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Abstract

Aims: To compare the pharmacokinetic (PK) and glucodynamic (GD) characteristics

of ultra rapid lispro (URLi; Eli Lilly and Company, Indianapolis, Indiana), Fiasp® (Novo

Nordisk, Bagsvaerd, Denmark), Humalog® (Eli Lilly and Company) and NovoRapid®

(Novo Nordisk), in patients with type 1 diabetes (T1D).

Materials and Methods: This was a randomized, double-blind, four-period, crossover

study, conducted in 68 patients with T1D. Patients received the same individualized

subcutaneous dose of each study drug immediately prior to a liquid test meal. For

comparison, 12 healthy subjects received the same test meal.

Results: URLi had a significantly faster insulin absorption compared to the other insu-

lins tested. Early half-maximal drug concentration was reached 13 minutes after

administration of URLi, which was 6 minutes faster than Fiasp, 13 minutes faster

than Humalog, and 14 minutes faster than NovoRapid (all P <0.0001). Early insulin

exposure was significantly greater and late insulin exposure was reduced after URLi

compared to the other insulins. URLi achieved the greatest numerical reduction in

postprandial glucose (PPG) at 2 hours post-meal (7 mg/dL vs Fiasp) and was signifi-

cantly different from Humalog (21 mg/dL) and Novo Rapid (29 mg/dL). Additionally,

glucose excursions over the first 3 hours post-meal with URLi were comparable to

those in healthy subjects.

Conclusions: URLi demonstrated the fastest insulin absorption and the greatest

numeric PPG-lowering effect compared to the other insulins tested. URLi more

closely matched the early physiological glucose control observed in healthy subjects.
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1 | INTRODUCTION

Many patients with diabetes depend on insulin therapy to main-

tain their glycaemic control. An important part of glycaemic con-

trol is to address postprandial glucose (PPG). Rapid-acting insulin

analogues, such as insulin lispro, aspart and glulisine, were devel-

oped to be absorbed more rapidly and have a faster onset of insu-

lin action compared with regular human insulin. Despite these

improvements, the current formulations are not rapid enough to

match carbohydrate absorption, limiting their efficacy in

controlling PPG.

Ultrarapid lispro [URLi (LY900014); Eli Lilly and Company,

Indianapolis, Indiana] is a novel insulin lispro formulation, developed

to more closely match physiological insulin secretion and improve

PPG control. The URLi formulation includes two key locally acting

excipients, treprostinil and citrate, which accelerate the absorption of

insulin lispro from the site of injection via independent mechanisms of

action. Microdoses of treprostinil in URLi induce local vasodilation,

while citrate increases vascular permeability.1,18,19 In previous studies,

URLi has demonstrated an accelerated insulin lispro absorption,

resulting in significantly greater PPG-lowering compared to Humalog®

(Eli Lilly and Company).2,3 Similarly, a fast-acting insulin aspart formu-

lation (Fiasp™; Novo Nordisk, Bagsvaerd, Denmark) was developed,

which has shown a faster onset of insulin action compared to

NovoRapid® (Novo Nordisk).4–6 These ultra rapid insulin analogues

have the potential to lead to improved PPG control for patients with

diabetes.

The aim of the present study was to compare the pharmacoki-

netic (PK) and glucodynamic (GD) characteristics, safety and tolerabil-

ity of URLi versus Fiasp, Humalog and NovoRapid during a

standardized test meal in patients with type 1 diabetes (T1D). This is

the first investigation that directly compares the PK and GD charac-

teristics of these four meal-time insulins under identical conditions.

Additionally, the inclusion of a healthy subject cohort provided the

“normal” insulin secretory and glucose response to the same

test meal.

