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ABSTRACT

Attenuating postprandial hyperglycaemia is a
critical factor in the achievement of optimal
glucose control. Prandial insulin analogues
have been developed to replicate the physiology
of normal endogenous insulin secretion and
action, with the aim of limiting postprandial
glucose excursions. There is still, however, a
significant unmet need, with many people fail-
ing to achieve desired glycaemic control targets
despite the current armamentarium of prandial
insulin analogues. Such insulins have a delayed
onset and a longer duration of action than
endogenous insulin production. There has been
considerable focus on attempts to accelerate the
time-action profile of prandial exogenous
insulin in order to produce a more physiological
profile. One such approach is to modify the
insulin formulation. Fast-acting insulin aspart is
a modified formulation of insulin aspart con-
taining niacinamide and r-arginine. It has an
earlier onset of action than aspart. In an
extensive trial programme, this faster aspart
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demonstrated similar HbAlc reductions to
those achieved with aspart but superior post-
prandial glucose reductions, with no increase in
hypoglycaemia. Furthermore, administration of
faster aspart up to 20 min after the start of a
meal permitted similar glucose control to aspart
given preprandially. These data, taken in total-
ity, illustrate the potential role of faster insulin
aspart in clinical practice.
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INTRODUCTION

Postprandial hyperglycaemia is a typical feature
of both type 1 and type 2 diabetes [1]. It is an
independent risk factor for many complica-
tions, including macrovascular disease, and is
also associated with an increased risk of
retinopathy, cancer and impaired cognitive
function in people with type 2 diabetes [1]. The
achievement of optimal glycaemic control
involves strategies to manage both fasting and
postprandial glucose levels [1]. The goal of
prandial insulin therapy is to mimic the physi-
ological profile of normal mealtime insulin
secretion and action, which translates into
attenuated postprandial glucose excursions,
without increasing the risk of hypoglycaemia. A
variety of nonpharmacological interventions
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may be used to manage postmeal glucose
excursions, and as type 2 diabetes progresses,
multiple therapies may be employed to address
both fasting and postmeal glucose. Prandial
insulin is typically deployed as part of a multi-
ple daily insulin regimen in people with type 1
and type 2 diabetes [2], and in the form of a
continuous subcutaneous insulin infusion
(CSII). Postprandial glucose levels should be
measured 1-2h after meal ingestion, with a
target of 9.0 mmol/L (160 mg/dL) as long as
hypoglycaemia is avoided [1].

In the healthy individual, there is rapid
hepatic insulin exposure with resulting sup-
pression of glucagon-mediated liver glucose
production. In contrast, exogenous insulin is
absorbed from the subcutaneous tissue and
enters the systemic circulation by the capillar-
ies, thus reaching all tissues at the same con-
centration and the same time, delaying hepatic
insulin exposure [3]. A more rapid absorption
and onset of action of exogenous prandial
insulin has the potential to suppress glucagon-
mediated hepatic glucose production, thus
contributing to enhanced reductions in post-
prandial glucose levels [4].

Regular human insulin (RHI) entered clinical
practice as long ago as 1982; however, while it is
structurally identical to endogenously produced
insulin, it has a delayed and protracted
time-action profile when injected subcuta-
neously, resulting in the potential for exagger-
ated early postmeal hyperglycaemia as well as
late postprandial hypoglycaemia [5].

These limitations prompted the develop-
ment, through recombinant engineering of the
insulin amino acid sequence, of rapid-acting
insulin analogues with a more physiological
time-action profile than RHI [S]. Such insulin
preparations, including insulin aspart, insulin
lispro and insulin glulisine, entered clinical
practice in the 1990s, with extensive clinical
trial data indicating that these insulins were
associated with a reduction in early postpran-
dial hyperglycaemia and late postprandial
hypoglycaemia compared with RHI [5].

Despite such innovations, there is still sig-
nificant room for improvement in the area of
prandial insulin pharmacology in terms of the
development of an insulin analogue that more

closely replicates the glucokinetic and gluco-
dynamic properties of endogenously secreted
insulin. This has prompted considerable
research efforts that have resulted in the devel-
opment and introduction into clinical practice
of the first new prandial insulin analogue for
over 20 years. Faster insulin aspart (FAsp) is now
widely available for use in people with both
type 1 and 2 diabetes as part of a multiple daily
injection regimen and also as part of insulin
pump therapy [6]. This article is based on pre-
viously conducted studies and does not contain
any studies with human participants or animals
performed by any of the authors.

