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Randomized Trial of Continuous
Subcutaneous Delivery of Exenatide
by ITCA 650 Versus Twice-Daily
Exenatide Injections in Metformin-
Treated Type 2 Diabetes
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OBJECTIVE—To evaluate ITCA 650, a continuous subcutaneous miniature osmotic pump
delivery system of exenatide versus twice-daily exenatide injections (Ex-BID) in subjects with
type 2 diabetes.

RESEARCH DESIGN AND METHODS —We conducted a randomized, two-stage,
24-week, open-label, phase 2 study in type 2 diabetes inadequately controlled with metformin.
Stage I: 155 subjects were randomized to 20 or 40 pg/day of ITCA 650 or Ex-BID 5—10 pg. Stage II:
131 subjects were rerandomized to 20, 40, 60, or 80 pg/day of ITCA 650. Change from baseline for
HbA, ., weight, and fasting plasma glucose were evaluated at weeks 12 and 24.

RESULTS —HbA . was significantly lower in all groups after 12 and 24 weeks. Stage I: mean
change in HbA, . from a mean baseline of 7.9-8.0% was —0.98, —0.95, and —0.72% for the 20
and 40 pg/day ITCA 650 and Ex-BID groups, respectively, with 63, 65, and 50% of subjects
achieving HbA . levels =7% (P < 0.05). Stage 1I: significant (P < 0.05) reductions in HbA .
(~1.4% from baseline) were achieved with 60 and 80 wg/day ITCA 650, and 86 and 78% of
subjects achieved HbA . =7% at 24 weeks; respectively. Weight was reduced by 2.8-3.7 kg (P <
0.05) at 24 weeks in all except the 20—20 pg/day group. ITCA 650 was well tolerated; nausea
was lower and transient with 20 pg/day relative to Ex-BID; and 60 pg/day had the best profile of
tolerability and HbA, . lowering.

CONCLUSIONS —ITCA 650 significantly reduced HbA . and weight and was well tolerated.
The 20—60 pg/day regimen was considered the best dose for further examination in phase 3.
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lucagon-like peptide-1 (GLP-1) re-

ceptor agonists (RA) are widely

recognized as effective in achieving
glycemic control and producing modest
weight reduction in patients with type 2
diabetes (1-3). Current guidelines for
type 2 diabetes recommend GLP-1 RA
as effective therapeutic options to add to
metformin and lifestyle management in
patients not achieving glycemic targets

(4,5). Currently available GLP-1 RA re-
quire subcutaneous (SC) injection either
once (liraglutide) or twice (exenatide BID)
daily or once weekly (exenatide LAR).
The need for repeated self-injections as
well as the inconvenience of having to re-
constitute and refrigerate the once-
weekly formulation may create a barrier
to initial use as well as long-term patient
adherence and compliance with therapy
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(6-8). Associated gastrointestinal (GI) ad-
verse events (AEs), especially nausea, and
injection site reactions/discomfort often
lead to discontinuation or further impair
adherence to therapy (1-3). In addition,
the weekly formulation of exenatide LAR
requires 6 to 7 weeks to reach steady state
and cannot be retrieved quickly in the
event of side effects, as circulating thera-
peutic drug concentrations persist ~10
weeks after the drug is discontinued.

ITCA 650 is a miniature osmotic
pump system that is designed to deliver
zero-order, continuous SC release of ex-
enatide at a precise predetermined rate for
up to 12 months with a single placement
(9,10). The sterile product with dimen-
sions similar to a small match stick is in-
serted SC in the abdominal region with a
placement tool using aseptic technique
during a short office procedure that can
be performed by a physician, physician’s
assistant, or other licensed practitioner
(9). Removal requires skin preparation
and a small (~5 mm) incision. The pro-
cedures to place, remove, and replace
other nonbiodegradable drug delivery
systems is reimbursed in the U.S. by in-
surance companies and other payers, and
so it is expected to be the same with ITCA
650 in the future.

