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ABSTRACT

Background: Type 2 diabetes is a progressive illness which most patients experience

a progressive deterioration in glycemic control, dual combination therapy with

metformin and a sulfonylurea also may not achieve or maintain glycemic control.

Objective: To evaluate the efficacy and safety of add-on pioglitazone vs. sitagliptin in

patients with type 2 diabetes inadequately controlled on dual therapy.

Methods: This 24-week, randomized, open-label, randomized, parallel study

compared pioglitazone (30 mg daily, n=59) and sitagliptin (100 mg daily, n=60) in

patients with inadequate glycemic control (glycosylated hemoglobin Alc [A1C] 2

7.0% to <11.0%) while receiving a stable dose of metformin (21500 mg daily) and a

sulfonylureas (Zhalf maximal dose).

Results: Mean (+s.e.) change in A1C from baseline was -0.94+ 0.12 % with

pioglitazone and -0.71+ 0.12 % with sitagliptin, for a between groups difference of

-0.23+£0.16 % (p=0.16). The percentages of patient achieving A1C <7% were 28.8%

and 28.3% in the pioglitazone and sitagliptin groups, respectively. Mean change in

fasting plasma glucose were -35.7+ 4.0mg/dl with pioglitazone and -22.8+ 4.0mg/dl

with sitagliptin, for a between groups difference of-12.9+5.7mg/dl (p=0.02).

Pioglitazone was associated with significant decrease in HOMA-IR, triglyceride,

hs-CRP and increase high-density lipoprotein cholesterol, while sitagliptin did not
\%



induce changes in these parameters. Mean weight gain was higher in the pioglitazone

group with a between-group difference of 1.60kg (p<0.01). Overall adverse events

and the rate of hypoglycemia were similar in both groups. However, the incident of

edema was higher with pioglitazone vs. sitagliptin (27% vs. 0%) and the incident of

gastrointestinal adverse events was higher with sitagliptin vs. pioglitazone (20%

v$.6.8%).

Conclusions: Pioglitazone and sitagliptin achieved similar improvements in overall

glycemic control in patients with type 2 diabetes inadequately controlled with

metformin and a sulfonylurea. However there were some differences in terms of FPG,

lipids, HOMA-IR, body weight change and adverse events.

Key words: type 2 diabetes, pioglitazone, sitagliptin, thiazolidinedione,

DPP4-inhibitors
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Chapter 1: Introduction

Effective glycemic control plays an important role in preventing chronic
complications of diabetes mellitus'. Although diet and exercise can improve
glycemic control early in the course of type 2 diabetes, success rates of such methods
in the long-term are generally poor, thus oral antidiabetic drugs (OADs) often become
the mainstay of treatment’™. Metformin and sulfonylurea (SU) is recommended as the
first 2 steps of pharmacological therapy in the current treatment algorithm>° . Type 2
diabetes is a progressive illness which most patients experience a progressive
deterioration in glycemic control, dual combination therapy with metformin and a SU
also may not achieve or maintain glycemic control”®. In this setting, adding basal
insulin to ongoing OADs is often the next step therapy”°. However, insulin therapy
which requires percutaneous administration and additional injection education was
undesirable for patients and clinical practice. So adding a third OAD to ongoing dual
therapy is still often being used in clinical practice.

Previous studies had demonstrated that adding pioglitazone, a thiazolidinedione
oral antidiabetic agent, to ongoing OAD monotherapy or dual therapy with metformin
and a SU improves glycemic control’'%. Sitagliptin, potent and highly selective
dipeptidyl peptidase-4 (DPP-4) inhibitor, has been shown to improve glycemic control

as add-on therapy to OAD monotherapy or dual therapy'*™".



Pioglitazone and sitagliptin are often using as third-line OADs in clinical practice.

However, lack head to head study to compare the efficacy and side effect between the

two agents. This study was conducted to directly compare the glycemic efficacy and

safety of pioglitazone with sitagliptin, as add-on therapy, in patients with type 2

diabetes inadequately controlled by dual therapy with metformin and a SU.



Chapter 2: Literaturereview
2.1 Pioglitazone

Pioglitazone (Actos@) was approved by the FDA in July 1999 for the treatment of
type 2 diabetes.
2.1.1 Mechanism:

Pioglitazone is an insulin sensitizing thiazolidinedione that activates
peroxisome-proliferator activated receptor-y (PPAR-y) found in adipose tissue,
pancreatic, /3 -cells, vascular endothelium and macrophageslg. Pioglitazone is a
high-affinity ligand for PPAR-y. Once activated by a ligand, PPAR-y forms a
heterodimer with another nuclear receptor, the retinoid-X receptor. This heterodimer
then binds to specific DNA sequences and regulates the transcriptional activity of
target genes that play a role in the metabolism of glucose and lipids'®.