THE CLINICAL PHARMACOLOGY
OF FASTER ASPART

FAsp has been specifically developed with a
view to deliver its glucodynamic and kinetic
effects more quickly compared with current
prandial analogue insulins, and thus to more
rapidly mimic endogenously produced insulin
(Fig. 1). This has been achieved through the
inclusion of niacinamide as an absorption
modifier and r-arginine as a stabiliser for the
insulin aspart (IAsp) preparation [6, 7] (Fig. 2).
In a pooled analysis of six euglycaemic clamp
studies in people with type 1 diabetes, faster
aspart showed an approximate 5-min earlier
onset of appearance, early insulin exposure that
was twice as high, and a 74% greater early glu-
cose-lowering effect compared with IAsp [8].
Furthermore, loss of glucose-lowering effect and
insulin occurred up to 14 min sooner with FAsp
than with IAsp [8]. Similar pharmacological
properties have been observed in a Japanese
population, the elderly, children and adoles-
cents [9-11].

Since FAsp is essentially IAsp with modified
absorption Kkinetics, it has the same immuno-
genicity and teratogenicity safety profile as that
of IAsp [6].

In elderly subjects, total insulin exposure
and the peak insulin concentration of FAsp
were 30% greater than in younger subjects [10].
No age-related differences in glucodynamic
effects have been noted, however. Based on
these pharmacological properties, FAsp may
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Fig. 1 Approaches used to replicate insulin physiology with a more rapidly acting insulin analogue
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Fig. 2 Formulation of faster insulin aspart

have the potential for both pre- and postpran-
dial dosing and could also be used to address the
issues of late postprandial hypoglycaemia and
early postprandial hyperglycaemia that may
occur with prandial insulin therapy, particularly
in the area of the increasingly widespread use of
flash glucose monitoring, where such issues
may be more readily identified.

When transferring to FAsp from another
prandial insulin, close glucose monitoring is
recommended, with conversion being made on
a unit-for-unit basis [6]. FAsp can be used in
pregnancy and during breastfeeding [6]. Since
FAsp can be administered up to 20 min before
the start of a meal or up to 20 min after starting
a meal, the time to onset of action must be
considered when prescribing to patients with
concomitant conditions where a delayed

absorption of food might be expected, such as
those with established gastroparesis [6].

FASTER ASPART IN TYPE 1 DIABETES

The efficacy and safety of FAsp has been studied
as part of a multi daily dosing insulin regimen
in combination with insulin detemir in adults
with type 1 diabetes [12]. Despite this being a
noninferiority treat-to-target study, FAsp, dosed
at mealtime, yielded a slightly (0.15%) greater
reduction in HbAlc compared to IAsp after
6 months, which was maintained after 1 year
[13]. This advantage in terms of HbAlc seemed
to be related to reduced postprandial glucose
excursions compared with IAsp. FAsp dosed
20 min after the start of a meal (postmeal)
showed no difference in effect on HbAlc from
that of mealtime IAsp [12].

These results were supported by those of a
26-week trial that evaluated FAsp as part of a
basal-bolus regimen with insulin degludec [14].
In this study, both mealtime and postmeal FAsp
dosing were noninferior to mealtime [Asp in
terms of HbAlc. However, there was a signifi-
cant reduction in the early PPG increments
during a standardized meal test with FAsp vs.
[Asp. Furthermore, a significantly higher pro-
portion of the subjects (27.8% vs. 21.6%)
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achieved a 1-h PPG target of < 7.8 mmol/1 based
on self-measured blood glucose with FAsp
compared with IAsp [14]. Both of these studies
demonstrated no increase in the overall rate of
hypoglycaemia with FAsp compared with IAsp,
while a pooled analysis of both studies indi-
cated a 16% reduction in nocturnal hypogly-
caemia with FAsp compared to IAsp [15].

There were, however, some interesting
qualitative differences in the distribution of
hypoglycaemia between FAsp and IAsp.
Although the rates of hypoglycaemia observed
during the first hour after a meal were very low,
there was an increase with mealtime FAsp vs.
IAsp [12, 13]. Conversely, there was a 28%
reduction in hypoglycaemia in favour of meal-
time FAsp compared with IAsp 3-4 hours after a
main meal [13]. There were no body weight
differences between patients on FAsp and IAsp,
and no difference in insulin dose was seen
[12, 13]. These data illustrate the potential of
FAsp to address the issue of late postprandial
hypoglycaemia, while consideration and advice
should be given to patients with T1D when
initiating FAsp in relation to early postprandial
hypoglycaemia.

