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For diabetes mellitus patients who require higher doses of insulin, pen-delivered concentrated
insulins offer smaller volumes and potentially a lower risk of dosing errors.

or a long time, 500 U/mL (U-500) insulin was the

only concentrated insulin available on the market.

With many diabetes mellitus (DM) patients re-

quiring larger doses, additional 200 U/mL (U-200)
and 300 U/mL (U-300) concentrations became available.
As clinical guidelines lack specific recommendations for
optimal use of U-200 and U-300 insulins, clinical discre-
tion is warranted in identifying patients for whom use
of these insulins is appropriate. U-500 insulin is recom-
mended in cases that require > 200 U/d or > 2 U/kg/d.
Given the ongoing DM and obesity epidemics, increased
use of concentrated insulins is likely. Clinicians must stay
well informed about the characteristics and benefits of
concentrated insulins to remain confident recommending,
prescribing, and adjusting these medications.

U-200 INSULIN LISPRO
Pharmacokinetics/Pharmacodynamics

The amino acid structure of U-200 insulin lispro is
different from that of endogenous insulin. In U-200
lispro, lysine replaces a proline at position B28, and
proline replaces a lysine at position B29.

U-200 lispro is a bolus insulin with pharmacokinet-
ics (PK) and pharmacodynamics (PD) similar to those of
U-100 lispro: onset of action, ~15 minutes; time to peak,
30 to 90 minutes; and duration of action, 4 to 5 hours.
U-200 lispro should be administered either 15 minutes
before a meal or immediately after a meal.!

Dr. Gonzalvo is a clinical pharmacy specialist at Eskenazi Health in In-
dianapolis and a clinical associate professor at Purdue University College
of Pharmacy in Lafayette, both in Indiana. Dr. Patel is a clinical pharmacy
specialist at VA Boston Healthcare System and an associate professor of
pharmacy practice at Massachusetts College of Pharmacy and Health Sci-
ences in Boston. Dr. Olin is a clinical pharmacy specialist at Novant Health
Presbyterian Medical Center in Charlotte and a professor at Wingate Univer-
sity School of Pharmacy, both in North Carolina.

In a euglycemic clamp study of patients without DM,
a 20-U dose of U-200 lispro and a single 20-U dose of
U-100 lispro were found to have similar mean area under
the glucose infusion rate curves, mean area under the
serum insulin concentration-time curves from time 0 to
infinity, mean peak serum insulin levels, and time to max-
imum glucose-lowering effects.! For both U-200 lispro
and U-100 lispro, time to maximum effect was 1 hour.”

Even numbers are marked on the dial of the pen.
Odd numbers are not marked, but longer lines appear
in their place. U-200 lispro should not be mixed with any
other insulin, whereas U-100 lispro can be mixed with
neutral protamine Hagedorn insulin.

Safety/Efficacy

There has been 1 bioequivalence study of euglycemic pa-
tients without type 2 DM (T2DM) but no studies of the
safety or efficacy of U-200 lispro in patients with DM.>*
U-100 lispro converts 1:1 to U-200 lispro (eg, 60 U of
U-100 lispro converts to 60 U of U-200 lispro).! The
volume of U-200 lispro would be smaller than that of
U-100 lispro.

Economic Analysis
There are no published U-200 lispro economic analyses.

Dosing
U-200 lispro should be converted from other bolus in-
sulins in a 1:1 ratio.!

Recommendations

Definitive recommendations await efficacy trials com-
paring use of U-200 lispro and other bolus insulins in
patients with DM. Currently, U-200 lispro may be con-
sidered for patients with DM who require high doses of
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Table 1. Comparison of Concentrated Insulins

Maximum Total
Concentrated Bolus/ | Available Units in 1 Units in Conversion From
Insulin (brand) Basal Formulations | Injection,n | 1 Pen,n | Units on Pen U-100 Insulin Dose? | Storage Duration
U-200 insulin Bolus KwikPen 60 600 Even numbers; 1:1 28 days outside
lispro (Humalog) longer lines in refrigerator
place of odd
numbers
U-200 insulin Basal FlexTouch Pen | 160 600 2-U increments 1:1 56 days outside
degludec marked; larger refrigerator; until expiration
(Tresiba) numbers for date if unopened and
multiples of 4 refrigerated
U-300 insulin Basal SoloStar Pen 80 450 Even numbers 1:1 from glargine or | 42 days outside
glargine (Toujeo) larger than odd detemir insulin; refrigerator; until expiration
numbers 20% reduction from | date if unopened and
neutral protamine refrigerated
Hagedorn insulin
U-500 insulin Both KwikPen 300 1,500 5-U increments Based on hemo- 28 days outside
(Humulin R) globin A, _level (see refrigerator; until expiration
text) date if unopened and
refrigerated

aDose conversions are between basal to basal insulins and bolus to bolus insulins.

bolus insulin and who may benefit from smaller volumes
of lispro.

