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ABSTRACT

Introduction: Ultra rapid lispro (URLi) is a
novel insulin lispro formulation that was
developed to more closely match physiological
insulin secretion. The aims of this study were to
demonstrate the bioequivalence (BE) of a con-
centrated formulation (U200) of URLi to the
U100 formulation of URLi after subcutaneous
(SC) administration and to evaluate the gluco-
dynamics (GD) of these formulations.
Methods: This phase 1, randomized, two-se-
quence, four-period, double-blind, replicate
crossover study was conducted in 68 healthy
subjects. At each dosing visit, subjects received a
15-U SC dose of either U100 URLi or U200 URLi
followed by a 10-h euglycemic clamp proce-
dure. Serum insulin lispro and blood glucose
concentrations were measured, and the glucose
infusion rate was continuously adjusted during
the clamp to maintain the target blood glucose.
Results: Bioequivalence of U200 URLi relative
to U100 URLi was demonstrated. The 90%
confidence intervals (CIs) of the ratios of geo-
metric least squares (LS) means for the maxi-
mum insulin concentration and total exposure

were within the BE limits of 0.80–1.25. Addi-
tionally, the 90% CIs for the ratios of geometric
LS means for maximum glucose infusion rate
and total glucose infused were within the BE
limits.The early 50% tmax occurred at approxi-
mately the same time for the U100 and U200
URLi formulations, and the insulin exposure
within the first 15 min was similar for both
formulations. The tolerability of the two URLi
formulations was comparable.
Conclusions: This study demonstrated that the
U100 and U200 URLi formulations are bioe-
quivalent. The accelerated insulin absorption
observed for the U100 formulation was main-
tained with the U200 URLi formulation. Fur-
ther, the GD were similar for both formulations,
supporting the ability of individuals to transfer
from U100 to U200 URLi in a 1:1 unit
conversion.
Trial Registration: NCT03616977.
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Key Summary Points

Why carry out this study?

The development of concentrated insulin
formulations enables higher insulin doses
to be administered in the same injection
volume, allowing more insulin units to be
included in each injection device.

This study assessed the bioequivalence of a
concentrated form of ultra rapid lispro
(URLi), U200, to the U100 formulation,
and the effects of these formulations on
glucodynamics.

What was learned from the study?

The U100 and U200 formulations of URLi
were bioequivalent and exhibited similar
effects on glucodynamics, and the
accelerated insulin absorption of U100
URLi was maintained in U200 URLi.

This study shows that it is possible for
patients with diabetes to transition
between U100 and U200 formulations
with 1-to-1 unit equivalency, offering an
alternative to patients who need higher
mealtime insulin doses.

INTRODUCTION

Control of postprandial glucose excursions is of
great importance in achieving target glycosy-
lated hemoglobin (HbA1c) levels in individuals
with diabetes. Managing postprandial glucose
remains one of the most challenging aspects of
diabetes care, contributing to few individuals
reaching and maintaining their HbA1c target
range [1]. Many individuals with diabetes rely
on rapid-acting insulin therapy to help main-
tain control of their postprandial glucose.
Rapid-acting insulin analogues, such as insulin
lispro, aspart, faster-acting aspart, and glulisine,
are absorbed more rapidly and have a faster
onset of action compared with regular human

insulin. Rapid-acting insulin analogues lead to
greater reductions in postprandial glucose
excursions [2]. However, rapid-acting insulin
analogues may not be rapid enough to match
carbohydrate absorption, limiting their efficacy
in glycemic control and time in range [3]. Thus,
there is a need to develop even faster acting
insulin preparations that more closely match
physiological insulin secretion and thereby
maintain individual glucose concentrations in
the target range [3].

