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Abstract: Insulin detemir is a long-acting basal insulin approved for use in patients with type 1 (T1DM) or type 2 diabetes (T2DM).
Insulin detemir has demonstrated equivalent glycemic control and hypoglycemic risk when compared to insulin glargine, and insulin
detemir has generally but not consistently demonstrated less weight gain than insulin glargine in T2DM. The benefits of basal insulin
analogs relative to NPH insulin are well recognized, including less FBG variability, lower risk of hypoglycemia, and less weight gain
specifically with insulin detemir. However, NPH insulin continues to be widely prescribed, which may be due in part to economic con-
siderations. While NPH insulin generally costs less per prescription, insulin detemir has been shown to be cost effective compared to
NPH insulin as well as insulin glargine. Therefore, insulin detemir is an effective option from both clinical and economic perspectives
for patients with T1DM or T2DM who require basal insulin to achieve glycemic control.
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Introduction

Diabetes mellitus (diabetes) is a growing epidemic.
In 2000, there were an estimated 171 million people
world-wide with diabetes, a number that is expected
to more than double to 366 million by 2030." The
United States (US) i1s no exception. In 2007, an esti-
mated 23.6 million people had diabetes including
1.6 million newly diagnosed cases in adults resulting
in a prevalence of approximately 7.8%.% In addition
to the well-known health implications, which include
cardiovascular disease, neuropathy, and nephropathy,
the economic effects are substantial. The American
Diabetes Association estimates that the economic bur-
den of diabetes in the US in 2007 was $174 billion,
and that a person diagnosed with diabetes had medi-
cal expenditures approximately 2.3 times higher than
those without the diagnosis.?

The underlying causes of type 1 diabetes (T1DM)
and type 2 diabetes (T2DM) are both likely combi-
nations of genetic predisposition and environmental
exposures.*® The resulting macro- and micro-vascular
complications of the disease include cardiovascular
disease, renal disease, retinopathy, and neuropathy.
Recent studies have found that diabetes is associated
with a two- to four-fold increased risk of cardiovas-
cular disease and events such as heart disease and
stroke.®” A second diabetes-related complication with
severe consequences for morbidity and mortality is
renal disease. As diabetic nephropathy is the most
common cause of end-stage renal disease, the five-
fold prevalence increase from 1980 to 2001 is due
largely to diabetes.® This increasing prevalence is sig-
nificant as chronic kidney disease and end-stage renal
disease is associated with neuropathies, increased
risk of lower-extremity amputation, cardiac arrhyth-
mias, and increased medical costs which have been
estimated at $5,439 per employee per month in the
average working population.®?

Lifestyle modification is a first-line approach
to prevent or minimize diabetes complications and
includes improved diet and regular physical activity.
Various studies have found that lifestyle interventions
alone can reduce the risk of developing or slow the
progression of T2DM.!*'? Pharmacotherapy options
for treating T2DM include insulin, sulfonylureas,
biguanides, thiazolidinediones, dipeptidyl peptidase-4
(DPP-4) inhibitors, and glucagon-like peptide-1
(GLP-1) receptor agonists.'"'*!* Insulin therapy is

life-sustaining in the management of TIDM and is
often used in T2DM cases as the disease progresses
and glycemic control is lost. Recognized as the most
effective diabetic medication for treating hyperglyce-
mia, insulin dosages can be increased until the desired
therapeutic effect is achieved.'>'¢

A major goal of insulin therapy is to mimic the
normal physiologic patterns of insulin secretion. This
pattern includes bolus insulin secretions in response
to food intake and sustained basal secretions that
maintain a minimal level of insulin throughout the
day. Basal insulin secretion is essential for control-
ling blood glucose levels as it regulates hepatic glu-
cose production and uptake by target tissues between
meals and at night.''® Basal insulin is essential in
patients with TIDM and can provide additional
glucose control to help overcome insulin resistance
and under-secretion in patients with T2DM. As a
result, long acting insulins such as neutral protamine
Hagedorn insulin (NPH), insulin glargine, and
insulin detemir have been developed. Due to their
slow-release formulations, long acting insulins help
provide better glycemic control, and can reduce the
risk of hypoglycemia.'*?