2 | MATERIALS AND METHODS

2.1 | Participants

Eligible participants included men or women who had been diag-

nosed with T1D for 1 year or longer, were treated with a prandial

insulin and basal insulin therapy (total insulin dose demand of

≤1.5 U/kg/d), had fasting C-peptide levels <0.30 nmol/L and gly-

cated haemoglobin (HbA1c) levels ≤74.9 mmol/mol (9.0%), and had

not experienced a severe hypoglycaemic episode in the past

6 months. Healthy subjects had fasting plasma glucose levels

≤100 mg/dL, normal glycaemic response to a 75-g oral glucose tol-

erance test and HbA1c <38.8 mmol/mol (5.7%). All participants

were aged 18 to 70 years and had a body mass index (BMI) of 18.5

to 30.0 kg/m2.

2.2 | Study design

This was a phase 1, double-blind, single-site (Profil, Neuss, Germany),

four-treatment, four-period, single-dose, randomized, crossover study

in patients with T1D. Healthy subjects participated in one period,

without a dose of insulin. The study protocol was reviewed and

approved by the local health authority and an independent ethics

committee (Ärztekammer Nordrhein). The trial was conducted in

accordance with the Declaration of Helsinki, good clinical practice

guidelines, and registered at ClinicalTrials.gov (NCT03449433). All

patients provided written informed consent prior to participating. The

study design is presented in Figure S1.

2.3 | Procedure

For each patient with T1D, the study consisted of a screening visit,

lead-in, dose-finding assessment, randomization, four treatment

periods, and a follow-up visit ≥14 days after the last treatment. Prior

to the initiation of the test meal, patients were transitioned from their

prescribed basal insulin to a once-daily evening dose of insulin

glargine during the 7- to 14-day lead-in period and maintained on

insulin glargine throughout the study until the follow-up visit.

Prior to randomization, the dose-finding assessment was per-

formed using Humalog to determine the individualized insulin dose

for the test meal. A fasting blood glucose level of 70 to 80 mg/dL was

required to conduct the dose-finding assessment. Patients received a

prandial insulin dose, deemed appropriate for the test meal, immedi-

ately prior to consuming the entire meal, within 15 minutes. Blood

glucose levels were measured every 20 minutes for the 5-hour period.

If the blood glucose was maintained within the range of 70 to

240 mg/dL, this dose level was used for all four study drugs. If not

within this range, the dose level was adjusted based on the investiga-

tor’s judgement.

Patients were then randomized to one of the four treatment

sequences and received a single subcutaneous dose of either URLi,

NovoRapid, Fiasp or Humalog per period. Injections were rotated

among different injection sites on the anterior abdominal wall during

the four study periods (left lower and upper quadrants, and right

lower and upper quadrants).

Prior to dosing, a target blood glucose level of 7.4 mmol/L

(135 mg/dL) ± 15% was achieved using variable intravenous infusion

of either 20% dextrose solution or insulin glulisine (Apidra; Sanofi,

Paris, France). Blood glucose was maintained at the target for the

30 minutes prior to study drug injection without infusion of glucose

or Apidra. Study drugs were administered immediately (<1 minute)

prior to the start of the test meal, which contained 100 g carbohy-

drates, 26 g protein and 22 g fat (16 fl/oz liquid Ensure Plus; Abbott

Laboratories, Abbott Park, Illinois). Healthy subjects were fasted over-

night and provided the same test meal. The test meal started between

7:00 and 11:00 AM and had to be completed within 15 minutes; no

further food intake was allowed for the duration of the assessment.

Each patient with T1D completed the four assigned treatment periods
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within 6 weeks; at least a 21-hour washout period between study

drugs was required.

2.4 | Bioanalytical methods

Blood glucose was measured at −30, −15, 0 minutes (pre-meal), every

10 minutes up to 120 minutes post-dose, and then every 15 minutes

up to 300 minutes post-dose. Glucose levels were measured using the

Super GL glucose analyser (Dr Müller Gerätebau GmbH, Freital, Ger-

many) that was readily available at the investigative site during the

inpatient periods to provide real-time glucose measurement.

Blood samples for measurement of insulin lispro and insulin aspart

were collected immediately prior to dosing, and at 1, 2, 3 and

5 minutes, every 5 minutes up to 60 minutes, 70, 90, 120, 150,

180 minutes and every hour up to 7 hours post-dose. Free insulin

lispro serum concentrations were analysed using a validated enzyme-

linked immunosorbent method, specific for insulin lispro, conducted at

Charles River Laboratories Montreal in Senneville, Quebec, Canada.

