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Background: Mechanistically, subcutaneous ultra-rapid lispro (URLI) is faster than lispro. Whether this translates into a better post-prandial
glucose (PPG) and glycemic control in type-1 diabetes (T1DM) and type-2 diabetes (T2DM) is unclear. Hence, we undertook this
meta-analysis. Methods: Databases were searched for randomized controlled trials (RCTs) involving patients with TIDM/T2DM receiving
URLI in intervention-arm, and placebo/prandial insulin as control. The primary outcome was a change in PPG. Secondary outcomes were
alterations in glycated haemoglobin (HbAlc), fasting plasma glucose (FPG), time in range (TIR), and adverse events. Results: Data from six
RCTs (3687 patients) were analyzed. Lispro was the control arm in all RCTs. T1DM patients receiving mealtime URLi had lower HbA1c [mean
difference (MD) —0.07%; 95% confidence interval (CI): —0.12 to — 0.01; P = 0.02; * = 42%] and 1-h PPG [MD — 1.18 mmol/L; 95% CI:
—1.91to—0.44; P=0.002; = 100%]. TIDM patients receiving post-meal URLi had comparable HbA1lc [MD 0.07%; 95% CI: —0.01 to 0.15;
P=0.07; = 55%] and 1-h PPG [MD 0.22 mmol/L; 95% CI. —0.80 to 1.24; P =0.67; > = 100%). TIDM patients on pumps receiving URLi
had comparable TIR [MD 1.70; 95% CI: —0.29 to 3.69; P=0.09; I> = 98%], lower time in blood glucose <3 mmol/L with increased infusion-set
reactions. T2DM patients receiving mealtime URLi had lower 1-h PPG [MD — 0.66 mmol/L; 95% CI: —0.69 to — 0.63; P<0.00001; = 0%(LH),
2-h-PPG [MD — 0.96 mmol/L; 95% CI: —1.00 to — 0.92; P<0.00001; 7>= 0%], higher FPG [MD 0.18 mmol/L; 95% CI: 0.11-0.24; P<0.00001;
P> =20%], and higher HbA1c [MD 0.07%; 95% CI: —0.06 to 0.08; P <0.00001; = 0%]. Conclusion: Pre-meal URLi is better than lispro with
regard to PPG control. Post-meal URLI is as good as lispro for PPG control. Post-meal URLI is inferior to pre-meal URLi for PPG control.
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INTRODUCTION the release of injected insulin from the subcutaneous tissue and its
absorption into the capillaries delays the onset of insulin action.
This spurred the development of rapid-acting insulin (RAI)
analogues that are released quickly into the capillaries following
injection and thus have a faster onset of action.

Development of insulin analogues that closely mimic
physiologic insulin release in response to a meal has been an
important breakthrough in perfecting the action of exogenous
insulin administration since its discovery 100 years ago. In
spite of several significant advances and the availability of
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Conventional human regular insulin should be injected
30 min before meals. RAI analogues having a faster onset of
action, such as lispro, aspart, and glulisine, can be injected
10-15 min before food.?* An unmet need with RAT analogues
is if the food intake is inadequate, the risk of post-prandial
hypoglycaemia is aggravated. Also, if injected too close to the
meals, the risk of post-prandial hyperglycaemia followed by
hypoglycaemia persists. In extremes of ages such as toddlers
and elderly, such mismatch can be especially troublesome.”
Newer analogues such as fast-acting insulin aspart (FIAsp) and
ultra-rapid lispro (URL1i) can be injected from the beginning
till 15-20 min after starting the meal by virtue of faster onset
of action. They were approved for clinical use by the United
States Food and Drug Administration (USFDA) in 2017 and
2020, respectively.[

We recently published a meta-analysis that demonstrated
the superiority of FIAsp over insulin aspart in controlling
post-prandial glucose (PPG) without increasing the risk
of hypoglycaemia in insulin pump users.’) Randomized
controlled trials (RCTs) have been published evaluating
URLi in type-1 diabetes mellitus (T1DM) and type-2 diabetes
mellitus (T2DM) as subcutaneous injections and in insulin
pumps.l>”! However, no meta-analysis has been published
to date which has tried to holistically evaluate the efficacy
and safety of URLi in TIDM and T2DM. We performed this
meta-analysis to address this knowledge gap.