Additional benefits with the long acting insulins
may occur through decreased fasting plasma glucose
(FPG) variability. An observational study of 1,409
type 2 diabetics (age 56—74) found that patients with
moderate and high variation in FPG had approxi-
mately a 65% higher risk of all-cause mortality com-
pared to patients with the lowest FBG variation over
a 10 year period (P < 0.001). Even when mean FPG
was accounted for in the analysis, FPG variation
had a greater prognostic value.?’ Decreased FPG
variability may also be beneficial when intensive
glucose-lowering therapy is initiated. When the target
FPG is lowered, the combination of the lower FPG
goal and inherent variability can increase the risk of
severe hypoglycemia. As severe hypoglycemia can
result in complications ranging from unconscious-
ness to myocardial ischemia and death,” decreases in
FPG variability may lower complications associated
with intensive therapy. The Action to Control Cardio-
vascular Risk in Diabetes (ACCORD) trial found an
increase in all cause mortality in patients randomized
to the intensive-therapy group (target hemoglobin
Alc [HbAlc] less than 6%) compared to the standard
therapy group (target HbAlc 7.0%—7.9%) (hazard
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ratio of 1.22, 95% CI: 1.01 to 1.46). Although the
study was not designed to identify specific causes, the
difference in the rates of hypoglycemia was included
as a possible contributing factor.”

Recognizing the role of basal insulins in treating
T1DM and T2DM, this paper specifically reviews
the evidence related to the use of insulin detemir.
The data reviewed includes randomized clinical trial
data and observational trial data, as well as data from
database studies and pharmacoeconomic evaluations.
The purpose is to present these data and assess insulin
detemir’s place in diabetes therapy.

Pharmacology

Insulin detemir is a long acting basal insulin analog
produced through the use of recombinant DNA tech-
nology. Insulin detemir differs from human insulin
in two respects. First, the amino acid threonine is
removed from position B30. Second, a 14-carbon
fatty acid chain is attached to the amino acid lysine
at B29.2*% These changes allow the detemir mole-
cule to form stable hexamers and dihexamers, which
delays and creates a more consistent absorption pro-
file. The fatty acid chain also allows insulin detemir
to be soluble in a neutral solution, preventing pre-
cipitation during administration. This is significant
as both NPH insulin and insulin glargine form a
precipitate at some point during the administration
process. As precipitation and dissolution are unpre-
dictable, this can lead to variations in absorption and
insulin action.?® Albumin binding at the injection
site further delays absorption through the capillary
wall and into the blood stream, allowing for a slow
release over a long period of time which increases
the duration of action.” Because approximately 98%
of insulin detemir in circulation is bound to albumin,
this creates a buffer and minimizes changes in insu-
lin activity associated with insulin detemir.?® Overall,
these changes result in a longer and more consistent
duration of action.

While insulin detemir’s duration of action is longer
than regular human insulin, most of the early stud-
ies of insulin detemir involved a twice-daily dosing
regimen. However, recent studies have found that a
once-daily regimen may be just as effective. Insulin
detemir has been shown to have a dose-dependent
duration of action. One study found that a dose
of 0.4 U/kg had a duration of action of 20 hours,

potentially allowing a once-daily dosing regimen.
For lower doses, twice-daily dosing may be required
due to a shorter duration of action.”” Le Floch
et al compared the results of once-and twice-daily
insulin detemir dosing in patients with TIDM on a
basal-bolus regimen over a 7-month period.”® They
found similar HbAlc improvements in the two treat-
ment groups, demonstrating non-inferiority of the
once-daily dosing regimen. They also found that daily
insulin detemir doses were lower with the once-daily
dosing. A study by Fontaine et al comparing the
outcomes in both TIDM and T2DM on once-and
twice-daily dosing regimens found that once-daily
dosing was associated with better glycemic control
compared with twice-daily dosing.”” This study also
found lower daily doses with the once-daily regimen.
Although these studies had limitations (ie, open label
design), they show that there may not be an advan-
tage to twice-daily dosing when starting an insulin
detemir regimen. Careful clinical judgment should
be used to determine the intensity of the insulin regi-
men required for a given patient, including the use
of twice-daily dosing as needed to maintain adequate
glycemic control.

Clinical Studies

There is an abundance of data in the literature from
clinical trials on the use of insulin detemir in patients
with T1IDM or T2DM. These studies have compared
insulin detemir to NPH insulin and insulin glargine in
both TIDM and T2DM, as well as to oral antidiabetic
therapy in T2DM. The clinical differences between
insulin detemir and NPH insulin are well established
and basal analog insulins are recognized as preferred
over NPH insulin in treatment guidelines.’* However,
many patients and clinicians continue to utilize NPH
insulin, possibly for economic considerations. Thus,
an insulin detemir and NPH insulin comparison is
included for comprehensiveness.

