
comparing the characteristics of children with type 1 diabetes in
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this study with those in the phase III pediatric Lyumjev® clinical
trial population [33]. Children with type 1 diabetes in this study
were slightly younger (mean 11.6 vs. 12.1 years) but had a slightly
higher BMI (mean 22.1 vs. 20.5 kg/m?), a marginally shorter
disease duration (mean 3.9 vs. 4.5 years), and a marginally
higher HbAlc (mean 8.15 vs. 7.91%) when initiating Lyumjev®
treatment than those in the PRONTO-Peds trial [33]. Adults
with type 2 diabetes in this study were slightly older (mean age
62.8 vs. 60.2 years) but had the same average disease duration
(mean 16.4 vs. 16.4 years), a similar BMI (mean 32.5 vs. 32.1
kg/m?), and marginally lower HbAlc (mean 8.1 vs. 8.3%) when
initiating Lyumjev® treatment than those who were enrolled in
the PRONTO-T2D trial [24].

This study had strong sample size limitations for the follow-
up period, especially for Cohorts 1 and 4. Importantly, the
short follow-up time was driven by patients starting Lyumjev®
treatment close to the end of the study period. Most patients were
still on Lyumjev® treatment at the end of the study period: 13.2%
of patients in Cohort 1, 15.8% in Cohort 2, and 23.9% in Cohort
4 discontinued Lyumjev® during the study period. In this study,
HbAlc, reflecting glycemic control, was still stable after 12/18
months among adults with type 1 diabetes, without an observed
increase in prandial and overall insulin dose or an increase in the
risk of hypoglycemic events.

The results of this real-world Lyumjev® study are in line with
the results of the PRONTO-T1D clinical trial [23], which showed
noninferior reduction in HbAlc compared with Humalog® at 26
weeks, even though the duration of action of Lyumjev® is shorter
and the onset of action is faster [34]. However, the superiority of
ultra-rapid insulin lispro, which is only expected post-prandially
[23,24], could not be assessed in this study because of sample
size limitations for continuous glucose monitoring measures.
For children with type 1 diabetes, an improvement in glycemic
control reflected by HbAlc could be observed with a reduction
in daily Lyumjev® dose and overall insulin dose after 3 months
of treatment. Only one patient reported experiencing a severe
hypoglycemic event. These results are in line with those reported
for the PRONTO-Peds clinical trial [33]. The follow-up data for
patients with type 2 diabetes who received Lyumjev® in this study
was insufficient to enable us to draw conclusions. However, our
findings can serve as a basis for future research on the potential
benefits of Lyumjev® treatment seen in clinical trials and how
they could translate outside of the clinical trial setting.

Limitations

The main study limitations were the descriptive nature of the
study, the baseline sample size restriction in Cohort 3 (children
with type 2 diabetes), and the follow-up sample size restrictions
in Cohorts 4 (adults with type 2 diabetes) and 1 (children with
type 1 diabetes), most likely due to the date that Lyumjev® became
available for children in Germany. Therefore, the described
characteristics of patients over the course of Lyumjev® treatment

should be interpreted with caution. Information on nutrition
habits or individual socioeconomic status was not available in the
DPV registry; therefore, residual confounding factors could not
be completely ruled out. However, the multicenter, prospective
data collection within the DPV registry enabled the longitudinal
follow-up of individuals with diabetes of several age groups on
both a national and an international level using large sample
sizes. The DPV registry captured more than 85% of children
and adolescents with type 1 diabetes in Germany [35], making
the results representative for type 1 diabetes care in Germany.
Moreover, the DPV registry could be regarded as representative
for routine diabetes specialist care in Germany for adults with
type 1 or type 2 diabetes. However, adults with diabetes treated in
primary care services were underrepresented.

Conclusions

These findings collectively contribute to the growing body of
evidence supporting the clinical utility of Lyumjev® in real-world
settings and the generalizability of the phase III Lyumjev® clinical
trials to everyday clinical practice in Germany. However, further
research is required to understand the real-world use of Lyumjev®
in routine care.
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