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ABSTRACT

Introduction: The PRONTO-T1D study evalu-
ated the efficacy and safety of ultra rapid lispro
(URLi) versus lispro in adults with type 1 dia-
betes mellitus. After 26 weeks of treatment,
mealtime and postmeal URLi provided effective
and comparable glycemic control in a prespec-
ified subpopulation analysis of Japanese
patients from PRONTO-T1D. We present the
results of a 52-week study which evaluated the
long-term efficacy and safety of URLi in Japa-
nese patients.
Methods: After an 8-week lead-in period to
optimize basal insulin treatment, Japanese
patients were randomized to one of three
treatment groups: the 52-week double-blind
mealtime URLi (n = 62) or mealtime lispro
(n = 59) group, respectively, or the 52-week
open-label postmeal URLi (n = 46) group.

Results: At week 52, there were no statistically
significant differences in change from baseline
in hemoglobin A1c (HbA1c) between Japanese
patients on URLi and those on lispro; the least-
squares mean (LSM) treatment difference was
0.04% (95% confidence interval [CI] - 0.18,
0.25) between mealtime URLi and lispro, and
0.04% (95% CI - 0.19, 0.28) between postmeal
URLi and mealtime lispro. No significant
between-group differences were observed in the
number of patients achieving the HbA1c target
of\ 7.0% (20.0, 30.5 and 16.3% of those on
mealtime URLi, mealtime lispro and postmeal
URLi, respectively). Daily average blood glucose
levels in the 10-point self-monitored blood
glucose profiles at week 52 were similar between
treatments. However, compared with lispro,
lower blood glucose levels were observed for the
mealtime URLi group at the morning 1- and 2-h
postmeal time points with LSM differences of
- 32.7 mg/dL (- 1.82 mmol/L) (p = 0.005) and
- 23.2 mg/dL (- 1.29 mmol/L) (p = 0.029),
respectively. There were no significant treatment
differences in the incidences of treatment-emer-
gent adverse events, documented hypoglycemia
and severe hypoglycemia; however, the rate of
documented hypoglycemia was lower in the
mealtimeURLiarmcomparedwiththe lisproarm.
Conclusions: Overall glycemic control and
improved postprandial glucose via self-monitor-
ingwasmaintained inJapanesepatients following
52 weeks of treatment with URLi versus lispro,
including postmeal URLi administration.
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Key Summary Points

Why carry out this study?

There is a medical need for faster rapid-
acting insulins, including those that can
be administered postmeal as needed.

In a prespecified Japanese subpopulation
analysis of the PRONTO-T1D trial, the
results were consistent with those of the
overall population where ultra rapid lispro
(URLi) demonstrated non-inferior
hemoglobin A1c change from baseline
compared to lispro following 26 weeks of
treatment with mealtime URLi and lispro,
and when URLi was administered 20 min
after the meal.

The long-term efficacy and safety of URLi
in comparison to lispro was evaluated in
an additional 26-week long-term
maintenance period, for a total treatment
period of 52 weeks, with this study thus
being the first report of long-term efficacy
and safety of postmeal URLi in any
population.

What was learned from the study?

Overall glycemic control and improved
postprandial glucose via self-monitoring
was maintained in Japanese patients
following 52 weeks of treatment with
URLi administered at mealtime or
postmeal versus lispro administered at
mealtime.

These observations suggest that the
efficacy and safety profile of URLi is
preserved during long-term treatment in
Japanese patients with type 1 diabetes
mellitus.

INTRODUCTION

Glycemic control is central to the management
of diabetes. However, despite significant
advances in diabetes care and management,
many patients fail to achieve optimal glycemic
control [1], thereby increasing the risk of dia-
betes-related morbidity and mortality [2, 3]. It is
clear that control of both fasting and post-
prandial hyperglycemia is crucial for achieving
recommended hemoglobin A1c (HbA1c) targets
in diabetes [2]. In Japan, the mean HbA1c of
patients with type 1 diabetes mellitus (T1DM) is
7.8% [4], well above the recommended target
of\ 7.0% [2].

Prandial insulin analogs, such as lispro (Hu-
malog; Eli Lilly and Company, Indianapolis, IN,
USA), insulin aspart (NovoRapid; Novo Nordisk
A/S, Bagsværd, Denmark), and insulin glulisine
(Apidra; Sanofi S.A., Paris, France), have a faster
onset and offset of insulin effect in comparison
to regular human insulin [5]. However, these
rapid-acting insulin analogs are still not able to
match the speed of physiological insulin secre-
tion [6], leaving many patients unable to
achieve optimal glycemic control. Additionally,
substantial burden was reported by Japanese
patients with diabetes regarding the injection
timing of mealtime insulin [7]. Prior to the
approval of ultra rapid lispro (URLi) in Japan
(Lyumjev; Eli Lilly and Company) in March
2020 [8], Fiasp� (Novo Nordisk A/S) was the
only postmeal product available in Japan [9].
Hence, there is a medical need for more fast-
acting insulin preparations.