The correlation between obesity and insulin
resistance has led to an increase in insulin
requirements for individuals with diabetes. An
increasing proportion of individuals with dia-
betes are considered overweight or obese, so
they are likely to require more insulin to man-
age their condition over the course of the dis-
ease [3, 4]. The development of concentrated
insulin formulations enables higher insulin
doses to be administered in the same injection
volume. This may reduce patient burden by
allowing a greater number of units of insulin to
be included in each injection device [4]

Insulin lispro (Humalog�) is a rapid-acting
human insulin analogue that is indicated for
the improvement of glycemic control in adults
and children with diabetes mellitus and is
commercially available in U100 and U200 for-
mulations [5]. The U100 and U200 formulations
of insulin lispro are bioequivalent and exhibit
similar glucodynamics, facilitating 1:1 unit
conversion between formulations [4]. The U200
formulation contains twice the amount of
insulin with the same concentrations of the
enabling excipients on a volume basis. Ultra
rapid lispro (URLi) is a novel insulin lispro for-
mulation containing two locally acting excipi-
ents: treprostinil to induce local vasodilation
and citrate to increase vascular permeability,
thereby accelerating insulin lispro absorption
[6, 7]. URLi has shown accelerated insulin lispro
absorption, with a corresponding faster onset of
insulin action compared with Humalog in
healthy volunteers and individuals with type 1
and type 2 diabetes (T1D and T2D) [8–11]. Ini-
tial disclosures of phase 3 studies demonstrated
the superiority of URLi to Humalog in control-
ling postprandial glucose excursions in indi-
viduals with T1D and T2D [12, 13].
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The aims of the present study were to
demonstrate the bioequivalence (BE) of a con-
centrated form (U200) of URLi to the U100
formulation of URLi after subcutaneous (SC)
administration and to evaluate the glucody-
namics (GD) of these formulations.

METHODS

Study Design

This phase 1, investigator- and subject-blind,
two-sequence, four-period, randomized, repli-
cated-crossover, 10-h euglycemic clamp study
evaluated the pharmacokinetics (PK) and GD of
the U100 and U200 formulations of URLi in
healthy subjects. The study was conducted at
one site (Lilly Centre for Clinical Pharmacology
Pte Ltd, Singapore). The study protocol was
approved by the National Healthcare Group
Domain Specific Review Board, Singapore, and
conducted in accordance with the Declaration
of Helsinki and Good Clinical Practice guide-
lines. All subjects provided written informed
consent before participating in the study. The
study is registered at www.clinicaltrials.gov
(NCT03616977).

An overview of the study design is provided
in Fig. 1. Subjects were randomized to one of
two treatment sequences. The study included a
screening period (B 28 days) followed by four
inpatient treatment periods and a C 14-day
follow-up period. At least three days of washout
occurred between each treatment period.

Subject Eligibility

Males and females who were considered overtly
healthy based on medical history, were aged
between 21 and 70 years of age, and had a body
weight of C 45 kg and a body mass index (BMI)
of 18–30 kg/m2 were eligible for the study.

Treatment Administration

Subjects were randomized to receive a single
15-U SC dose of the study drug (U200 URLi
formulation or U100 URLi formulation; Eli
Lilly, Indianapolis, United States) per period.
The replicated crossover design allowed each
formulation to be assessed twice over the four
study periods. URLi formulations were admin-
istered subcutaneously into alternate abdomi-
nal quadrants.

Euglycemic Clamp

At each dosing visit, subjects fasted for at least
8 h prior to URLi administration. Following
administration, subjects underwent a manual
euglycemic clamp procedure for up to 10 h.
Baseline blood glucose was calculated for each
subject as the mean of blood glucose concen-
trations at 10, 20, and 30 min prior to study
drug administration. Following drug adminis-
tration, onset of insulin action was defined as
when blood glucose dropped by 5 mg/dL
(0.3 mmol/L) below the subject’s fasting base-
line, which was set as their target blood glucose
level for the euglycemic glucose clamp proce-
dure. The clamp procedure was not performed

Fig. 1 Study design. CRU clinical research unit, URLi ultra rapid lispro. *Denotes a single 15-U dose of URLi U100 or U200
administered as a subcutaneous injection to the abdomen
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in subjects with baseline blood glucose tar-
gets B 63 mg/dL (3.5 mmol/L). Following the
onset of insulin action, the glucose infusion rate
(GIR) was adjusted manually to maintain the
predetermined target blood concentration for
each individual subject. Blood glucose was
maintained at the target by variable infusion of
intravenous 20% D-glucose (dextrose) solution.
The GIR was recorded throughout the clamp
procedure and reflected the activity of the
administered dose of insulin. Blood samples
were collected every 2.5 min for the first
30 min, every 5 min for 30–120 min, every
10 min for 120–480 min, and every 20 min for
480–600 min.