The inter-assay precision and accuracy of the insulin lispro assay was

≤11%. Serum concentrations of insulin aspart were analysed using a

validated liquid chromatographic-mass spectrometry/mass spectrom-

etry (LC-MS/MS) method, conducted at Algorithme Pharma located in

Laval, Quebec, Canada. The inter-assay precision and accuracy of the

insulin aspart assay was ≤12%. The limit of quantitation for both

assays was 8.6 pmol/L. Both assays were specific; endogenous insulin

did not interfere with either assay. Insulin aspart did not cross-react in

the enzyme-linked immunosorbent assay for insulin lispro, and insulin

lispro did not cross-react in the LC-MS/MS method for insulin aspart.

Serum samples were collected from healthy subjects at the same

time-points as insulin lispro and insulin aspart, and analysed for insulin

using a validated commercial kit at Covance Central Laboratory Ser-

vices (CCLS) in Meyri, Switzerland. The CCLS Ultrasensitive Insulin®

DXI 800 commercial assay, a simultaneous one-step sandwich immu-

noassay, has no cross-reactivity to proinsulin or C-peptide.

2.5 | PK analyses

Insulin lispro and insulin aspart PK parameters were calculated using

non-compartmental methods (Phoenix® version 8.0 and S-PLUS® ver-

sion 8.2). PK parameters included time to early or late half-maximal

drug concentration (early 50% tmax or late 50% tmax), maximum

observed drug concentration (Cmax), time to maximum observed drug

concentration (tmax), partial area under the curve (AUC) from time zero

to time t, duration of exposure in the serum, defined as the time from

study drug administration until the serum insulin lispro or insulin

aspart concentrations reach the lower limit of quantification in the

terminal phase, and AUC from time zero to infinity (AUC[0-∞]). Addi-

tionally, normalized partial AUCs were calculated by taking the indi-

vidual partial AUCs divided by the total exposure.

Five patients had biologically implausible insulin aspart concentra-

tions during one of their two treatment periods (Fiasp or NovoRapid).

The ratio of the total insulin aspart exposure, AUC(0-∞), between

both Fiasp and NovoRapid should be close to 1.0.7 For these five

patients, the AUC ratio between both Fiasp and NovoRapid was three

standard deviations from the mean of all other patients in the study

and the data were excluded.

2.6 | GD analyses

The GD parameters were calculated using Phoenix® version 8.0 and

S-PLUS® version 8.2. A change from baseline (using the average of

−30, −15 and 0 minutes to represent the 0-hour time-point) glucose

was calculated for each patient and period. Incremental changes in

baseline glucose AUC from time zero to time t (iAUCs), were calcu-

lated using the linear trapezoidal method, with negative areas included

in the calculation. The glucose iAUCs were analysed: 1) by carrying

the last observed glucose values prior to treatment intervention for a

hypoglycaemic or hyperglycaemic event to the end of the glucose

timing (LOCF) or 2) by using the glucose data prior to intervention.

Given the similar outcome, the GD analysis using the LOCF is

presented.

Additionally, the change from baseline glucose at 1 hour (ΔBG1h)

and at 2 hours (ΔBG2h), and the maximum change from baseline glu-

cose following the start of the meal (ΔBGmax) were also calculated.

2.7 | Tolerability

Safety assessment included adverse events, clinical laboratory vari-

ables, vital signs, and hypoglycaemia. Tolerability was evaluated via

reported treatment-emergent adverse events and hypoglycaemic

events. Hypoglycaemic events [plasma glucose ≤3.89 mM (70 mg/dL)

accompanied with symptoms] that required intervention during the

test meal assessment were treated with either rapidly absorbable oral

carbohydrates or intravenous glucose.

Hyperglycaemic events [blood glucose concentration ≥17 mM

(306 mg/dL)] that lasted more than 1 hour during the test meal

assessment were treated with intravenous Apidra.