URLi is a novel insulin lispro formulation
containing two locally-acting excipients, citrate
and treprostinil, with independent mechanisms
of action that accelerate the absorption of
insulin lispro. Microdoses of treprostinil in the
URLi formulation enhance insulin lispro
absorption by local vasodilation but are not
associated with systemic effects [10]. Sodium
citrate in the formulation further enhances the
absorption of insulin lispro by increasing vas-
cular permeability at the injection site [11].
URLi was developed with the aim to more clo-
sely match physiological insulin secretion in
response to meals and improve postprandial
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glucose (PPG) control [12]. Pharmacokinetic
and glucodynamic studies have demonstrated
that in comparison to lispro URLi has acceler-
ated absorption and faster onset/offset of
action, with reduced PPG levels in patients with
T1DM [12].

PRONTO-T1D was a multinational, prospec-
tive, randomized, phase 3 trial which evaluated
the efficacy and safety of URLi versus lispro in
adults with T1DM [13]. The findings of the first
26 weeks of PRONTO-T1D have been published
[13]. This pivotal trial met the primary objective
of non-inferior change in HbA1c from baseline
through to week 26 when URLi and lispro were
administered at mealtime (0–2 min before the
start of a meal) in a double-blind manner, and
for postmeal URLi administration (20 min after
the start of a meal) in an open-label setting
compared with mealtime lispro [13]. In this
global trial, mealtime URLi was superior to
mealtime lispro in controlling 1- and 2-h PPG
excursions during a meal test at week 26. Post-
meal URLi provided similar PPG control during
the meal test in comparison with mealtime lis-
pro, although it was less effective compared to
mealtime URLi. Importantly, the improvement
observed in glycemic control in the overall
population at week 26 occurred without an
increase in the risk of hypoglycemia, and URLi
was well tolerated.

A prespecified exploratory analysis of
26-week data from the PRONTO-T1D trial in
Japanese patients has also been published [14].
Consistent with the overall population, URLi
was effective and comparable to lispro in terms
of overall glycemic control when administered
at mealtime or 20 min after the start of a meal
in Japanese patients with T1DM [14]. Further-
more, mealtime URLi provided effective PPG
control and was well tolerated in Japanese
patients. An additional 26-week long-term
maintenance period of the PRONTO-T1D trial
was conducted to evaluate the long-term effi-
cacy and safety of URLi (a total of 52 weeks of
treatment). For the overall population, glycemic
control and improved PPG via self-monitored
blood glucose (SMBG) was maintained follow-
ing 52 weeks of treatment with mealtime URLi
versus mealtime lispro [15]. Importantly, no

additional safety issues were identified during
long-term treatment [15].

Here we report the long-term efficacy and
safety results of mealtime URLi compared with
mealtime lispro from the 52-week treatment
period in Japanese patients with T1DM. In
addition, we present the results of postmeal
URLi versus mealtime lispro following 52 weeks
of treatment in Japanese patients—the first
report on long-term postmeal administration of
URLi in any patient population.

METHODS

Study Participants

Adults at least 18 years old with a clinical diag-
nosis of T1DM (based on World Health Orga-
nization classification) for at least 1 year prior to
screening were eligible for participation. Par-
ticipants must have been treated with a rapid-
acting insulin analog for C 90 days and a basal
insulin for C 30 days prior to screening, and
have an HbA1c of 7.0–9.5% (53.0–-
80.3 mmol/mol). Exclusion criteria included
hypoglycemia unawareness, as judged by an
investigator, more than one severe hypo-
glycemia event requiring assistance or hyper-
glycemia/diabetic ketoacidosis requiring an
emergency room visit or hospitalization within
6 months prior to screening. All participants
provided written informed consent.

