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Exenatide plus Pioglitazone vs Insulin in T2DM wiHigh HbAlc
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Aim: To examine the efficacy and safety of combinatierapy with exenatide plus
pioglitazone versus basal-bolus insulin in poodytecolled type 2 diabetic patients with very
high HbAlc (HbA1c>10%) on metformin plus sulfonytarand long duration of disease.
Resear ch Design and M ethods. 101 participants in Qatar Study with very poorcgiyic

control (HbAlc > 10%) and long duration of diabg{E3.9 years) on maximum/near-maximum
doses of sulfonylurea plus metformin were randothipereceive: (i) pioglitazone plus weekly
exenatide (Combination Therapy), or (ii) basal gtendial insulin (Insulin Therapy) to
maintain HbAlc <7.0%.

Results. Baseline HbAlc was 11.5 £ 0.2% and 11.2+0.2 (P=N&ombination Therapy and
Insulin Therapy groups, respectively. At 6 montbembination Therapy caused a robust
decrease in HbAlc to 6.7 £ 0.1% £ -4.8%) compared to 7.4 = 0.1% € -3.8%) in subjects
receiving Insulin Therapy. Combination Therapy wésctive in lowering the HbAlc
independent of gender, ethnicity, or BMI. Subjectthe Insulin Therapy group experienced
significantly greater weight gain and 2.5-fold heglnate of hypoglycemia compared to patients
receiving Combination Therapy.

Conclusion: Combination exenatide/pioglitazone therapy is iy e#fective and safe therapeutic
option in poorly controlled T2DM patients on metfon plus sulfonylurea with very high
HbAlc (>10%).

PRECIS: The present study demonstrates that combination therapy of pioglitazone plus exenatide is
equally effective to insulin in poorly controlled T2DM patients with very high HbAlc on multiple oral
agents

INTRODUCTION

Hyperglycemia is the major factor responsible fiabétic microvascular complications, i.e.
retinopathy and nephropathy (1-4). Every 1% deer@asibAlc is associated with ~35%
reduction in the incidence of retinopathy and nephthy (1-4). Progressive beta cell failure is
the principal pathophysiologic abnormality respbtesfor the development and progression of
hyperglycemia in individuals with T2DM (5). In adidin to its role in the development of
diabetic microvascular complications, chronic et@rain the plasma glucose concentration
exerts a deleterious effect on beta cell functi@n,glucotoxicity (6), creating a negative
feedback cycle which exacerbates the defect idimsacretion. Studies in both experimental
animals and in man have demonstrated that chréewvaton in the plasma glucose
concentration impairs beta cell function (7-8). @ersely, correction of the hyperglycemia
improves beta cell function in experimental aninaaid in patients with T2DM (9-12).
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The progressive nature of diabetes, long duratfatisease, markedly elevated HbAlc, and
glucotoxic effect of chronic hyperglycemia on begédl function have led to the dogma that, in
subjects with a very high HbAlc, e.g. HbAlc >108&ulin therapy is the treatment of choice
(13,14). Independent of beta cell function, institiarapy can effectively lower the plasma
glucose concentration, ameliorate the glucotoxiectfof hyperglycemia on the beta cell (9-11),
and reduce the HbAl1c to 6.5-7.0% (10,11). Based tipis rational, the ADA (13) and AACE
(14) have recommended the institution of insulieréipy in poorly controlled T2DM with high
HbAlc (>9-10%), especially in type 2 diabetic indivals with clinical symptoms of
hyperglycemia, e.g. polydipsia and polyuria.