2.8 | Statistical analyses

Primary statistical analyses were conducted on patients who com-

pleted all treatment periods, had evaluable PK and GD parameters,

completed the entire test meal, and maintained the same insulin dose

for all treatments. Data analysis was performed using SAS® version

9.3 at a 5% significance level.

Log-transformed AUCs, normalized partial AUCs, and Cmax were

used to estimate geometric means, ratios of geometric means

between treatments, and the corresponding 95% confidence intervals

(CIs) of the ratios. A mixed-effects model was used that included

treatment, sequence and period as fixed effects and patient within

sequence as a random effect. The same model without log
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transformation was used for the analysis of the PK time parameters

and for GD parameters. Least squares (LS) means, treatment differ-

ences in LS means, and the corresponding 95% confidence intervals

(CIs) for the treatment differences were estimated from the model.

The two-sided P value on the difference between LS means was used

to determine statistical significance. The treatment ratios and 95% CIs

for the ratios were calculated using Fieller's theorem.7

Comparisons of PK and GD data between healthy subjects and

patients were descriptive.

2.9 | Sample size calculations

The study was designed to have 64 patients complete the study,

which would provide at least 95% power to demonstrate a 35%

reduction of early 50% tmax between URLi and Humalog or

NovoRapid and detect a 20% reduction of early 50% tmax between

URLi and Fiasp. With this sample size, there would be 95% power to

detect a 40% reduction in PPG incremental area under the baseline-

subtracted glucose concentration versus time curve from time 0 to

1 hour (ΔBGAUC[0–1 h]) between URLi and Humalog/NovoRapid

and 80% power to demonstrate 25% reduction between URLi and

Fiasp. The healthy subjects sample size was not intended to achieve

any a priori statistical requirements.

3 | RESULTS

3.1 | Study population

Sixty-eight patients with T1D participated in the study, and 67 patients

completed it. One patient withdrew after Period 2 by their own decision.

The mean age of the patients with T1D was 46.1 ± 13.3 years, mean BMI

was 25.8 ± 2.4 kg/m2, mean HbA1c was 56.3 ± 9.8 mmol/mol (7.3 ±

0.9%), mean duration of diabetes was 21.5 ± 10.9 years, and 75% were

men (Table S1). Twelve healthy men completed the study. The mean age

of healthy subjects was 32.9 ± 7.8 years, the mean BMI was 25.4 ±

1.8 kg/m2, and the mean HbA1c was 33.3 ± 4.4 mmol/mol (5.2 ± 0.4%).

3.2 | PK results

The insulin lispro concentration–time profile for URLi was shifted to

the left compared to Humalog (Figure 1A, C). A similar leftward shift
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F IGURE 1 Mean insulin lispro concentration (±SE) versus time post injection (A) and for the first hour post injection (C), mean insulin aspart
concentration (±SE) versus time post injection (B) and for the first hour post injection (D) by treatment. LLOQ, lower limit of quantification
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was observed for the insulin aspart concentration–time profile of

Fiasp compared to NovoRapid (Figure 1B, D). In comparing the insulin

concentration–time profile across all insulins tested, URLi demon-

strated the greatest leftward shift (Figure 2A), indicating the fastest

insulin absorption. Correspondingly, the early 50% tmax was reached

12.8 minutes after URLi administration, which was 5.9 minutes faster

than Fiasp, 12.5 minutes faster than Humalog, and 13.9 minutes faster

than NovoRapid (all P <0.0001; Figure 3A). This accelerated insulin

absorption with URLi resulted in significantly greater early insulin

exposure compared to the other study drugs (Figures 2B and 3B).

URLi increased insulin exposure during the first 15 minutes [AUC

(0–15 min)] by 1.5-fold versus Fiasp, 5-fold versus Humalog, and 5-

fold versus NovoRapid (all P < 0.002; Figure 3B).