Study Design

The study design and primary results of the
PRONTO-T1D trial for both the overall study
population and the Japanese population have
been published [13, 14]. The study design is
outlined in Fig. 1. Briefly, PRONTO-T1D was a
prospective, randomized, double-blind, phase 3
trial in adults with T1DM, with the aim to
compare double-blind mealtime URLi to meal-
time lispro with an open-label postprandial
URLi treatment group compared to mealtime
lispro in combination with insulin glargine or
insulin degludec.
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After an 8-week lead-in period to optimize
basal insulin, patients were randomized to one
of three treatment groups. In two of the treat-
ment groups, URLi or lispro was administered
immediately (0–2 min) prior to each meal
(mealtime URLi and mealtime lispro groups,
respectively) in a double-blind manner. A third
open-label treatment group received URLi at
20 min after the start of the meal (postmeal
URLi group). In order to assess the long-term
efficacy and safety of URLi compared with lis-
pro, patients in the overall population who
were randomized to one of the two blinded
arms continued with double-blind treatment
for an additional 26 weeks (for a total of
52 weeks). Patients in the postmeal URLi arm
completed this trial at the end of a 4-week safety
follow-up period after week 26, with the
exception of Japanese patients, who continued

up to 52 weeks. Therefore, in contrast to the
overall population, all Japanese patients ran-
domized to any treatment group (mealtime
URLi, mealtime lispro or postmeal URLi) con-
tinued with treatment for an additional
26 weeks, for a total of 52 weeks. Here we report
the efficacy and safety through week 52 in a
prespecified Japanese subpopulation analysis of
the PRONTO-T1D trial.

The study was conducted in accordance with
the ethical principles of the Declaration of
Helsinki and International Conference on Har-
monisation’s Guideline for Good Clinical Prac-
tice. The PRONTO-T1D study protocol was
reviewed and approved by institutional ethics
committee at each study center.

Fig. 1 Study design. Following a 1-week screening period
and an 8-week lead-in period, patients were randomized in
a 4:4:3 ratio to receive mealtime URLi, mealtime lispro or
postmeal URLi, in combination with insulin degludec or
glargine. Following the maintenance period (week 12–26),

Japanese patients in each treatment arm completed the
long-term maintenance period (weeks 26–52). MMTT
Mixed-meal tolerance test, N Number of patients, URLi
ultra-rapid lispro
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Study Interventions and Randomization

At the start of the 8-week lead-in period,
patients switched to lispro from their pre-study
prandial insulin. Prandial insulin doses were
not changed during the lead-in period unless
required for safety reasons or to facilitate basal
insulin optimization. Similarly, basal insulin
was optimized during the lead-in period and
not changed afterwards unless required. After
the lead-in period, patients were randomly
assigned to mealtime URLi (100 U/mL), meal-
time lispro (100 U/mL) or postmeal URLi (100
U/mL) in a 4:4:3 randomization ratio. During
the initial 12 weeks of treatment, prandial
insulin was adjusted as necessary to meet target
SMBG levels. During the maintenance period
(weeks 12–26), prandial and basal insulin doses
were only adjusted if necessary to maintain
glycemic control or for safety reasons. During
the long-term maintenance period (weeks
26–52), prandial and basal insulin were titrated
as required to maintain or optimize glycemic
control at the discretion of the investigator.

Self-Monitored Blood Glucose

Patients performed 10-point SMBG profiles
prior to scheduled visits and measured blood
glucose levels premeal, and at 1 and 2 h after
the start of the morning, midday and evening
meals and at bedtime. Additional SMBG read-
ings were scheduled as needed for glucose self-
management.

Statistical Analysis

The statistical methods were as previously
described [13] and were applied to the Japanese
population in a prespecified subset analyses,
although statistical power was not taken into
consideration, and p values are provided as a
reference. Briefly, the actual HbA1c level and
the change in HbA1c from baseline up to week
52 were analyzed using a mixed-effects model
for repeated measurements (MMRM). Addi-
tional continuous efficacy variables and the
change from baseline for these variables were
also analyzed using MMRM. Safety analyses

were conducted on all randomized patients who
received C 1 dose of investigational product.
Hypoglycemia was summarized by rate and
incidence of events using a negative binomial
regression model and a logistic regression
model, respectively.

RESULTS

Demographics and Patient Disposition
in the Japanese Subpopulation

Overall, 167 Japanese patients were randomized
to the mealtime URLi (n = 62), mealtime lispro
(n = 59) or postmeal URLi (n = 46) treatment
groups. The majority of Japanese patients
(n = 163; 97.6%) completed the study. Disposi-
tion of Japanese patients from enrollment to
week 52 is outlined in the Electronic Supple-
mentary Material (ESM). Baseline characteristics
for the Japanese patients are outlined in Table 1.
Overall, baseline characteristics were similar
between treatment groups.

