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OBJECTIVEdTo evaluate whether LY2605541 results in lower fasting blood glucose (FBG)
versus insulin glargine (GL).

RESEARCHDESIGNANDMETHODSdThis 12-week, randomized, open-label, Phase
2 study enrolled patients with type 2 diabetes (hemoglobin A1c [A1C] # 10.5%), taking met-
formin and/or sulfonylurea with GL or NPH insulin once daily. Patients converted to morning
insulin administration during lead-in were randomized 2:1 from GL (n = 248) or NPH insulin
(n = 39) to LY2605541 (n = 195) or GL (n = 95) once daily in the morning.

RESULTSdAt 12 weeks, FBG (mean6 SE) was similar with LY2605541 and GL (118.26 2.0
mg/dL [6.6 6 0.1 mmol/L] vs. 116.9 6 2.7 mg/dL [6.5 6 0.2 mmol/L], P = 0.433) as was A1C
(7.0 6 0.1 vs. 7.2 6 0.1%, P = 0.279). Intraday blood glucose variability was reduced with
LY2605541 (34.4 vs. 39.1 mg/dL [1.9 vs. 2.2 mmol/L], P = 0.031). LY2605541 patients had
weight loss (20.6 6 0.2 kg, P = 0.007), whereas GL patients gained weight (0.3 6 0.2 kg, P =
0.662; treatment difference:20.8 kg, P = 0.001). The incidence and rate of both total hypogly-
cemia and nocturnal hypoglycemia were comparable between LY2605541 and GL, although,
LY2605541 had a 48% reduction in nocturnal hypoglycemia after adjusting for baseline hypo-
glycemia (P = 0.021). Adverse events were similar across treatments. Alanine aminotransferase
and aspartate aminotransferase remained within normal range but were significantly higher with
LY2605541 (P # 0.001).

CONCLUSIONSdIn patients with type 2 diabetes, LY2605541 and GL had comparable
glucose control and total hypoglycemia rates, but LY2605541 showed reduced intraday
variability, lower nocturnal hypoglycemia, and weight loss relative to GL.

Diabetes Care 35:2140–2147, 2012

Basal insulin in combinationwith oral
antidiabetes medications (OADs) has
been a successful initial insulin ther-

apy for type 2 diabetes treatment (1–4).
Once-daily analog basal insulins have a
comparable glycemic-lowering effect and

reduce nocturnal hypoglycemia rates rela-
tive to NPH insulin (1,5). This reduced risk
for hypoglycemia, as well as a reduction in
the need for twice-daily injections, has
been attributed to the prolongation of ac-
tion by retarding subcutaneous absorption,

lessening peak activity, and reducing
variability of circulating insulin levels.
However, the peripheral subcutaneous ad-
ministration of these insulin analogs does
not replicate the twofold higher portal-
versus-systemic circulating insulin levels
seen with endogenously secreted insulin.
Therefore, the net effect of peripheral insu-
lin administration is potentially overstimu-
lation of glucose uptake to compensate for
the reduced hepatic insulin action needed
to maintain glucose homeostasis.

The basal insulin analog LY2605541
is a novel, long-acting insulin that consists
of insulin lispro modified with a 20-kDa
polyethylene glycol (PEG)moiety having a
large hydrodynamic size which delays
insulin absorption and reduces clearance,
resulting in prolonged duration of action.
The increase in functional molecular size
appears to alter the distribution of this
insulin to tissues. Hypothetically, the fenes-
trated hepatic sinusoidal endothelium may
facilitate greater transport of LY2605541
into the liver relative to peripheral tissues
(i.e., muscle and fat), potentially providing
a more preferential hepatic action akin to
normal physiology.

This exploratory Phase 2 clinical trial
was designed to compare the safety and ef-
ficacy of LY2605541 versus insulin glargine
(GL) when administered once daily in the
morning in combination with OADs for
12 weeks in patients with type 2 diabetes.
The primary objective was to test the hypoth-
esis that LY2605541 would result in lower
fasting blood glucose (FBG) levels as mea-
sured by self-monitored blood glucose
(SMBG) at end point (week 12) compared
with GL.

