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Abstract

Ultra-rapid-acting insulin analogs (URAA) are a further development and refinement of rapid-acting insulin analogs. Because
of their adapted formulation, URAA provide an even faster pharmacokinetics and thus an accelerated onset of insulin action
than conventional rapid-acting insulin analogs, allowing for a more physiologic delivery of exogenously applied insulin. Clinical
trials have confirmed the superiority of URAA in controlling postprandial glucose excursions, with a safety profile that is
comparable to the rapid-acting insulins. Consequently, many individuals with diabetes mellitus may benefit from URAA
in terms of prandial glycemic control. Unfortunately, there are only few available recommendations from authoritative
sources for use of URAA in clinical practice. Therefore, this expert consensus report aims to define populations of people
with diabetes mellitus for whom URAA may be beneficial and to provide health care professionals with concrete, practical
recommendations on how best to use URAA in this context.
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Introduction

Insulin is indispensable in the treatment of people with type
1 diabetes mellitus (T1D) and continues to be an important
pillar of advanced therapy of people with type 2 diabetes
(T2D). Besides recombinant human insulin, which is identi-
cal to the native hormone and either short-acting or interme-
diate-acting depending on the formulation, insulin analogs
play an important role in insulin therapy today.! Based on
adjustments in the amino acid sequence, insulin analogs have
a significantly altered pharmacokinetic and pharmacody-
namic profile compared with native human insulin, resulting
in either faster or prolonged insulin action. Consequently,
rapid-acting insulin analogs (RAA)—including insulin lis-
pro, aspart, and glulisine—are particularly used to counteract
postprandial glucose (PPG) excursions, whereas long-acting
or basal insulins, such as insulin glargine, detemir, and
degludec, are used primarily to manage fasting plasma glu-
cose levels.?

Ultra-rapid-acting insulin analogs (URAA), including
“faster aspart” (URAsp) and “insulin lispro-aabc” (URLIi),
represent a recent further development in insulin therapy.
These are novel formulations of the RAA insulin aspart
(IAsp) and insulin lispro (ILispro), respectively, to enable
even faster onset of insulin action and to thereby reduce the
lag time between subcutaneous insulin injection and onset
and peak of insulin action. Both URAsp and URLI have been
approved for treatment of people with diabetes mellitus by
the European Medicines Agency (EMA) and the US Food
and Drug Administration (FDA) in 2017 and 2020,
respectively.

The aim of this report, based on the results of clinical tri-
als as well as the experience with these novel insulin analogs
in clinical practice, is to define the groups of people with
diabetes mellitus who may benefit from using URAA. The
practical, evidence-based recommendations provided here
are intended to help health care professionals make optimal
use of these new opportunities in insulin therapy for defined
groups of people with diabetes mellitus.

URAA in Therapy of People With
Diabetes Mellitus

Pharmacology and Pharmacokinetics

Compared with insulin aspart (IAsp), URAsp additionally
contains two excipients: niacinamide (vitamin B,, 170 mM)
and L-arginine (20 mM).? Within its pharmaceutical formula-
tion, human insulin usually associates in hexamers, stabi-
lized by the presence of Zn** ions and phenolic additives
such as m-cresol.* Dissociation of these hexamers to mono-
mers in the subcutaneous space after injection is the rate-
determining step of insulin absorption and bioavailability®
and can be accelerated in presence of niacinamide.®
Furthermore, niacinamide has been reported to promote local

vasorelaxation.® Both aspects contribute to enhanced insulin
absorption of URAsp. The second novel excipient, L-argi-
nine, is added to increase the stability of insulin.® As a result,
the pharmacokinetic properties of URAsp after subcutaneous
injection are perceptibly different from those of TAsp in indi-
viduals with T1D: the serum insulin concentration-time
curve is shifted to the left, with the onset of exposure (defined
by the time to reach 50% of the maximum concentration) as
well as the offset of exposure (time to late half-maximum
concentration) in the circulation occurring 9.5 and 12.2 min-
utes earlier in the pooled analysis, respectively.”® The URAsp
exposure as assessed by the areas under the concentration-
time curve in the first 30 minutes after administration was
twofold greater with URAsp. Pharmacodynamic studies
were conducted using the euglycemic glucose clamp proce-
dure. The early glucose-lowering effect as determined by the
glucose infusion rate (GIR) during the first 30 minutes fol-
lowing subcutaneous injection was 74% greater with URAsp
than with IAsp and the offset of the glucose-lowering effect
(the time to reach 50% of the maximum GIR) occurred
14.3 minutes earlier, despite a similar total glucose-lowering
effect.”

Ultra-rapid insulin lispro (URLi) contains two additional
excipients: citrate (15 mM) and treprostinil (1 pg/mL).
Citrate accelerates the absorption of insulin lispro by increas-
ing local vascular permeability, while treprostinil (a synthetic
prostacyclin analog currently used for the treatment of pul-
monary arterial hypertension) enhances insulin absorption
by inducing local vasodilation.”!® Treprostinil was not
detectable in plasma after subcutaneous dosing of URLi in a
cohort of people with TI1D.!"!" Accordingly, no systemic
adverse effects are expected to be associated with this excipi-
ent. Similar to the comparison between URAsp and [Asp,
URLI has a faster onset and offset of exposure than ILispro,
reaching 50% of the maximum concentration 14.0 minutes
and the late half-maximum concentration 17.6 minutes ear-
lier in a pooled analysis including studies in healthy subjects
and people with TID or T2D.'? The URLIi exposure in the
first 30 minutes was increased almost 3.0-fold compared
with ILispro. Likewise, the insulin action in the first 30 min-
utes was increased 3.1-fold and the offset of the glucose-
lowering effect occurred 37.9 minutes earlier in the pooled
analysis, again with a similar overall insulin action.'? Overall,
compared with the conventional ILispro formulation, the
duration of insulin exposure to the circulation was reduced
by 68.2 minutes and the duration of insulin action was
reduced by 43.8 minutes with URLi."?

A direct comparison of URAsp and URLi showed faster
pharmacokinetic properties of URLi, with a 1.2-fold higher
initial insulin exposure during the first 30 minutes after
administration.'* To conclude, both UR Asp and URLi exhibit
a faster onset and reduced late insulin action as well as a
shorter duration of insulin action which more closely repre-
sents the physiologic postprandial insulin response.
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Clinical Effectiveness

Several phase III trials (Table 1) were conducted to investi-
gate the clinical effectiveness of URAsp and URLi. Most of
these studies were designed to examine noninferiority of
URAA in change of glycated hemoglobin (HbAlc) from
baseline as a primary outcome compared with the conven-
tional RAA. In these studies and a meta-analysis of eight
studies including both URAsp and URLi, URAA were con-
firmed to be noninferior in glycemic control compared with
the standard formulations of insulin aspart and lispro, respec-
tively.** In a separate meta-analysis comparing URAsp ver-
sus IAsp, URAsp was associated with improved HbAlc and
decreased PPG excursions in people with T1D, albeit with
modest clinical significance.’!