GLP-1 receptor agonists (RA) improve beta cell fiomcby enhancing beta cell
responsiveness to glucose, i.e. improved betaykalbse sensitivity (15-17); this beneficial
effect on the beta cell can be observed within &@$of a single injection of the GLP-1 RA (17)
and persists for at least 4 years (16,18,19). TthesiGLP-1 RAs produce a rapid and durable
reduction in HbAlc with low risk of hypoglycemiahizolidinediones (TZDs), which were
developed as insulin sensitizers, also have a petfatt to improve beta cell function (20-26)
and clinical trials have demonstrated durable HbAetuction with low risk of hypoglycemia
compared to sulfonylureas (26). Because TZDs imgfmth insulin action and insulin secretion
via mechanisms which are distinct from the GLP-1sR#e hypothesized that combination
therapy with pioglitazone plus exenatide would effeely lower the plasma glucose
concentration in poorly controlled T2DM patientgtwa very high HbAlc and long standing
diabetes. This combination therapy could providieesapeutic option to insulin for the treatment
of patients with very high HbAlc. To address thiestion, we analyzed data from participants
of the QATAR Study who had a baseline HbAlc >10% emmpared the decrease in HbAlc
from baseline to 6 months in subjects receiving Gioation Therapy with exenatide plus
pioglitazone versus basal bolus insulin therapy.

Resear ch Design and M ethods

Study participants included all T2DM patientghe QATAR Study who had a baseline HbAlc
>10% (range 10.0-15.1%) and manifested symptorhyérglycemia as evidenced by
polydipsia and nocturia. The QATAR Study (27) isogren label, single center, randomized
control trial (NCT 02887625) which examines theaefty, durability and safety of Combination
Therapy with exenatide plus pioglitazone versusiiaslus Insulin Therapy in poorly controlled
T2DM patients on metformin plus sulfonylurea. T2[pisitients with poor glycemic control on
maximal/near maximal doses of metformin plus suiforea were recruited to the study.

Eligible subjects were randomized to receive bégatgine)/bolus (aspart) insulin therapy or
weekly exenatide plus pioglitazone to achieve HbAZ®%. The study is an ongoing study and
is carried out at Hamad General Hospital, DohaaQé#terein, we report the efficacy (measured
as the decrease in HbAlc from baseline to 6 moatfhSpmbination Therapy with exenatide
plus pioglitazone on glycemic control comparedasdi/bolus Insulin Therapy in subjects who
had a starting HbA1c >10%. 101 participants fudfillthe criteria for inclusion in the present
report. The study protocol was approved by the tRBamad General Hospital and informed
written consent was obtained from all patientsmpigoenrollment.

Other than diabetes, patients were in good gehegdth as determined by medical history
and physical exam. Participants had normal kideesatinine <1.4) and liver function (LFT <
twice the upper normal level), serum chemistridsGEand urinalysis, and negative pregnancy
test. Body weight was stable (3 pounds) withingheceding year and no subject participated in
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any excessively heavy exercise program. Exclusiberia were hematocrit <34%, medications
known to affect glucose metabolism other than siiiareas and metformin, evidence of
diabetic proliferative retinopathy, albumin excoeti> 300 mg/day, major organ system disease
as determined by physical exam, medical historgt,sameening blood tests. All patients received
maximal/near maximal therapy with metformin plufauwylurea.

Study Design:

Subjects were consecutively randomized to recesml@nation Therapy with pioglitazone (30
mg/day) plus Bydureon (2 mg/week) (Combination apg) or basal (glargine)/bolus (aspart)
insulin (Insulin Therapy) to maintain HbAlc <7%nsulin therapy was started with insulin
glargine before breakfast. The starting glargineedeas calculated based upon the 4T
algorithm, and the dose was adjusted weekly toeaehda FPG < 110 mg/dl. After achieving the
FPG goal, if the HbAlc was >7.0%, 4-6 units of insaspart was started before each meal and
the dose was adjusted to achieve a plasma glucosemtration at 2 hour after meals <140
mg/dl. All subjects in the Insulin Therapy arm weeeeiving aspart insulin at 6 months. The
insulin dose (both glargine and aspart) was adjustekly until the desired level of glycemic
control was achieved or hypoglycemic events (séiaitien below) were encountered. The
highest insulin dose after hypoglycemic eventsieadlved was continued as the therapeutic
dose and patients continued with their monthlyofeHup visits.

After randomization, patients were seen at monjt% &, 4 and 6 or more frequently based
upon the plasma glucose concentration. FPG, bodyhiveand HbAlc were measured at each
follow-up visit and medication dose was adjustechtontain FPG <110 mg/dl, 2h postmeal
plasma glucose concentration <140 mg/dl, and Hb#&EB6 unless hypoglycemia was
encountered. Because the subjects were markedbrdgiypemic, the sulfonylurea dose was not
reduced at the time of initiation of Insulin Theyagr Combination Therapy. Rather, it was
prespecified that the sulfonylurea dose shouldedeged if 3 minor hypoglycemic events
occurred at 2 consecutive follow up visits.