RESEARCH DESIGN AND
METHODSdThis 12-week, random-
ized, open-label, 3-arm, multinational,
parallel groupPhase 2 studywas conducted
in 25 sites (Australia, Hungary, Poland,
Puerto Rico, Romania, the Russian Feder-
ation, Spain, and the United States). The
study was conducted in accordance with
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International Conference on Harmoniza-
tion Guidelines for Good Clinical Practice
and the Declaration of Helsinki (6). All pa-
tients provided written informed consent.

Eligible patients were aged 18 to 65
years with a diagnosis of type 2 diabetes
for$1 year, had a hemoglobin A1c (A1C)
#10.5% and a BMI between 19 and 45
kg/m2, and had been using metformin
and/or a sulfonylurea in combination
with GL or NPH insulin once daily (max-
imum dose ,1.0 units/kg/day) for $ 3
months. Patients were excluded if they
had New York Heart Association Class
III or IV cardiac functional status, fasting
triglycerides.500 mg/dL (.5.7 mmol/L),
liver disease, an alanine aminotransferase
(ALT) or aspartate aminotransferase (AST)
value more than twofold the upper limit of
normal (ULN), renal transplantation or se-
rum creatinine.2.0mg/dL (.177mmol/L),
$1 episode of severe hypoglycemia with-
in the previous 6 months or a diagnosis of
hypoglycemia unawareness, participation
in a weight loss program, or at least or
more than two emergency room visits or
hospitalizations as a result of poor glucose
control within the past 6 months.

Eligible patients were stratified within
country by A1C level (#8.5%, .8.5%)
and baseline basal insulin dose (#0.4
units/kg, .0.4 units/kg), then random-
ized 1:1:1 to two different LY2605541
insulin-starting and adjusting algorithms
(LY2605541 Algorithm 1 [LY1] or
LY2605541 Algorithm 2 [LY2]) or to GL.
Nonblindedassignment to treatment groups
was determined by a computer-generated
random sequence using an interactive
voice response system. All treatments
were started after a 4-week lead-in period
(Supplementary Fig. 1). Twoweeks before
randomization, those patients administer-
ing their basal insulin outside morning
hours were converted to prebreakfast ad-
ministration in the lead-in period. After
randomization, patients underwent clinic
visits every 2weeks withweekly telephone
visits interspersed. All patients were in-
structed to continue their prestudy diet
and activity levels and maintain their pre-
study metformin and/or sulfonylurea
doses without modification throughout
the study.

The two LY2605541 algorithms dif-
fered by both the dose at initiation and the
dose increases. Patients randomized to
LY1 initiated LY2605541 treatment grad-
ually over 5 days. At randomization, LY1
patients received the converted dose of
LY2605541 in addition to the prestudy
dose of NPH insulin or GL; thereafter, the

prestudy basal insulin dose was reduced
by 25% daily. Patients randomized to LY2
transitioned directly to LY2605541 by
doubling the converted dose on the first
day of administration and stopping pre-
study insulin. All LY2605541 patients
were converted from their prior dose of
NPH insulin or GL, with the use of an
initial conversion factor of 6 nmol/unit of
prestudy basal insulin. A predetermined
interim assessment was performed to eval-
uate the efficacy and safety of the initial
LY2605541 dose conversion and its impact
on the two algorithms. After the interim
assessment, the conversion factor for
LY2605541 was changed to 7 nmol/unit,
and the LY1 algorithm was altered to taper
NPH insulin or GL over 4 days beginning
with 75% of the dose on the first day of
administration followed by 25% daily dose
decreases. Because the LY2605541 formula-
tion concentration was ;1,000 nmol/mL,
the LY2605541 dose was rounded to the
nearest 10 nmol to allow administration in
10-mL increments (therefore, 1 volumet-
ric insulin unit of LY2605541 = 10 nmol
of LY2605541) and to facilitate the pre-
scription of patient dosing with units in
a U-100 syringe.