Efficacy

Hemoglobin A1c
In Japanese patients, the mean HbA1c at study
entry was 8.0% (63.8 mmol/mol) for the meal-
time URLi group, 7.9% (62.9 mmol/mol) for the
mealtime lispro group and 8.0%
(63.4 mmol/mol) for the postmeal URLi group.
Mean HbA1c improved during the lead-in per-
iod to a baseline value of 7.5% (58.7 mmol/mol)
for the mealtime URLi group, 7.4%
(57.8 mmol/mol) for the mealtime lispro group
and 7.5% (58.6 mmol/mol) for the postmeal
URLi group. HbA1c stabilized during the
52-week treatment period, and no statistically
significant treatment differences in actual or
change from baseline HbA1c were observed at
weeks 26 and 52. At week 52, least-square mean
(LSM) differences in HbA1c between the meal-
time URLi and lispro groups were 0.04% (95%
confidence interval [CI] - 0.18 to 0.25)
(0.4 mmol/mol, 95% CI - 2.0 to 2.7), and LSM
differences between the postmeal URLi and
mealtime lispro groups were 0.04% (95% CI
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- 0.19 to 0.28) (0.4 mmol/mol, 95% CI - 2.1 to
3.0). Mean HbA1c levels from study entry to
week 52 in Japanese patients are presented in
Fig. 2.

At week 52, there were no significant differ-
ences between treatment groups in terms of the
number of patients achieving the HbA1c target
of\ 7.0% (n = 12 [20.0%], mealtime URLi

group; n = 18 [30.5%], mealtime lispro group;
n = 7 [16.3%], postmeal URLi group) or B 6.5%
(n = 8 [13.3%], mealtime URLi group; n = 9
[15.3%], mealtime lispro group; n = 1 [2.3%],
postmeal URLi group).

Table 1 Baseline characteristics of Japanese patients enrolled in the phase 3 trial

Characteristic Treatment group Total study
population
(N = 167)

p valuea

Mealtime URLi
(N = 62)

Mealtime Lispro
(N = 59)

Postmeal URLi
(N = 46)

Age (years) 47.5 ± 12.4 49.5 ± 10.4 51.8 ± 11.3 49.4 ± 11.5 0.157

Sex, male, n (%) 33 (53.2) 29 (49.2) 23 (50.0) 85 (50.9) 0.895

Weight (kg) 67.0 ± 14.2 62.6 ± 11.0 64.2 ± 12.9 64.7 ± 12.9 0.157

Body mass index (kg/m2) 24.5 ± 3.7 23.5 ± 3.0 23.9 ± 3.8 24.0 ± 3.5 0.279

Duration of T1DM

(years)

14.6 ± 9.3 16.8 ± 11.0 16.0 ± 10.5 15.7 ± 10.2 0.493

Fasting serum glucose

(mg/dL)

127.3 ± 29.5 130.2 ± 49.7 127.3 ± 42.5 128.3 ± 40.8 0.912

Bolus insulin at study

entry, n (%)

0.797

Insulin aspart 29 (46.8) 30 (50.8) 23 (50.0) 82 (49.1)

Insulin glulisine 11 (17.7) 14 (23.7) 9 (19.6) 34 (20.4)

Insulin lispro 22 (35.5) 15 (25.4) 14 (30.4) 51 (30.5)

Basal insulin during study

lead-in, n (%)

0.815

Degludec 100 U/mL

QD

55 (88.7) 53 (89.8) 42 (91.3) 150 (89.8)

Glargine 100 U/mL BID 2 (3.2) 1 (1.7) 0 (0) 3 (1.8)

Glargine 100 U/mL QD 5 (8.1) 5 (8.5) 4 (8.7) 14 (8.4)

Prandial insulin dosing

plan, n (%)

0.692

Pattern adjustment 51 (82.3) 51 (86.4) 37 (80.4) 139 (83.2)

Carbohydrate counting 11 (17.7) 8 (13.6) 9 (19.6) 28 (16.8)