Glucose levels were measured using glucose
analyzers (YSI STAT Plus Glucose and Lactate
Analyzer, YSI Inc., Yellow Springs, OH, USA).
The clamp was discontinued if the GIR fell to 0
for at least 30 min.

Assessments and Data Analysis

Bioanalytical Methods
Free serum insulin lispro was analyzed using a
validated enzyme-linked immunosorbent assay
(ELISA) that was specific to insulin lispro and
had no cross-reactivity with endogenous insu-
lin. Blood samples for insulin lispro PK analysis
were taken every 5 min during the first hour
postdose, at 70, 90, 120, 150, and 180 min, and
every hour thereafter up to 10 h.

The lower limit of quantitation was 50.0 pg/
mL (8.61 pM) and the interassay accuracy (%
relative error) and interassay precision (% rela-
tive standard deviation) were B 12%. Quantifi-
cation of insulin lispro was not affected by the
presence of lipemic serum, hemolyzed serum,
treprostinil (1 ng/mL), or human insulin (10 ng/
mL).

Pharmacokinetics
Subjects who completed at least one period and
had measurable insulin lispro concentrations
were included in the PK analysis dataset. Free
serum insulin lispro PK parameters were calcu-
lated by non-compartmental methods using
Phoenix� version 8.0 and S PLUS� version 8.2.

Overall insulin lispro exposure was deter-
mined by calculating the area under the con-
centration–time curve (AUC) from time 0 to
infinity (AUC0-?), the AUC from time 0 to tlast,
where tlast is the last time point with a measur-
able concentration (AUC0-tlast), and the maxi-
mum observed drug concentration (Cmax). Early
insulin lispro exposure was characterized by the
time to early half-maximal drug concentration
(early 50% tmax), the AUC from time 0 to 15 min
postdose (AUC0-15 min), and the AUC from time
0 to 30 min postdose (AUC0-30 min).

Glucodynamics
GD were derived from the GIR during the glu-
cose clamp procedure. All subjects who com-
pleted at least one clamp procedure were
included in the analysis. A locally weighted
scatterplot smoothing (LOESS) function with a
span of 0.2 was applied to all individual GIR
versus time profiles in each treatment group
and/or period. GD analyses were conducted
using Phoenix� version 6.4 or higher and S
PLUS� version 8.2. The fitted data for each
subject were used to calculate the GD parame-
ters except for the time to onset of insulin
action (Tonset), which was based on the raw GIR
data. Total insulin action was determined from
the maximum GIR (Rmax) and the total amount
of glucose infused over the duration of the
clamp (Gtot). Early insulin action endpoints
were characterized by Tonset, time to half-maxi-
mal GIR before time to maximal GIR (early 50%
tRmax), and the total amounts of glucose infused
over the first 30 min (Gtot 0-30 min) and first 1 h
(Gtot 0-1 h).

Tolerability and Safety
Safety and tolerability assessment included
adverse events, injection-site reactions, clinical
laboratory parameters, vital signs, and hypo-
glycemic events.

Statistical Analysis
A sample size of 58 subjects was estimated to
provide at least 95% and 90% power to
demonstrate BE of the PK parameters and the
GD parameters, respectively. The calculations
were based on within-subject variability

1712 Diabetes Ther (2020) 11:1709–1720



estimated using data from a prior URLi study,
assuming a difference of up to 5% in the geo-
metric least squares (LS) mean between formu-
lations. PK parameters (AUC0-tlast, AUC0-?, and
Cmax) were compared between formulations by
analyzing log-transformed estimates using a
repeated-measures linear mixed-effects model
with treatment, sequence, and period as fixed
effects and subject as a random effect. The dif-
ference in LS means and the corresponding two-
sided 90% confidence intervals (CIs) for the
treatment difference were estimated and back-
transformed from the log scale to provide esti-
mates of the ratio of geometric LS means and
the 90% CI for the ratio of the LS means, in
accordance with the FDA-recommended BE
analysis methodology [14, 15]. BE was con-
cluded if the two-sided 90% CI was within the
0.80–1.25 interval.