Based on time required to achieve
steady state circulating LY2605541 levels
and prior publication of GL dose titration
(1), all study insulins were restricted to
increases only at weekly intervals. The
LY1 algorithm, adapted from Yki-Järvinen
et al. (7), was based on the mean FBG of
three consecutivemornings before the visit:
for a mean FBG 101 to 180 mg/dL (5.5 to
10.0 mmol/L), the LY2605541 dose was
increased by 10 nmol (10mL or 1 volumet-
ric unit) and for a mean FBG.180 mg/dL
(10.0 mmol/L), the LY2605541 dose was
increased by 20 nmol (20mL or 2 volumet-
ric units). The GL dosing algorithm was
similar to the Yki-Järvinen et al. (7) algo-
rithm using the same two and four IU in-
crements, respectively. The LY2 algorithm
was adapted from Riddle et al. (1) and like-
wise was based on the mean of three con-
secutive mornings before the visit: for a
mean FBG of 101 to 120 mg/dL (5.5 to
6.7 mmol/L), the LY2605541 dose in-
creased by 10 nmol (10mL or 1 volumetric
unit); for 121 to 140 mg/dL (6.8 to 7.8
mmol/L), the LY2605541 dose increased
by 20 nmol (20 mL or 2 volumetric units);
for 141 to 180mg/dL (7.9 to 10.0mmol/L),
the LY2605541 dose increased by 30
nmol (30 mL or 3 volumetric units); and
for .180 mg/dL (10.0 mmol/L), the
LY2605541 dose increased by 40 nmol
(40 mL or 4 volumetric units). After the

same interim assessment as above, LY1
and LY2 dosing increment increases were
doubled, whereas the GL algorithm
remained unchanged.

In all groups, emphasis was placed on
optimizing the insulin dose to achieve
fasting and preprandial blood glucose
(BG) measures between 90 and 130 mg/dL
(5.0 and 7.2 mmol/L). However, the ti-
tration algorithms targeted an FBG level
of#100 mg/dL (# 5.6 mmol/L). Patients
taking GL who experienced at least or
more than two hypoglycemic episodes
had their dose decreased by 2 IU; and for
patients taking LY2605541, the dose was
decreased to 80% of the pre-event dose on
the first day and 90% thereafter. Patients
injected their final treatment-period dose
the day before their last office visit. After
12 weeks, patients recommenced basal in-
sulin and returned for a follow-up visit 4
weeks later.

Outcome measures and
measurements
The FBGmeasured by SMBGwas collected
daily from screening to study completion.
The 8-point SMBG profile (measured pre-
and 2 h postmeal, at bedtime, and 3 A.M.)
was collected for 3 days during the week
before each clinic visit. Fasting serum glu-
cose (FSG) was measured at each clinic
visit, and A1C was measured every 4
weeks. Laboratory measures as well as ad-
verse events (AEs) were collected at ran-
domization, interim visit(s), and end point
and included fasting lipid (i.e., LDL-C and
HDL-C), chemistry (e.g., triglycerides and
liver enzymes), urinalysis, and hematol-
ogy panels as well as LY2605541 antibody
titers.

Hypoglycemia was defined as BG
#70 mg/dL (#3.9 mmol/L) or a sign or
symptom associated with hypoglycemia.
Severe hypoglycemia was defined as a
sign or symptom requiring assistance
from another person because of severe
neurologic impairment and, in the absence
of BG measurement, showed prompt re-
covery in response to carbohydrate intake
or administration of glucagon or intrave-
nous glucose. All severe hypoglycemia epi-
sodes were reported as a serious adverse
event (SAE).

Statistical methods
Sample size was determined assuming a
randomization ratio of 1:1:1 and a mean
difference of 18 mg/dL (1.0 mmol/L) with
an SDof 44mg/dL (2.5mmol/L) to provide
90% statistical power to detect a significant
FBG difference between GL and combined
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LY2605541 using a two-sample t test at an
a of 0.10. With the assumption of a 15%
drop-out rate, it was calculated that ;282
patients were needed for randomization to
achieve ;240 completers.

All analyses (SAS Drug Development
system [SAS], Cary, NC) were based on all
patients who were randomized and took
$1 dose of study drug, defined as Full
Analysis Set, a slightly modified intent-
to-treat population. All tests were per-
formed for two-sided tests at a level of
0.10, and the corresponding 90% CIs
were calculated. No adjustments for
multiplicity were performed.