MEeTHODS

The meta-analysis was carried out according to the
recommendations of the Cochrane Handbook for Systematic
Reviews of Interventions.®® The predefined protocol has
been registered in PROSPERO having a registration number
CRD42023417688. All RCTs published till March 2023 were
considered. The meta-analysis has been reported in accordance
with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA), the filled checklist of which
can be found at the end of the manuscript.® Since ethical
approval already exists for the individual studies included in
the meta-analysis, no separate approval was required.

The PICOS criteria were used to screen and select the studies.
Studies assessing people with TIDM and T2DM only were
included. Studies that included participants with other varieties
of diabetes were excluded. Trials with at least two treatment
arms, with one of the groups on URLI either alone or as a part
of a standard diabetes regimen, and the other group receiving
either placebo or any other prandial insulin were included.

The primary outcome was to evaluate changes in PPG.
Secondary outcomes were to evaluate changes in glycated
haemoglobin (HbA 1¢), fasting plasma glucose (FPG), percentage
of people achieving HbAlc <7%, time in range (TIR), total
daily insulin dose (TDID), basal and bolus insulin doses,
discontinuation of medication due to adverse events, serious
adverse events (SAE), treatment-emergent adverse events (TAE),
hypoglycaemia, and any adverse events as described by authors.

Outcomes of patients with T1DM and T2DM were analyzed and
have been presented separately.

A detailed electronic database of Medline (Via PubMed),
Embase (via Ovid SP), Cochrane Central Register of Controlled
Trials (CENTRAL), ctri.nic.in, clinicaltrials.gov, global health,
and Google Scholar were searched using a Boolean search
strategy: (ultra-rapid lispro [MESH]) OR (URLI) or (lispro)
AND (diabetes).

Data extraction with regard to all the primary and secondary
outcomes stated above was carried out independently by two
authors. Multiple publications from the same group on the
same cohort of patients were pooled together and considered
as a single study. Details have been elaborated in previous
meta-analyses published by our group.’”’ The risk of bias
assessment was done by three authors using the risk of bias
assessment tool in Review Manager (Revman) Version 5.4
software. The different types of bias looked for have been
elaborated in previous meta-analyses by our group.”’

The international system of units (SI units) was used for all the
analyses done. Continuous variable outcomes were presented as
mean differences (MD). For dichotomous variables, outcomes
were expressed as risk ratios (RR) with 95% confidence
intervals (CI) and as hazard ratios (HR) for adverse events.
RevMan 5.4 was used for doing all the statistical analysis and
generation of Forest plots. A random effect model was used
for analysis expressed as a 95% confidence interval (95% CI).
The forest plot generated for all the different outcomes was
used to assess the heterogeneity. We specifically used the >
test on N — 1 degrees of freedom, with an alpha of 0.05 used
for statistical significance with the /7 test.' The details of
heterogeneity analysis have been elaborated elsewhere.’

Grading of results is important as it helps to understand the
quality of the results generated. After all any meta-analysis can
be as good as the quality of RCTs used in the analysis. The
grading/certainty of the evidence of some of the major outcomes
was done using the Grades of Recommendation, Assessment,
Development, and Evaluation (GRADE) approach.!'"1?! The
details have been elaborated elsewhere.[”) Publication bias was
assessed by plotting the funnel plot.['?! The details of how the
funnel plots were charted have been elaborated elsewhere.!!
The funnel plots of the key outcomes of this study have been
elaborated in supplementary figures. Table 2 was generated
using the GRADE software (https://gdt.gradepro.org/app/)
which highlights the grading of key outcomes.

ResuLts

Atotal of 65 articles were found after the initial search [Figure 1].
Sixteen duplicate studies were removed. After the screening
of the titles and abstracts, followed by full-texts, the search
was reduced to 29 studies which were evaluated in detail
for inclusion in this meta-analysis [Figure 1]. Finally, six
RCTs (3687 patients with diabetes) that fulfilled all criteria
were analyzed in this meta-analysis.[®7-13-1¢
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Table 1: Characteristics of patients in the different randomized controlled trials evaluated in this meta-analysis