If hypoglycemia occurred (defined as >3 eventsvam ¢onsecutive visits), the sulfonylurea
dose was reduced (by 30 mg/day for gliclazide an@ img/day for glimepiride) at each follow-
up visit until the hypoglycemia resolved. If, afthscontinuation of sulfonylurea, patients in the
Insulin Therapy group continued to experience hyyammia, the insulin dose was adjusted. If
hypoglycemia was encountered in the Combinationdpegroup (pioglitazone plus exenatide),
the sulfonylurea dose was reduced as describatiéddnsulin Therapy group. In no subject in
either the Insulin Therapy or Combination Therapyup was the metformin dose reduced.
Subjects who manifested hypoglycemia were seenlyweekl medication dose was adjusted (as
described above) according to home measured bloocdse values until the hypoglycemia
disappeared, after which they continue with theanthly follow-up visits. Hypoglycemia was
defined as blood glucose concentration < 60 mgfdl ar without symptoms or hypoglycemic
symptoms that subsided following glucose ingestiBiood glucose levels were measured by
home blood glucose monitoring (One Touch) and sestiby the study coordinator on each
follow up visit. Subjects were asked to performemeekly a 7-point home blood glucose
profile. During each follow-up visit, FPG was megsil records of home measured glucose
values were reviewed, and patients were questiahedt symptoms of hypoglycemia. Severe
hypoglycemia was defined as hypoglycemia requitimgl party assistance.

Blood pressure and lipid lowering medications wastpisted to achieve the goals
recommended by the ADA: blood pressure <140/90 it LDL cholesterol < 100 mg/dl.
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Data Analysis and Satistical Analysis
The change in HbAlc from baseline to 6 months veaspared in subjects receiving
Combination Therapy versus Insulin Therapy. Secgnelad points included: (i) percentage of
subjects achieving HbAlc <6.5% and <7.0%; (ii) éese in fasting plasma glucose
concentration, (iii) change in body weight, (ivje@f hypoglycemic events. Overall frequency
of hypoglycemia was calculated as total numberypbiglycemic events divided by number of
patient-years of follow-up in each arm. The peragatof subjects experiencing hypoglycemia
was calculated as the number of subjects expengratileast a single event divided by number
of patients in that arm.

Values are presented as meaBBEM. Two sided t-test was used to compare mean
differences between the two treatment arms. Charggwas used to test significance of discrete
variables.

RESULTS

In the QATAR Study 101 patients had a baseline HbAL10%. Of these, 53 patients received
Combination Therapy and 48 patients received Instiierapy. Table 1 presents the baseline
characteristics of study participants. The two gowere well matched in age, gender, BMI,
disease duration and baseline HbAlc. The basel#€lElwas 11.5+0.2 and 11.2+0.2% in the
Combination Therapy and Insulin Therapy groupgeesvely (P=NS).

All patients were receiving background therapy watétformin plus sulfonylurea. The mean
metformin dose was 1896150 and 1978130 mg/dayarCthmbination and Insulin Therapy
groups, respectively (P=NS). 58% and 55% of patiemre on gliclazide and 42% and 45% of
patients were on glimepiride in the Combination rBpg and Insulin Therapy groups,
respectively.