Data are presented as the mean ± standard deviation (SD) unless otherwise indicated
BID Twice daily, QD once daily, T1DM type 1 diabetes mellitus, URL, ultra-rapid lispro
a p values for overall treatment effect were computed using the Chi-square test
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Self-Monitored Blood Glucose
The 10-point SMBG profile at week 52 for
Japanese patients in all treatment groups is
outlined in Fig. 3. Overall, daily average blood
glucose levels in the 10-point SMBG profiles at
week 52 were similar between treatments.
However, compared with the mealtime lispro
group, lower blood glucose levels were observed

for the mealtime URLi at the morning 1- and
2-h postmeal time points, with LSM differences
of - 32.7 mg/dL (- 1.82 mmol/L) (p = 0.005)
and - 23.2 mg/dL (- 1.29 mmol/L) (p = 0.029),
respectively. On the other hand, compared with
the mealtime URLi group, lower blood glucose
levels at the midday premeal time point were
observed in the mealtime lispro group, with
LSM difference of 18.5 mg/dL (1.03 mmol/L)
(p = 0.032). No statistically significant differ-
ences were observed between treatment groups
for changes in daily mean glucose or daily mean
PPG levels from baseline to week 52 in Japanese
patients (Table 2), except that, compared with
the mealtime lispro group, the mealtime URLi
group showed a statistically significant
improvement in daily mean 1-h PPG excursions
(LSM difference - 17.7 mg/dL [- 0.98 mmol/L];
p = 0.028).

Insulin Dose
The daily basal, bolus and total insulin dose at
week 52 in Japanese patients is outlined in the
ESM. Overall, daily bolus insulin doses and the
ratio of prandial to total insulin dose at week 52
were similar in each treatment group, and a
significantly higher basal insulin dose was
observed in both URLi treatment arms com-
pared with lispro.

Fig. 2 Mean HbA1c from study entry to week 52 in
Japanese patients. HbA1c levels during the lead-in period
and from baseline to week 52 (% and mmol/mol) in
Japanese patients treated with mealtime URLi or lispro, or
postmeal URLi. Data are presented as the mean at study
entry and LSM ± standard error (SE) at all other time
points. CI Confidence interval, HbA1c hemoglobin A1c,
LSM least squares mean

Fig. 3 Ten-point self-monitored blood glucose profile at
week 52 in Japanese patients. Self-monitored blood glucose
profiles (mg/dL and mmol/L) following treatment with

mealtime URLi, mealtime lispro or postmeal URLi at the
time points of morning, midday, evening and bedtime.
Data are presented as the LSM ± SE
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Safety and Tolerability

A summary of adverse events (AEs) is outlined
in Table 3. One patient death occurred in the
postmeal URLi arm after week 26 and was not

considered related to the study drug. Overall,
the incidences of treatment-emergent AEs
(TEAEs) related to the study treatment, serious
AEs (SAEs) and discontinuations from the study
treatment due to an AE were similar across

Table 2 Change from baseline to week 52 in daily mean glucose and daily mean postprandial glucose levels and excursions
from the 10-point self-monitored blood glucose profile in Japanese patients

Daily mean
glucose/daily
mean PPG
levels

Mealtime
URLi
group

Mealtime
Lispro
group

Postmeal
URLi
group

LSM difference:
mealtime URLi vs.
Lispro (95% CI)

p value LSM difference:
postmeal URLi vs.
Lispro (95% CI)

p value

Daily mean glucose

mg/dL - 3.6

(5.07)

- 1.5

(5.48)

- 0.6

(5.67)

- 2.1

(- 14.0. 9.8)

0.722 0.9

(- 11.9, 13.7)

0.894

mmol/L - 0.20

(0.282)

- 0.08

(0.304)

- 0.03

(0.315)

- 0.12

(- 0.78, 0.54)

0.05

(- 0.66, 0.76)

Daily mean 1-h PPG levels

mg/dL - 11.8

(6.97)

- 3.1

(7.53)

3.0

(7.78)

- 8.7

(- 25.0, 7.6)

0.293 6.1

(- 11.5, 23.6)

0.495

mmol/L - 0.65

(0.387)

- 0.17

(0.418)

0.17

(0.432)

- 0.48

(- 1.39, 0.42)

0.34

(- 0.64, 1.31)

Daily mean 2-h PPG levels

mg/dL - 11.3

(6.22)

- 0.3

(6.72)

- 4.8

(6.96)

- 11.0

(- 25.4, 3.3)

0.130 - 4.5

(- 20.0, 11.0)

0.567

mmol/L - 0.63

(0.345)

- 0.02

(0.373)

- 0.27

(0.387)

- 0.61

(- 1.41, 0.18)

- 0.25

(- 1.11, 0.61)

Daily mean 1-h PPG excursions

mg/dL - 20.1

(6.71)

- 2.4

(7.22)

1.1

(7.48)

- 17.7

(- 33.4, - 1.9)

0.028 3.5

(- 13.4, 20.4)

0.681

mmol/L - 1.12

(0.373)

- 0.14

(401)

0.06

(0.415)

- 0.98

(- 1.86, - 0.11)