Apart from HbAlc, which is the current gold standard for
evaluating glycemic control, time in range (TIR) as defined
by time with plasma glucose values between 70 and 180 mg/
dL* is increasingly recognized as an important surrogate
marker for glycemic control.3*3* Time in range was shown to
significantly improve in people with T1D on URAsp in two
observational studies of URAA.%3¢ In the single-arm
PRONTO-Time in Range study, URLi combined with insu-
lin titration in people with T2D and elevated HbAlc levels
showed a significant improvement in daytime (+3.8%) and
24-hour (+3.3%) TIR as well as HbA1c (—0.44%) compared
with the prestudy baseline multiple daily injections (MDI)
therapy with a RAA.2¥ A subanalysis of the PRONTO-T1D
trial reported significantly improved TIR during daytime in
individuals with T1D using MDI therapy®’ and, importantly,
a meta-analysis reported significantly improved TIR with
URAA when used in insulin pump therapy.*®

Postprandial glucose excursions are an important compo-
nent of glycemic control.’** Compared with the respective
RAA, both URAsp and URLi showed consistently superior
effects in terms of reducing 1- and 2-hour PPG excursions
after liquid meal testing, which was also supported by the
pooled analysis for both T1D and T2D subjects.>

Safety Outcomes

Overall, URAA did not increase the incidence of serious
adverse events in people with T1D or T2D in MDI therapy
and had similar safety outcomes to the corresponding RAA.*
However, the timing of hypoglycemia events differs with
URAA use. Several trials reported a statistically significant
higher rate of hypoglycemia within the first two hours after a
meal,'#15222327 Hyt a statistically significant lower rate of
late postprandial hypoglycemic episodes.”!®!” Importantly,
the overall rate of severe or blood glucose-confirmed/docu-
mented hypoglycemia was generally comparable between
URAA and the respective RAA, as listed for each study in
summarized Table 1. In continuous subcutaneous insulin
infusion (CSII) therapy in T1D, URAA resulted in a similar
rate of overall hypoglycemic events to RAA,'!° but

a significantly reduced time in hypoglycemia in the
PRONTO-Pump-2 study with URLi and in the pooled analy-
sis across all CSII randomized controlled trials (RCTs) for
both URAA .23

Other reported treatment-emergent adverse events
(TEAE) included more frequent mild to moderate infusion or
injection site reactions, especially with URLi compared with
ILispro.”!72022.26 The incidence of other TEAE events was
similar between URAA and RAA for both children and
adults with T1D and for adults with T2D.*

Current Recommendations and Guidelines

The latest 2021 consensus report on the management of T1D
in adults by the American Diabetes Association (ADA) and
the European Association for the Study of Diabetes (EASD)
mentions URAA as an alternative that is equivalent to RAA
and a preferred option to short-acting (regular) human insu-
lin. While URAA are noted to have an earlier onset and peak
of action than RAA, they are not recommended in preference
to RAA as they were not superior in terms of HbA ¢ reduc-
tion or rates of hypoglycemia in clinical trials.*' A similar
position can be found in the ADA Standards of Care 2023
and the American Association of Clinical Endocrinology
(AACE) Clinical Practice Guideline 2022.4>* The
International Society for Pediatric and Adolescent Diabetes
(ISPAD) Clinical Practice Consensus Guidelines 2022 give
stronger consideration to URAA, which are seen as poten-
tially beneficial for use in younger individuals.**

According to the Consensus Recommendations for the
Use of Automated Insulin Delivery Technologies in Clinical
Practice 2023, RAA continue to be the recommended insu-
lins for automated insulin delivery (AID) systems because of
their proven compatibility with most pump technologies.
URAA are stated to be at most modestly beneficial or nonin-
ferior to RAA in these systems. However, it is noted that
URAA may be beneficial for certain individuals, such as
those who prefer to administer the bolus immediately before
a meal rather than 15 minutes before onset of the meal.*®

Regarding T2D, URAA are currently not explicitly
addressed in guidelines and recommendations by medical
societies such as the ADA and EASD in their current 2022
Consensus Report on Management of Hyperglycemia in
Type 2 Diabetes.*

Consensus Recommendations

As stated in the previous chapter, URAA provide a faster
onset and offset of action compared with RAA and regular
insulin and have been shown in clinical trials to provide
improved prandial glycemic control. Accordingly, we now
provide tailored recommendations for use of URAA in spe-
cific groups of people living with diabetes or in specific situ-
ations that are relevant to the management of diabetes
mellitus below (see Tables 2—12). The recommendations are
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summarized in Table 13. We used the ADA grading system to
indicate the level of scientific evidence for each recommen-
dation.*’” Accordingly, evidence from large, well-conducted
RCTs or meta-analyses was graded A, evidence from well-
conducted cohort or case-control studies was graded B, evi-
dence from poorly controlled clinical studies was graded C,
and E was used for expert consensus or clinical experience in
the absence of evidence from clinical trials or in the case of
conflicting evidence.

Ultra-Rapid-Acting Insulins in Type | Diabetes

MDI therapy. Most of the RCT on URAA discussed in the
previous chapters were conducted in adults with TID on
MDI therapy. Based on these data, URAA have two major
advantages as compared with RAA:

1. They enable an accelerated onset and offset of
postprandial insulin action and thereby result in sig-
nificantly reduced PPG excursions throughout the
studies®® and a reduced risk of late (>four hours)
postprandial hypoglycemia in some people.>!®!7
Regarding overall hypoglycemic events and other
TEAE, URAA are noninferior to RAA,* except for a
higher probability of mild to moderate injection site
reactions with URLI. Although data from the ONSET
1 extension study showed slightly better HbAlc con-
trol with URAsp compared with TAsp,'® overall,
URAA have been shown to be noninferior to RAA in
terms of HbAlc change from baseline in phase III
trials_9,14,16-18

2. URAA can be safely administered up to 20 minutes
after the start of a meal, which may offer greater flex-
ibility and convenience compared with RAA, which
are recommended to be injected 15 to 20 minutes
before a meal.*® Postmeal administration of URAA
was shown to be noninferior to mealtime RAA
regarding glycemic control assessed by change from
baseline HbAlc levels in RCT for both URAsp and
URLI1.>162122 Nevertheless, mealtime URAA was
superior to postmeal URAA regarding PPG excur-
sions and is therefore recommended in preference to
postmeal administration.