This novel delivery system for exena-
tide has several potential advantages for
the treatment of type 2 diabetes such as
more rapid attainment and maintenance
of consistent therapeutic drug concentra-
tions, 100% adherence with therapy, and
improved glycemic control with im-
proved tolerability, perhaps related to
more constant and predictable exenatide
levels (11). Once ITCA 650 is removed,
the pharmacological effect of exenatide
abates within 24 h, allowing quick re-
trieval of drug if needed due to AEs or
other clinical considerations. For a
chronic condition in which medication
adherence is linked to clinical results,
the potential to mitigate poor adherence
with once or twice yearly chronic dosing
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with ITCA 650 may improve long-term
outcomes as well as patient satisfaction.

A phase 1b study evaluated the safety
and tolerability of 10, 20, 40, or 80 pg/day
of ITCA 650 for 28 days in subjects with
inadequately controlled type 2 diabetes
(11). Fasting plasma glucose (FPG) levels
decreased in all dose groups within 1 to
2 days, and reductions in HbA,. and
body weight were observed in all groups.
ITCA 650 was well tolerated, with mild
local changes at the insertion site, largely
due to the healing process, and transient
nausea and vomiting that was generally
mild and seen most often with the highest
dose. Based on these results, a dose rang-
ing study was undertaken to further inves-
tigate the efficacy, safety, and tolerability
of ITCA 650 in subjects with type 2 dia-
betes inadequately controlled on metfor-
min monotherapy.

RESEARCH DESIGN AND
METHODS —This was a randomized,
two-stage, 24-week, open-label, phase 2
study with an initial 12-week active-
controlled period and 12-week dose-
ranging period conducted at 50 centers
in the U.S. The study was approved by an
appropriately constituted institutional re-
view board and conducted in accordance
with the Declaration of Helsinki and In-
ternational Conference on Harmonisation
of Technical Requirements for Registra-
tion of Pharmaceuticals for Human Use
guidelines for Good Clinical Practice. All
subjects gave written informed consent.
This study was registered at ClinicalTrials.
gov as NCT00943917.

Subject selection

Men and women aged 1870 years with a
diagnosis of type 2 diabetes mellitus
=6 months on a stable dose of metformin
for =3 months were eligible if they had
an HbA,. =7% and =10%, an FPG
<240 mg/dL, BMI =40 kg/mz, and a sta-
ble body weight for 3 months prior to
study entry. Women could not be preg-
nant or breastfeeding; had to be surgically
sterile or =1 year postmenopausal; or, if
of childbearing potential, were required
to have a negative pregnancy test and
practice an acceptable form of contracep-
tion during the study.

Subjects were excluded if they pre-
viously received treatment with exena-
tide, thiazolidinediones, sulfonylureas,
dipeptidyl peptidase-1V inhibitors, or
acarbose; insulin within 3 months of
screening; or treatment with an investi-
gational drug within 30 days of screening.

Subjects with type 1 diabetes, overt di-
abetes complications, fasting triglyceride
level >500 mg/dL, or medical conditions
that could interfere with the conduct of
the study were excluded.

Study design

This study consisted of a 1-4-week
screening period, two sequential
12-week open-label treatment stages,
and a 4-week follow-up visit (Fig. 1). Dur-
ing stage I, eligible subjects were random-
ized in a 1:1:1 ratio to 20 or 40 wg/day of
ITCA 650 or twice-daily exenatide injec-
tions (Ex-BID), 5 wg twice daily titrated
after 4 weeks to 10 g twice daily for 8
weeks. In stage II, subjects who received
ITCA 650 in stage [ were rerandomized to
their previous dose of ITCA 650 or an in-
crease in dose to either 60 or 80 pg/day.
Therefore, subjects initially randomized
to 20 pg/day of ITCA 650 received either
20 pg/day (20—20) or 60 pg/day
(20—60). Subjects initially receiving
ITCA 650 40 wg/day were randomized
to receive either 40 wg/day (40—40) or
80 wg/day (40—80). Subjects who re-
ceived Ex-BID in stage I were randomized
to receive either ITCA 650 40 pg/day (Ex-
BID—40) or 60 wg/day (Ex-BID—60) of
ITCA 650 (Fig. 1). Treatment group as-
signments were determined using a dy-
namic randomization algorithm within

the interactive voice response system.
Medpace generated the randomization se-
quence. ITCA 650 study devices that de-
livered exenatide for 3 months were
placed SC by site personnel using aseptic
technique (Supplementary Fig. 1). Ex-
BID was supplied as SC injection pens,
and subjects were instructed in their
proper use according to labeling for the
marketed version of the product.