Type 1 Diabetes Mellitus

Detemir/Glargine

When compared to insulin glargine in two clinical
trials, similar levels of glycemic control and effect
on weight were identified in patients with T1IDM
(Table 1).>'*2 These open label trials found no differ-
ences between insulin detemir and insulin glargine
with regards to HbAlc improvement or overall risk
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Table 1. Clinical studies in of insulin detemir versus NPH or insulin glargine in patients with type 1 diabetes mellitus.

Type 1 diabetes Study design* N Treatment
reference regimen
Heller et al®' 52 week randomized open 443 Once daily detemir vs.
label parallel group Once daily glargine
Pieber et al* 26 week randomized open label 332 Twice daily detemir vs.
parallel group Once daily glargine
Bartley et al®® 24 month randomized open 495 Once daily detemir vs.
label parallel group Once daily NPH
Robertson et al*® 26 week randomized open label 347 Once/twice daily detemir vs.
parallel group, Children 6—17 years old Oncel/twice daily NPH
Kolendorf et al*° 32 week randomized open 124 Twice daily detemir vs.
label crossover trial Twice daily NPH
De Leeuw et al*? 12 month randomized 316 Twice daily detemir vs.
open label parallel group Twice daily NPH
Pieber et al®*” 16 week randomized open 400 Twice daily detemir (morning,
label parallel group (3 arms) pre-dinner/bedtime) vs.
Twice daily NPH
Hermansen et al** 18 week randomized open 595 Twice daily detemir with
label parallel group aspart vs. Twice daily NPH
with regular human insulin
Russell-Jones et al’® 6 month randomized open 747 Once daily detemir vs.
label prospective parallel group Once daily NPH
Home et al*® 16 week randomized open 408 Twice daily detemir (2 groups)
label three-arm parallel group vs. Twice daily NPH
Vague et al*' 26 week randomized open 447 Twice daily detemir vs.
label parallel group Twice daily NPH
Hermansen et al*® 12 week randomized 59 Once daily detemir vs.

crossover ftrial

Once daily NPH

of hypoglycemic episodes. One of these studies
found insulin glargine to be more effective at low-
ering FPG (difference of 0.70 mmol/l, P < 0.001),*
while the other showed no difference.’' There was no
overall difference in within-subject plasma glucose
variability.’'** The risk of nocturnal hypoglycemia
was 32% lower with insulin detemir in one of the two
studies (P < 0.05).

Detemir/NPH
Although the specific treatment regimens varied
between studies, insulin detemir has shown similar or

better efficacy based on HbAlc measures in patients
with TIDM in 9 clinical trials (Table 1). Three of
these studies reported a greater reduction in HbAlc
over NPH insulin of 0.2% (P < 0.05).%3*> A majority
of the studies also found insulin detemir was more
effective at lowering FPG levels,***> and resulted in
less FPG variation than NPH insulin.?¢3%#!

A key benefit of insulin detemir relative to NPH
insulin observed in multiple studies was a favor-
able effect on weight. All of the studies that evalu-
ated weight change found that insulin detemir
was associated with less weight gain than NPH
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HbA1c difference
(95% ClI)

Fasting blood glucose

difference (mmol/l) (95% CI)

Weight change
difference (kg) (95% Cl)

Hypoglycemia, relative
risk (95% CI)

0.01%
(~0.13, 0.16)

-0.03%
(-0.25, 0.19)

-0.22%
(-0.41, -0.03)

0.1%
(0.1, 0.3)

0%
(~-0.108, 0.108)

—0.08% (not statistically
significant)

—0.06%, —0.08%
(overall P=0.636)

-0.22%
(-0.34, -0.10)
~0.12%
(-0.25, 0.02)
-0.2%

(-0.34, -0.02)
~0.04%
(-0.22, 0.13)

-0.23

(-1.04, 0.58)
0.70

(0.38, 1.02)
~1.08

(-1.98, -0.18)
1.1
(-2.1,-0.2)

—0.16 (not statically
significant)

-1.31,-1.99
(overall P < 0.001)

~0.52
(-1.06, 0.01)

~1.16
(P=0.001)

-1.5and -2.3
(both groups significant
at P = 0.004)

~0.76
(-1.65, 0.14)

Decreased coefficient
of variation with detemir
(35% vs. 43%, P < 0.001)

~0.06

(-0.84, 0.73)
~0.44

(-1.11, 0.23)
~0.99

(-1.86, -0.13)
~1.34

(-2.12, -0.56)

—1.3 kg (dinner detemir,
P < 0.001),

—0.6 kg (bedtime
detemir, P=0.050)

~1.01
(-1.37, -0.66)
~0.52
(P=0.024)

—0.8 and -0.6 (both groups
significant at P < 0.05)