Beyond the controlled environment of interventional clinical
trials, observational studies may be helpful to evaluate the
benefit of URAA in the real-world setting, although the results
must be interpreted with caution. In this context, the GoBolus
study found that people with T1D on stable insulin treatment
with MDI and intermittently scanned continuous glucose
monitoring (CGM) largely profited from switching from con-
ventional prandial insulins to URAsp*: after 24 weeks of
treatment, despite no significant change in insulin doses, the
HbAlc improved by an absolute 0.19% from baseline, and
TIR increased by 46.1 minutes per day on average—a finding

Table 2. Consensus on the Use of URAA in MDI Therapy in
TID.

Multiple daily injection therapy in TID

URAA are recommended for MDI
therapy in TID with a level of
evidence of A, based on a large
number of well-controlled RCT on
URAsp and URLi and two meta-
analyses. Both URAA consistently
showed improved postprandial
glycemic control with comparable
HbA | ¢, hypoglycemia, and other safety
outcomes to the respective RAA.

Recommendation

Abbreviations: URAA, ultra-rapid-acting insulin analogs; MDI, multiple
daily injection; T1D, type | diabetes; RCT, randomized controlled trial;
URAsp, ultra-rapid-acting insulin aspart (faster aspart); URLi, ultra-rapid-
acting insulin lispro (lispro-aabc); HbA ¢, glycated hemoglobin; RAA,
rapid-acting insulin analogs.

that was also confirmed in a similar retrospective study from
Belgium.*® The GoBolus study also included patient-reported
outcomes: according to participants’ responses to the Diabetes
Treatment Satisfaction Questionnaire (DTSQ),* quality of life
improved significantly after switching to URAA. Positive
feedback was also received from physicians treating people
with T1D or T2D.*°

While treatment with URAA did not result in increased
incidence of serious adverse events, there was a higher rate
of mild to moderate injection site reactions with URLi.>!”

To conclude, URAA are safe and effective for individuals
with T1D in MDI therapy, which is confirmed by the results
of two meta-analyses, one including RCT of URAsp versus
IAsp in MDI therapy only and a second including RCT of
URAsp and URLI versus RAA or placebo.

Insulin pump therapy. A rapid pharmacokinetic profile is of
particular importance for CSII or insulin pump therapy,
which is generally based on rapid-acting insulins.®' Instead
of a single dose of a long-acting insulin with MDI therapy,
the pump delivers insulin at a continuous, adjustable rate
throughout the day, supplemented by individually set pran-
dial boluses. In this regard, in principle, accelerated insulin
pharmacokinetics as offered by URAA are highly desirable
to further enhance the more physiologic delivery of insulin
via CSII and to thereby improve glycemic control without
increasing hypoglycemia.>?

The compatibility, efficacy, and safety of URAA in insu-
lin pumps were investigated in a series of RCT for both
URAsp and URLI and also evaluated by a subsequent meta-
analysis.*® Across the single studies, URAA were reported to
be compatible with CSII'>** and to provide a comparable
glycemic control as RAA regarding HbAlc levels compared
with pretrial RAA CSII treatment.'®?° In the pooled analysis,
which also included trials investigating URAA in hybrid
closed-loop systems, URAA were reported to increase the
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Table 3. Consensus on the Use of URAA in Insulin Pump
Therapy in TID.

Insulin pump therapy in TID

URAA are recommended for insulin
pump therapy in T1D with a level
of evidence of A, based on a series
of well-conducted RCT on URAsp
and URLi and a meta-analysis. Both
URAA consistently demonstrated
improved postprandial glycemic
control and showed slightly improved
TIR in the pooled analysis compared
with the respective RAA. HbAlc
and hypoglycemia outcomes were
comparable to RAA; however, use of
URAA in insulin pump therapy was
associated with an increased odds of
unplanned infusion set changes.

Recommendation

Abbreviations: URAA, ultra-rapid-acting insulin analogs; T1D, type |
diabetes; RCT, randomized controlled trial(s); URAsp, ultra-rapid-acting
insulin aspart (faster aspart); URLIi, ultra-rapid-acting insulin lispro (lispro-
aabc); TIR, time in range; RAA, rapid-acting insulin analogs; HbAlc,
glycated hemoglobin.

24-hour TIR by 1.1%, equivalent to 110 minutes per week.*
Interestingly, this result was driven by a lower time in hypo-
glycemia throughout the 24 hours rather than a decreased
time spent in hyperglycemia. However, the use of URAA
also significantly increased the odds of unplanned infusion
set changes, as reported in the ONSET 5'® and PRONTO
pump studies'®?* and in the pooled analysis across the
URAsp and URLi clinical trials.*® The latter one particularly
reported an odds ratio of 1.60 (95% confidence interval [CI]:
1.26, 2.03) for unplanned infusion set changes with URAA,
with 398 events reported in 623 individuals using URAA and
324 events in 612 individuals using RAA.* The main reason
given for this outcome was an increased risk of injection site
reactions and pain. This should be considered and discussed
when recommending URAA to individuals on CSII.
Observational studies of URAsp outside the controlled set-
ting of RCT have also shown that pump settings—which in
most RCT were held constant from the pretrial pump insu-
lin—should be adjusted to account for the ultra-rapid phar-
macokinetics of URAA >

Therapy with AID systems. AID devices, which combine the
benefits of insulin pump delivery with CGM and a control
algorithm that regulates insulin delivery based on sensor
glucose readings, are an important technological advance.>
Hybrid closed-loop systems are the first generation of AID
systems that allow automated basal insulin adjustments or,
in advanced hybrid AID devices, additional delivery of
correction boluses.”’ Yet, these systems require user-
defined mealtime boluses.* The iLet bionic pancreas sys-
tem, which received FDA clearance in May 2023, is the
first AID system approved that does not require calculation

of prandial insulin doses, but only meal announcements
from the user.