Age Male (%) Type of Duration of BMI kg/m? Baseline
(years) diabetes diabetes, years HbA1c (%)
Klaff et al.19
Mealtime URLi (n=451) 44.1+13.7 554 TIDM 18.8+12.3 26.6+4.2 7.34+0.65
Mealtime lispro (n=442) 44.5+13.6 57.9 19.1£12.0 26.4+4.3 7.33+0.67
Post-meal URLi (n=329) 44.5+14.3 55.3 18.8+11.7 26.7+4.6 7.36+0.64
Wadwa et al.l'¥]
Mealtime URLi (n=280) 12.10+3.42 48.6 TIDM 4.5+3.58 20.5+4.6 7.81+0.87
Mealtime lispro (n=298) 12.3943.18 53 4.743.28 20.3+4.19 7.81+£0.91
Post-meal URLi (n=138) 12.3243.75 52.9 4.6+3.32 20.5+4.39 7.77+0.85
Warren et al.l'*]
URLIi (n=215) 48.2+15.4 442 T1DM 25.9+12.6 27+4 7.56 (0.59)
Lispro (n=217) 44.7+14.9 452 25.4+13.2 27.244.1 7.54+0.58
Bode et al.V
Overall (n=49) 39.6+11.7 46.9 T1DM 21.3+12.1 26.9+3.8 7.06+0.68
Blevins et al.l”)
Mealtime URLi (n=336) 60.2+9.4 54.8 T2DM 16.4+7.8 32.145.7 7.27+0.68
Mealtime lispro (n=337) 61.0+9.2 51.9 16.6+7.9 32.4+5.8 7.31+0.72
Zhou et al.'9
Mealtime URLi (n=395) 58.349.3 53.9 T2DM 13.91+7.03 27.09+3.78 7.73+0.87
Mealtime lispro (n=200) 58.749.5 53.5 13.86%6.72 27.09+3.56 7.78+0.88

BMI: Body mass index; TIDM : Type-1 diabetes mellitus; T2DM : Type-2 diabetes mellitus, URLi: Ultra-rapid lispro

Of the six RCTs included in this meta-analysis, a subgroup
analysis was done based on the type of diabetes. A total of four
studies evaluated the safety and efficacy of URLIi vs. lispro
in TIDM.I63-151 Of the four studies, two studies evaluated
mealtime URLI vs. lispro and post-meal URLi (administered
up to 20 min after the start of a meal) vs. lispro in TIDM.6!4
Two studies evaluated URLI vs. lispro use in insulin pumps in
T1DM.[3151 Two studies evaluated the safety and efficacy of
mealtime URLi vs. lispro in T2DM. 1 Both these studies used
stable doses of metformin and/or sodium-glucose transport
inhibitors (SGLT2i) during the study.'!'! The details of the
studies have been elaborated in Table 1. The summaries of the
risk of bias of the six studies have been elaborated in Figure 2.

Errect oF ULTRA-RAPID LiSPRO ON PRIMARY AND
SeconpARrY QuTcomES

Type-1 diabetes mellitus

Mealtime URLi vs. Lispro

Data from two studies involving 1471 people with T1DM was
analyzed to find out the impact of mealtime URLi on primary and
secondary outcomes after 26 weeks of treatment. As compared to
lispro, patients receiving mealtime URLAi had significantly lower
HbAlc at 26 weeks [MD — 0.07% (95% CI: —0.12 to — 0.01);
P =0.02; > = 42% (moderate heterogeneity (MH)); high
certainty of evidence (HCE)); Figure 3a]. At 26 weeks, 1-h PPG
excursion was significantly lower in patients receiving mealtime
URLI as compared to lispro [MD — 1.18 mmol/L (95% CI: —1.91
to — 0.44); P = 0.002; 2 = 100% (high heterogeneity (HH);
low certainty of evidence (LCE); Figure 3b]. Percentage
of participants achieving HbAlc <7% was comparable
between the groups [OR 1.15 (95% CI: 0.92-1.45); P=0.21;

P> = 0% (LH); Figure 3c]. The occurrence of deaths [OR
0.98 (95% CI: 0.06-15.72); P = 0.99; P = 0%], SAE [OR
0.79 (95% CI: 0.52-1.21); P = 0.29; I = 0% (LH); HCE,
Figure 3d], and TAEs [OR 0.95 (95% CI: 0.07-12.25); P=0.97;
I>=97% (HH)] was comparable between the groups.