Late insulin exposure after URLi administration was significantly

reduced compared to all insulins tested (Figures 2D and 3C). The insu-

lin exposure beyond 3 hours [AUC(3–7 h)] after URLi administration

was reduced by 54% compared to Fiasp, 49% compared to Humalog,

and 61% compared to NovoRapid (all P <0.0001). The late 50% tmax

occurred 9.5 minutes later with Fiasp, 13.8 minutes later with

Humalog and 21.1 minutes later with NovoRapid compared to URLi

(all P <0.05; Figure 3A). Additionally, the duration of insulin exposure

in the serum after URLi administration was significantly shorter by

approximately 45 minutes compared to Fiasp, 47 minutes compared

to Humalog, and 50 minutes compared to NovoRapid (all P <0.001).

Following the same insulin unit dose, the total insulin lispro expo-

sure, AUC(0–∞), was not significantly different between URLi and

Humalog (Figure 3D); however, total insulin lispro exposure was sig-

nificantly lower, approximately 16% to 18%, compared to the total

insulin aspart exposure after Fiasp or NovoRapid administration (both

P <0.0001). As this could potentially confound the PK analysis, the

data were reanalysed by calculating the ratio of the partial AUCs to

the total exposure within each study treatment. URLi still demon-

strated the fastest insulin absorption, reduced late insulin, and

shortest duration of exposure compared to all other insulins tested

(Figure 2B-D, Table S3).

3.3 | GD results

URLi demonstrated the lowest mean glucose excursion during the test

meal compared to Fiasp, Humalog and NovoRapid (Figure 4A). URLi

had a numerically greater glucose-lowering effect compared to all

insulins tested, with a statistically significant improvement in PPG

excursions over the first 5 hours compared to Humalog and
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F IGURE 3 Forest plots of insulin exposure. AUC, area under the concentration versus time curve; AUC(0-15 min), AUC from time 0 to
15 minutes post-dose; AUC(0–30 min), AUC from time 0 to 30 minutes post-dose; AUC(0–1 h): AUC from time 0 to 1 hour post-dose; AUC(0–2 h),
AUC from time 0 to 2 hours post-dose; AUC(2–7 h), AUC from time 2 to 7 hours post-dose; AUC(3–7 h), AUC from time 3 to 7 hours post-dose;
AUC(0–∞), AUC from time zero to infinity; CI, confidence interval; Cmax, maximum observed drug concentration; early 50% tmax, time to early half-
maximal drug concentration; late 50% tmax, time to late half-maximal drug concentration; LS, least squares; tmax, time of maximum observed drug
concentration. LS mean; Model: PK = period + treatment + sequence + patient (sequence) + random error, where patient (sequence) is fitted as a
random effect. The CIs for the ratio were calculated using the Fieller's theorem. P value is for the test of the mean difference. LS mean calculated as
pmol h/L. 'Duration' refers to time from study drug administration until the serum insulin lispro concentrations reached the lower limit of
quantification
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NovoRapid (both P <0.02; Figure 4B, Figure S2A). The maximum PPG

excursion (ΔBGmax) and the excursions at 1 (ΔBG1h) and 2 hours

(ΔBG2h) post-meal were also significantly reduced with URLi com-

pared to Humalog and NovoRapid (all P <0.05; Figure S2B).

3.4 | Comparison of insulin analogue groups to
healthy subjects

Endogenous insulin levels in healthy subjects increased at approxi-

mately 7 minutes post-meal, and peak concentrations were observed

30 minutes post-meal (Figure 2C). In comparing endogenous insulin

concentrations to exogenous insulin concentration following subcuta-

neous injection of the insulins, peak insulin levels were approximately

50% lower with the insulin analogues than endogenous insulin. Nota-

bly, the insulin concentration rose the fastest after URLi administra-

tion in the first 15 minutes post-meal and achieved higher insulin

concentration than observed with endogenous insulin in healthy sub-

jects (Figure 2C).

Similarly, when comparing the PPG profile between healthy sub-

jects and the insulins tested, the PPG profile of URLi more closely

matched the healthy subject profile over the first 2 hours (Figure 4A).

Likewise, the PPG excursions over the first 3 hours [AUC(0–3 h)] were

comparable between the URLi group and healthy subjects (Figure 4B).