AID has a favorable effect on glycemic control and
decreases the risk of hypoglycemia in individuals with
T1D.%%° URAA as even faster-acting insulins may allow
the device to respond more quickly to elevated glucose lev-
els and have therefore been investigated in a small number
of clinical studies. Both URAsp and URLi showed compa-
rable efficacy and safety to RAA with the hybrid closed-
loop Medtronic 670G system in adults.®*®! An improvement
in TIR®? was reported in one study with URAsp in the latter
as well as in the MiniMed Advanced Hybrid Closed-Loop
system.®® Using the CamAPS FX, another study found a
lower time in hypoglycemia with URAsp compared with
IAsp.®* Two studies specifically compared clinical out-
comes in children and young adults with the CamAPS FX
or a fully closed-loop system and also showed comparable
efficacy of URAsp to [Asp.®>% Nevertheless, expectations
of a significant advantage of URAA over RAA were thus
far largely unfulfilled by the results of these trials.
Importantly, though, and in analogy to the CSII studies, the
control algorithms in the aforementioned trials were main-
tained from the pretrial RAA, with no explicit adjustments
of the parameters for URAA. However, in silico studies
have suggested that there is potential for significantly
improved TIR by adapting AID settings to the faster phar-
macokinetics of URAA.76

Regarding safety aspects, despite the small number of
available studies on AID systems, a subgroup analysis in the
CSII pooled analysis suggested no increased infusion set
changes with URAA versus RAA in hybrid closed-loop sys-
tems.*® One study specifically investigated the efficacy and
safety of URAsp with the investigational version of the
MiniMed 780G in physically active children, and reported
comparable outcomes to children using 1Asp.”” However,

Table 4. Consensus on the Use of URAA in AID Therapy in
TID.

Automated insulin delivery therapy in TID

Recommendation URAA are recommended for AID therapy
in TID with a level of evidence of C,
based on several RCT on URAsp and
URLi with small study cohort sizes and
short observation periods. The results
from these studies are consistent in
suggesting comparable or improved
efficacy in terms of HbAlc levels and
noninferiority in terms of hypoglycemia
and safety outcomes to the respective
RAA for both URAA in this setting.

Abbreviations: URAA, ultra-rapid-acting insulin analogs; AID, automated
insulin delivery; TID, type | diabetes; RCT, randomized controlled
trial(s); URAsp, ultra-rapid-acting insulin aspart (faster aspart); URLi, ultra-
rapid-acting insulin lispro (lispro-aabc); HbA ¢, glycated hemoglobin; RAA,
rapid-acting insulin analogs.
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more studies are warranted to definitively assess the clinical
efficacy of URAA in AID. Nevertheless, on the basis of the
evidence currently available, URAA provide comparable
glycemic control to RAA and are safe for use in AID sys-
tems, where approved for such devices.

Ultra-Rapid-Acting Insulins in T2D

MDI therapy. In the course of T2D, many people require treat-
ment intensification with the initiation of insulin therapy. In
countries where access to insulin is guaranteed, it is expected
that more than one fourth of people living with T2D are treated
with insulin.”"7? Yet, the number of people with suboptimal
blood glucose control for whom intensification of therapy
would be indicated is thought to be even higher.” In a retro-
spective study, more than 40% of people with T2D and subop-
timal glycemic control on oral diabetes therapies declined to
use insulin when recommended.” The reasons for this thera-
peutic inertia are many and include fear of insulin side effects
and inconvenience of its use.” Therefore, the availability of
insulins with enhanced user flexibility and improved health
benefits may help to overcome these barriers.

Treatment intensification with insulin in T2D is a stepwise
approach, generally initiated by introducing basal insulin. If
HbA Ic target values are not reached with non-insulin glucose-
lowering therapies and adequate basal insulin therapy, prandial
insulin should be added.”® Prandial glucose control is an impor-
tant component of glycemic control.***° In this context, several
RCTs have investigated the safety and efficacy of URAA in
adults with insulin-treated T2D. The PRONTO-Time in Range
study reported a significantly increased TIR (both daytime and
24 hours) with URLi and insulin dose optimization compared
with prestudy basal-bolus regimen, which was driven by a
lower time above range.”® However, the prestudy baseline
treatment included real-time or intermittent scanning CGM in
only 22% of participants, and therefore it cannot be excluded
that the unblinded CGM during the study period or the insulin
dose titration contributed to the positive effect on glycemic
control. Other phase III trials directly compared URAA with
RAA in people with T2D, with results similar to those described
in people with TID: URAA showed superior PPG control
(although to a generally lesser extent), noninferior change in
HbA Ic compared with baseline, and a similar or lower rate of
hypoglycemia.?>?%”” Other TEAE were comparable between
treatment and control groups. These results were likewise con-
firmed in the pooled analysis.>

Another important benefit of URAA compared with RAA
is that it can be safely administered up to 20 minutes after the
start of a meal. This may also be reflected in a higher level of
treatment satisfaction with URLi compared with the prestudy
treatment including RAA,*® as assessed in the Insulin
Treatment Satisfaction Questionnaire (ITSQ) survey of indi-
viduals with T2D.?

Table 5. Consensus on the Use of URAA in MDI Therapy in
T2D.

Multiple daily injection therapy in T2D

URAA are recommended as a suitable
alternative to RAA for adults with T2D
with a level of evidence of A, based on
several well-controlled RCT on URAsp
and URLi and two meta-analyses. Both
URAA consistently showed improved
postprandial glycemic control with
comparable HbA ¢, hypoglycemia, and
safety profiles to the respective RAA.

Recommendation

Abbreviations: URAA, ultra-rapid-acting insulin analogs; MDI, multiple
daily injection; T2D, type 2 diabetes; RAA, rapid-acting insulin analogs;
RCT, randomized controlled trial(s); URAsp, ultra-rapid-acting insulin
aspart (faster aspart); URLI, ultra-rapid-acting insulin lispro (lispro-aabc);
HbAlc, glycated hemoglobin.

Ultra-Rapid-Acting Insulins in Diabetes Mellitus
During Pregnancy

Gestational diabetes mellitus (GDM) is a common condition,
with a global prevalence of approximately 14% in pregnant
women.”® It is accompanied by an increased risk of preterm
delivery, macrosomia, or neonatal respiratory distress syn-
drome.” Accordingly, treatment of GDM was shown to
reduce perinatal morbidity®® and screening for GDM is there-
fore largely recommended in current guidelines for pregnant
women at elevated risk.?""*? Many pregnancy complications
such as spontaneous abortion, pre-eclampsia, macrosomia,
and neconatal respiratory distress syndrome are even more
common in women with T1D and T2D during pregnancy.®® It
is therefore particularly important to ensure optimal glyce-
mic control in all pregnant women with diabetes.