The FBG at a visit, as the primary
efficacy variable, was calculated as the
average of daily FBG from SMBG mea-
surements between the current and the
previous clinical visit. The daily mean BG
was calculated as the average of the three
8-point SMBG profiles at each visit. Three
measurements were used to quantify glu-
cose variability: 1) interday FBG variabil-
ity was quantified as the SD of the daily
FBG measurements between the current
and previous visit; 2) interday SMBG var-
iability at a visit was calculated as the SD
of daily mean glucose; and 3) intraday BG
variability at a visit was quantified as the
SD of 8-point SMBG profiles. Rate of hy-
poglycemia events was adjusted for 30
days. Nocturnal hypoglycemia events
were also analyzed by adjusting for base-
line hypoglycemia events using a negative
binomial regression, including treatment
as a factor and baseline nocturnal hypo-
glycemia events as a covariate. Baseline
hypoglycemia events were collected dur-
ing the lead-in period. The relationship
between the hypoglycemia event rate dur-
ing the treatment period and end point
A1C was characterized by the negative bi-
nomial regression curve of hypoglycemia
event rate on the end point A1C.

The primary analysis variable and other
continuous variables, excluding weight,
lipids, and liver enzymes, were analyzed
using mixed model repeated measures
(MMRM) with independent variables of
treatment, week, dose conversion (interim
analysis and postinterim analysis), base-
line A1C group, baseline basal insulin
dose group, the interaction between treat-
ment and week, and a random effect for
patient. Weight, lipids, and liver enzymes
were analyzed by ANCOVA with the same
variables as MMRM, excluding week, in-
teraction between treatment andweek, and
random effect for patient. Binary variables
were analyzed using Fisher’s exact test. The
hypoglycemia rate (per patient/30 days)

was analyzed using a negative binomial
model with treatment and dose conversion
as independent variables.

RESULTSdThis trial was conducted
between February 2010 and January
2011. Of 289 randomized patients, 288
were included in the Full Analysis Set:
98 patients in LY1, 97 patients in LY2
(totaling 195 patients in the combined
LY2605541 group), and 93 patients in GL
(Supplementary Fig. 2). Here we report
the comparisons between combined
LY2605541 and GL. Glycemia data for
LY1 and LY2 individual groups are pro-
vided in Supplementary Table 1.

Overall, 92.7% (267 of 288) of pa-
tients completed the study. Reasons for
discontinuation included physician deci-
sion 6 (2.1%), protocol violation 4 (1.4%),
patient decision 5 (1.7%), AE4 (1.4%), and
sponsor decision 2 (0.7%) (Supplementary
Fig.2).Of the fourpatientswhodiscontinued
because of an AE, two were in the LY1
group (1 because of nonsevere hypoglyce-
mia and 1 because of VII nerve paralysis)
and two were in the LY2 group (1 because
of an injection site reaction and 1 because
of myocardial ischemia). No GL patients
discontinued as a result of an AE. There
was no statistically significant difference

in any individual reported reason for
discontinuation between combined
LY2605541 and GL. Overall, early discon-
tinuation was significantly greater in the
combined LY2605541 group (10%) than
the GL group (2%, P = 0.027).

Demographic and baseline character-
istics for combined LY2605541 and GL
were well balanced (Table 1). Participants
had inadequate glycemic control (A1C
7.7 vs. 7.8%), and ;64% (125 of 195) in
combined LY2605541 and 59% (54 of 92)
in GL were taking a daily basal insulin dose
#0.4 units/kg.Overall statin use at baseline
was similar between combined LY2605541
(36%) and GL (41%, P = 0.437).

Results are presented as mean (6 SE).
After 12 weeks, FBG, measured by morn-
ing premeal SMBG, showed that com-
bined LY2605541 was similar to GL
(118.2 6 2.0 mg/dL [6.6 6 0.1 mmol/L]
vs. 116.962.7mg/dL [6.560.2mmol/L])
(Table 2) and demonstrated noninferi-
ority to GL (least squares [LS] mean treat-
ment difference: 3.1 mg/dL; 90% CI23.2,
9.4 [0.2 mmol/L; 90% CI 20.2, 0.5], P =
0.433). The mean FBG (SMBG) showed
similar reductions from baseline with com-
bined LY2605541 and with GL (225.96
2.5 mg/dL [21.4 6 0.1 mmol/L] vs.
224.56 3.8 mg/dL [21.46 0.2 mmol/L],

Table 1dPatient demographics and baseline characteristics

Combined LY2605541 GL P value

n 195 93
Age (years) 59 6 10 61 6 8 0.110
Male, n (%) 106 (54.4) 47 (50.5) 0.614
Body weight (kg) 90.7 6 19.1 89.7 6 20.1 0.845
BMI (kg/m2) 31.9 6 5.1 32.3 6 5.2 0.529
Duration of disease (years) 11.8 6 7.4 12.1 6 6.9 0.760
Baseline daily insulin dose
#0.4 units/kg, n (%) 125 (64.1) 54 (58.7)a 0.434