U-200 INSULIN DEGLUDEC
Pharmacokinetics/Pharmacodynamics

The basal insulin degludec (Tresiba) is available in
U-100 and U-200 concentrations in a pen. After sub-
cutaneous injection, degludec forms gradually dissoci-
ating multihexamer chains, which account for its flat
and stable PK/PD profile. U-100 degludec and U-200
degludec have similar duration of action (= 42 hours)
and time to steady state (2-3 days).”® A patient who
misses a regularly scheduled dose should allow at least
8 hours between injections. Taking degludec at variable
times does not decrease efficacy as long as this 8-hour
minimum interval is observed.”

Safety/Efficacy

During its development, degludec was evaluated in more
than 5,000 patients across 11 therapeutic trials.® The key
studies that led to the approval of degludec used insu-
lin glargine as a comparator. In a 52-week study of 1,030
insulin-naive patients with T2DM, degludec was nonin-
ferior to glargine in hemoglobin A (HbA, ) reduction
(1.06% vs 1.19%). Overall hypoglycemia rates were simi-

lar, though there were fewer nocturnal hypoglycemia epi-
sodes with degludec than with glargine (0.25 vs 0.39 per
patient-year of exposure; P = .38).°

The BEGIN Basal-Bolus trial series evaluated use
of degludec combined with bolus insulin aspart in
insulin-experienced patients with T2DM (n = 992) and
type 1 DM (T1DM) (n = 629) over 52 weeks.!®!! Both
trials found noninferiority in A, _reduction: 1.1% (de-
gludec) and 1.18% (glargine) 1n patients with T2DM
and 0.4% (degludec) and 0.39% (glargine) in those
with TIDM.'%!" Significantly fewer episodes of over-
all hypoglycemia (11.09 vs 13.63 per patient-year) and
nocturnal hypoglycemia (1.39 vs 1.84 per patient-year)
were found with degludec in patients with T2DM.”
Opverall hypoglycemia rates were similar, though there
was a 25% lower rate of nocturnal hypoglycemia with
degludec in patients with TIDM.!"!

A meta-analysis of 7 phase 3a trials that compared
degludec with glargine revealed significantly lower
rates of overall, nocturnal, and severe hypoglycemia
with degludec in insulin-naive patients.'> The analysis
confirmed findings of significantly lower rates of over-
all and nocturnal hypoglycemia with degludec in the
overall T2DM population and significantly lower rates
of nocturnal hypoglycemia in the TIDM population.'?
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CONCENTRATED INSULINS

In the DEVOTE trial, which included 7,637 T2DM
patients at high risk for a cardiovascular event, degludec
and glargine were compared on the composite primary
outcome of death with a cardiovascular cause, nonfa-
tal myocardial infarction, or nonfatal stroke. After a me-
dian of 1.99 years, the primary outcome occurred in
8.5% of degludec patients and 9.3% of glargine patients
(hazard ratio, 0.91; 95% confidence interval, 0.78-1.06;
P <.001 for noninferiority). Mean HbA, _level was 7.5 in
both groups; severe hypoglycemia occurred more often
in the glargine group (odds ratio, 0.73; P < .001 for su-
periority).” Findings from the randomized, crossover
SWITCH 1 and SWITCH 2 trials confirmed lower rates
of symptomatic hypoglycemia with degludec compared
with glargine in patients with T1IDM and T2DM, respec-
tively.'*!> No statistically significant differences in weight
gain were observed in the clinical trials comparing de-
gludec and glargine.