Post-meal URLi vs. Lispro

Data from two studies involving 1207 people with TIDM was
analyzed to find out the impact of post-meal URLi on primary and
secondary outcomes after 26 weeks of treatment. As compared
to lispro, patients receiving post-meal URLi had comparable
HbAlc at 26 weeks [MD 0.07% (95% CI: —0.01 to 0.15);
P=0.07, P =55% (MH); HCE; Figure 4a]. At 26 weeks, 1-h
PPG excursion was comparable in patients receiving post-meal
URLI as compared to lispro [MD 0.22 mmol/L (95% CI: —0.80
to 1.24); P=0.67; = 100% (HH); LCE; Figure 4b]. Percentage
of participants achieving HbAlc <7% was significantly lower
in the post-meal URLI group compared to the lispro group [OR
0.74 (95% CI. 0.57-0.97), P=0.03; 2= 0% (LH); Figure 4c]. The
occurrence of death [OR 0.45 (95% CI: 0.02-11.0); P = 0.62],
SAE [OR 0.72 (95% CI: 0.44-1.19); P = 0.20; > = 0% (LH);
HCE; Figure 4d], and TAE [OR 0.96 (95% CI: 0.73-1.27);
P=0.77; = 0% (LH)] was comparable between the groups.

URLi vs. lispro in pumps

Data from two studies involving 525 people with TIDM was
analyzed to find out the impact of URLI in insulin pumps
on primary and secondary outcomes after 12—-16 weeks of
treatment. As compared to lispro, patients receiving URLi had a
comparable percentage of TIR 3.9—-10 mmol/L [MD 1.70% (95%
CIL: —0.29 to 3.69); P = 0.09; I* = 98% (HH); Figure 5a]
and time below range <3.9 mmol/L [MD — 0.61% (95%
CI: —1.36 to 0.13); P = 0.11; > = 99% (HH); Figure 5b].
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[ Identification of studies via databases and registers

Records removed before screening:
Duplicate records removed (n = 16)
Records marked as ineligible by
automation tools (n = 0)

Records removed for other reasons
(n=20)

Records excluded
(n=173)

Reports not retrieved (n = 0)
Reports removed as were not trials
(n=4)

Reports excluded (n = 0):

=
'% Records identified from:
o Databases (n = 65)
‘g’ Registers (n = 0)
k)
v
S
Records screened by title and abstract
(n=49)
o Reports sought for retrieval
=
z (n=10)
[}
(9}
G
w l
Reports assessed for eligibility
(n=6)
—
A4
o
< Studies included in meta-analysis
=) -
3 (n=6)

Figure 1: Flowchart elaborating on study retrieval and inclusion in the meta-analysis

Random sequence generation (selection bias) _

Allocation concealment (selection bias) _

Blinding of participants and personnel (performance bias) _
Blinding of outcome assessment (detection bias) _
Incomplete outcome data (attrition bias) _
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Figure 2: (a) Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages across all included studies. (b) Risk

of bias summary: review authors’ judgements about each risk of bias item for each included study

However, the percentage of time below range <3 mmol/L was
significantly lower in the URLIi group as compared to the lispro
group [MD — 0.39% (95% CI: —0.63 to — 0.14); P = 0.002;

I*=99% (HH); Figure 5c].