Insulins are the central pillar for diabetes therapy dur-
ing pregnancy, as other glucose-lowering medications
often lack positive safety data or can cross the placenta
with potential adverse effects on the fetus.’? Both MDI
and CSII therapy are equally appropriate treatment options
for pregnant women with diabetes.?* An important factor
to consider during pregnancy is the changing insulin phys-
iology, with increased insulin sensitivity in the first tri-
mester but greatly reduced sensitivity and increased
insulin requirements in late pregnancy.® Yet, even a small
5% increase in time above range during the second and
third trimesters in women with T1D is associated with an
increased risk of neonatal hypoglycemia and neonatal
intensive care unit admissions.%® Therefore, monitoring of
both fasting and postprandial blood glucose is recom-
mended during pregnancy in all women with diabetes
mellitus®? and underlines the importance of a good pre-
dictability of insulin action to ensure stable glycemic con-
trol and to prevent hypoglycemia.
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According to data from retrospective studies and a lim-
ited number of RCT, IAsp or ILispro is not associated with
adverse maternal or fetal outcomes.®’ Similarly, there are
no reported safety issues with the additional excipients in
URAA. Large study data in pregnant women are usually
lacking and this is also true for RAA®; caution is therefore
still warranted. Nevertheless, the available data suggest that
IAsp and ILispro in combination with the additional excipi-
ents are a safe option for pregnant women with diabetes dur-
ing pregnancy and lactation. For URAsp, data from two
clinical studies in pregnant women are now available. The
first was a retrospective study of women with GDM on MDI
therapy and reported significantly lower postprandial PPG
levels and lower glycemic variability in women using
URAsp compared with those using IAsp.”! The CopenFast
trial was an open-label RCT of women with pre-existing
T1D or T2D using URAsp in MDI or pump therapy during
pregnancy. The results demonstrated comparable fetal
growth and HbAlc values but significantly fewer severe
hypoglycemic events with URAsp versus [Asp.? Other
pregnancy or three months postdelivery outcomes as well as
TEAE were comparable.

In conclusion, the rapid onset and offset of URAA may
offer a benefit to pregnant women with either GDM or pre-
existing T1D or T2D by providing better predictability of

Table 6. Consensus on the Use of URAA During Pregnancy
With Diabetes Mellitus.

Insulin therapy in pregnant women with diabetes mellitus

Recommendation URAA may be considered in pregnant
women with diabetes mellitus if
inadequate glycemic control is
achieved with RAA. The level of
evidence for this recommendation is
C for URAsp and E for URL, based
on a limited amount of data available
from a single-center, open-label RCT
suggesting a comparable efficacy
regarding HbA c levels, lower risk of
severe hypoglycemia and an otherwise
similar safety profile of URAsp
compared with IAsp in women with
pre-existing diabetes mellitus. This
evidence is supported by results from
an observational study on URAsp or
IAsp in women with GDM. There is
currently no evidence available from
clinical trials or cohort studies for the
particular formulation of URLi.

Abbreviations: URAA, ultra-rapid-acting insulin analogs; RAA, rapid-acting
insulin analogs; URAsp, ultra-rapid-acting insulin aspart (faster aspart);
URLI, ultra-rapid-acting insulin lispro (lispro-aabc); RCT, randomized
controlled trial(s); HbAlc, glycated hemoglobin; GDM, gestational
diabetes mellitus.

insulin action and improved postprandial glycemic control
without increasing safety outcomes, although definitive
data from studies on URLI in pregnancy are currently not
available. Bearing in mind the risk of hyperglycemia for
both mother and infant in the light of the existing safety
data, we support the use of URAA during pregnancy where
achievement of PPG control is a priority.

Ultra-Rapid-Acting Insulins in Special Groups and
Situations

Children and adolescents. Children and adolescents with T1D
are a vulnerable group where tight plasma glucose control
and avoidance of hypoglycemic or hyperglycemic episodes
is particularly important for the development of the brain and
other organs.”?> At the same time, diabetes management in
young children is complicated by a higher variability in insu-
lin requirement® with a subsequently increased risk for off-
range insulin dosing. The use of both basal and bolus insulins
in MDI or prandial insulins in insulin pump therapy is the
recommended treatment approach for young people with
T1D according to the current ISPAD guidelines,* and glu-
cose should be monitored regularly, ideally using CGM.*

URAA as a novel class of even faster prandial insulins
offer an even faster onset and offset of insulin action com-
pared with RAA also in children and adolescents.’>%
Therefore, URAA have been explicitly investigated in this
age group in two large RCT, the ONSET 7 trial and the
PRONTO-Peds trial.?"?? In both studies, mealtime and open-
label postmeal URAsp or URLi were compared with meal-
time [Asp or ILispro, respectively, in MDI therapy for 26
weeks. Regarding change from baseline in HbAlc, URAA
were noninferior,? or slightly superior with an estimated
treatment difference of —0.17% (95% CI: —0.30, —0.03)
when mealtime URAsp was compared with IAsp.!
According to a post hoc analysis of the ONSET 7 data, the
effect on HbAlc was independent of the participants’ age.?!
Mealtime URAA in both studies significantly decreased PPG
excursions at one hour, while postmeal URAA were shown
to be noninferior to the respective mealtime RAA in this
regard. Also, the rate of severe or documented hypoglycemia
and other TEAE was comparable in both trials, except for a
higher number of injection site reactions in the PRONTO-
Peds trial.? Yet, although URAA can be safely administered
up to 20 minutes after starting a meal, children should receive
the bolus preferentially at the start of the meal.* This is also
supported by the finding of an increased risk of nocturnal or
=4 hours postmeal hypoglycemia with postmeal URAA
administration.?!-??

While URAA have been shown to be safe and effective for
children and adolescents in MDI therapy, data on their use in
CSII devices are largely lacking. However, a small prospec-
tive study conducted in children and adolescents with T1D
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Table 7. Consensus on the Use of URAA in Children and
Adolescents With TID.

Insulin therapy in children and adolescents with TID

URAA are recommended for children and
adolescents with TID with a level of
evidence of A in multiple daily injection
therapy, based on two well-controlled
RCT on URAsp and URLi. Both URAA
showed improved postprandial glycemic
control with comparable or improved
HbA | c and comparable hypoglycemia
and other safety profiles to the
respective RAA.

Recommendation

Abbreviations: URAA, ultra-rapid-acting insulin analogs; T 1D, type |
diabetes; RCT, randomized controlled trial(s); URAsp, ultra-rapid-acting
insulin aspart (faster aspart); HbAlc, glycated hemoglobin; RAA, rapid-
acting insulin analogs.

using URAsp in a sensor-augmented pump documented
increased TIR and less time in hyperglycemia compared with
[Asp.” Three studies using a hybrid or fully closed-loop sys-
tem in children showed comparable efficacy of URAsp to
[Asp.936570 Also, a Portuguese retrospective analysis in pedi-
atric individuals with T1D confirmed an increased TIR and
decreased time above range with URAsp, explicitly also in
the subgroup of participants using insulin pump therapy.”

To conclude, based on this evidence as well as the sup-
portive study data from URAA in CSII therapy in adults (see
section regarding Insulin pump therapy), URAA can be rec-
ommended for use in pediatric MDI as well as CSII therapy,
in line with their current approval for the respective use by
the EMA (children =one year old) and FDA (children =two
years old). Despite the increasing prevalence of T2D in chil-
dren, URAA in T2D have only been evaluated for safety and
efficacy in adults =18 years of age and therefore cannot
currently be recommended for children or adolescents with
T2D.