Additional PK parameters (AUC0-15 and
AUC0-30) and GD parameters (Gtot, Rmax, and
Gtot0-1 h) were analyzed using the same
approach. As Gtot0-30 min had zero values, the
estimates without log transformation were used
for that analysis. The LS means, treatment dif-
ferences in LS means, and the corresponding
90% CIs for the treatment differences were
estimated from the model. The treatment ratios
and 90% CIs for the ratios were calculated using
Fieller’s theorem. The within- and between-
subject variability of both treatments were esti-
mated directly from the repeated-measures lin-
ear mixed-effects model for all PK and GD log-
transformed parameters. The PK and GD time
parameters were analyzed nonparametrically
using the Wilcoxon signed-rank test. SAS� ver-
sion 9.4 (SAS Institute, NC, USA) was used for
the statistical analyses.

RESULTS

Demographics and Baseline
Characteristics

A total of 68 healthy subjects (65 males and 3
females) were randomly assigned to the treat-
ment and received at least one dose of the study
drug, with 65 subjects completing the study.
The subjects were between 23 and 66 years of

age. Most subjects were Asian (98.5%), with one
subject of multiple races, and 95.6% were male.
Subject weight and BMI ranged from 54.3 to
89.9 kg and from 19.1 to 29.7 kg/m2, respec-
tively, with mean values of 72.52 kg and
24.39 kg/m2 respectively.

A total of three subjects discontinued from
the study after period 2, with two subjects dis-
continuing due to adverse events related to
study procedures and one subject withdrawing
due to a family emergency.

Pharmacokinetics
Administration of 15 U of the U100 URLi for-
mulation and the U200 URLi formulation
resulted in similar insulin lispro concentration
versus time profiles (Fig. 2a). The similarity of
the insulin lispro PK profiles obtained using the
two different formulations was confirmed by
the ratios of the geometric LS means for U200
URLi compared with U100 URLi and the 90%
CIs for the ratios of AUC0-tlast, AUC0-?, and
Cmax (Table 1). The ratios of U200 to U100 were
1.01 for AUC0-tlast and AUC0-? and 0.971 for
Cmax, and the 90% CIs for the ratios were within
the BE limits (0.80–1.25).

Glucodynamics

Administration of 15-U doses of the U200 and
U100 URLi formulations resulted in similar GIR
versus time profiles (Fig. 2b) and estimates of
GD parameters. The similarity of the GD profiles
was confirmed using the U200/U100 ratios of
geometric LS means for Gtot and Rmax (Table 1).
The ratio of geometric LS means was 1.05 for
Gtot and 1.03 for Rmax, and the 90% CIs were
within the BE limits of 0.80–1.25.

The blood glucose concentrations during the
euglycemic clamp were maintained at the pre-
defined target throughout the procedure, and
the mean glucose profiles were similar for the
U100 and U200 URLi formulations (Fig. 3).

Early Insulin Lispro Exposure and Insulin
Action

The insulin lispro concentration–time profiles
for the U100 and U200 formulations overlapped
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during the first 30 min following dosing
(Fig. 2a). PK analyses of early insulin lispro PK
are presented in Table 2. The early 50% tmax

occurred at 9.38 min and 10.22 min following
the administration of U100 and U200 URLi,
respectively. The early insulin lispro exposures
(AUC0-15 min and AUC0-30 min) were similar for
the U100 and U200 formulations (Table 2).