Study assessments

HbA;. was measured at screening, base-
line, and weeks 4, 8, 12, 16, 20, and 24.
FPG was measured at baseline, 4, 12, 16,
and 24 weeks. Weight was measured at
screening, baseline, and weeks 12 and 24.
Safety assessments included AEs, clinical
laboratory measurements (chemistry, he-
matology, and urinalysis) measured at
screening, baseline, weeks 4, 12, 16, 24,
and at follow up, 12-lead electrocardio-
grams, vital signs, and physical examina-
tions. Anti-exenatide antibodies were
measured at baseline and at weeks 12
and 24. Assessment of anti-exenatide an-
tibodies in human serum samples was
conducted at Midwest BioResearch, LLC
(Skokie, IL) using a validated ELISA.

Statistical analysis
Approximately 400 subjects were
screened to ensure that between 150

Study | Screening Open-Label Treatment Stage
Period (1] Open-Label Treatment Stage | 11 Follow
Visit 11 -Up
No.| 1 2 3 4 5 6 7 8 9 10 [2] | Visit
- End of
Visit| pay | Day Week | treat-
Day or|-28 to | -26 to Week | Week [Week | Week | Week | Week | Week 24/ |ment+4
Week| -7 -5 |Day q I 4 8 12 13 16 20 ET | Weceks
Group la: ITCA 650,
Group 1: ITCA 650, 20 pg/day exenatide (n = 20)
20 ug/day exenatide (n = 51)
Group 1b: ITCA 650,
60 ng/day exenatide (n = 21)
Group 2a: ITCA 650,
Group 2: ITCA 650, 40 pg/day exenatide (n = 23)
N = 155 40 ug/day exenatide (n = 51)
Group 2b: ITCA 650,
80 ug/day exenatide (n = 23)
Group 3: Exenatide 5 ug BID ~ Group 3a: ITCA 650,
SC injections (4 weeks), then 40 ng/day exenatide (n = 23)
exenatide 10 ug BID SC
injections (8 weeks) (n = 53)
Group 3b: ITCA 650,
60 pug/day exenatide (n = 21)

Figure 1—Study flow chart.
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and 160 subjects were randomized in
stage 1. The sample size of 50 patients
per stage I group afforded 93% power to
detect a significant decrease in HbA;.
from baseline (o = 0.05, two-sided paired
t test) in any of the groups as long as the
true decrease was at least 0.5 at 12 weeks
and assuming the SD of the between time
point differences was 1.

The primary end point was change
from baseline for HbA,. to end point for
each stage (12 and 24 weeks) and for the
overall 24-week trial (0—24 weeks). Per-
cent changes from baseline were analyzed
with an ANCOVA model with treatment
as a factor and baseline as the covariate.
Pairwise comparisons were reported us-
ing least square (LS) means and SEs for
each treatment and LS means, SE, 95%
Cls, and P values. Statistical analyses
were performed using SAS version 9.1
(SAS Institute). The proportion of sub-
jects who achieved HbA,. levels <7%
was reported. For other data, descriptive
statistics were reported.

The safety population was defined as
all randomized subjects who received at
least one dose of study medication. The
intent-to-treat population was defined as
all randomized subjects who received at
least one dose of study medication and
had at least one postbaseline assessment.