0.20

(- 0.74, 1.13)

Daily mean 2-h PPG excursions

mg/dL - 16.6

(7.57)

1.4

(8.16)

- 2.6

(8.66)

- 17.9

(- 37.0, 1.2)

0.065 - 3.9

(- 24.7, 16.8)

0.709

mmol/L - 0.92

(0.420)

0.08

(0.453)

- 0.14

(0.481)

- 1.0

(- 2.05, 0.06)

- 0.22

(- 1.37, 0.93)

Data are presented as the LSM with the standard error (SE) in parentheses, unless otherwise indicated
CI Confidence interval, LSM least squares mean, PPG postprandial glucose, SMBG self-monitored blood glucose
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treatment arms. The incidence of injection site
reactions/pain was low and similar across
treatment arms (B 2.2%). Average weight gain
from baseline to week 52 was similar between
groups: 1.0 kg in the mealtime URLi group,
1.4 kg in the mealtime lispro group and 1.3 kg
in the postmeal URLi group.

The rate (events/patient/year) and incidence
(%) of hypoglycemia (with or without symp-
toms) from week 0 to week 52 in Japanese
patients is outlined in Fig. 4. The rate of docu-
mented hypoglycemia (events/patient/year)
was statistically significantly lower for mealtime
URLi compared with mealtime lispro in Japa-
nese patients (blood glucose\54 mg/dL
[3.0 mmol/L]) (Fig. 4a). No significant differ-
ences were observed between groups in the
incidence of documented and nocturnal hypo-
glycemia (Fig. 4a). The rate of severe hypo-
glycemia (events/patient/year) from week 0 to
week 52 was low and not significantly different

between treatment arms, with an aggregated
rate (SE) of 0.03 (0.02) for mealtime URLi, 0.15
(0.09) for mealtime lispro and 0.04 (0.03) for
postmeal URLi. There were no clinically signif-
icant treatment differences in the rate and
incidence of postprandial hypoglycemia; how-
ever, in the late postprandial period ([4 h after
the meal), mealtime URLi was associated with a
significant reduction in hypoglycemia com-
pared to mealtime lispro (p = 0.006). There were
no clinically significant treatment differences in
the rate and incidence of postprandial hypo-
glycemia between postmeal URLi and mealtime
lispro.

DISCUSSION

The PRONTO-T1D trial met the endpoint of
non-inferior HbA1c change from baseline
compared to lispro following 26 weeks of treat-
ment in the overall population and in

Table 3 Summary of adverse events from randomization to end of safety follow-up in Japanese patients

Characteristic Mealtime URLi group
(N = 62)

Mealtime Lispro group
(N = 59)

Postmeal URLi group
(N = 46)

Treatment-emergent adverse events 51 (82.3) 43 (72.9) 37 (80.4)

Treatment-emergent adverse events related

to study treatmenta
9 (14.5) 6 (10.2) 5 (10.9)

Injection site reaction 1 (1.6) 0 (0) 1 (2.2)

Injection site pain 1 (1.6) 0 (0) 1 (2.2)

Tachycardia 1 (1.6) 0 (0) 1 (2.2)

Diabetic retinopathy 1 (1.6) 0 (0) 0 (0)

Retinal hemorrhage 0 (0) 0 (0) 1 (2.2)

Serious adverse events 3 (4.8) 8 (13.6) 5 (10.9)

Discontinuation from study treatment due

to an adverse event

0 (0) 0 (0) 2 (4.3)

Discontinuation from study due to an

adverse event

0 (0) 0 (0) 1 (2.2)

Deathsb 0 (0) 0 (0) 1 (2.2)

Data are presented as n (%). Subjects may be counted in more than 1 category
a Includes events that were considered related to study treatment as judged by the investigator
b Deaths are also included as serious adverse events and discontinuations due to adverse events

Diabetes Ther (2021) 12:2471–2484 2479



subpopulation of Japanese patients, as shown in
previously published data [13, 14]. In study, we
evaluated the long-term efficacy and safety fol-
lowing an additional 26-week long-term main-
tenance period of PRONTO-T1D (over a total of
52 weeks of treatment) in a prespecified sub-
population analysis in Japanese patients.

Overall, our findings are consistent with the
initial 26-week data [14]. In comparison to
mealtime lispro, treatment with URLi (both
mealtime and postmeal administration) resul-
ted in comparable long-term HbA1c control and
improved PPG via self-monitoring. In addition,
the long-term safety profile was similar between
the URLi and lispro treatment groups. This is
the first report of the long-term efficacy and
safety of URLi compared to lispro in Japanese
patients with T1DM. It is also the first report of
the long-term efficacy and safety of postmeal
URLi, as Japanese patients in PRONTO-T1D
were the only patients to complete the postmeal
URLi treatment arm through to 52 weeks.