Elderly individuals. The group of elderly individuals with dia-
betes is growing worldwide. It is estimated that in 2019, the
prevalence of diabetes among those older than 65 years old
was 19%.% The treatment of elderly people with insulin
requires specific attention to the particular needs of this
group, including potential comorbidities, difficulties with
insulin administration, unpredictable dietary intake and tim-
ing, and a high risk of microvascular and macrovascular
complications.'%

The ONSET and PRONTO trials, which investigated the
efficacy and safety of URAA in individuals with T2D, have
also included participants above 65 years of age, so the
results derived from these studies should also be applicable
to older individuals. This was confirmed by subgroup analy-
ses of the ONSET 9 and PRONTO-T2D trials demonstrating
a similar glycemic control of URAA in individuals =65

years compared with younger adults with T2D,!1192 with
sustained safety outcomes. Beyond this, the PRONTO-T2D
post hoc analysis particularly reported lower 1-hour and
2-hour PPG excursions in elderly people,'®! whereas the
ONSET 9 substudy found a lower rate of severe or blood
glucose—confirmed hypoglycemia in individuals with T2D
=65 years.'”

In older people with T1D, the benefit of URAA is less
clear. However, the faster onset and offset of URAA is con-
firmed by data from phase I studies that explicitly compared
the pharmacokinetics of URAsp and URLIi in younger and
older adults =65 years with T1D: both studies reported no
age-related difference,'®*!'% underlining the accelerated
onset and offset of URAA compared with RAA also in older
individuals. Likewise, the studies reported that URAsp and
URLIi were well tolerated in both age groups. Yet, the age of
the participants in the phase III studies of URAsp and URLI,
with a mean age between 41.1'® and 46.4%° in those with
T1D, was markedly lower than the mean age of 57.4%* to
62.8%% in those with T2D. However, there was no evidence
within the trials of an increased rate of TEAE or altered out-
comes in the group of older participants with T2D or T1D.
The data in elderly individuals =75 years or those with
comorbidities, including severe renal or hepatic impairment,
are very limited. Therefore, respective individuals should
closely monitor glucose levels and adjust the insulin dose
accordingly on an individual basis.

In summary, URAA provide better postprandial glyce-
mic control than RAA because of their accelerated pharma-
cokinetics without compromising safety outcomes in
individuals =65 years, particularly those with T2D. In
elderly people with TID and those with comorbidities or
renal or hepatic impairment, further studies are warranted
to definitively confirm the efficacy and safety of URAA.

Table 8. Consensus on the Use of URAA in Elderly Individuals
With T2D.

Multiple daily injection therapy in elderly individuals with T2D

URAA are recommended as a suitable
alternative to RAA for individuals aged
=65 years with T2D with a level of
evidence of C, based on consistent
data from subgroup analyses of two
T2D RCT on URAsp and URLi. Both
URAA were shown to provide similar
efficacy regarding HbAlc, hypoglycemia,
and safety outcomes to the respective
RAA in elderly compared with younger
individuals.

Recommendation

Abbreviations: URAA, ultra-rapid-acting insulin analogs; T2D, type 2
diabetes; RAA, rapid-acting insulin analogs; RCT, randomized controlled
trial(s); URAsp, ultra-rapid-acting insulin aspart (faster aspart);

URLI, ultra-rapid-acting insulin lispro (lispro-aabc); HbAlc, glycated
hemoglobin.



462

Journal of Diabetes Science and Technology 19(2)

Postprandial  hyperglycemia. Postmeal hyperglycemia is
defined by the International Diabetes Federation (IDF)
Guideline on management of postmeal glucose as a plasma
glucose level >7.8 mmol/L (140 mg/dL) two hours after the
ingestion of food.!% Although evidence from interventional
studies is lacking, according to epidemiological studies, high
PPG levels are clearly associated with an increased risk for
progression of diabetic microangiopathy,!®!?’ the incidence
of major cardiovascular events, and all-cause and cardiovas-
cular death.!%!1% Thus, good control of PPG is an important
goal of insulin therapy.

URAA have clearly shown to decrease PPG excursions at
1 hour, but also other timepoints in individual studies, in all
stratified groups enrolled across the ONSET and PRONTO
trial programs. As a result, individuals with T1D using
MDI? 15141617 or insulin pump therapy,'®? including chil-
dren and adolescents,?*? and people with T2D, including
elderly individuals =65 years,?3?4262777 may have improved
PPG glucose control with use of URAA compared with
RAA. Also pregnant women with T1D or T2D showed
improved postprandial glycemic control with URAsp.?’ The
superior effect of URAA on 1-hour PPG excursions was like-
wise confirmed by a meta-analysis of both URAsp and
URLi*® as well as a pooled analysis on URAsp only.’!

For optimal postprandial glycemic control in persons who
experience elevated PPG levels, it is nevertheless important
to dose URAA at the start of the meal. Although postmeal
URAA administration was shown to be noninferior to meal-
time RAA regarding HbA 1¢ change from baseline, PPG lev-
els were not improved or even higher in these groups.*!6-21-22
Another caveat is the liquid mixed-meal tests generally used
for the assessment of PPG and PPG increments in most of the

Table 9. Consensus on the Use of URAA in Postprandial
Hyperglycemia.

Insulin therapy in individuals with high postprandial glucose levels

URAA are recommended as the most
effective insulin therapy to manage
high postprandial glucose levels in
individuals with TID and in adults with
T2D. The level of evidence for this
recommendation is A, based on several
well-controlled RCT on URAsp and
URLi and on three meta-analyses. Both
URAA consistently showed significantly
lower postprandial glucose excursions
compared with the respective RAA
with overall comparable HbAlc,
hypoglycemia, and safety outcomes.