Economic Analysis

Weatherall and colleagues used a budget impact model
to evaluate the costs of degludec and glargine for com-
mercially insured patients with DM in the U.S.'® Three
treatment groups were analyzed: basal/bolus combi-
nation in T1IDM and T2DM, and basal/oral combina-
tion in T2DM. Although degludec cost more, overall
cost was reduced in T1DM because of reduced insulin
usage and fewer hypoglycemic episodes in T2DM with
basal/oral combination therapy. The authors acknowl-
edged the many assumptions needed and the potential
oversimplification of their model.'® In other countries,
economic analyses had similar findings.'”"°

Dosing

Degludec converts 1:1 to other basal insulins. Recom-
mended starting doses for U-200 degludec are 10 U once
daily for insulin-naive adults with T2DM and one-third
to one-half the total weight-based daily insulin dose
for insulin-naive adults with T1IDM.*

Recommendations

For some patients, lower PD variability may make de-
gludec a desirable alternative. As degludec retains its
efficacy with variable dosing times, it may be ideal for
patients who have difficulty with a once-daily dosing
schedule. It is important to inform patients that the de-
gludec pen allows for 2-U increments. Given the lower
frequency of nocturnal hypoglycemic events with de-
gludec compared with glargine, degludec is an appro-
priate basal insulin option for patients with nocturnal
hypoglycemia. In addition, U-200 degludec may be

considered for DM patients who require high doses of
basal insulin and who may benefit from smaller vol-
umes of degludec.

U-300 INSULIN GLARGINE
Pharmacokinetics/Pharmacodynamics

U-300 glargine is a concentrated basal insulin. There
are notable differences between its U-100 and U-300
concentrations. For U-300 glargine dosed at 0.4 U/kg,
duration of action is 24 hours; for U-300 glargine dosed
at 0.6 U/kg or higher, longer duration is expected.?®
Steady state is reached after 5 days.?! The U-300
glargine pen contains 1.5 mL, less than the 3 mL in the
U-100 pen. U-300 glargine typically is administered in
1 injection once daily if the dose is < 80 U; 2 injections
are required if the dose is > 80 U.

Safety/Efficacy

In the EDITION trials, which compared U-300 and
U-100 glargine in patients with T1DM and T2DM, the
primary endpoint was 6-month HbA reduction.****
Comparable HbA, reductions were found in all of the
studies. In EDITION 1, in which 2,474 patients with
T2DM were taking concomitant bolus insulin with or
without metformin, 11% more U-300 glargine than
U-100 glargine was needed to achieve similar results.”
In EDITION 4, in which bolus insulin was used in
combination in 546 patients with T1DM, 17.5% more
U-300 glargine than U-100 glargine was needed to
achieve similar glycemic goals.”

Economic Analysis

Compared with other insulins, U-300 glargine has lim-
ited published data and economic analyses. Using a cost-
utility model to compare U-300 with U-100 glargine in
Spanish patients with T2DM, and reporting results in
euros per quality-adjusted life years, Monero and col-
leagues concluded that the hypoglycemia reduction
and possible time-of-dose flexibility found with U-300
glargine may contribute to its cost-effectiveness.”

Dosing

U-300 glargine should be converted in a 1:1 ratio from
U-100 glargine or detemir. The U-300 glargine dose should
be reduced by 20% when switching from NPH insulin.?!

Recommendations

A meta-analysis of the EDITION trials 1 to 3 revealed a
lower incidence of daytime and nocturnal hypoglyce-
mia with use of U-300 glargine over U-100 glargine and
a beneficial shorter hold time after injection of U-300
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glargine (5 seconds) compared with U-100 glargine
(10 seconds).”” There was statistically lower weight
gain with U-300 glargine compared with U-100
glargine however weight gain was < 1 kg in both
groups.*” These characteristics of U-300 glargine may
prove advantageous for individual patients.

U-500 INSULIN
Pharmacokinetics/Pharmacodynamics

U-500 insulin (Humulin R) has been available in a vial
since 1997, but other formulations have been used ther-
apeutically since 1952.® The U-500 KwikPen device, re-
cently added to the market, has improved the vial and
syringe dosing. The new U-500 BD (Becton, Dickinson,
Franklin Lakes, NJ) syringes allow doses up to 250 U,
and the U-500 KwikPens provide up to 300 U per injec-
tion.”” When it was first introduced, U-500 insulin had
no dedicated delivery device and dose conversion was re-
quired to deliver the appropriate dose using an allergy
or TB syringe. As a consequence, confusion often re-
sulted between prescribers, pharmacists and patients.*!
U-500 insulin acts as basal and bolus insulins do. Onset
of action is ~15 minutes, time to peak is 4 to 8 hours,
and duration of action is < 21 hours.*? As its onset of ac-
tion is similar to that of U-100, U-500 should be injected
30 minutes before meals.