Throughout the 52-week treatment period,
in Japanese patients mealtime URLi and meal-
time lispro were comparable in terms of HbA1c

control. For both treatment arms, mean HbA1c
improved during the lead-in period, and
remained stable during the maintenance period
(weeks 12–26) and the long-term maintenance
period (weeks 26–52). At week 52, there were no
statistically significant treatment differences in
actual or change from baseline HbA1c between
the mealtime URLi and mealtime lispro groups,
with the estimated treatment difference at week
52 being consistent with that previously repor-
ted at 26 weeks [14]. The proportions of patients
meeting HbA1c targets at week 52 were also
similar between treatment arms. Overall, con-
sistent mean HbA1c profiles between the meal-
time URLi group and mealtime lispro group
from study entry through to week 52 were
observed for both the subpoulation of Japanese
patients and the overall study population [15].
During the long-term maintenance period
(week 26–52), mean HbA1c levels for mealtime
URLi and mealtime lispro groups slightly
increased in Japanese patients (7.39% to 7.46%
for mealtime URLi, 7.35% to 7.42% for meal-
time lispro) and in the overall population (from
7.22% to 7.47% for mealtime URLi, from 7.29%
to 7.54% for mealtime lispro) [15]. The reason
for this increase is unclear but may relate to
compliance to diabetes treatments following
behavioral changes (such as nutritional control
and physical activities) when the time between
visits increased after week 26.

Regarding mealtime URLi, The basal insulin
dose (SE) was higher in the mealtime URLi arm
compared to the mealtime lispro group: 0.29
(0.005) versus 0.26 (0.005) U/kg/day, respec-
tively. However, the basal insulin dose for the
mealtime URLi arm did not change throughout
the study (0.29 U/kg/day at baseline, week 26
and week 52), and no change in SMBG was
observed at the morning premeal fasting time
point between week 26 and week 52. Con-
versely, the basal insulin dose for the mealtime
lispro arm was 0.27 U/kg/day at baseline and
week 26, and 0.26 U/kg/day at week 52, and a
change in SMBG was observed at the morning
premeal time point from 160 mg/dL at week 26
to 170 mg/dL at week 52. The change in basal
insulin dose in the mealtime lispro arm may
have been due to a need to maintain blood
glucose control or for safety reasons.

Fig. 4 Rate and incidence of hypoglycemia (with or
without symptoms) from week 0 to week 52 (blood
glucose\ 54 mg/dL [3.0 mmol/L]) in Japanese patients. a
Rate and incidence of documented and nocturnal hypo-
glycemia (blood glucose\ 54 mg/dL), b documented
symptomatic and asymptomatic postmeal hypoglycemia
(blood glucose\ 54 mg/dL) . Data are presented as the
LSM ± SE for event rate and LSM for incidence. RR
Relative rate
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Similarly, for the postmeal URLi treatment
arm, mean HbA1c decreased during the lead-in
period. However, at weeks 4 and 12, mean
HbA1c in the postmeal URLi group was signifi-
cantly higher than that in the mealtime lispro
treatment arm. Given that patients first modi-
fied their prandial injection timing at the end of
the lead-in period (i.e. at randomization) from
premeal to postmeal (20 min after the start of
the meal), this increase may reflect the time
required by clinicians and patients to adjust to
postmeal administration and glucose control.
By week 26, mean HbA1c for the postmeal URLi
group was still higher compared with that for
the mealtime lispro group, although there was
no statistically significant differences between
treatment arms. An interesting observation is
that mean HbA1c levels in the postmeal URLi
group decreased during the long-term mainte-
nance period (weeks 26–52) and was compara-
ble to that observed for the other treatment
arms at week 52 (7.46% for mealtime URLi,
7.42% for mealtime lispro, 7.47% for postmeal
URLi). The trend from week 4 to week 52 may
again be due to the time required for both
practitioners and patients in this open-label arm
to get accustomed and adjust to diabetes man-
agement with postmeal dosing of URLi,
including diet and exercise therapy. It should be
noted that this trend was not achieved by
increasing bolus and/or basal insulin dose (bo-
lus insulin 0.49 U/kg/day at 26 weeks, 0.48
U/kg/day at 52 weeks; basal insulin 0.28
U/kg/day at 26 weeks, 0.29 U/kg/day at
52 weeks). The HbA1c data at 52 weeks suggest
that glycemic control may be possible using
postmeal administration of URLi. However,
long-term postprandial use of URLi should be
considered with caution because it is generally
understood that postprandial blood glucose
levels with mealtime injections are lower than
those with postmeal injection of insulin, with a
similar direction being observed in our study.