~0.98
(P=0.001)

Overall: 0.94 (0.74-1.18)
Nocturnal: 1.12
(0.87-1.44)

All: 0.96 (0.68, 1.35)
Nocturnal: 0.68

(0.46, 0.99)

All: 0.74 (0.51, 1.07)
Nocturnal: 0.54
(0.40, 0.71)

All: 0.89 (0.69, 1.14)
Nocturnal: 0.74
(0.55, 0.99)

All: 0.82 (0.73, 0.92)
Nocturnal: 0.50
(0.38, 0.65)

All: 0.78 (0.56-1.08)
Nocturnal: 0.68
(P=0.016)

Similar between

all groups

All: 0.79 (0.63, 0.98)
Nocturnal: 0.45

(0.35, 0.58)

All: 0.94 (0.79-1.13)
Nocturnal: 0.74
(0.60-0.90)

Ranged from
0.47-0.75 (although not
all groups significant at
0.05 level)

All: 0.78 (0.62, 0.97)
Nocturnal: 0.66

(0.50, 0.87)

60% (detemir), 77%
(NPH), P=0.049

Notes: *Study subjects were 18 years of age or older unless otherwise noted. Bolus regimens not specified here.

insulin, 33337384142 From a safety standpoint, insulin
detemir was associated with a decreased risk of hypo-
glycemia relative to NPH insulin in many, but not all
of the included studies.*****! This decreased risk was
especially pronounced at night with a risk reduction
generally ranging from 25%-50% relative to NPH

insulin,33-3436.38.40-42

Type 2 Diabetes Mellitus

Detemir/Glargine

Four open label trials have compared insulin detemir
to insulin glargine in T2DM. These studies found

no significant difference in HbA1C improvement
between the treatment groups.®*¢ While insulin
glargine showed better efficacy in one study, it did
not achieve the difference of 0.4% required to show
superiority.** There were no differences in FPG
change*® or risk of hypoglycemia between these
treatments.** ¢ Insulin detemir was associated with
less weight gain (range: 0.8 to 1.5 kg, P < 0.05 for
all studies).** These studies showed mixed results
on the required frequency (once vs. twice daily)
and dosing of insulin detemir compared to insulin
glargine.*™¢
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Detemir/NPH

When insulin detemir and NPH insulin were compared
in four studies of patients with T2DM, HbAlc
improvements were similar.*’~* One of the four studies
identified slightly better improvement with NPH insu-
lin than insulin detemir (0.16%, 95% CI1 0.003-0.312),
but insulin detemir was determined to be non-inferior
because the upper confidence limit was less than
0.4%.% Improvement in FPG also tended to be similar
in these studies.*’”*° The risk of hypoglycemia varied,
with two studies showing similar risk,**° and the other
two studies showing a decreased risk with insulin
detemir.*’*® Three of the studies showed less weight
gain with insulin detemir.**°

Safety/Side Effect Data

from Clinical Trials

A source of resistance to initiating insulin therapy is
the fear of hypoglycemia, which can cause symptoms
including cognitive impairment, seizures, and coma
in severe cases. When compared to NPH insulin in
patients with TIDM in clinical trials, insulin detemir
tended to have a lower risk of hypoglycemia.’*3%4% 4!
This benefit was especially pronounced with the risk
of nocturnal hypoglycemia, where the relative risk
was decreased to approximately 0.50.* The risk of
hypoglycemia in TIDM or T2DM is generally similar
with insulin glargine and insulin detemir. In patients
with T2DM, the risk of hypoglycemia with insulin
detemir is similar or less than that of NPH insulin
(Tables 1 and 2).

One of the key concerns, especially in T2DM, with
starting insulin therapy is weight gain. An unexpected
finding in studies of patients with T1DM treated with
insulin detemir was decreased weight gain compared
to those patients treated with NPH insulin.” In head-
to-head comparisons of insulin glargine and insulin
detemir, weight change was similar in patients with
T1DM while insulin detemir tended to have a favor-
able weight change in patients with T2DM (Tables 1
and 2). Although the exact mechanism leading to this
weight benefit has yet to be conclusively determined,
a number of theories have been proposed. The first
is that the capillary endothelial cells in adipose and
muscle tissue limit the amount of insulin detemir that
can move from the circulation into the extravascular
extracellular space. Simultaneously, the fenestrated
epithelial cells found in the liver have large gaps that

allow hepatocytes an increased exposure to insulin
detemir (free and albumin-bound).’! Thus, insulin
detemir has a greater effect on the hepatocytes as
compared to adipose tissue.'”>' A second theory is that
the fatty acid chain on the insulin detemir molecule
increases its action in the central nervous system,
particularly in the hypothalamus. This can affect the
feedback mechanisms involved in regulation of body
weight and nutrition.>® Lastly, the decreased risk of
hypoglycemia seen with insulin detemir may result in
decreased defensive snacking by patients.>