At 6 months all subjects in the Insulin Therapyugravere receiving insulin glargine plus
insulin aspart before meals. The mean insulin dase45+3 units of glargine (range 22 to 110
units/day, median 48) plus 48«1 units per day (ea®do 102 units/day, median 44 units) of
aspart. Thus, patients in the Insulin Therapy gnageived ~1.2 units/kg of insulin per day. All
subjects in the Combination Therapy group wereiveug 2 mg/week of Bydureon; the mean
dose of pioglitazone was 33t1 mg/day. The metforduse at 6 months was identical to the
starting dose. However, the sulfonylurea dose wdaaed to avoid hypoglycemia (defined as at
least 3 minor events on 2 consecutive follow-ujits)isin approximately 30% (n=14) of subjects
receiving insulin therapy, the sulfonylurea wasdiginued (9 receiving gliclazide and 5
receiving glimepiride), and the dose was reducedtierother 70% (n=34) to 82.5+6.5 and
4.1+0.4 mg/day of gliclazide and glimepiride, respeely (starting dose was 115+2 and 7.2+0.2
mg, respectively). Similarly, at 6 months, the soiflurea was discontinued in 11 subjects in the
combination therapy arm (5 received gliclazide @nmdceived glimepiride), and the dose was
reduced to 101.8+3.6 and 4.6+£0.6 m/day for glidlazand glimepiride, respectively, (starting
dosel13+3 and 7.410.2, respectively).

Figure 1A depicts the change in HbAlc over 6 marffubjects in the Insulin Therapy group
experienced a reduction in HbAlc from 11.2%z0.Baseline to 7.4%+0.AHbA1c=-3.8%) at
6 months. A more robust decrease in HbAlc from#AQ 2% to 6.7+0.1%AHbA1c=-4.8%)
was achieved in subjects receiving Combination djne(Figure 1B). At 6 months, there was a
statistically significant greater HbAlc decremeh0@o, p<0.001) in the Combination Therapy

group.
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More individuals receiving Combination Therapy &s@d the American Diabetes
Association treatment goal (HbAlc <7.0%) at 6 mentérsus subjects receiving Insulin
Therapy (70% versus 35%, p=0.003). Similarly, nmagents achieved an HbAlc <6.5 in the
Combination Therapy (53% versus 13%, p<0.0001). i@oation Therapy was equally effective
in lowering the HbA1c in all three ethnic groupst&i Nationals, Arabs Non-Qatari and
Indians. The efficacy of Combination Therapy in &img HbAlc was independent of age,
gender, BMI or diabetes duration.

Fasting and Postprandial Glucose

Baseline FPG was similar in the Combination Therapy Insulin Therapy groups (2583 vs
26448 mg/dl, respectively, P=NS) and decreased raifier starting therapy (Figure 2A) in

both groups. The decrease in FPG was faster imstshjeceiving Insulin Therapy than in
subjects receiving Combination Therapy (Figure 2Ad at month 1 the FPG concentration was
significantly lower in the Insulin Therapy group3@t6 vs 162+9, mg/dl, p<0.05). However,
after 1 month, the FPG was comparable in bothrireat groups. The postprandial plasma
glucose concentration at 6 months was significamtjjner in subjects receiving Insulin Therapy
than in subjects receiving Combination Therapy. f@an incremental area under the plasma
glucose concentration curve during the daily glecogasurements (7-point home blood glucose
profile) in insulin treated subjects was almostcevas great as in subjects receiving combination
therapy (609+35 vs 312+13, p<0.01) (Figure 2B).

Body Weight

The mean body weight increased in both treatmenigy. However, subjects in the
Combination Therapy group experienced half as musilght gain as subjects in the Insulin
Therapy group (2.7 8.5 kg versus 5.3 £ 0.6 kg, p=0.002).

Adverse Events:

In general, both treatments were well tolerated@mig a small number (<5%) of patients
dropped out of the study because of adverse eveppsoximately 90% of patients in both
groups experienced at least one adverse eventg P3lainost adverse events were mild and
unrelated to study treatment. With regard to advexents related to the study treatments,
hypoglycemia was the most common, being reporte®38y and 56% of participants receiving
Insulin Therapy and Combination Therapy, respebti(fe<0.0001). The overall frequency of
hypoglycemic events was approximately 2.5-fold tgean the Insulin Therapy versus
Combination Therapy group (5.8 vs 2.1 events pgeipayear, p<0.0001). All hypoglycemic
events were mild; no severe hypoglycemia occumegither group. Two subjects in the
Combination Therapy group experienced a local reaett the injection site. Subjects receiving
Combination Therapy experienced more frequent giaséstinal side effects and ankle edema.
37% of Combination Therapy subjects experiencedemat the initiation of exenatide therapy;
the nausea was mild and subsided after 2-3 mo@Gihy.one patient discontinued treatment due
to nausea. The incidence of peripheral edema wasH®% versus 13.5% in the Insulin
Therapy and Combination Therapy groups, respegtifRgripheral edema was mild in all but
one case and easily controlled with the additioa distally acting diuretic. One patient
discontinued Combination Therapy because of pergtleelema. There were no cases of
congestive heart failure. The number of subjects whhdrew because of adverse events was
small: 2 receiving Combination Therapy and noreireng Insulin Therapy.