Compared with mealtime lispro, patients
receiving mealtime URLi had lower PPG fol-
lowing the morning meals (1- and 2-h postmeal
time points) and lower daily mean 1-h glucose
excursions. Differences in postmeal glucose
concentrations between the URLi and lispro
treatment arms were only observed after

breakfast, possibly due to the dawn phe-
nomenon, the term used to describe an early
morning increase in blood glucose [16]. In
addition, the SMBG values of mealtime URLi
were not statistically different from those of
mealtime lispro at the midday and evening
postmeal time points, probably because pre-
midday and pre-evening SMBG values of meal-
time lispro were lower compared to those of
mealtime URLi. Overall, the 10-point SMBG
profiles following 52 weeks of treatment sup-
port the finding from the 26-week data, namely
that it can be concluded that URLi may have
superior PPG control in comparison to lispro
[13]. The 10-point SMBG profile for postmeal
URLi was similar to that for mealtime lispro for
all time points in Japanese patients. Although
PPG at 1 h after a meal was slightly higher at
week 26 for postmeal URLi compared to meal-
time lispro [14], it was comparable between
treatment arms by week 52.

Mealtime and postmeal URLi were well tol-
erated by Japanese patients in this 52-week
study. The safety profile and overall frequency
of SAEs and discontinuations from the study
due to an AE was similar between all treatment
arms. The incidence of injection site reac-
tions/pain was low and similar across treatment
arms.

Importantly, adequate glycemic control in
Japanese patients treated with URLi was
achieved without an increase in the risk of
hypoglycemia. There were no differences in the
incidence of documented and nocturnal hypo-
glycemia (with or without symptoms) or severe
hypoglycemia between treatment arms in
Japanese patients through week 52 (blood glu-
cose\54 mg/dL [3.0 mmol/L]). Furthermore,
the rate of documented hypoglycemia
(events/patient/year) was significantly lower for
the mealtime URLi group compared with the
mealtime lispro group, consistent with the
findings from week 26 [14]. In terms of post-
meal hypoglycemia, there were no clinically
significant treatment differences in the rate and
incidence between treatment arms. However,
consistent with the findings from the 26-week
study [14], mealtime URLi was associated with a
significant reduction in hypoglycemia
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compared to mealtime lispro in the late post-
prandial period ([4 h after start of meal) at
week 52.

The long-term findings in the current clini-
cal trial regarding efficacy and safety of URLi
following 52 weeks of treatment in Japanese
patients are consistent with those observed fol-
lowing 26 weeks of treatment [14]. In addition,
our findings suggest that long-term use of
postmeal URLi may be just as effective as that of
mealtime lispro without any increase in safety
concerns. However, we believe that mealtime
URLi should be considered as the first option,
with postmeal URLi to be used only when nec-
essary due to the general understanding that
PPG is higher with postmeal dosing. Overall,
our findings regarding the efficacy and safety of
URLi are consistent with those observed in the
overall population, at both the 26-week [13]
and 52-week time points [15].

In March 2020, URLi was granted approval in
Japan under the trade name Lyumjev [8]. Our
findings regarding the long-term efficacy and
safety of URLi are clinically important given
that mealtime insulin is essential for people
with T1DM throughout their life. In addition,
there is a medical need for rapid-acting insulin
analogs for targeted control of PPG without an
increased risk of hypoglycemia and for over-
coming the burden regarding current injection
timing of mealtime insulin [13]. Our findings of
the long-term efficacy and safety of URLi pro-
vides an additional valuable option for Japanese
patients from both perspectives.

A key limitation of the study design was the
use of an open-label design for the postmeal
treatment arm. In addition, the small number
of Japanese patients in this subpopulation
analysis limited the likelihood of obtaining
statistical differences in this population.

CONCLUSION

Overall glycemic control and improved PPG via
SMBG was maintained in Japanese patients fol-
lowing 52 weeks of treatment with mealtime
and postmeal URLi versus mealtime lispro.
There were no significant treatment differences
in the incidences of TEAEs and documented or

severe hypoglycemia events. These observations
suggest that the efficacy and safety profile of
URLi is preserved during long-term treatment in
Japanese patients with T1DM.
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