Currently there is debate over the impact of insulin
therapy on cancer risk, especially related to the use
of insulin glargine. Currie et al found that patients
were more likely to develop solid tumors if they
were on insulin or insulin secretagogue therapy com-
pared to patients treated with metformin.>* Jonasson
et al found evidence that women treated with insulin
glargine experienced increased rates of breast cancer
compared to women on other forms of insulin.®
Conversely, other studies have found no association
between insulin glargine and cancer risk.*® Analysis
of these studies revealed that the results might have
been impacted by a number of confounding factors,
including significant variations in treatment groups
and detection bias. Additionally, the rapid progres-
sion of cancers that would have been required for
the development over the relatively short duration
of the studies is not consistent with current clini-
cal experience.”’ In vitro studies that specifically
compared insulin detemir to human insulin found
that insulin detemir does not have increased mito-
genic activity due to its balanced affinity for insulin
and insulin-like growth factor-1." Thus, the avail-
able evidence is inadequate to confirm or refute the
association of any specific insulin therapy to cancer
development.

Injection site reactions can occur with insulin ther-
apy. These events were reported more frequently in
clinical trials with insulin detemir therapy compared
to insulin glargine and NPH insulin,3!36:42:46-48

Observational Studies

Numerous studies have been published which present
the results of observational clinical trials evaluating
the use of insulin detemir in a more naturalistic setting
than randomized clinical trials. There are also several
published studies that evaluated insulin detemir in the
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usual-practice setting based on secondary database
analyses, as well as numerous pharmacoeconomic
evaluations. Collectively, these studies help to estab-
lish the real-world effectiveness and cost effective-
ness of insulin detemir relative to other basal insulins
or to oral antidiabetic therapy.

Observational trials

The PREDICTIVE™ trial (Predictable Results and
Experience in Diabetes through Intensification and
Control to Target: An International Variability Evalu-
ation) was an open label, multinational, prospective
observational study designed to assess the safety and
efficacy of insulin detemir in patients with TIDM or
T2DM. Inclusion and exclusion criteria were based
on insulin detemir labeling with enrollment based on
the discretion of the patient’s physician. This study
included over 30,000 patients in Europe, North and
South America, Africa and Asia.® The European
cohort included over 20,000 patients and the US
cohort included over 5,000. The primary endpoint
was serious adverse drug reactions including major
hypoglycemia, with secondary endpoints includ-
ing HbAlc, self-monitored fasting glucose, weight
change, and hypoglycemic episodes.”® Several
examples of PREDICTIVE trial results are summa-
rized in this section.

Data from 14-weeks of follow-up in patients
with TIDM (n = 7,420) or T2DM (n = 12,981)
who required basal insulin in 11 European countries
were reported.®’ Patients were prescribed insulin
detemir to replace existing basal insulin or as an
add-on to other insulin or oral therapy. A total of
214 (1%) of patients reported a serious adverse drug
event of which 53% were major hypoglycemic epi-
sodes. There was a significant reduction in the mean
number of hypoglycemic events that occurred during
the 4-weeks prior to the 14-week follow-up visit ver-
sus the four weeks prior to initiating insulin detemir.
This included a mean reduction in major hypogly-
cemic events by 2.2 events/patient-year in T1DM
and 0.7 events/patient-year in T2DM (P < 0.001
for both). Furthermore, nocturnal hypoglycemic
events were reduced by 10 events/patient-year and
2.7 events/patient-year in T1DM and T2DM respec-
tively (P < 0.001 for both). After 14 weeks of insulin
detemir therapy, mean HbA 1c levels were significantly

reduced by 0.5% for patients with TIDM and 0.9%
for those with T2DM (P < 0.001 for both). Mean
FPG was also reduced (1.7 and 2.6 mmol/l for TIDM
and T2DM respectively; P < 0.001 for both), as was
within-patient FPG variability (0.5 and 0.7 mmol/l for
T1DM and T2DM respectively; P < 0.001 for both.)
Insulin detemir was dosed twice daily for 50% of
patients with T1IDM and 23% of those with T2DM.