Recommendation

Abbreviations: URAA, ultra-rapid-acting insulin analogs; T1D, type |
diabetes; T2D, type 2 diabetes; RCT, randomized controlled trial(s);
URAsp, ultra-rapid-acting insulin aspart (faster aspart); URLi, ultra-
rapid-acting insulin lispro (lispro-aabc); RAA, rapid-acting insulin analogs;
HbAIc, glycated hemoglobin.

respective clinical trials, which does not adequately resemble
the real-life situation of most individuals with diabetes.
Nevertheless, real-world evidence from observational stud-
ies confirmed significantly lower PPG or overall time above
>10.0mmol/L with URAsp.%>%

Increased risk of late postprandial hypoglycemia. Hypoglycemia
is a common and potentially dangerous adverse effect of insu-
lin therapy, fueled by use of exogenous insulin with pharma-
cokinetics that imperfectly mimic the physiologic response. !
The International Hypoglycaemia Study Group has classified
hypoglycemia into three levels, with level 1 defined as blood
glucose levels below 3.9 mmol/L (70 mg/dL), level 2 with
blood glucose levels <3.0 mmol/L (54 mg/dL) indicating
severe, clinically important hypoglycemia, and level 3 defined
as severe hypoglycemia requiring external assistance for
recovery.!'"!12 Hypoglycemia can have severe neurological
and cardiovascular consequences, including death.!' Particu-
larly, in pediatric insulin therapy, hypoglycemia and diabetic
ketoacidosis pose a high risk to the developing brain and are
a critical hazard.!'* At the same time, diabetes management in
very young children is complicated by their inability to reli-
ably communicate symptoms, and variability in insulin
requirements with growth,”® which increases the risk of
imprecise insulin dosing. Older individuals represent another
group with a greater risk of hypoglycemia with potentially
fatal consequences, especially as their perception of hypogly-
cemia can be limited by nonspecific or individually less per-
ceptible symptoms.!'!®

In this regard, with their faster offset of insulin action,
URAA may be an appropriate prandial insulin for individuals
facing an increased risk of hypoglycemia. In clinical trials,
URAA tended to have a lower risk of late postprandial hypo-
glycemic episodes occurring between 3 and 4 hours or more
than 4 hours after a meal,”!®!” but also showed a higher rate
of hypoglycemia within the first two hours after a meal (early
postprandial hypoglycemia).!*!5222327 The rate of severe or
blood glucose-confirmed/documented hypoglycemia was
generally comparable between URAA and the respective
RAA, with a significantly lower rate only reported in a single
trial conducted in adults with T2D using URAsp.”” Overall,
URAA were confirmed to be noninferior to RAA regarding
the overall risk of hypoglycemia, which was supported by the
respective meta-analysis.>® Likewise, in CSII therapy in T1D,
URAA resulted in a similar rate of overall hypoglycemic
events as RAA,'®!? but a significantly reduced time in hypo-
glycemia in the PRONTO-Pump-2 study and in the pooled
analysis across all CSII RCT.?%38 Also the observational stud-
ies resulted in a slight advantage for URAsp, with time spent
below 3.0 mmol/L (54 mg/dL) either unchanged™ or signifi-
cantly decreased with URAsp use after 12 months in people
with T1D.*® In conclusion, URAA have no disadvantages
compared with RAA in terms of the overall risk of hypogly-
cemia and are superior in this respect when used with pump
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Table 10. Consensus on the Use of URAA in the Context of an
Increased Risk of Late Postprandial Hypoglycemia.

Table Il. Consensus on the Use of URAA When Premeal
Insulin Administration Is a Challenge.

Therapy in individuals with an increased risk of late postprandial
hypoglycemia

Therapy in individuals who wish for a higher flexibility in the
timing of prandial insulin delivery

Recommendation URAA may be considered to reduce the
risk of late postprandial hypoglycemia
in people with TID with a level of
evidence of A, based on three well-
controlled RCT on URAsp and URLi.
Both URAA showed a lower or similar
rate of postprandial hypoglycemia
across the clinical trials, while a pooled
analysis of the CSIl RCT reported an
overall reduced time in hypoglycemia
with URAA compared with the
respective RAA. However, caution
should be exercised in individuals
at high risk of early postprandial
hypoglycemia. Other safety outcomes
and HbA | c were generally comparable
between URAA and RAA.

Abbreviations: URAA, ultra-rapid-acting insulin analogs; T D, type |
diabetes; RCT, randomized controlled trial(s); URAsp, ultra-rapid-acting
insulin aspart (faster aspart); URLi, ultra-rapid-acting insulin lispro (lispro-
aabc); CSlI, continuous subcutaneous insulin infusion; RAA, rapid-acting
insulin analogs.

therapy. They may also be superior to RAA in reducing the
risk of late postprandial hypoglycemia, in particular.

The behavioral challenge of premeal insulin administration. A sur-
vey of T1D Exchange clinic registry participants found that
only 21% of people with T1D followed the recommendation
of administering RAA 15 to 20 minutes prior to meal con-
sumption for optimal PPG control.*® Those who injected insu-
lin during or after meals had significantly higher HbAlc
levels'!® and were significantly more likely to experience
hypoglycemia than individuals who were able to bolus pre-
meal.!"” The requirement to plan ahead and bolus mealtime 15
to 20 minutes before a meal adds to the burden of living with
diabetes and is challenging for people to do repeatedly. Subop-
timal mealtime insulin timing in both people with T1D and
T2D can be associated with poor glycemic control which leads
to an increased risk of microvascular complications.!''3-120
One factor that may improve outcomes is a greater flexi-
bility in the dosing regimen.'"” In this respect—allowing
people with diabetes to inject their prandial insulin just
before meals without having to wait several minutes for opti-
mal efficacy—URAA indeed offer greater flexibility to
RAA. They are also safe to be administered up to 20 minutes
after starting a meal, albeit at the cost of a reduced glucose-
lowering effect compared with mealtime administra-
tion,”!%2122 which leads to the conclusion that this option is
less recommendable for general practice. Nevertheless, post-
meal timing of URAA was noninferior to mealtime RAA

Recommendation URAA are recommended for people who
are frequently unable to administer
insulin in a timely and appropriate
manner before a meal with a level of
evidence of E. The clinical trials did
not explicitly address this situation.
Evidence for this recommendation
can be derived from the improved
postprandial glycemic control of
mealtime (but not postmeal) URAsp
and URLi and the noninferiority in
change in HbA | c from baseline for
both mealtime and postmeal URAA
compared with the corresponding
mealtime RAA. There is no evidence
from clinical trials comparing postmeal
URAA with postmeal RAA, but the
pharmacokinetic data clearly support
their recommendation in this context
at the expert opinion level.