Insulin, n (%)
NPH 29 (14.9) 10 (10.8) –

GL 166 (85.1) 82 (88.2) –

OADs, n (%)
Metformin 109 (55.9) 50 (53.8) –

Sulfonylurea 8 (4.1) 5 (5.4) –

Metformin + sulfonylurea 78 (40.0) 38 (40.9) –

A1C (%) 7.7 6 1.1 7.8 6 1.1 0.766
BP (mmHg)
Diastolic 76 6 9 76 6 9 0.820
Systolic 132 6 15 136 6 15 0.330

Hypoglycemia (events/30 days)
Total 0.51 6 1.42 0.53 6 1.33 0.907
Nocturnal 0.19 6 0.78 0.12 6 0.53 0.430

Data are mean 6 SD unless otherwise noted. aOne patient in the GL group did not have baseline daily
insulin data.
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P = 0.388). Mean laboratory-measured
FSG also did not differ between combined
LY2605541 and GL at 12 weeks (122.96
2.7 mg/dL [6.8 6 0.2 mmol/L] vs.
128.6 6 4.1 mg/dL [7.1 6 0.2 mmol/L],
P = 0.347). A1C, at 12-week end point,
was not different for patients treated
with combined LY2605541 than for
patients treated with GL (7.0 6 0.1 vs.
7.2 6 0.1%, P = 0.279).

Based on end point 8-point SMBG
profiles, there were no differences be-
tween combined LY2605541 and GL daily
mean BG (SMBG) (Table 2) or most cate-
gorical SMBG time points at end point,
although, a significantly greater reduction
from baseline in daily mean BG was ob-
served with combined LY2605541 versus
GL (P = 0.017). Of the eight categorical

time points, only the morning 2-h post-
prandial time point was significantly
different with combined LY2605541
(154.2 6 2.9 mg/dL [8.6 6 0.2 mmol/L])
versus GL (165.2 6 4.3 mg/dL [9.2 6
0.2 mmol/L], P = 0.034). Intraday and in-
terday mean BG variabilities (SMBG),
as measured by SD, were both lower
with combined LY2605541 versus GL at
week 12 (intraday SD: 34.4 6 1.1 vs.
39.16 1.8 mg/dL [1.96 0.1 vs. 2.26 0.1
mmol/L], P = 0.031; interday SD: 10.8 6
0.5 vs. 13.7 6 1.1 mg/dL [0.6 6 0.0 vs.
0.8 6 0.1 mmol/L], P = 0.100) (Supple-
mentary Fig. 3). The interday FBG SD
was not significantly different between
combined LY2605541 and GL (18.6 6
0.9 vs. 20.0 6 1.3 mg/dL [1.0 6 0.1 vs.
1.1 6 0.1 mmol/L], P = 0.687).

Overall, there were no differences
between combined LY2605541 and GL
with regard to incidence of total hypogly-
cemia (54.4 vs. 63.4%, P = 0.162) and
nocturnal hypoglycemia (25.6 vs. 34.4%,
P = 0.127). For combined LY2605541 ver-
sus GL, the mean rates (6 SE) of total hy-
poglycemia (number of events/30 days)
(1.34 6 0.26 vs. 1.52 6 0.34, P = 0.804)
and nocturnal hypoglycemia were similar
(0.25 6 0.07 vs. 0.396 0.12, P = 0.178).
When adjusted for baseline, the combined
LY2605541 group had a 48% rate reduc-
tion in nocturnal hypoglycemia (P =
0.021). No patient in any treatment group
experienced a severe hypoglycemia event.
Figure 1A and B shows the cumulative in-
cidence of total and nocturnal hypoglyce-
mia events over 12 weeks for LY2605541
and GL. Figure 1C and D shows the rate of
total and nocturnal hypoglycemia events
as a function of end point A1C.

At week 12, combined LY2605541
demonstrated significant mean weight
loss (20.6 6 0.2 kg, P = 0.007), whereas
GLwas associated with weight gain (0.36
0.2 kg, P = 0.662) (Fig. 2). Overall, com-
bined LY2605541 had a significantly
greater reduction in mean weight versus
GL (LS mean treatment difference: 20.8
kg, P = 0.001).