RESULTS —Subjects were recruited be-
tween 24 August 2009 and 10 August
2010. Treatment groups were generally

comparable at baseline for demographic
and clinical characteristics (Table 1). The
40 pg/day ITCA 650 group had a longer
mean duration of diabetes (8.4 years)
and a higher proportion of African Amer-
ican subjects (19.6%) compared with the
other treatment groups. The mean daily
dose of metformin was 1,385 mg/day.
The majority of subjects completed
stage I (n = 155 [91.6%]). Thirteen sub-
jects discontinued prematurely; 7.8, 5.9,
and 11.3% from the 20 and 40 ng/day
ITCA 650 and Ex-BID groups; respec-
tively. Of the 131 subjects randomized
into stage I, 94.7% completed the addi-
tional 12 weeks of treatment. A total of
five discontinuations for an AE occurred
across all doses (Supplementary Table 1).

Efficacy

Stage 1. At week 12, significant (P <
0.001) reductions from baseline in mean
HbA,. were observed in all three treat-
ment groups (Table 2). The LS mean
change in HbA,, from a mean baseline
of 7.9-8.0% was —0.98, —0.95, and
—0.72% for the 20 and 40 pg/day ITCA
650 groups and the Ex-BID group; re-
spectively. HbA;. =7% was achieved in
63 and 65% of subjects treated with 20
and 40 wg/day ITCA 650 and in 50.0%
with Ex-BID. Significant (P < 0.05) re-
ductions from baseline in mean FPG
were observed for all groups.

Stage II. During weeks 12-24, further
significant (P < 0.05) incremental

Table 1—Baseline demographics and clinical characteristics

ITCA 650 20 pg/day ITCA 650 40 wg/day Ex-BID
(n=51) (n=51) (n=53)

Age (years), mean (SD) 54.0 (8.3) 53.3(8.9) 53.8 (9.6)
Male/female 25/26 23/28 29/24
Weight (kg), mean (SD) 03.5(15.8) 01.5(18.3) 03.4 (15.6)
BMI (kg/mz), mean (SD) 33.5(4.5) 31.8 (4.9) 33.0 4.49)
Ethnicity (n [%])

Hispanic or Latino 23 (45.1) 16 31.4) 19 (35.8)
Race (n [%])

White 47 (92.1) 40 (78.4) 48 (90.6)

Black/African American 3(5.9 10 (19.6) 5(9.4)

Other 12.0) 1(.0) 0
Duration of diabetes (years),

mean (SD) 6.2 (5.2) 8.4 (10.2) 5.2 (3.5)
Daily metformin dose (mg),

mean (SD) 1,403.9 (524.7) 1,470.6 (604.0) 1,236.8 (558.9)
Metformin dose range (n [%])

=850 mg 6(11.7) 6(11.8) 11 (20.7)

850-1,500 mg 26 (51.0) 20 (39.2) 25 (47.2)

>1,500 mg 19 (37.3) 25 (49.0) 17 (32.1)

Henry and Associates

reductions in mean HbA;. were noted in
subjects who were rerandomized to
higher doses of ITCA 650 (20—60 and
40—80) or from exenatide injections
to ITCA 650 (Ex-BID—40 and Ex-
BID—60) compared with those subjects
rerandomized to remain on the same dose
of ITCA 650 (20 =20 or 40—40). Mean
FPG decreased significantly (P < 0.05)
only in the (20—60) ITCA 650 group.
Mean body weight significantly (P <
0.05) decreased in all treatment groups
except the ITCA 650 20—20 pg/day
group (Table 2).
Day 0 to week 24. Statistically signifi-
cant (P < 0.001) reductions from baseline
(day 0) to week 24 end point in mean
HbA,. were observed in all treatment
groups with the greatest reductions ob-
served in the 20—60 pg/day ITCA 650
group (LS mean change, —1.36%) and
the 40—-80 wg/day ITCA 650 group (LS
mean change, —1.4%) (Table 2). Treat-
ment with 20—-60 wg/day ITCA 650 re-
sulted in a significantly greater reduction
in HbA,. than 20—20 or 40—40 pg/day
ITCA 650 (P < 0.001). Similarly, treat-
ment with 40—80 pg/day ITCA 650 re-
sulted in a significantly greater reduction
in HbA;. than 40—40 pg/day ITCA 650
(P < 0.001). In addition, significant in-
cremental reductions in HbA,. were
noted from weeks 12 to 24 in groups ini-
tially treated with Ex-BID and then
switched to 40 or 60 g /day ITCA 650
at week 12 (P < 0.05). The proportion of
subjects at HbA;. =7% at 24 weeks was
60% with ITCA 20—20 pg/day, 86%
with ITCA 650 20—60 pg/day, 65%
with ITCA 650 40—40 pg/day, and
78% with ITCA 650 40—80 p.g/day.
During the day 0 to week 24 period,
significant (P < 0.05) reductions from
baseline in mean FPG were observed for
all groups except the ITCA 650 40—40
wg/day group. Significant (P < 0.005) re-
ductions from baseline for mean body
weight were observed for all groups ex-
cept the ITCA 650 20—20 pg/day group.