In children and adolescents with type 1 dia-
betes [16], FAsp yielded a similar profile to that
seen in adults with type 1 diabetes [12, 13].
Change from baseline in 1-h postprandial glu-
cose increment significantly favoured mealtime
FAsp versus IAsp over all meals (P < 0.01 for all),
while there were no significant differences in
the overall rate of severe or blood-glucose-con-
firmed hypoglycaemia, or in insulin dose
between FAsp and IAsp, irrespective of dose
time or meal [16]. Thus, in adults, children and
adolescents with type 1 diabetes, FAsp appears
to be a safe prandial insulin, with potential
advantages in terms of reduced early postpran-
dial hyperglycaemia and reduced late post-
prandial hypoglycaemia. Questions, however,
remain regarding the effects of exercise on the
profile of FAsp in people with type 1 diabetes.
For postprandial exercise, anticipation with
meal insulin bolus reduction is the recom-
mended method to reduce exercise-associated
hypoglycaemia. An ongoing study will compare
the effects of IAsp and FAsp on glucose reduc-
tion during exercise performed 60 min or

120 min after breakfast with insulin dosing
performed 5 min before breakfast, and should
provide insights into the potential role of FAsp
with respect to exercise for people with type 1
diabetes [17].

FASTER ASPART IN INSULIN PUMPS

FAsp has been studied in the setting of insulin
pump therapy [18], with an approximately
threefold greater insulin exposure and an
approximately 100% greater glucose-lowering
effect in the first 30 min with FAsp compared to
[Asp. In a crossover trial in adults with type 1
diabetes, FAsp delivered via an insulin pump
produced a greater glucose-lowering effect than
IAsp in the 2 h following a liquid meal [19].

In a 16-week trial, insulin pump therapy
with FAsp resulted in similar changes in HbAlc
to those achieved with IAsp [20]. FAsp was,
however, superior to IAsp in change from
baseline in 1-h postprandial glucose increment
after a meal test, with statistically significant
reductions also observed at 30 min and 2 h.
Furthermore, 1-h postprandial increments were
lower with FAsp across all meals, as reflected by
an interstitial glucose difference of 0.21 mmol/l.

There was no statistically significant differ-
ence in the overall rate of severe or blood-glu-
cose-confirmed hypoglycaemia. There was,
however, a numerical imbalance between the
number of severe hypoglycaemic episodes suf-
fered by patients on FAsp and the number suf-
fered by patients on IAsp in both the 16-week
treatment (21 vs 7) and the 4-week run-in per-
iod (4 vs 0) of the study. As such, when con-
verting [Asp to FAsp in the setting of insulin
pump therapy, the faster onset of action of FAsp
may translate into a need to reduce the insulin
dose, while the reduced postprandial glucose
increments and early insulin exposure suggest
that FAsp may be particularly useful in closed
loop delivery systems. Indeed, FAsp is currently
being evaluated in the setting of a closed loop
system in young adults with type 1 diabetes
[21], and an ongoing study is also assessing the
role of FAsp in a dual hormone closed loop
system [22].
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FASTER INSULIN ASPART IN TYPE 2
DIABETES

The role of FAsp has been studied as part of a
basal-bolus insulin regimen in people with type
2 diabetes [23, 24]. In one study [24], the addi-
tion of FAsp to insulin degludec, based on a
patient-driven titration algorithm, resulted in a
greater HbA1lc reduction (0.94%) and larger 2-h
PPG increments across all meals (estimated
treatment difference 2.48 mmol/l) compared to
insulin degludec dose titration combined with
metformin. As expected with insulin regimen
intensification, the hypoglycaemia rate was
higher in individuals receiving FAsp (12.8 vs.
2.0 episodes/PYE). Despite this, 43% of the
FAsp/insulin degludec group achieved a HbAlc
of 6.5% without experiencing severe hypogly-
caemia, compared with only 6.5% in the
degludec/metformin group.

In another study, FAsp was compared with
[Asp in people inadequately controlled with a
combination of insulin glargine and oral agents
over 26 weeks. Overall glycaemic control
improved to a similar extent (— 1.38% and
— 1.36%) following intensification with either
FAsp or IAsp. Significantly greater reductions in
the 1-h postprandial glucose increment were
observed during a meal tolerance test with FAsp,
with an estimated treatment difference of
0.59 mmol/l. Overall hypoglycaemia rates were
similar in both groups, although hypogly-
caemia rates were slightly higher (2.3 vs 1.5
episodes per patient year) with FAsp during the
0-2 h postprandial period.

These data support the observations derived
from studies of FAsp as part of basal-bolus
insulin therapy in people with type 1 diabetes
[12-14]—that early postprandial glycaemic
excursions were attenuated. While there is no
overall excess of hypoglycaemia with FAsp
compared with [Asp, there is a slight excess of
early postprandial hypoglycaemia with FAsp.
Thus, when initating FAsp or switching people
over to FAsp from alternative prandial insu-
lins, advice regarding the potential for early
postprandial hypoglycaemia needs to be
provided.