There were no deaths in both groups during the study period. The
occurrence of premature infusion-set changes [OR 1.59 (95%
CI: 1.12-2.27); P=0.01; »=0% (LH)], infusion-set reactions [OR
5.71 (95% CI: 2.11-15.49); P = 0.0006; I> = 28% (LH);
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Mealtime URLi Lispro Mean Difference Mean Difference
Study or Subgroup Mean _ SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Klaff 2020 -0.13 0.35 451 -0.04 0.36 442 63.4% -0.09[-0.14,-0.04] —i—
Wadwa 2023 0.04 0.46 280 0.07 0.48 298 36.6% -0.03[-0.11,0.05] — 7
Total (95% CI) 731 740 100.0% -0.07 [-0.12, -0.01] B
Heterogeneity: Tau? = 0.00; Chi® = 1.72, df = 1 (P = 0.19); I = 42% + + + +
. -0.2 -0.1 0 0.1 0.2
E Test for overall effect: Z = 2.35 (P = 0.02) Favours Mealtime URLi Favours Lispro
Mealtime URLi Lispro Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight 1V, 95% ClI 1V, Rand 95% CI
Klaff 2020 -1.59 0.185 451 -0.04 0.185 442 50.0% -1.55[-1.57,-1.53]) |
Wadwa 2023 -02 03 280 0.6 0.3 298 50.0% -0.80[-0.85,-0.75] |
Total (95% CI) 731 740 100.0% -1.18 [-1.91, -0.44] —
Heterogeneity: Tau? = 0.28; Chi? = 724.16, df = 1 (P < 0.00001); I> = 100% _'2 _'1 ) i é
Test for overall effect: Z = 3.13 (P = 0.002) Favours Mealtime URLi Favours Lispro
E Mealtime URLi Lispro Odds Ratio 0Odds Ratio
Study or Subgroup  Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Klaff 2020 168 451 148 442 68.0% 1.18 [0.90, 1.55] =
Wadwa 2023 61 280 60 298 32.0% 1.10 [0.74, 1.65] L E—
Total (95% CI) 731 740 100.0% 1.15 [0.92, 1.45] B
Total events 229 208
Heterogeneity: Tau? = 0.00; Chi? = 0.07, df = 1 (P = 0.79); I* = 0% o5 o7 s 3
Test for overall effect: Z = 1.25 (P = 0.21) Favours Mealtime URLi Favours Lispro
Mealtime URLi Lispro Odds Ratio Odds Ratio
Study or Subgroup Events  Total Events Total Weight M-H, d 95% CI M-H, d 95% ClI
Klaff 2020 36 451 40 442 81.7% 0.87 [0.54, 1.40]
Wadwa 2023 6 280 12 298 18.3% 0.52[0.19, 1.41]
Total (95% CI) 731 740 100.0% 0.79 [0.52, 1.21]
Total events 42 52
ity: Tau® = 0.00; Chi® = =1(P= i 2= [ t t t d
_II-_Ietel;ogeneltyl.lT?;J _. 2.201, (é;u P__o‘.)sgédf =1(P=0.36); > = 0% 0.01 0.1 1 10 100
est for overall effect: Z = 1.07 (P = 0.29) Favours Mealtime URLi Favours Lispro

Figure 3: Forest plot highlighting the impact of mealtime URLi as compared to lispro, after 26 weeks of therapy in TIDM on (a) HbA1c; (b) 1-h PPG
excursion; (c) Percent of people achieving HbA1c <7%; (d) Serious adverse events

Test for overall effect: Z = 1.80 (P = 0.07)

Postmeal URLi Lispro Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, 95% CI 1V, d 95% CI
Klaff 2020 0.06 0.35 329 -0.04 0.36 442 62.3% 0.10 [0.05, 0.15] ——
Wadwa 2023 0.09 0.45 138 0.07 0.48 298 37.7% 0.02[-0.07,0.11] —_—TE—
Total (95% CI) 467 740 100.0% 0.07 [-0.01, 0.15] <>
ity 2 _ - Chi2 = = = R = " n N s
Heterogeneity: Tau? = 0.00; Chi? = 2.20, df = 1 (P = 0.14); I = 55% 2 1 ) o ob

Favours Postmeal URLi Favoulls Lispr6

Test for overall effect: Z = 2.19 (P = 0.03)
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Figure 4: Forest plot highlighting the impact of post-meal URLi as compared to lispro, after 26 weeks of therapy in TIDM on (a) HbA1c; (b) 1-h PPG
excursion; (c) Percent of people achieving HbA1c <7%; (d) Serious adverse events

Figure 5d], TAE [OR 2.45 (95% CI: 1.20 — 4.99); P=0.01;
I? = 54% (LH); Figure 5e] were significantly higher in
the URLi group. This was reported to be majorly driven
by an increase in infusion-set reactions, over 90% of
which were deemed mild. The occurrence of pump
occlusion alarms [OR 0.89 (95% CI: 0.52—-1.50); P = 0.45;