At 12 weeks, the mean basal insulin
dose for combined LY2605541 was 4.46
nmol/kg and was 3.00 nmol/kg for GL.
The ratio of the combined LY2605541
dose to the GL dose was 1.483 (90% CI
1.171, 1.879). The estimated ratios were
similar after adjusting for end point A1C,
FBG (SMBG), and FSG (laboratory).

A total of 47.7% (93 of 195) of com-
bined LY2605541 patients and 48.4% (45
of 93) of GL patients experienced at least
or more than one treatment-emergent AE
(TEAE). The most frequently occurring
TEAEs ($4%) for combined LY2605541
versus GL, respectively, were nasopharyn-
gitis (4.6 vs. 5.4%), headache (3.5 vs. 4.3%),
and back pain (2.1 vs. 4.3%). Gastrointes-
tinal disorders weremore frequent withGL
(14.0%) than with combined LY2605541
(10.1%), although this difference was not
significant (P = 0.145). Skin and subcuta-
neous tissue disorders were similar with
both treatments (combined LY2605541:
4.6%, GL: 4.3%, P = 1.00). The majority
(62%) of TEAEs were of mild severity.
Seven patients experienced an SAE during
the treatment period (5 [2.6%] in the com-
bined LY2605541 group and 2 [2.2%] in
the GL group), and two patients reported
an SAE during treatment with prestudy in-
sulin in the follow-up period. None of the

Table 2dMeasures of glycemia and safety at week 12

Combined
LY2605541 GL

LS mean difference
(90% CI) P value

n 195 93
FBG (SMBG) (mg/dL)
Baseline 146.6 6 2.9 140.3 6 4.1 d 0.131
Week 12 118.2 6 2.0 116.9 6 2.7 d 0.433
Change from baseline 225.9 6 2.5 224.5 6 3.8 23.6 (210.6, 3.4) 0.388

FSG (laboratory) (mg/dL)
Baseline 146.5 6 3.2 151.3 6 4.9 d 0.404
Week 12 122.9 6 2.7 128.6 6 4.1 d 0.347
Change from baseline 223.2 6 3.4 222.2 6 4.7 20.9 (29.9, 8.3) 0.882

Daily mean BG (mg/dL)
Baseline 170.1 6 3.1 164.7 6 3.8 d 0.073
Week 12 138.9 6 2.2 144.7 6 3.4 d 0.741
Change from baseline 227.4 6 2.5 219.6 6 3.1 28.8 (215.0, 22.7) 0.017

A1C (%)
Baseline 7.7 6 0.1 7.8 6 0.1 d 0.766
Week 12 7.0 6 0.1 7.2 6 0.1 d 0.279
Change from baseline 20.7 6 0.1 20.7 6 0.1 20.1 (20.2, 0.0) 0.197

Body weight (kg)
Baseline 90.7 6 1.39 89.7 6 2.1 d 0.845
Week 12 90.4 6 1.4 89.6 6 2.1 d 0.001
Change from baseline 20.6 6 0.2 0.3 6 0.2 20.8 (21.3, 20.4) 0.001

Triglycerides (mg/dL)
Baseline 163.0 6 8.0 160.4 6 13.3 d 0.910
Week 12 171.9 6 7.1 147.1 6 8.9 d 0.005
Change from baseline 10.6 6 7.1 215.1 6 8.9 26.6 (11.5, 42.5) 0.005

AST (units/L)
Baseline 22.9 6 0.7 23.8 6 1.0 d 0.330
Week 12 26.5 6 1.0 23.6 6 1.0 d 0.001
Change from baseline 3.1 6 0.7 20.4 6 0.9 3.6 (1.7, 5.4) 0.001

ALT (units/L)
Baseline 26.0 6 1.0 27.3 6 1.4 d 0.243
Week 12 32.7 6 1.6 25.6 6 1.2 d ,0.001
Change from baseline 6.0 6 1.1 21.9 6 1.2 8.5 (5.8, 11.3) ,0.001

Baseline and week 12 data are presented as raw mean 6 SE. Treatment differences are reported as LS mean
usingmixedmodel repeatedmeasures (MMRM), with the exception of bodyweight, lipids, and liver enzymes
for which LS means are reported using ANCOVA. LS mean difference is combined LY2605541 minus GL.
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SAEs were considered by the investigator
to be related to treatment. In this study
with a 2:1 randomization of LY2605541
to GL, four patients experienced adjudi-
cated cardiovascular events: one case of
myocardial infarction and two cases of un-
stable angina in LY2605541, and one case
of myocardial infarction in GL.