However, at later time-points glucose levels were higher in all the

tested insulin groups compared to those in healthy subjects

(Figure 4A).

3.5 | PK/GD relationship of insulin lispro
compared to endogenous insulin in healthy subjects

In assessing the PK/PD relationship of insulin concentrations for PPG-

lowering, the faster rise in insulin lispro concentrations in the first

15 minutes after URLi administration compared to endogenous insulin

levels (Figure 5A) resulted in numerically greater PPG-lowering 1 hour

after the meal with URLi compared with healthy subjects (Figure 5B).

The PPG profiles were comparable between URLi and healthy subjects

until 2 hours post-meal, even though healthy subjects had higher insulin

concentrations than those observed in the URLi group (Figure 5C). Inter-

estingly, the insulin profiles from 2.5 hours and beyond of URLi, Humalog

and endogenous insulin were similar (Figure 5C). However, the PPG

F IGURE 5 Mean insulin concentration versus time post-meal (A) and change from baseline glucose concentration (+SE) versus time
post-meal (B) after URLi in patients with type 1 diabetes (T1D) and in healthy subjects and after Humalog or URLi in patients with T1D and in
healthy subjects (C,D)

HEISE ET AL. 1795



profile from 2 to 5 hours post-meal for URLi or Humalog did not provide

the same glucose-lowering as observed in healthy subjects (Figure 5D).

3.6 | Hypoglycaemia during the test meal

No severe hypoglycaemic events were reported. During the test

meals, the total number of hypoglycaemic events (≤70 mg/dL) was

reported at similar frequencies for all study drugs (Table S4). URLi

administration resulted in the lowest number of hypoglycaemic events

during the test meal assessment: 12 for URLi, 19 for Fiasp, 14 for

Humalog, and 13 for NovoRapid. The majority of these events

occurred between 2 and 4 hours after the start of the test meal for all

study drugs.

3.7 | Tolerability and safety results

All insulins tested were well tolerated, with no clinically significant

changes in clinical laboratory evaluations, vital signs or electrocardio-

grams. The study participants did not report any injection site reac-

tions. The tolerability of URLi was comparable to the other insulins

assessed.

4 | DISCUSSION

This was the first study to compare the PK and GD characteristics of

URLi, Humalog, NovoRapid and Fiasp following a standardized test

meal under identical conditions. The inclusion of a healthy cohort pro-

vided the “normal” insulin secretory and glucose response to the same

test meal. URLi demonstrated the fastest insulin absorption and the

greatest numeric PPG-lowering effect, resulting in the best glycaemic

control compared to other insulins tested. The early PPG profile of

URLi most closely matched the glucose profile of the healthy cohort.

As previously reported, URLi had a faster insulin lispro absorption,

reduced late exposure, and an overall shorter exposure duration com-

pared to Humalog.8,9 Similarly, faster insulin aspart absorption was

observed with Fiasp compared to NovoRapid.3–6,10 This study found

that URLi demonstrated the fastest insulin absorption of all the insu-

lins tested, resulting in a significantly greater early insulin exposure in

the circulation. Due to this, the lowest PPG profile was observed fol-

lowing URLi compared to Fiasp, Humalog and NovoRapid. The glu-

cose excursion over the entire test meal (5 hours) was significantly

reduced with URLi compared to Humalog and NovoRapid. Although

the PPG excursions over the 4-hour period were reduced with URLi

compared to Fiasp, none of these reductions reached statistical signif-

icance, which may be reflective of the sampling size and powering of

the study.

Administration of URLi resulted in less late insulin exposure and a

shorter duration of insulin exposure in comparison with Fiasp,

Humalog and NovoRapid. It is anticipated this would decrease the risk

of late postprandial hypoglycaemia. Correspondingly, there were

fewer hypoglycaemic events which needed intervention with URLi

(six events) than the other insulins tested (10–12 events). However,

further clinical studies would be needed to investigate the clinical

impact of this finding.