Early insulin action was also similar for the
formulations. The onset of insulin action (Ton-

set) occurred at appropriately the same time
(21.3 vs 21.9 min postinjection, respectively)
for the U100 and U200 URLi formulations.
Furthermore, the early 50% tRmax occurred
27 min after injection for both formulations.
Correspondingly, the amounts of glucose

Fig. 2 Linear arithmetic mean serum insulin lispro
concentration (± SE) versus time profiles (a) and mean
LOESS fits of weight-normalized glucose infusion rate
versus time profiles (b). GIR glucose infusion rate, LOESS

locally weighted scatterplot smoothing, SE standard error,
URLi U100 ultra rapid lispro 100 U/mL, URLi U200
ultra rapid lispro 200 U/mL

Table 1 Primary pharmacokinetic and glucodynamic parameters

URLi U100 (N = 68) URLi U200 (N = 68) Ratio of LS means 90% CI

PK parameters

AUC0-tlast (pmol h/L) 1673 1689 1.01 0.960, 1.06

AUC0-? (pmol h/L) 1688 1704 1.01 0.961, 1.06

Cmax (pmol/L) 678 659 0.971 0.881, 1.07

GD parameters

Gtot (mg/kg) 1528.98 1613.05 1.05 0.94, 1.18

Rmax (mg/kg/min) 6.38 6.56 1.03 0.91, 1.15

Values reported as geometric least squares means
AUC0–tlast area under the concentration versus time curve from time zero to the last time point with a measurable
concentration, AUC0–? area under the curve from zero to infinity, CI confidence interval, Cmax maximum observed drug
concentration, GD glucodynamics, Gtot total glucose infused throughout the clamp, normalized by weight, h hours, LS least
squares, N number of subjects, PK pharmacokinetics, Rmax maximum glucose infusion rate normalized by weight, URLi
U100 ultra rapid lispro 100 U/mL, URLi U200 ultra rapid lispro 200 U/mL
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infused in the first 30 min (Gtot0-30 min) and in
the first hour (Gtot0-1 h) of the clamp with the
U200 formulation were similar to those
obtained with the U100 formulation (Table 2).

Variability of Pharmacokinetic
and Glucodynamic Parameters

Estimates of the intra-subject variability of the
PK parameters were similar for both formula-
tions (B 9.51% and B 9.63% for AUC0-? and
AUC0-tlast). The intra-subject variability of Cmax

for U100 was lower than that for U200 (16.3%
versus 25.4%). Estimates of inter-subject vari-
ability were similar for the U100 and U200 for-
mulations of URLi for all PK parameters
(Table 3).

Fig. 3 Arithmetic mean (± SE) blood glucose concentra-
tion profiles during euglycemic clamps following the
injection of 15 U of the U100 and U200 URLi formu-
lations. SE standard error, URLi U100 ultra rapid lispro
100 U/mL, URLi U200 ultra rapid lispro 200 U/mL

Table 2 Pharmacokinetic and glucodynamic parameters of faster insulin absorption/action

URLi U100
(N = 68)

URLi U200
(N = 68)

Ratio of or difference in LS
means

90% CI (ratio or
difference)

Early exposure PK parameters

AUC0-15 min

(pmol.h/L)

64.5a 56.6a 0.878 0.768, 1.00

AUC0-30 min

(pmol.h/L)

198a 170a 0.857 0.761, 0.965

Early 50% tmax

(min)

9.38b 10.22b 1.15c 0.61, 1.86

Early insulin action GD parameters

Gtot0-30 min (mg/kg) 46.82a 47.10a 1.01 0.92, 1.09

Gtot0-1 h (mg/kg) 159.33a 155.30a 0.97 0.83, 1.15

Early 50% tRmax

(min)