Abbreviations: URAA, ultra-rapid-acting insulin analogs; URAsp, ultra-
rapid-acting insulin aspart (faster aspart); URLi, ultra-rapid-acting insulin
lispro (lispro-aabc); HbAlc, glycated hemoglobin; RAA, rapid-acting insulin
analogs.

regarding changes of HbA1c from baseline in the respective
trials (Table 1). Thus, it is likely that this treatment option
will benefit those who previously tended to use RAA after
meals. As well as being more convenient, people living with
diabetes may be at lower risk of hypoglycemia due to short-
term changes in meal composition or size (such as eating a
smaller meal than originally expected) with the option of
administering prandial insulin following the meals.
Therefore, URAA may fill a gap in the treatment of people
who struggle with the rigid demands of premeal insulin injec-
tions by offering greater treatment flexibility. This may also
be inferred from a reported improvement in quality of life
among individuals with T1D after replacing conventional
RAA with URAsp, as described in the GoBolus study.*

Practical Considerations: Switching From Rapid-
Acting to Ultra-Rapid-Acting Insulins

In clinical practice, it is important to consider the different phar-
macokinetic properties of URAA in comparison with RAA. The
glucose-lowering effect occurs more rapidly after injection of
URAA class insulins, resulting in a significantly better post-
prandial glycemic control.*® However, this advantage is inher-
ently associated with a slightly higher risk of hypoglycemia
within the first two hours after the start of a meal.!#15222327 [n
addition, while the quicker offset of URAA may help reduce the
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risk of late postprandial hypoglycemia,”'®!7 it may potentially

lead to elevated plasma glucose levels several hours after a
meal.!” Therefore, people with diabetes should be made aware
of the different pharmacokinetic properties of URAA and the
associated increased risk of hypoglycemia early after the injec-
tion. We recommend an increased frequency of glucose moni-
toring during the first days after initiation of treatment.

URAA contain an identical amount of active insulin to the
corresponding RAA, allowing users to maintain their usual
dose and dosing regimen for both MDI and CSII therapy. This
was common practice in the ONSET and PRONTO study
programs. In line, total insulin exposure was comparable
between URAA and RAA in pharmacokinetic studies,”'? and
there was no change in mean daily bolus insulin dose accord-
ing to the meta-analysis.>

Individualized adjustment of pump parameters is essential
in CSII therapy. In the clinical trials, the pump parameters were
in fact taken from the pretrial RAA. However, clinical experi-
ence with URAsp in CSII therapy highlights the importance of
reviewing pump settings when switching to URAA,>*% and
may therefore contain untapped potential for further improving
glycemic control with URAA.'?! In this process, regular glu-
cose monitoring, ideally including real-time or intermittent
scanning CGM, is strongly recommended.

In contrast to the standardized liquid meal tests used in the
clinical trials, the individual variation in meal duration and
composition in the daily lives of people with diabetes could
impact the individual outcomes of URAA. Particular atten-
tion should therefore be paid to individuals who consume
extended meals or meals containing a high amount of fat in

Table 12. Practical Recommendations When Switching From
Rapid-Acting Insulins to URAA.

Switching From Rapid-Acting to Ultra-Rapid-Acting Insulins

Recommendations When switching from rapid-acting to
ultra-rapid-acting insulins, the usual
dosage can be maintained, but glucose
levels should be closely monitored
during the first days of URAA initiation.
If necessary, the dosing should be
adjusted, while individuals using CSlI
or AID therapy may benefit from
an improved glycemic control when
adjusting the pump settings and
delivery parameters to the ultra-rapid
pharmacokinetics of URAA.

Abbreviations: URAA, ultra-rapid-acting insulin analogs; CSlI, continuous
subcutaneous insulin infusion; AID, automated insulin delivery.

MDI therapy. Likewise, health care professionals should be
cautious when prescribing URAA to individuals with slow
gastric emptying or very slow digestion. In these specific
cases, the ultra-rapid onset and release of action of URAA
may be unfavorable, but further studies are warranted to
address this topic.

Conclusions

Currently available ultra-rapid-acting insulins are novel pran-
dial insulin analogs based on either insulin aspart or insulin
lispro that offer significantly accelerated onset and offset of

Table 13. Overview of Consensus Recommendations and the Level of Evidence According to the ADA Grading System.*

Summary of consensus recommendations

Level of evidence*

I.  Ultra-rapid-acting insulins are recommended for adults with type | diabetes using multiple daily A
injection therapy.

2. Ultra-rapid-acting insulins are recommended for adults with type | diabetes using insulin pump therapy. A

3. Ultra-rapid-acting insulins are recommended for children (>one year) and adolescents with type | A
diabetes using multiple daily injection or insulin pump therapy.

4. Ultra-rapid-acting insulins are recommended for individuals with type | diabetes and adults with type 2 A
diabetes with high postprandial glucose levels in multiple daily injection or insulin pump therapy.

5. Ultra-rapid-acting insulins are recommended as a suitable alternative to rapid-acting insulins for adults A
with type 2 diabetes in multiple daily injection therapy.

6. Ultra-rapid-acting insulins may be considered for individuals with type | diabetes to reduce the risk of A
late postprandial hypoglycemia.

7. Ultra-rapid-acting insulins are recommended for adults with type | diabetes using automated insulin C
delivery with hybrid closed loop or closed-loop systems.

8. Ultra-rapid-acting insulins are recommended as a suitable alternative to rapid-acting insulins for C
individuals aged =65 years with type 2 diabetes using multiple daily injection therapy.

9. Ultra-rapid-acting insulins may be considered in pregnant women with pre-existing type | or type 2 CI/E

diabetes or with gestational diabetes, who have not achieved adequate glycemic control with rapid-acting

insulin analogs.

10. Ultra-rapid-acting insulins are recommended for people with type | or type 2 diabetes who are E
frequently unable to administer insulin in a timely and appropriate manner before a meal.

*American Diabetes Association (ADA) grading system.
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insulin action compared with conventional rapid-acting insu-
lins. Each of these insulin analogs has been shown to provide
sustained glycemic control in terms of HbAlc levels, but
clinically and statistically significantly lower PPG excur-
sions. This clinical advantage was not associated with an
increased overall risk of hypoglycemia or other treatment-
emergent adverse events, except for a higher risk of mild to
moderate injection site reactions. In insulin pump therapy,
ultra-rapid-acting insulins likewise provided superior PPG
control as well as overall improved TIR. Emerging evidence
from clinical practice suggests that the results from clinical
trials can be extrapolated to the real-life situation of people
living with diabetes.

The ultra-rapid-acting insulin analogs URAsp and URLi are
safe and effective prandial insulins that more closely mimic the
physiologic insulin response than conventional insulin aspart
or lispro. These insulins represent an important, clinically use-
ful new option for many people with T1D and T2D.

Abbreviations

AID, automated insulin delivery; CGM, continuous glucose monitor-
ing; CSII, continuous subcutaneous insulin infusion; GDM, gesta-
tional diabetes mellitus; HbAlc, glycated hemoglobin; [Asp, insulin
aspart; ILispro, insulin lispro; MDI, multiple daily injection; PPG,
postprandial glucose; RAA, rapid-acting insulin analog(s); RCT, ran-
domized controlled trial(s); T1D, type 1 diabetes mellitus; T2D, type
2 diabetes mellitus; TIR, time in range; URAA, ultra-rapid-acting
insulin analog(s); URLI, ultra-rapid-acting insulin lispro (lispro-aabc);
URASp, ultra-rapid-acting insulin aspart (faster aspart).
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