A 12-week subgroup analysis of 1,832 T2DM
patients from the PREDICTIVE™ German cohort, the
largest European subgroup, examined the effects of insu-
lin detemir treatment (with and without oral antidiabet-
ics) in patients previously treated with oral antidiabetics
alone or in combination with a basal insulin other than
insulin detemir. During treatment with insulin detemir,
no major hypoglycemic events occurred. Compared to
baseline therapy, the frequency of overall and nocturnal
hypoglycemic episodes decreased with insulin detemir
(decrease of 2.7 and 1.2 events/patient-year, respec-
tively. P < 0.0001).%® Overall HbAlc (—1.10%), fasting
blood glucose at follow up (—49.8 mg/dL), and fasting
blood glucose variability (—7.4 mg/dL) decreased dur-
ing insulin detemir treatment (P < 0.0001).

The PREDICTIVE™ 303 study was a 26-week,
randomized, open label study of 5,604 T2DM patients
in the US comparing a patient-adjusted insulin detemir
dosing algorithm (adjusted every three days based on
fasting blood glucose measurements) to physician-
driven insulin detemir adjustments (according to
standard-of-care). Patients in both groups showed
significant improvements in HbA1C, fasting plasma
glucose, and the overall rate of hypoglycemic events.
While patients using the 303 Algorithm saw a slightly
greater decrease in HbA1C (-0.09%, 95% CI: —0.17,
—0.02) and fasting plasma glucose (=11 mg/dL, 95%
CI: —14.4, -7.2), they also experienced more overall
hypoglycemic events compared to the standard-of-care
group (P < 0.0001). There was no significant difference
between the groups for nocturnal hypoglycemia. There
was no significant weight gain in either group.®

Observational studies—secondary analyses

Insulin detemir has also been evaluated in several
real-world analyses based on medical and pharmacy
claims,*®* electronic medical record data (EMR),* and
a national health data repository.®® These studies, which
range in size from approximately 300 to over 18,000
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patients, provide data on glycemic control, weight, and
insulin dose outcomes for insulin detemir versus insu-
lin glargine in the usual practice setting (Table 3).

The database analyses found that improvement
in glycemic control with therapy is similar between
the two analog basal insulins. Three of these obser-
vational studies evaluated change in HbAlc and did
not identify significant differences between insulin
detemir and insulin glargine after 6 to 12 months
of therapy (difference in HbAlc change of 0.1% to
0.4%; P = NS for all).6365:66

Three studies also evaluated mean daily doses for
insulin detemir versus insulin glargine and similarly
found no difference between the two insulins.%3646¢
The average daily dose for insulin detemir ranged
from 27 to 35 units/day, while the mean daily dose
for insulin glargine ranged from 27 to 32 units/day. It
is important to note that these mean daily insulin dose
estimates are based on pharmacy claims data and pro-
vide insight into insulin use from a dispensing and
reimbursement perspective. They do not adjust for
non-adherence and therefore do not provide a precise
estimate of daily insulin dose on the days that insu-
lin was administered, and are not able to distinguish
once-daily and twice-daily dosing.

As with clinical trials, weight findings were incon-
sistent in the database studies. One retrospective study
found that weight gain was less with insulin detemir
(0 kg) than insulin glargine (+0.9 kg; P = 0.04).
However, a second study did not identify a signifi-
cant difference in weight gain between these insulins
(+0.2 kg for insulin detemir vs. +1.2 kg for insulin
glargine; P = NS).%

Pharmacoeconomic analyses

Numerous published pharmacoeconomic analyses
have evaluated costs associated with insulin detemir
therapy relative to NPH insulin and insulin glargine
either alone or a basal bolus combination with a short
acting insulin, or compared to oral agents (Table 3).
These analyses are segregated for discussion pur-
poses by cost effectiveness models®”7? or cost analy-
ses based on real-world® or clinical trial data.”"*

Cost effectiveness models
Insulin detemir cost effectiveness analyses have been
published based on healthcare costs in the US, UK

and Europe using the Center for Outcomes Research
(CORE) diabetes model, a validated, peer-reviewed
and published diabetes clinical and economic
outcomes model.®””7#7>" The CORE diabetes model
combines published data on the risk of long-term
complications with quality-of-life utilities to simulate
the clinical, economic, and humanistic outcomes of
diabetes therapies in the intermediate to long-term.