Tolerability

During stage I, the incidence of treatment-
emergent AEs (TEAEs) was slightly higher
in the 40 pg/day than the 20 pg/day ITCA
650 and Ex-BID groups. One subject
had a serious AE of acute cholecystitis
associated with cholelithiasis and mild
gallstone-induced pancreatitis during
stage I that was considered unrelated to
study drug. Discontinuation for drug-
related AEs occurred in 3.9% of subjects
on ITCA 650 compared with 5.7% of
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Table 2—Mean changes in HbA;. and body weight at 0—12 weeks (stage I), 12-24 weeks (stage II), and overall (0-24 weeks)

Baseline HbA ;. (%),

Change HbA ;. (%),

Baseline weight (kg),

Change weight (kg),

mean (SD) LS mean (SE) mean (SD) LS mean (SE)
Stage 1 (0-12 weeks)
ITCA 650 20 pg (n = 51) 7.85 (0.79) —0.98 (0.096)* 93.5 (15.8) —0.9 (0.9)%
ITCA 650 40 pg (n =51) 7.95 (0.82) —0.95 (0.095)* 01.5(18.3) —2.0(0.9)*
Ex-BID (n = 52) 8.00 (0.92) —0.72 (0.095)* 929 (15.4) —1.2 (0.9)#
Stage 11 (12—-24 weeks)
ITCA 650 20—20 mg (n = 20) 7.10 (0.78) —0.02 (0.13) 96.3 (15.6) —0.2 (0.6)
ITCA 650 20—60 mg (n = 21) 6.82 (0.85) —0.36 (0.12)# 91.5(16.5) —2.4(0.6)*
ITCA 650 40—40 pg (n = 23) 7.15(0.79) —0.04 (0.12) 87.3(17.5) —1.8 (0.6)%
ITCA 650 40—80 pg (n = 23) 6.85 (0.73) —0.25(0.12)% 03.4 (21.0) —-1.2 (0.6)%
Ex-BID/ITCA 650 40 mg (n = 23) 7.05 (0.77) —0.29 (0.12)% 92.6 (15.9) —2.1(0.6)*
Ex-BID/ITCA 650 60 pg (n = 21) 7.35(0.77) —0.44 (0.12)* 91.7 (16.1) —2.0(0.6)*
0-24 weeks
ITCA 650 20—20 pg (n = 22) 8.02 (0.86) —0.89 (0.17)* 96.3 (15.5) —0.8 (0.8)
ITCA 650 2060 m (n = 21) 7.76 (0.75) —1.36 (0.17)* 922 (16.4) —3.1(0.3)#
ITCA 650 40—40 pg (n = 23) 7.92 (0.66) —0.75 (0.16)* 89.3(16.4) —3.7 (0.8)*
ITCA 650 40—80 pg (n = 24) 8.09 (0.99) —1.40 (0.16)* 942 (19.2) —3.2(0.8)*
Ex-BID/ITCA 650 40 pg (n = 23) 7.83(0.79) —1.13(0.16)* 942 (15.7) —3.7(0.8)*
Ex-BID/ITCA 650 60 pg (n = 22) 8.30 (1.05) —1.17 (0.17)* 93.0 (15.8) —2.8 (0.8)#

*P < 0.001, #P < 0.005, P < 0.05 from an ANCOVA model with treatment as factor and baseline as covariate.

subjects on Ex-BID (Table 3). ITCA 650
was generally well tolerated. The most
common drug-related AEs were nausea,
vomiting, and administration site events.
These events were most commonly ob-
served early in the course of treatment
and improved over time.