THE JOURNAL OF CLINICAL
ENDOCRINOLOGY & METABOLISM

=
L
W
-
L
-
S
—
o
<
L
O
Z
<
>
-
<

=NDOGIN=
SOCIETY

The Journal of Clinical Endocrinology & Metabolis@ppyright 2017 DOI: 10.1210/jc.2016-3423

DISCUSSION

The major new finding of this study is that Comltioa Therapy with pioglitazone plus
exenatide is very effective and safe in lowering lfbAlc in poorly controlled, symptomatic
T2DM patients with a very high HbAlc (HbAlc>10%)ddong standing (mean duration >10
years) disease treated with maximal/near maximsg¢siof metformin plus sulfonylurea.

The American Diabetes Association, EASD (13) andZ&A(14) recommend starting T2DM
patients with high baseline HbAlc (>9.0%) and pasievith symptoms of hyperglycemia on
insulin therapy. Previous studies have demonstitai@dchronic elevation of plasma glucose
concentration exerts a deleterious action on batdunction, i.e. glucotoxicity (5-7). Thus,
T2DM patients with HbAlc >10.0% have a severe impant in beta cell function and often
respond poorly to the addition of other oral agelmsulin is a powerful antihyperglycemic
agent, and it rapidly lowers the plasma glucoseentration independent of beta cell function.
Further, restoration of euglycemia and reversaglatotoxicity (9-11) and lipotoxicity (28) can
lead to recovery of beta cell function. No previstisdy has compared the efficacy of insulin
therapy with other antidiabetic regimens in pasewith very high HbAlc, e.g. HbAlc >10%.
To the best of our knowledge, the present studyadirst to compare insulin therapy with
another antidiabetic regimen in patients with ay\regh HbAlc and symptomatic
hyperglycemia including polydipsia and nocturia éme= 2.4 voids per night).

As anticipated, insulin produced a rapid decreaghe plasma glucose concentration and the
fasting plasma glucose concentration declinedeémtirmal range at one month after the start of
therapy, resulting in a marked reduction in HbAAGth the combination of pioglitazone plus
exenatide, the decline in fasting plasma glucose@atration and HbAlc was slower than with
insulin therapy (Figure 2A). This is explained by slower onset of action of pioglitazone and
the time (4-6 weeks) required to reach steady glatama exenatide levels with Bydureon.
Nonetheless, subjects receiving Combination Thevegrng asymptomatic after one month. At
month 2 the reductions in FPG concentration and Hb#ere similar in the Combination and
Insulin Therapy groups and at month 3, 4, and G¢Haction in HbAlc was significantly greater
in subjects receiving Combination Therapy (FiguAg. At month 6 the decrease in HbAlc from
baseline in subjects receiving Combination Thera$yB%) was significantly greater than
(p<0.001) that in subjects treated with Insulin§%). More subjects receiving Combination
Therapy achieved the ADA treatment goal of HbA1d&d (70% vs 35%, p<0.001) with
significantly less hypoglycemia. It should be notedt, subjects in both treatment arms, despite
very poor initial glycemic control (HbAlc >10%), gerienced very good glycemic control at 6
months. These results demonstrate that Combin&tienapy with exenatide plus pioglitazone is
very effective therapeutic option for poorly cored T2DM patients with very high HbAlc
(e.g. HbAlc >10%).