Mean increases in ALT and AST were
observed for the combined LY2605541
group with the observed mean values re-
maining within the normal range (Table 2).
At end point, AST was similar with com-
bined LY2605541 versus GL for females

and males. The treatment difference (com-
bined LY2605541 vs. GL) in ALT was 4.2
units/L (P = 0.037) for female patients and
10.0 units/L (P, 0.001) for male patients.
At the 16-week follow-up visit, mean ALT
and AST remained higher with combined
LY2605541 versus GL (LS mean treatment
differences: 5.9 units/L, P = 0.008 and 3.7
units/L, P = 0.017, respectively), but still
within normal limits. During this study,
two patients had liver enzymes .33
ULN with no change in total bilirubin
measurements or alkaline phosphatase at
the end of the follow-up period. Both

patients had ALT and AST values within
normal range at the end of the active treat-
ment period. One of these patients had
repeat laboratory measures obtained 4
weeks after the follow-up period ended,
which showed liver enzyme elevations
had returned to within normal range.
The other patient had a different pattern
with AST measurement being greater than
ALT measurement. No follow-up labora-
tory measures were obtained.

There were no statistically significant
changes for triglycerides, LDL-C, HDL-C,
or total cholesterol from baseline to any

Figure 1dA and B: Number of total and nocturnal hypoglycemia events per 100 patients over the 12-week treatment period. C and D: The rate of
total and nocturnal hypoglycemia events based on A1C values over 12 weeks. The relationship between the hypoglycemia event rate during the
treatment period and the end point A1C was characterized by the negative binomial regression curve of hypoglycemia event rate on the end point
A1C. In A and B, the dashed line = insulin glargine and the solid line = LY2605541. In C and D, open circle = insulin glargine and closed circle =
LY2605541.

2144 DIABETES CARE, VOLUME 35, NOVEMBER 2012 care.diabetesjournals.org

Once-daily LY2605541 versus insulin glargine



postbaseline time point for both LY2605541
and GL. However, end point triglycerides
were significantly higher in the combined
LY2605541 group versus GL (P = 0.005;
Table 2). At end point, the LS mean treat-
ment difference (combined LY2605541 vs.
GL) in triglycerides was 33.7 mg/dL (0.4
mmol/L, P = 0.029) for male patients and
23.9 mg/dL (0.3 mmol/L, P = 0.051) for
female patients. By the 16-week follow-up
visit, mean triglycerides were not different
between combined LY2605541 andGL (LS
mean treatment difference: 25.3 mg/dL
[20.1 mmol/L], P = 0.572). At week 12,
mean blood pressure (BP) was higher for
combined LY2605541 than GL (diastolic
BP: 766 1 vs. 756 1 mmHg, P = 0.030;
systolic BP: 132 6 1 vs. 131 6 2 mmHg,
P = 0.030). No significant change in pulse
rate was observed for either group.

Patients with a detectable antibody to
LY2605541 at any time during the study
were considered antibody positive. At
baseline, antibody status was comparable
between groups: 9.2% (18 of 195) of
combined LY2605541 patients and 9.7%
(9 of 93) of GL patients were antibody

positive at baseline. The percentages of
patients with no detectable antibody at
baseline who became antibody positive
after 12 weeks of treatment were similar in
each group (combined LY2605541: 3.9%;
GL: 1.2%) (Supplementary Table 2). A
change in antibody status from negative
to positive or positive to negative had no
apparent influence on glycemic response.

CONCLUSIONSdThis study in pa-
tients with type 2 diabetes treated pre-
viously with basal insulin in combination
with metformin and/or sulfonylurea
demonstrated that both the novel long-
acting basal insulin LY2605541 and GL
therapies provided comparable improve-
ment in glucose control when adminis-
tered in the morning, with the exception
that combined LY2605541 demonstrated a
greater reduction in change from baseline
of daily mean BG versus GL.

The incidences and rates of total hy-
poglycemia and nocturnal hypoglycemia
were comparable between groups, but the
baseline nocturnal hypoglycemia rates dif-
fered between the different treatment arms.