As expected with exenatide treat-
ment, GI side effects were among the
most common reported AEs. During
week 1, the incidence of nausea was
similar with 20 pg/day ITCA 650 and
Ex-BID 5 pg (25.5 vs. 24.5%, respec-
tively) but declined rapidly to <10%
from week 3 to 2.2% by the end of stage
I with 20 wg/day ITCA 650 compared
with 20.8% at week 12 with Ex-BID 10
jg. Most episodes were mild or moderate
and resolved without treatment. One sub-
ject in each treatment group reported se-
vere nausea. The incidence of vomiting
was highest during week 1 (7.8, 13.7,
and 3.8% with ITCA 650 20 pg, 40 pg,
and Ex-BID, respectively) and declined
rapidly during stage 1. No episodes of
vomiting were reported with the 20-pg
dose of ITCA 650 after week 4. Most
events were also mild or moderate, with
only one subject in the 40 pg/day ITCA
650 group reporting severe vomiting.

During stage 11, the lowest incidence
of TEAEs occurred in the 20—20 pg/day
group and was similar in the other five
treatment groups. The most common
were nausea, diarrhea, vomiting, consti-
pation, and decreased appetite (Table 3).

Across all dose groups, five (3.8%) sub-
jects had a TEAE that led to discontinua-
tion from the study, and six (4.6%)
subjects had a serious AE, none of which
was considered related to study drug by
the investigator. One subject died due to
cryptococcal meningitis that was consid-
ered unrelated to study drug.

Subjects who remained on the same
dose of ITCA 650 had alower incidence of
nausea than subjects whose dose was
increased to 60 or 80 wg/day; no subjects
on 20—60 wg/day experienced vomiting
or discontinued therapy during stage II.
The highest incidence was seen in the
ITCA 650 groups rerandomized from
Ex-BID (Table 3). Most episodes of nau-
sea and vomiting were of mild or moder-
ate intensity. Severe nausea occurred in
two subjects in the Ex-BID—60 ug/day and
one subject in the 20—-20 pg/day groups.
One subject in the Ex-BID—60 wg/day and
20—20 pg/day groups experienced severe
vomiting.

Several different observations were re-
ported in about half of subjects related to
the site of administration of the ITCA 650
that mostly reflect the result of the normal
healing process. Events such as bruising,
pruritis, or pain local to the site of admin-
istration were usually reported within days
of the placement and were typically mild
and transient, resolving without any need
for intervention. No subjects had a severe
AE related to the site of administration of
ITCA 650 during the study.

Subjects taking Ex-BID injections re-
ported hematoma (5.9%), hemorrhage
(1.9%), and erythema (1.9%) at the in-
jection site. No clinically meaningful
safety findings or trends in safety labora-
tory parameters or vital signs were noted.
No clinically relevant effects on serum
calcitonin, thyroid-stimulating hormone,
serum amylase, or serum lipase were
reported during 24 weeks of study (Sup-
plementary Table 2).

In stage I (week 12), high anti-exenatide
antibody titers were observed in 0, 2.1,
and 4.5% of subjects treated with 20 and
40 mg /day of ITCA 650 and Ex-BID,
respectively. In stage II (week 24), high
titers were observed in 5.3, 7.0, 7.3, and
10% of subjects receiving 20, 40, 60, and
80 mg /day of ITCA 650, respectively.
Data from the three antibody-positive
subjects with high titers (>7,500) did
not reveal any apparent relationship be-
tween antibody titer and loss of activity.
Two subjects with high titers had reduc-
tions in both HbA,. and body weight at
the end of stages I and II, and the third
subject had increases in both HbA;, and
body weight, even as titer levels dropped
in stage II. At the end of stage II, nine
antibody-positive subjects had high titers.
Of these, six subjects had reductions in
both HbA,. and body weight. The other
three subjects showed a reduction in
HbA;. or a reduction in body weight. The
magnitude of activity observed in the high
antibody titer subjects, which was similar
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Table 3—Drug-related AEs occurring in >5% overall of subjects during stages I and II
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ITCA 650 20 pg/day (n = 51)