Despite a significantly lower HbAlc at 6 months @@mbination Therapy group
experienced significantly lower rate of hypoglycariil vs 5.8 events per patient per year
(p<0.001). Reducing the sulfonylurea dose in thenfiaation Therapy group significantly
decreased/eliminated the incidence of hypoglycelnghould be noted that the sulfonylurea
dose was reduced similarly in both treatment grdas/oid hypoglycemia. Nonetheless,
subjects in the Insulin Therapy group experienc@dbeold greater incidence of hypoglycemia
which impeded further escalation of the insulinaldsis possible that sulfonylurea has
contributed to the high hypoglycemia rate in sutg@eceiving insulin therapy, and if
sulfonylurea would have been stopped at randonoizati all subjects receiving insulin therapy,
lower rate of hypoglycemia was achieved. HowevesLch scenario, higher insulin dose would
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have been required to achieve the same level oeglic control. It should be noted that the

mean FPG concentration in insulin treated subjeeished the target (110 mg/dl) at about 2
months, documenting the rigorous insulin intenaiiien schedule. Nonetheless the glycemic
goal (HbA1c<7.0%) was achieved in only one thir8%d of the patients.

Other studies (29-33) have utilized different imsaitration algorithms for initiation of
insulin therapy in T2DM patients and reduced thamidbAlc to <7.0%. However, higher rates
of hypoglycemia were observed in these studiesekample, the target HbAlc for the intensive
treatment arm in the ACCORD study (33) was 6.5%, 26%6 of participants experienced severe
hypoglycemia and 10% required medical assistanogattage the hypoglycemia. Similarly,
large portion of patients in the studies by Edelreal (31) and Bergenstal et al (32)
experienced nocturnal hypoglycemia. Because theofisypoglycemia increases with the
decrease in HbAlc, the caring physician alwaysdageigh risk of hypoglycemia versus the
benefit of further HbAlc reduction. In the pressetidy, we prespecified the threshold for
hypoglycemia at 3 minor events on 2 consecutivigsvie minimize the risk of hypoglycemia
and, indeed, the incidence of hypoglycemia in liahtment arms was relatively low compared
to other studies which utilized intensive insulietapy. Nonetheless, despite a very high starting
HbAlc (~11.5%) the vast majority of patients intbteatment arms achieved the ADA
glycemic target (HbAlc < 7.0%) or had their HbAlrkased close to the target at 6 months,
demonstrating that both treatment regimens (intensasal/bolus insulin) and combination
therapy with exenatide plus pioglitazone safely lsamtilized in symptomatic T2DM patients
with a very high HbAlc (e.g. >10.0%).

In the present study, we utilized the algorithmealeped by 4-T study investigators (30) to
initiate insulin therapy and unlike the 4-T studybjects in the present study injected insulin
glargine in the morning. It is possible that thmitig of insulin injection in the present study
have contributed to the increased rate of hypoghyaen the insulin arm compared to
combination therapy arm. However, previous stu®) (fas demonstrated that morning dosing
of glargine is associated with lower risk of hypagimia that bedtime.

Subjects receiving Combination Therapy experierf@dfias much weight gain compared to
subjects receiving Insulin Therapy (2.7 vs 5.3 kddhough pioglitazone therapy resulted in
weight gain on mean, approximately one third (29¥%@atients receiving Combination Therapy
experienced weight loss compared to only 2% (p<0drdthe Insulin Therapy group. This most
likely is explained by the concomitant use of ex@leawhich suppresses the appetite and
promotes weight loss (15, 16, 19). It also sho@ahbted that with pioglitazone, the greater is
the weight gain, the greater are the improvemenkbiAlc, insulin sensitivity, and beta cell
function (24). The marked improvement in glycenoatrol and the removal of glucosuria also
could have contributed to the weight gain in bo#atment groups.

Both treatments were well tolerated and few subjéc5% in Combination Therapy; 0% in
Insulin Therapy) withdrew because of adverse evehte majority of adverse events were mild
and unrelated to study treatment. Hypoglycemiatvasnost common adverse event.
Compared to other studies which have employed snterinsulin therapy in T2DM (24-26), the
rate of hypoglycemia rate was relatively low (TaB)eThe relatively low rate of peripheral
edema (Table 2) with Combination Therapy most likelexplained by the lower dose of
pioglitazone (30 mg/day) utilized in the presentigtand the natriuretic effect of exenatide. The
majority of cases of edema were mild and the edeaseasily controlled with addition of a
distally acting diuretic to the treatment regim@mly 1 subjects discontinued Combination
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Therapy because of ankle edema. No cases of coreghstrt failure or fractures occurred in
either group.