A single-site, randomized, double-blind, crossover eu-
glycemic clamp study that compared equivalent doses of
U-500 and U-100 in healthy obese patients found the for-
mulations had similar overall exposures and effects—the
only differences were that U-500 had an extended time
to peak and a prolonged post-peak effect. The longer
post-peak effect contributes to longer duration of action
and allows for fewer daily injections.”

Safety/Efficacy
In the Humulin R U-500 Initiation trial, both of these
algorithms improved glycemic control and were asso-
ciated with a low incidence of severe hypoglycemia. In
addition, the associated weight gains were similar. Last,
the rate of nonsevere hypoglycemia was slightly lower
for the 3-times-daily than for the 2-times-daily regi-
men.>* A real-world outcome analysis of U-500 initia-
tion confirmed the benefits of switching from U-100
to U-500. A clinically significant improvement in gly-
cemic control was found in all the study participants.
Dose and frequency of administration, however, were
not reported.®

According to a secondary analysis in the Humulin R
U-500 Initiation trial, baseline U-100 total daily dose did
not yield a difference in efficacy or safety between the

CONCENTRATED INSULINS

2-times-a-day and 3-times-a-day arms—allowing use of
a simpler 2-times-a-day schedule without regard to base-
line total daily dose.?®*® The 2-times-a-day regimen is pre-
ferred in clinical practice given that the 2 regimens are
equivalent in safety and efficacy and that the 2-times-a-day
regimen is simpler, allows for easier titrations, improves
patient perceptions of the effect of insulin on daily life
function and psychological health, lowers daily injection
burden, and maximizes adherence.’”

Economic Analysis

A retrospective database analysis revealed lower over-
all cost and lower pharmacy cost associated with U-500
in comparison with high-dose U-100, as well as re-
duced hypoglycemia-specific costs or resource utiliza-
tion, even though U-500 was associated with a slightly
higher incidence of hypoglycemia.”® However, the fact
that hypoglycemia was reported with a billing code
(ICD-9) implies the hypoglycemic event was severe
enough to require medical attention. Given these find-
ings, 2-times-a-day U-500 seems more cost-effective
than high-dose U-100.

Dosing

The U-500 Humulin R package insert recommends con-
verting a dose to U-500 on the basis of most recent HbA
level. U-500 can be dosed 2 times daily (60%, 40%) or
3 times daily (40%, 30%, 30%). If HbA | _is > 8%, then
the starting total daily dose (TDD) of U- 500 is 100% of
the U-100 TDD. If HbA _is < 8%, then the starting TDD
of U-500 is 80% of the final U-100 TDD (20% reduction).
Dose adjustments may range from 5% to 10% depending
on subsequent blood glucose readings.>*

Recommendations

U-500 is a safe and effective monotherapy alternative
for patients who require high doses of U-100. Initial
conversion from U-100 is based on HbA level. The
total daily dose of U-500 is then divided by 2 (60%,
40%) or 3 (40%, 30%, 30%). The 2-times-a-day regi-
men enhances adherence and thus may be preferred.

DISCUSSION

It has been suggested that large volumes or depots of
insulin approaching 100 units impedes absorption and
are more painful compared with smaller volume injec-
tions.?” For patients with DM who require higher doses
of insulin, concentrated insulins offer the advantage
of smaller volumes. Also smaller volumes are a sub-
stantial benefit in addressing the growing epidemic of
DM and the progressive nature of insulin resistance.
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Furthermore, concentrated insulins are available in
pens. Compared with syringes and vials, pens are as-
sociated with a lower risk of dosing errors. The major
advantages to the use of concentrated insulins include
patient acceptability and the potential for decreased
volumes and frequency of injections.

Potential disadvantages also exist for the use of con-
centrated insulins. Depending on insurance coverage,
concentrated insulins may be more expensive than U-100
insulin options. Additionally, thorough counseling and
education are of paramount importance when concen-
trated insulins are initiated or switched in patients with
DM. The dosing errors that occur with concentrated in-
sulins could increase the risk of hypoglycemia. Pharma-
cists should provide detailed counseling to DM patients
initiating or switching concentrated insulins. It is im-
portant to implement or revise institution and clinic safe
practices for concentrated insulins to avoid errors in pre-
scribing, distributing, administering, and monitoring
these medications.

CONCLUSION

Concentrated insulins provide expanded treatment op-
tions for patients with DM. Clinicians must stay well in-
formed about concentrated insulin characteristics and
dosing strategies to optimize DM treatment. As more evi-
dence becomes available, standardized recommendations
can be developed to guide clinicians in the appropriate
use of concentrated insulins. @
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