I*= 0% (LH)], unexplained hyperglycaemia [OR 0.73 (95%
CI: 0.33-1.61); P = 0.44; I> = 59% (LH)], infusion-set
problems [OR 1.18 (95% CI: 0.83-1.69); P = 0.36;
I* = 0% (LH)], and SAE [OR 1.44 (95% CI: 0.63-3.31);
P=0.39; = 0% (LH), Figure 5f] was comparable between
both the groups.
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Figure 5: Forest plot highlighting the impact of URLi as compared to lispro in insulin pumps after 12—16 weeks of therapy in TIDM on (a) Percent time
in range 3.9—10 mmol/L; (b) Percent time <3.9 mmol/L; (c) Percent time <3 mmol/L; (d) Infusion-set reactions; (e) Treatment-emergent adverse

events; (f) Serious adverse events

Mealtime URLi vs. lispro in type-2 diabetes mellitus

Data from two studies involving 1141 people with T2DM was
analyzed to find out the impact of mealtime URLi on primary
and secondary outcomes after 26 weeks of treatment. As
compared to lispro, patients receiving mealtime URLi had a
significantly higher HbA1lc [MD 0.07% (95% CI: —0.06 to 0.08);
P<0.00001; 7= 0% (LH); HCE; Figure 6a]. At 26 weeks, 1-h
PPG excursion [MD — 0.66 mmol/L (95% CI: —0.69 to — 0.63);
P < 0.00001; > = 0% (LH); HCE; Figure 6b] and 2-h PPG
excursion [MD — 0.96 mmol/L (95% CI: —1.00 to — 0.92);
P < 0.00001; 2 = 0% (LH); HCE; Figure 6¢] was lower in
patients receiving post-meal URLi as compared to lispro.
Fasting plasma glucose was significantly higher in patients
receiving mealtime URLi as compared to lispro [MD 0.18
mmol/L (95% CI: 0.11-0.24); P < 0.00001; > = 20% (LH);
Figure 6d]. The occurrence of deaths [OR 0.74 (95%
CI: 0.07-8.03); P=0.80; »=32% (LH)], SAE[OR 1.08 (95%

CI: 0.71-1.65); P=0.72; I = 0% (LH); HCE; Figure 6¢], and
TAE [OR 1.07 (95% CI: 0.85-1.35); P=0.54; I* = 0% (LH);
Figure 6f] was comparable between the groups. MD in insulin
doses was not analyzed as there was no baseline data on the
same provided in the published RCTs.

The key summary of findings of the study focussing on the
glycaemic outcomes after 26 weeks of therapy and the side
effect profile has been elaborated in Table 2. Funnel plots were
plotted to evaluate the presence of publication bias, and have
been elaborated in Supplementary Figure 1.

Discussion

URLI is a modification of human insulin lispro, containing
two enabling excipients, citrate and treprostinil, that accelerate
insulin absorption beyond that achieved by lispro. Faster onset
of action of URLi more closely mimics physiologic insulin
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Test for overall effect: Z = 14.34 (P < 0.00001)
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Test for overall effect: Z = 0.36 (P = 0.72)
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Figure 6: Forest plot highlighting the impact of post-meal URLi as compared to lispro, after 26 weeks of therapy in T2DM on (a) HbA1c; (b) 1-h PPG
excursion; (c) 2-h PPG excursion; (d) Fasting plasma glucose; () Serious adverse events; (f) Treatment-emergent adverse events

rise after food.['”? The citrate injected into subcutaneous
tissue causes a localized increase in vascular permeability,
whereas treprostinil induces localized vasodilation leading
to accelerated insulin absorption.''®! A pooled analysis of the
pharmacokinetic and pharmacodynamic data of URLIi across
different population groups showed that URLi has a 5-min
faster onset of appearance in serum, an eight-fold greater
exposure in the first 15 min, along with a 43% reduction in
exposure beyond 3 h compared to insulin lispro.[") Comparison
of pharmacokinetics and pharmacodynamics of URLi, FIAsp,
lispro, and aspart insulins revealed that URLi has the fastest
insulin absorption, the greatest early insulin exposure, lowest
late insulin exposure, and greatest 2 h post-prandial blood
glucose lowering."*) This results in a post-prandial 0-3 h
glucose excursion with URLi being very close to that of
healthy individuals, and better than any of the other three peer
short-acting insulins.™!