In comparison to healthy subjects, the glucose excursions over the

first 3 hours post-meal were comparable with URLi, but the time-course

differed. The PPG excursion was slightly lower with URLi in the first

hour after the meal, likely due to the faster rise in insulin concentrations

in the first 15 minutes post-meal. PPG levels were fairly similar to those

of healthy subjects in the second hour post-meal. However, the PPG

excursion between 2 to 3 hours post-meal increased with URLi, but

declined in healthy subjects. Interestingly, the higher endogenous insu-

lin concentrations in healthy subjects between 15 and 60 minutes post-

meal did not lead to substantial differences in the PPG excursion in the

first 2 hours between healthy subjects and URLi. While peak insulin

concentrations were lower with URLi, it seems that the faster rise in

insulin concentrations resulted in a numerically improved PPG control

in the first 2 hours after the meal. This observation is supported by a

recent PK/PD analysis, which shows that PPG-lowering is driven by

insulin concentrations reaching an apparent threshold of �200 pmol/L,

similar to the human insulin receptor Type A dissociation constant

(Leohr et al, manuscript in preparation). This threshold was reached

faster with URLi than was observed with endogenous insulin.

Glucose levels were higher beyond 2 hours post-meal after

URLi compared to those in healthy subjects, despite the similar

insulin tails of URLi and endogenous insulin. This suggests that the

route of insulin administration may also play an important role.

Subcutaneous administration of exogenous insulin initially

bypasses the portal system, resulting in portal insulin concentra-

tions which are similar to the peripheral levels, while endogenous

insulin secretion leads to portal insulin concentrations approxi-

mately 2- to 3-fold higher than what is detected in the periph-

ery.11–13 The insulin secretion in healthy subjects nearly

completely suppresses endogenous glucose production over at

least 3 hours postprandially,14 whereas subcutaneously adminis-

tered insulins primarily stimulate peripheral glucose uptake.15 The

effect of URLi on endogenous glucose production has not yet been

investigated, but Humalog has been shown to suppress endoge-

nous glucose production for only 90–120 minutes after glucose

ingestion.16 Overall, therefore, it may be difficult to improve PPG

levels with subcutaneously injected insulins beyond the improve-

ments seen with URLi. The rapid insulin absorption of URLi is able

to control PPG to a similar degree as observed in healthy subjects

over 2–3 hours, and a reduction of late PPG might require a greater

effect on endogenous glucose production than is achievable with

subcutaneously injected insulins. This is likely to be addressed with

the advancement of closed-loop pump systems with which insulin

delivery would be adjusted to provide optimal glucose control.

Given the more rapid insulin absorption and improved PPG-

lowering observed with URLi, it may be the optimal insulin to use in

these closed-loop systems.

This study was strengthened by the following: (a) it was con-

ducted in patients with T1D, who lack endogenous insulin secretion
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to confound the PK and GD analyses; (b) the use of a crossover design

allowing for a within-subject comparison of PK and GD response

across these insulins, using the same test meal and insulin dose; (c) a

run-in procedure facilitated the comparison in the PPG response and

addressed inter-occasion glucose variability by having a similar glu-

cose concentration prior to the meal across the patients; and (d) the

inclusion of the dose-finding assessment, which ensured that the

appropriate insulin dose was given for the test meal for each patient

with T1D. A limitation of the study was the use of a liquid test meal,

which is not a typical meal for patients. However, the PPG responses

between URLi and Humalog have been assessed in both solid meals

and liquid meals and showed similar responses to those observed in

the present study.17 Although these data are encouraging, the transla-

tion of the improvement in PPG response with URLi over other insulin

analogues to a clinical benefit would warrant further evaluation in a

larger, long-term clinical study.

In conclusion, the results of this head-to-head study demon-

strated that URLi has the fastest insulin absorption and greatest

numerical reduction in PPG excursions compared to Humalog, Fiasp

and NovoRapid. Thus, these results suggest that URLi may have the

potential to improve glycaemic control over current rapid-acting insu-

lin analogues in patients with T1D. Furthermore, URLi more closely

matched the early physiological glucose control observed in healthy

subjects, and it may be difficult to see further improvements with sub-

cutaneously injected insulin.
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