27.21b 27.39b 0.40c - 0.96, 1.71

Tonset (min) 21.30b 21.90b 0.15c 0.00,1.50

a Values reported as geometric least squares means
b Median values
c Median of differences
AUC0-15 min area under the concentration versus time curve from time zero to 15 min postdose, AUC0-30 min area under the
concentration versus time curve from time zero to 30 min postdose, CI confidence interval, GD glucodynamics, early 50%
tmax time to early half-maximal drug concentration, early 50% tRmax time to half-maximal glucose infusion rate before tRmax,
Gtot0-30 min total glucose infused from time zero to 30 min postdose, Gtot0-1 h total glucose infused from time zero to 1 h
postdose, h hours, min minutes, LS least squares, N number of subjects, PK pharmacokinetics, tmax time of maximum
observed drug concentration, tRmax time of maximum glucose infusion rate, Tonset time of first positive glucose infusion rate,
URLi U100 ultra rapid lispro 100 U/mL, URLi U200 ultra rapid lispro 200 U/mL
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Both the inter- and intra-subject variability
were similar for all GD parameters measured,
with similar coefficients of variation recorded
for both the U100 and U200 formulations. The
intra-subject variability in the GD parameters
was similar for both formulations: 27.32% and
23.97% for Gtot and 19.02% and 17.99% for
Rmax. Likewise, the inter-subject variability in
Gtot and Rmax with the U200 formulation was
similar to that obtained with the U100 formu-
lation (Table 2).

Safety and Tolerability

During the study, a total of 140 TEAEs were
reported by 49 subjects (72.1%), and 39 of those
(reported by 18 subjects [26.5%]) were consid-
ered to be related to the study treatment
(Table 4). All TEAEs were of mild severity, and
the frequency of TEAEs was generally compa-
rable following the administration of U100 or
U200 URLi formulation. Two subjects discon-
tinued from the study due to mild TEAEs (in-
fusion site pain and cellulitis, respectively) that
were not related to the study drug but were

considered to be related to the clamp procedure.
The most frequent TEAEs reported in more than
two subjects are shown in Table 4. No clinically
significant alterations in laboratory values or
vital signs were identified, and no cases of
hypoglycemia were reported. Both formulations
were well tolerated in healthy subjects, with no
notable differences in tolerability between the
formulations.

DISCUSSION

This is the first study to demonstrate BE and
comparable GD responses between the U200
and U100 URLi formulations. Estimates of inter-
and intra-subject variability were similar for
both formulations, and both were well
tolerated.

Consistent with regulatory guidance for
studies of BE [14, 15], the study was conducted
in healthy subjects to reduce the pharmacoki-
netic variability not related to the differences
between pharmaceutical products by avoiding
underlying disease or concomitant medication

Table 3 Intra- and inter-subject variability of key pharmacokinetic and glucodynamic parameters when using the U100 and
U200 formulations of URLi

Intra-subject variability CV% (90% CI) Inter-subject variability CV% (90% CI)

URLi U100
(N = 68)

URLi U200
(N = 68)

URLi U100
(N = 68)

URLi U200
(N = 68)

PK parameters

AUC0-? (pmol h/L) 9.51 (8.30, 11.2) 8.30 (7.25, 9.74) 16.5 (14.1, 20.0) 16.1 (13.8, 19.3)

AUC0-tlast (pmol h/

L)

9.63 (8.40, 11.3) 8.40 (7.34, 9.87) 16.7 (14.3, 20.2) 16.3 (14.0, 19.6)

Cmax (pmol/L) 16.3 (14.3, 19.2) 25.4 (22.2, 29.9) 32.7 (28.0, 39.6) 30.4 (25.3, 38.7)

GD parameters

Gtot (mg/kg) 27.32 (23.80, 32.23) 23.97 (20.89, 28.26) 36.27 (30.29, 45.67) 37.42 (31.57, 46.35)

Rmax (mg/kg/min) 19.02 (16.60, 22.37) 17.99 (15.70, 21.14) 39.62 (33.82, 48.18) 40.98 (35.07, 49.66)