ITCA 650 40 pg/day (n = 51)

Ex-BID (n = 53)

Stage T (12 weeks)

Any drug-related AE 33 (64.7) 36 (70.6) 26 (49.1)
Discontinued for AE 2 (3.9 239 3(5.7)
Constipation 3(5.9 4 (7.8) 1(1.9)
Decreased appetite 6(11.8) 7(13.7) 50.4)
Diarrhea 2 (3.9 8 (15.7) 3(5.7)
Dyspepsia 4 (7.8) 1.0 3(5.7)
Early satiety 2 (3.9 3(5.9) 4 (7.5)
Gastric reflux disease 4 (7.8) 4(7.8) 1(1.9)
Headache 2 (3.9 6(11.8) 1(1.9
Nausea 17 (33.3) 24 (47.1) 19 (35.8)
Vomiting 6(11.8) 9 (17.6) 4 (7.5)

ITCA 650 ITCA ITCA ITCA Ex-BID/ITCA Ex-BID/ITCA

20520 pg 650 2060 pg 650 40—40 650 40—80 650 40 pg 650 60 pg

(n=20) n=21) pg (n=23) pg (n=23) (n=23) (n=21)
Stage II (24 weeks)

Any drug-related AE 8 (40.0) 11 (52.4) 12 (52.2) 13 (56.5) 14 (60.9) 16 (76.2)
Discontinued for AE 0 0 1#4.3) 14.3) 1(4.3) 1(4.8)
Constipation 0 0 2 (8.7) 0 3(13.0) 4 (19.0)
Decreased appetite 1(5.0) 1(4.8) 2 (8.7 2(8.7) 2 (8.7 1(4.8)
Diarrhea 1(5.0) 2(9.5) 14.3) 3(13.0) 4(17.4) 4 (19.0)
Fatigue 0 0 2(8.7) 3(13.0) 14.3) 1(4.8)
Nausea 2 (10.0) 7 (33.3) 1(4.3) 6(26.1) 14.3) 8 (38.1)
Upper respiratory infection 0 1 4.8 2 (8.7) 1(4.3) 2 (8.7) 2 (9.5)
Urinary tract infection 1(5.0) 1(4.8) 4(17.4) 14.3) 1(4.3) 1(4.8)
Vomiting 1(5.0) 0 14.3) 521.7) 14.3) 5(23.8)

Data are number (%) of subjects.

to that observed in antibody-negative sub-
jects, suggests that the presence of anti-
exenatide antibodies did not reduce the
activity of ITCA 650 in this study.

CONCLUSIONS —In this study, treat-
ment for up to 24 weeks with ITCA 650
resulted in significant improvements in
HbA,., FPG, and body weight in subjects
with type 2 diabetes inadequately con-
trolled on metformin monotherapy. Stage
I of the study established that both initial
doses of ITCA 650 (20 and 40 pg/day)
resulted in significant HbA;. reductions.
However, the ITCA 650 20 pg/day dose
resulted in less overall nausea from weeks
1-12 compared with 40 pg/day and Ex-
BID. In stage II, doses ranging up to 80
pg/day of ITCA 650 demonstrated incre-
mental reductions in HbA;. levels at the
higher doses. The 60 pg/day dose of ITCA
650 produced similar HbA,. reductions
and appeared to be better tolerated than
the 80 pg/day dose. Switching directly
from Ex-BID to higher doses of ITCA
650 was explored and also resulted in in-
cremental reduction in HbA . levels with
somewhat more nausea.