When the difference in baseline hypo-
glycemia was adjusted, LY2605541 dem-
onstrated a statistically significant 48%
reduction in nocturnal hypoglycemia ver-
sus GL. Additionally, both intraday and
interday glycemic variability were reduced
with LY2605541 versus GL. This may be
attributed to the longer duration and lower
peak-to-trough ratio versus GL (8–10).
Moreover, in this study, basal insulin was
administered in the morning to evaluate
potential FBG differences as a result of a
considerable difference in the half-lives of
the two basal insulins, but FBG measures
were similar. Morning administration of
GL is expected to have a lower likelihood
of nocturnal hypoglycemia, but interest-
ingly, resulted in higher rates versus
LY2605541.

This study, along with a type 1 dia-
betes study, was used to clinically define
the molar concentration of an LY2605541
U100 formulation. In both studies,
LY2605541 was empirically titrated to
treat-to-target, and both studies demon-
strated similar results for determining the
molar dose ratio of LY2605541 relative to
GL. To facilitate dosing, LY2605541 will
be formulated as 900 nmol/mL for Phase 3
trials. Comparatively, all U100 insulins,
including GL (11), are 600 nmol/mL
concentrations, except for U100 insulin
detemir at 2,400 nmol/mL (12).

With improved glycemic control, pa-
tients treated with GL gained weight as
reported previously (13–16); however, pa-
tients treated with LY2605541 lost weight.
At end point, LY2605541-treated patients
hadhigher triglyceride levels thanGL-treated
patients. This difference was primarily re-
lated to a reduction in triglycerides in the
GL group. Both the paradoxical effects on
weight and lipidswere also noted in a Phase
2 trial in patients with type 1 diabetes (17)
and may represent a significantly different
physiological action of LY2605541 com-
pared with other insulins. Of note, in a
somatostatin and glucagon-infused, con-
scious dog model, intravenously infused
LY2605541 demonstrated a hepatic-
preferential and acute-lipolytic effect com-
pared with human insulin (18). It is
conceivable that with less peripheral action
of LY2605541, patients converted from
prior insulin therapy to LY2605541 may
experience transiently greater lipolysis,
less lipogenesis, increased lipid oxidation,
and, ultimately, weight loss.

Overall, mean increases within normal
range for serum ALT and AST levels were
seen with LY2605541 therapy. Notably, 4
weeks after LY2605541 cessation, while on
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Figure 2dMean change in body weight with LY2605541 versus insulin glargine over 12 weeks.
D, treatment difference. Solid line with closed circle = insulin glargine; dashed line with closed
square = LY2605541.
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prestudy insulin, two patients with normal
liver function tests during the treatment
period experienced elevated liver enzymes
(33 ULN). One patient had an abrupt ele-
vation of ALT and AST, which normalized
to baseline levels 4 weeks later. The other
patient experienced a threefold elevation in
an AST elevation 33 ULN, which was
much greater than the ALT elevation. De-
spite higher susceptibility to nonalcoholic
fatty liver disease in patients with type 2
diabetes, a similar ALT and AST elevation
was observed in a type 1 diabetes study of
LY2605541 (17). Thus, increases in mean
levels may reflect a hepatic adaptation
(19,20) reaction to the PEGylated insulin
rather than an increase in hepatic fat con-
tent. In future studies, additional hepatic
monitoring will occur in a much larger
population, and hepatic fat content will
also be assessed.

This study was limited in that it was
an open-label, Phase 2 clinical trial and
was, therefore, predominantly exploratory
in nature and of short duration. However,
as noted by the end point A1C values, it
was well conducted. Although both basal
insulins were administered by vial and
syringe, LY2605541 required reconstitu-
tion, which perhaps further increased dos-
ing variability. Future double-blind studies
will be conducted with anticipated com-
mercial formulation.

In conclusion, the use of the long-
acting insulin LY2605541 may provide
patients with type 2 diabetes a lower risk
of nocturnal hypoglycemia, reduced gly-
cemic variability, and a weight advantage
for a similar degree of glycemic control
compared with GL. The Phase 3 program
will assess the risk-benefit of this insulin
and elucidate the clinical significance of
the liver enzyme and triglyceride changes.
Taken together, the body weight, lipid
values, and liver function tests suggest
that LY2605541 may have a novel mech-
anism of action distinct from other ther-
apeutic insulins, which will be further
investigated in future studies.
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