AUC0–tlast area under the concentration versus time curve from time zero to the last point with a measurable concentration,
AUC0–? area under the curve from zero to infinity, CI confidence interval, Cmax maximum observed drug concentration,
GD glucodynamics, Gtot total glucose infused throughout the clamp, h hours, LS least squares, min minutes, N number of
subjects, PK pharmacokinetics, Rmax maximum glucose infusion rate, URLi U100 ultra rapid lispro 100 U/mL, URLi U200
ultra rapid lispro 200 U/mL
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use in patients. Using a euglycemic clamp pro-
cedure enabled safe administration of the insu-
lin formulations. Even though BE was
established within healthy subjects, it would
also be applicable to the target population of
individuals with diabetes [16]. Lastly, the
implementation of a crossover design was in
line with regulatory guidance for BE studies,
and allowed subjects to be their own control,
thereby increasing the ability to discern differ-
ences because of the formulation. The treat-
ment periods were at least 3 days apart to ensure
that drug concentrations were below the lower
limit of quantification in all subjects at the next
period.

A dose of 15 U was selected for this study as it
was within the typical dose range of insulin
required by individuals with T1D and T2D in
clinical practice [17–19]. Further, insulin clamp
studies often use a fixed insulin dose, as it
reduces the PK variability introduced by using

weight-based dose calculations [3, 20]. Addi-
tionally, a 15-U dose provides measurable PK
and GD profiles for both study formulations
and is a safe and tolerable dose that can be
administered to healthy volunteers during a
euglycemic clamp. Given the linear PK of the
U100 formulation of URLi, the use of a single
dose is acceptable when assessing BE [8]. As the
results of this study demonstrated BE of the two
URLi formulations, similar findings would be
expected with different dose levels.

The accelerated time-action of U100 URLi
compared to U100 Humalog has been shown
across different dose levels and patient popula-
tions [8–10]. Notably, a more concentrated
U200 formulation maintained the accelerated
insulin lispro absorption and fast insulin action
of URLi. The early 50% tmax occurred at
approximately the same time for the U100 and
U200 URLi formulations. Both of the early
insulin lispro exposures (AUC0-15 min and AUC0-

Table 4 Treatment-emergent adverse events for all causalities (reported by C 2 subjects)

TEAE (MedDRA preferred term) Number of adverse eventsa (number of subjects with adverse events)

URLi U100 (N = 68) URLi U200 (N = 68)

All 77 (40) 63 (29)

Infusion site swellingb 10 (10) 10 (10)

Headache 8 (7) 10 (7)

Infusion site painb 4 (4) 4 (3)

Catheter site bruise 4 (3) 2 (2)

Nausea 2 (2) 4 (3)

Infusion site bruisingb 3 (3) 2 (2)

Catheter site pain 4 (3) 1 (1)

Catheter site swelling 5 (4) –

Arthralgia 5 (2) –

Dizziness 1 (1) 3 (3)

Vessel puncture site bruise 3 (3) –

MedDRA version 21.0
N number of subjects studied, TEAE treatment-emergent adverse events, URLi U100 ultra rapid lispro 100 UmL, URLi
U200 ultra rapid lispro 200 U/mL
a Adverse events with a change in severity are only counted once at the highest severity
b ‘iTEAE relates to glucose infusion during the clamp procedure
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30 min) were similar for the U100 and U200 URLi
formulations. Importantly, the glucodynamic
analysis showed that time to onset of insulin
action (Tonset) was the same for the U100 and
U200 URLi formulations. Additionally, the early
50% tRmax occurred at about 27 min postdose
for both formulations. The magnitude of early
glucose lowering within the first 30 min and the
first hour were approximately the same. Thus,
the benefit of the rapid insulin action of URLi
previously seen for the U100 formulation was
maintained for the U200 formulation. It is
expected that a U200 formulation of URLi will
offer an alternative to individuals who require
higher mealtime insulin doses by reducing the
volume required for injection. In addition, an
increase in insulin strength from 100 to 200 U/
mL will double the number of units per insulin
pen.

In conclusion, the U100 and U200 formula-
tions of URLi were bioequivalent and demon-
strated similar GD responses. U200 URLi
maintains the accelerated absorption and onset
of action previously observed for the U100 for-
mulation, and data from this study support the
ability of individuals with diabetes to transition
between formulations with 1-to-1 unit
equivalency.
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