THE ROLE OF FASTER ASPART
IN CLINICAL PRACTICE

The pharmacological profile of and clinical trial
data relating to FAsp [6, 7, 12-14, 19-24] illus-
trate that this new mealtime insulin formula-
tion has the potential to address significant
unmet needs with respect to insulin therapy in
people with both type 1 and type 2 diabetes,
particularly with respect to early postprandial
glucose excursions. This attribute of FAsp in
relation to its clinical utility is supported by a
recent survey of people with both type 1 and
type 2 diabetes managed with multiple daily
insulin regimens [25], which found that two-
thirds of the respondents had—for a variety of
reasons—experienced postprandial hypergly-
caemia in the week prior to the survey.

The adjustment of the mealtime insulin dose
on the basis of carbohydrate meal content and
blood glucose monitoring is an important fea-
ture of optimal diabetes management. Even
with correct dosing, postprandial hypergly-
caemia and late postprandial hypoglycaemia are
often issues when the duration of insulin action
does not appropriately reflect glucose absorp-
tion, with the risk of hypoglycaemia being fur-
ther amplified by physical exertion.

Some people with type 1 diabetes, in an
attempt to address postprandial hypergly-
caemia, administer repeated “corrective” injec-
tions, which can lead to overcompensation and
the accumulation of circulating insulin, result-
ing in an increased risk of hypoglycaemia [26].
The time-action profile for and the clinical trial
data on FAsp [6, 7, 12-14] suggest that this new
mealtime insulin may reduce the need for such
corrective dosing, translating into both
improved glucose control and a reduced burden
of hypoglycaemia.

The timing of rapid-acting insulin injections
is also a key factor in postmeal glucose control
in both type 1 and type 2 diabetes. The typical
viewpoint is that postprandial hyperglycaemia
occurs due to suboptimal insulin dosing, but it
may also occur because the action of the insulin
is too slow [27].

The delayed onset of action of exogenously
delivered insulin compared with endogenously

I\ Adis



1798

Diabetes Ther (2019) 10:1793-1800

secreted insulin necessitates an injection-to-
meal interval to control early postprandial
hyperglycaemia. IAsp, insulin glulisine and
insulin lispro need to be administered approxi-
mately 15-20 min before the start of a meal to
best meet postprandial insulin needs [S]. How-
ever, in daily life, patients struggle to achieve
this, and many use only very short premeal
intervals or none at all, or they may even inject
insulin immediately after a meal. Indeed,
patient source data imply that 24% of people
with type 2 diabetes fail to adhere to insulin
dosing timing guidance [28].

Inappropriate meal time insulin dosing can
result in an elevated insulin dose requirement
[28]. The data used to inform these observations
are derived from retrospective surveys, and as
such are likely to understate the true extent of
the problem.

The more rapid onset of action of and earlier
clearance of FAsp [6, 7] along with the potential
for dosing immediately before or after a meal
without incurring detrimental effects in terms
of either safety or efficacy [6] may represent a
significant therapeutic advance with respect to
the challenge of improving prandial insulin
dose timing and glucose control. Thus, FAsp
appears to have significant potential to improve
outcomes in terms of hyperglycaemia, hypo-
glycaemia and overall glucose control in people
with type 1 and type 2 diabetes using multiple
daily insulin regimens, which should be for-
mally assessed with data derived from real-
world clinical practice.

Insulin pump therapy can achieve improved
glycaemic control and reduce the hypogly-
caemia risk in people with both type 1 and type
2 diabetes [29, 30]. Insulin pumps aim to deliver
insulin in a more physiological manner, with a
basal infusion rate supplemented with patient-
activated boluses at mealtimes. In addition to
the need for better delivery and glucose-moni-
toring technologies, the utility of insulin pumps
is limited by the time-action profiles of current
rapid-acting insulin analogues, since there is a
lag time between adjustment of infusion and
the glucose-lowering effect. Furthermore, the
pharmacology of currently used rapid-acting
insulin is also a limitation in the development
of closed-loop automated insulin delivery

systems. In addition, glucose control algorithms
have been limited by the time-action profile of
rapid-acting insulin for controlling postprandial
glucose levels due to the risk for late hypogly-
caemia. The use of glucagon in dual hormone
systems (glucagon and insulin) may mitigate
the risk for hypoglycaemia and improve glucose
control [31].

A prandial insulin with a faster onset of
action (and a faster offset) has the potential to
improve glucose control in people using pumps,
and might attenuate the need for dual hormone
infusion, with its associated complexity and
expense—concepts which should be further
evaluated in the real world.

CONCLUSIONS

FAsp represents a significant evolution of the
therapeutic landscape of rapid-acting insulin
analogues, as it has the potential to address
many of the challenges associated with prandial
insulin use in routine clinical practice—partic-
ularly those relating to dose timing, postpran-
dial hyperglycaemia and late postprandial
hypoglycaemia. Real world data will aid in
defining the true clinical value of FAsp.
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