There are several limitations to the present stilitig. therapies employed (weekly exenatide
and multiple daily insulin injections) prohibitetirming of the study medications. The study
included a relatively small number of participamqsmarily of Arab origin (~70% of
participants). Thus, a larger multiethnic studwesranted to examine the generalizability of this
novel treatment approach in poorly controlled indiinals with long standing T2DM. Further,
longer follow-up is required to determine the duirgbof glycemic control achieved in the
Combination Therapy. Nonetheless, the presentteeard impressive and, contrary to standard
dogma, demonstrate that, even in very poorly cdettgHbAlc >10%), long standing T2DM
individuals, combination therapy with a GLP-1 RAiplpioglitazone can achieve near
normal/normal HbAlc levels. Therefore, this combimacan provide an alternative therapeutic
option in addition to insulin in very poorly conlied T2DM patients without the need of
multiple daily injections and dose titration, andhatower risk of weight gain and
hypoglycemia.

In summary, the present results demonstrate thatb@mtion Therapy with pioglitazone
plus exenatide is a very effective and safe ther@peption in poorly controlled T2DM patients
with clinical symptoms of hyperglycemia and longreting disease who have failed on
metformin plus sulfonylurea. Continued follow upivaie required to ascertain how long the
beneficial effects of Combination Therapy are naimed.
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Figure 1: Effect of Combination Therapy and Insulin Therapyglycemic controlFigure 1A:
time-related change in HbA1c in subjects recei@mgnbination Therapy and Insulin Therapy.
Figure 1B the change in HbAlc from baseline to 6 monthsaichereatment group

Figure 2: Effect of Combination Therapy and Insulin Therapyplasma glucose concentration.
Figure 2A depicts the change over time in the fiasplasma glucose concentration in both
treatment arms. Figure 2B depicts the 7-point hbloned glucose profile at 6 months in the
Insulin Therapy and Combination Therapy groups. EBf@sting blood glucose; AB = after
breakfast; BL = before lunch; AL= after lunch; B®efore supper; AS = after supper; BT = bed
time.

Figure 3: Effect of Combination Therapy and Insulin Therapybmdy weight

Figure4: Incidence of hypoglycemia in subjects receivingrbmation Therapy and Insulin
Therapy
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Table 1: Baseline characteristics of the studyigp&ents

Combination Therapy Insulin Therapy P-Value

Number 53 48
Age (years) 50+1 52+1 NS
Gender (% male) 40 37 NS
BMI (kg/m?) 31.340.9 29.7+0.8 NS
Diabetes Duration (years) 10.6+0.7 11.4+0.8 NS
HbAlc (%) 11.5+0.2 11.240.2 NS
FPG (mg/dl) 258+10 264+8 NS
Blood Pressure (mmHg) 126/74 129/73 NS
LDL Cholesterol (mg/dl) 105+3 106+3 NS
Ethnicity (%)

Qataris 48 39 NS

Non-Qatari Arabs 26 29 NS

Asian Indians 17 25 NS

Others 9 7 NS
Background Therapy

Metformin, mg (% of patients) 1896450 (100) 19784300) NS

Gliclazide, mg (% of patients) 11343 (58) 115+(53) NS

Glimepiride mg (% of patients) 7.4+0.2 (42) 7.22(45) NS

Table 2: Adverse Events (AE)

DOI: 10.1210/jc.2016-3423

Combination Therapy Insulin Therapy P-Value
Any AE (% of patients) 87 91 NS
Therapy Related AEs
Hypoglycemia
% of patients 56 83 <0.0001
Incidence rate (events/patient year) 2.1 5.8 <@L0g
Severe hypoglycemia (n) 0 0
Ankle edema (%) 13.5 5.6 <0.01
Injection site reaction (%) 2 0
Gastrointestinal (%) 37 9 <0.0001
Discontinue Due to AE 2 0
Serious AEs
CV events (n) 0 1
Cancer (n) 0 1
Fractures (n) 0 0
Deaths (n) 0 0
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