Studies evaluating insulin detemir cost effective-
ness have used the CORE model to estimate the
cost associated with insulin detemir for each quality
adjusted life year (QALY) gained. QALY is a mea-
sure of treatment outcomes that adjusts changes in
life expectancy with an intervention by the corre-
sponding change in quality of life.”” The definition of
cost effectiveness, or willingness to pay per QALY
gained, is subjective and varies by country. In the US,
for example, $50,000-$100,000 per QALY is com-
monly accepted as cost effective, and in the UK, the
National Institute for Health and Clinical Excellence
(NICE) has historically defined a cost effectiveness
threshold of £20,000 to £30,000 per QALY.” In the
evaluated studies, assumptions of clinical effective-
ness were drawn from controlled or observational
clinical trials, with cost data obtained from published
sources of payer reimbursement amounts.

In cost effectiveness studies focusing on T1DM,
insulin detemir has shown to be cost effective relative to
NPH insulin when given with a short-acting insulin in a
basal/bolus regimen.*” 7> Cost per QALY (all reported
in US dollars), ranged from $719¢ to $30,664.® When
compared to insulin glargine (both plus Aspart), one
study found that insulin detemir was cost saving.”

Cost effectiveness models of patients with T2DM
have similarly found that insulin detemir is cost effective
relative to NPH insulin or insulin glargine. In one study
that evaluated the cost effectiveness of insulin detemir
with oral antidiabetic agents, the cost per QALY for insu-
lin detemir with oral agents was $7,412 versus oral agents
alone, $6,269 versus NPH insulin plus oral agents, and
$3.,951 versus insulin glargine plus oral agents.”! Relative
to NPH insulin with or without oral agents, the cost per
QALY for insulin detemir was $18,383.7 For both TIDM
and T2DM, the economic benefits of insulin detemir ver-
sus NPH insulin or insulin glargine were associated with
a reduced risk of complications due to better glycemic
control®®’!? and reduced rates of hypoglycemia.®”-
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Retrospective economic analyses

Several studies have evaluated costs associated with
insulin detemir treatment in T2DM relative to insulin
glargine based on US medical and pharmacy admin-
istrative claims® or clinical trial data.”>’™ The study
using medical and pharmacy claims data evaluated
all-cause medical, pharmacy and total healthcare costs
and for care delivered specifically to treat T2DM,
comparing insulin detemir to insulin glargine. For
the most part, patient healthcare costs, reported from
the perspective of a private US-based managed care
payer, did not differ between the two insulins. How-
ever, T2DM-related medical costs and total T2DM-
related costs were less for insulin detemir relative to
insulin glargine. Medical costs for T2DM were $707
for insulin detemir and $1,510 for insulin glargine
while total T2DM healthcare costs were $2,261
and $3,408 for insulin detemir and insulin glargine,
respectively (P = 0.03 for both).”

Two additional cost minimization analyses were
conducted based on randomized control trials. One
of these studies compared insulin detemir and insu-
lin glargine in a basal/bolus regimen with mealtime
aspart, while the second study compared insulin
detemir and insulin glargine given with oral agents.
Costs were estimated from the German Statutory
Health Insurance scheme for insulin and supplies
required for monitoring blood glucose and adminis-
tering insulin.”7* Both studies, which considered one-
year insulin costs but not health outcomes as outcomes
were presumed to be identical, concluded that costs
were higher with insulin detemir than with insulin
glargine. Total insulin plus administration costs were
$9487 per year higher with insulin detemir (range
$450-$1,437) when given with mealtime aspart and
$6737 higher (range $594-$842) when administered
with oral agents.

Of note, extrapolation of pharmacoeconomic
data to countries other than the country in which
the analyses were based should be done with cau-
tion as medication, medical costs, and patient demo-
graphics, which vary between countries, can impact
findings.

Insulin (including supplies): €3675
vs. €2991; difference €684 (range

€331-€1,037) (US$4511 vs.
US$1176; difference US$673, range

US$414; difference US$948, range
US$594-US$842)

US$450-US$1437)
Insulin (including supplies): €1334

vs. €849; difference of €486
(range: €429-€608) (US$1848 vs.

(detemir vs. glargine)

Outcomes*

glargine+oral

Detemir+oral
agent(s) or
agent(s)

Treatment
regimen*
Detemir or
glargine

costs from German
statutory health

costs from German
insurance

statutory health

Clinical trial data,
insurance

sourcel/inputs
Clinical trial data,

Data
Can$1.016.

£0.629 =€0.722 =

Population
T2DM
T2DM

period/time
Cost analysis
of trial data

1 year analysis
Cost analysis
of trial data

1 year analysis

Study design
outcomes
horizon

Place in Therapy

Since the hyperglycemia seen with T1DM is pri-
marily due to a deficiency of endogenous insulin
production,® insulin therapy should be started soon

Notes: *Exchange rates as of October 5, 2010 US$1.00

Table 3. (Continued)

Reference/
country
Pschercher”
Germany
Pschercher’™
Germany

N
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after the initial diagnosis to minimize the risk of com-
plications and maintain appropriate glycemic control.
As a result, most patients with T1DM are treated with
a combination of basal and bolus insulin to maintain
appropriate blood glucose control.®!