This is the first meta-analysis to holistically evaluate the
pre-meal and post-meal URLi data in the management of
T1DM and T2DM as compared to lispro. Our analysis shows

that subcutaneous mealtime URLI is superior to mealtime
lispro with regard to 1-h PPG control in TIDM. However,
when administered post-meal, URLI lost this superiority and
had comparable 1-h PPG lowering compared to mealtime
lispro. This provides reassuring data that the glycemic efficacy
is not compromised when URLI is administered post-meal
when compared to pre-meal lispro insulin. Better PPG control
with URLi in TIDM did not come at an increased cost of
hypoglycaemia and other side effects. However, it must be
realized that the better 1-h PPG control with URLi in T1IDM
did not translate into a clinically meaningful lowering of
HbA 1c or more percentage of patients achieving HbAlc <7%.
When used in insulin pumps, URLi had similar TIR compared
to lispro with an added advantage of significantly reduced
occurrence of severe hypoglycaemia. However, injection site
reactions, though mild, were much more common with URLIi
as compared to lispro. The reason for this is not known and
needs further evaluation. Whether the two enabling excipients,
citrate and Treprostinil, in URLI are responsible for injection
site reactions needs further evaluation as such reactions have
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not been seen with lispro insulin. No such reactions were noted
with Fiasp in insulin pumps in a prior meta-analysis.”! Fiasp
in the pump was noted to be superior to aspart insulin with
regard to PPG control in that meta-analysis.”) Currently, the
two fastest short-acting insulin analogues available are URLi
and FIAsp. However, a head-to-head comparison between
the two has not been done to date, hence remains an area for
future research.

The good clinical practice suggestions from this meta-analysis
are that subcutaneous lispro insulin can be switched to
subcutaneous URLi in TIDM when we want to give
post-meal bolus insulin. Also, when PPG control with lispro
is suboptimal, switching over to URLi can be considered;
however, in this scenario, pre-meal URLi should be preferred
over post-meal URLi.

In T2DM, subcutancous URLi was found to be superior to
subcutaneous lispro with regard to 1-h and 2-h PPG control.
However, the better PPG control did not translate into a
HbA 1c¢ reduction, or a greater percentage of patients achieving
HbAlc <7%. Hence, switching to URLi from subcutaneous
lispro insulin can be considered in T2DM, only when PPG
control with lispro becomes challenging. Dedicated RCTs
evaluating post-meal URLi in T2DM are lacking and hence
are urgently warranted. Also, URLI in insulin pump has not
been evaluated in T2DM.

Limitations of this meta-analysis include that for most of the
outcomes, data was available from two RCTs for analysis
as different studies evaluated different aspects of URLi
use (pre-meal or post-meal administration; subcutaneous or
insulin pumps) in TIDM and T2DM. Current available data
from RCTs with regard to the use of subcutanecous URLi
are limited to 26 weeks in TIDM and T2DM; and only
12—-16 weeks when used in insulin pump. Hence long-term
glycaemic durability and safety data are lacking. Hence an
urgent need remains for larger multicentric studies with a
longer duration of follow-up of more than a year with regard
to the use of URLIi insulin in TIDM and T2DM.

To conclude, subcutaneous URLI injected before meals
is more effective than lispro in controlling PPG both in
T1DM and T2DM. This meta-analysis also highlights that
the current data is not strong enough to recommend routine
switching of lispro to URLi. As per current evidence, the
use of URLi was not associated with improvement in
HbAlc in T2DM. URLi should be considered only in those
who are having challenges with controlling post-prandial
hyperglycaemia with greater glycemic variability with
lispro. URLIi can be an option when we want to administer
post-meal boluses in TIDM but data on the same in people
with T2DM is lacking.
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SUPPLEMENTARY FIGURE
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Supplementary Figure 1: Funnel plot of all the included studies in the meta-analysis (assessing the publication bias) of the main outcomes
assessed. (a) Impact of mealtime ultra-rapid lispro (URLI) vs. lispro on HbA1c at 26 weeks in type-1 diabetes (T1DM); (b) Impact of mealtime
URLi vs. lispro on 1-h post-meal post-prandial glucose (PPG) excursions (mmol/L) at 26 weeks; (c) Impact of mealtime URLi vs. lispro on serious
adverse events (SAEs) in TIDM; (d) Impact of post-meal URLi vs. lispro in TIDM; (e) Impact of post-meal URLi vs. lispro on 1-h post-meal PPG
excursions (mmol/L) at 26 weeks; (f) Impact of mealtime URLI vs. lispro on SAEs in T1DM; (g) Impact of mealtime URLI vs. lispro on HbA1c at
26 weeks in type-2 diabetes (T2DM); (h) Impact of mealtime URLI vs. lispro on 1-h post-meal PPG excursions (mmol/L) at 26 weeks; (i) Impact of
mealtime URLI vs. lispro on SAEs in T2DM