The most troublesome tolerability
issue with GLP-1 RA is the incidence
and duration of GI side effects, in partic-
ular nausea and vomiting, that may ac-
count in clinical practice for the low
treatment adherence and higher with-
drawal rates, which are a greater problem
than what has been reported in clinical
trials (1,2,12). The reported incidence of
nausea with Ex-BID and once-weekly in-
jection was 34.5 and 26.4%, respectively
(13). Vomiting has been reported in 18.6
and 10.8% with twice-daily and once-
weekly dosing, respectively. A similar
incidence has been reported in other
comparative trials of once-weekly and
Ex-BID (14,15). However, during a 74-
week open-label extension phase, nausea
persisted in 12% of patients taking once-
weekly exenatide (15). The incidence of
nausea with liraglutide in phase 3 clinical
trials ranged from 10-40% (16). Nausea
was dose-related and occurred at higher
rates within the first weeks of treatment.
In this study, the incidence of nausea
with ITCA 650 and Ex-BID was generally
comparable during the first week after
treatment was initiated; however, the

incidence declined rapidly over 12 weeks
with the 20-pg dose of ITCA 650 com-
pared with the other groups.

In this study, local placement site AEs
were mild and transient, and no subjects
had a severe local AE related to ITCA 650.
Injection site reactions including pain,
induration, erythema, and bleeding have
been reported with exenatide once-
weekly injections (14,15). Injection site
nodules occurred in 77% of subjects in
one study (8). Pruritus of mild intensity
was observed in 18% of patients on exe-
natide once weekly versus 1.4% with Ex-
BID, which improved and resolved with
continued treatment (13). Another study
reported injection site pruritus and ery-
thema in 18 and 7% of patients, respec-
tively, taking exenatide once-weekly
injections during 30 weeks of treatment
(14). These effects persisted at an inci-
dence of 4% during a 74-week open-label
extension phase.

An important barrier to optimizing
glycemic control in patients with type 2
diabetes is poor adherence and persistence
with chronic long-term treatment. In gen-
eral, poor adherence to medications is
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known to result in poor disease control
and increased health care costs (17). Major
factors contributing to poor adherence to
diabetes medications are concerns about
the risks of therapy, inconvenience, fear
of injections, and complex dosing regi-
mens (18-22). Rates of adherence to in-
sulin injections in patients with type 2
diabetes were reported to range from
<60-80%, and poor adherence impacts
glycemic control and patient satisfaction
(23-28). Examination of persistence
with injectable antidiabetes drugs over
12 months from a pharmacy claims data-
base found a mean persistence of 7.8
months among patients on Ex-BID ther-
apy (6), and only two-thirds of subjects
prescribed Ex-BID persisted on treatment
1 year after initiation (26). The need for
repeated injections of GLP-1 RA creates a
barrier to long-term patient adherence
and compliance with therapy (6-8).
ITCA 650 can provide continuous and
controlled SC delivery of exenatide for
up to 12 months (9,10). The potential
to ensure 100% adherence with ITCA
650 may improve long-term therapeutic
outcomes.

The limitations of this study include
an open-label study design, absence of a
control arm during stage 11, and small
sample size. These limitations will be
addressed in phase 3 clinical studies of
ITCA 650.

ITCA 650 is an innovative delivery
system for the GLP-1 RA exenatide, being
investigated for once- or twice-yearly
administration in subjects with type 2
diabetes. Results from this phase 2 dose
ranging trial showed significant dose-
related effects on HbA,, FPG, and body
weight that were maintained for up to 24
weeks. ITCA 650 demonstrated a tolera-
bility profile that may offer important ad-
vantages over exenatide BID injections
and other long-acting injectable GLP-1
RA compounds. ITCA 650 was generally
well tolerated, and patient acceptance
and placement/removal of the delivery
system were well accepted. The most
common drug-related AEs were GI and
administration site events that were gen-
erally observed early in the course of
treatment and transient. Uniquely, ITCA
650 offers the potential of ensuring rapid
attainment and maintenance of stable
therapeutic exenatide levels, 100% com-
pliance of drug delivery, and adherence
to the prescribed regimen. In addition,
pharmacological effects can be termi-
nated within 24 h of removal if necessi-
tated by the presence of side effects or

other clinical considerations. The results
of this study support additional clinical
development of ITCA 650 in subjects
with type 2 diabetes.
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