Based upon recent American Diabetes Associa-
tion recommendations, therapy should be initiated or
intensified in T2DM when HbAlc = 7.0%. Initially,
the first step is lifestyle modification combined with
metformin therapy, if metformin is not contraindi-
cated. If the HbAlc goal of <7.0% is not reached
with metformin alone, guidelines recommend adding
a second oral agent, such as a sulfonylurea, or insulin.
The selection of the second medication should be
based on the patient’s HbAlc level. Specifically, if
a patient’s HbAlc is >8.5%, a basal insulin should
receive additional consideration. If initial basal
insulin is not sufficient to reach the HbAlc goal of
<7%, then insulin therapy should be intensified by
increasing the basal insulin dose or by adding a rapid-
acting insulin.®

The American Association of Clinical Endocrinol-
ogists and the American College of Endocrinology
(AACE/ACE) recently released a consensus state-
ment regarding glycemic control in T2DM.* This
Statement calls for a more aggressive HbA1c goal of
6.5% with therapy evaluation every 2 to 3 months.
Similar to other guidelines, lifestyle improvements
are recommended for all diabetic patients. In con-
trast, insulin therapy is typically reserved until after
mono-, dual-, or triple-therapy with other antidi-
abetic agents fails to meet patient specific goals
(please refer to algorithm for specific treatment rec-
ommendations). Once the decision has been made to
start insulin therapy, one of four possible regimens
are recommended: basal insulin once daily, premixed
insulin, basal-bolus combination therapy, or a ‘pran-
dial’ regimen. Insulin detemir is an acceptable choice
for a long-acting insulin in these regimens with the
AACE/ACE statement recognizing the benefits of
insulin detemir of excellent reproducibility of the
absorption profile and possibly having less weight
gain. The use of regular human insulin and NPH
insulin is not recommended.

As with any medical treatment, careful clinical
judgment based on agent benefits and risks should
be used prior to initiating or escalating insulin ther-
apy. Specifically, a patient’s risk of hypoglycemia,

concomitant comorbidities, polypharmacy, and cog-
nitive impairment, especially in older individuals,
should be weighed against the potential benefits (car-
diovascular, etc) of the improved glycemic control.'
Based upon these and other patient specific consider-
ations, the clinician should decide if insulin detemir is
an appropriate therapy. As insulin detemir is generally
as effective as the other basal insulins in providing
glycemic control, a number of other considerations
should be taken into account when making this deci-
sion. Specifically, insulin detemir is recognized as a
better option than NPH insulin, particularly in patients
with T1IDM and those with a history of hypoglycemia
or where a patient’s comorbidities make a hypogly-
cemic event especially hazardous. Insulin detemir
should also be considered in basal insulin candidates
whose weight control has been problematic. While
the weight benefit on average is modest and the evi-
dence is mixed in T2DM, weight gain, particularly
in T2DM patients, is undesirable and can contribute
to increased cardiovascular risk.* Lastly, as analog
insulins can be more costly per prescription than the
human insulin options, the patient’s ability to pay
should be considered as this can impact compliance
and long-term outcomes.

Conclusions

Insulin detemir is a long-acting basal insulin
approved for once- or twice-daily use in TIDM and
T2DM. Insulin detemir has demonstrated equivalent
or improved glycemic control and hypoglycemic risk
when compared to insulin glargine, and while data
are not consistent, insulin detemir has generally dem-
onstrated less weight gain than insulin glargine in
T2DM. While insulin detemir may be dosed twice
daily to achieve optimal glycemic response, observa-
tional data suggest that the daily average doses dis-
pensed to patients with T2DM are similar between
insulin detemir and insulin glargine. The benefits
of the analog basal insulins relative to NPH insulin
are well recognized, including less FBG variabil-
ity, lower risk of hypoglycemia, and less weight
gain specifically with insulin detemir relative to
NPH insulin. However, NPH insulin continues to be
widely prescribed. This may be due in part to eco-
nomic considerations. While NPH insulin may cost
less per prescription, insulin detemir has been shown
to be cost effective compared to NPH insulin as well
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insulin glargine, with cost effectiveness attributed

to glycemic response and reduction in hypoglycemia.
Therefore, insulin detemir is an effective option from
both clinical and economic perspectives for patients
with TIDM or T2DM who require basal insulin to
achieve glycemic control.
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