2.1.2 Efficacy

Previous trial had demonstrated that adding a thiazolidinedione (TZD) to ongoing

OAD monotherapy or dual therapy with metformin and a SU improves glycemic

1°"2. The magnitude of glycosylated hemoglobin (A1C) reduction was -1.2 to

contro
-1.9% as a third-line OADs”''. Beyond these effects on glucose metabolism,

pioglitazone has positive effects on lipid metabolism, blood pressure, endothelial

function, adiponectin and high sensitivity CRP levels'”.



2.1.3 Safety and tolerability

The main adverse effects reported with pioglitazone are weight gain, peripheral
edema, bone loss and precipitation of congestive heart failure in at-risk individuals,
without any increase in CVD/all-cause mortality*’. Body weight increased from 1.4 to
4.1 kg and the incident of edema was 29 to 30% when pioglitazone was added on to
metformin and a SU*'**!22,
2.2 Sitagliptin

Sitagliptin (Januvia®) was approved by the FDA in October 2006 for the
treatment of type 2 diabetes, and it was the first DPP-4 inhibitor approved by the
FDA.

2.2.1 Mechanism:

Antidiabetic agents targeting the incretin hormones have been developed in
recent years. The incretin hormones that attribute to this effect are glucagon-like
peptide-1 (GLP-1) and glucose-dependent insulinotropic peptide (GIP). GLP-1 and
GIP stimulate insulin output from pancreatic B-cells in a glucose-dependent manner,
with GLP-1 also suppressing pancreatic a-cell secretion of glucagon. However,
endogenous GLP-1 and GIP are rapidly degraded by the enzyme DPP-4, resulting in

half-lives in the range of minutes for these hormones.DPP-4 inhibitors are a class of

agents that inhibit the inactivation of incretin hormones by inhibiting the ubiquitously



expressed DPP-4 enzyme, thereby enhancing and prolonging the activity of GLP-1
and GIP and attenuating glucose excursions®.
2.2.2 Efficacy

Previous trials have demonstrated the advantages on glycemic control of
sitagliptin monotherapy, in combination with SU, or in combination with metformin

in type 2 diabetes poorly controlled on OADs'*'7*

. In a subgroup analysis from prior
study of adding sitagliptin or placebo to ongoing dual therapy with metformin and a
SU, treatment with sitagliptin significantly decreased A1C by 0.59% from baseline'”.
2.2.3 Safety and tolerability

Early meta-analysis of DPP4 inhibitors suggest that there was an increased risk
of some infections (nasopharyngitis and urinary tract infections) and headache*.
However, updated safety analyses of the DPP4 inhibitors clinical studies have been
published, showing no increased risk for respiratory or urinary tract infections or
headache with the DPP-4 inhibitors compared to placebo or comparator”*°. DPP-4
inhibitors as a class appear to be well tolerated, and rates of adverse effects have been
low, and generally not different to placebo or comparator. Retrospective analyses of
data do not appear to indicate any increased cardiovascular risk with the DPP-4
inhibitors relative to comparators and large prospective trials, designed specifically to

evaluate the effect of DPP-4 inhibitors on cardiovascular outcomes are underway” .



2.3 Research gap

Our previous review showed that there was no significant difference in A1C
reduction and incident of hypoglycemia between pioglitazone and sitagliptin as
secondary-line OADs (Table 1)'%. Pioglitazone and sitagliptin are often using as
third-line OADs in clinical practice. However, lack head to head study to compare the

efficacy and side effect between the two agents.



Chapter 3: Materialsand Methods
3.1 Patients
3.1.1 Inclusion criteria

Men and women with type 2 diabetes (> 20 years of age) who were taking stable
doses of metformin (>1500mg/d) and a SU (>half maximal dose; modified release
gliclazide 60-120 mg daily or glimepiride 4-8 mg daily ) for at least 10 weeks prior to
the screening visit and had inadequate glycemic control (AIC>7 and <11%) were
recruited for the study.
3.1.2 Exclusion criteria

Patients were excluded if they had type 1 diabetes, insulin use within 12 weeks of
the screening visit, any contraindications for use of pioglitazone or sitagliptin,
impaired renal function (serum creatinine >1.4 mg/dl), alanine aminotransferase (ALT)
or aspartate aminotransferase levels (AST)>2.5 times the upper limit of normal
(ULN), current or prepare to pregnancy and lactation.
3.2 Study Design

This prospective, randomized, open-label, parallel-group study was performed at

the Mackay Memorial Hospital, Taipei, Taiwan between September 2009 and
September 2011. Eligible patients were randomized in a 1: 1 ratio to one of the
following once-daily treatment groups: pioglitazone 30 mg or sitagliptin 100 mg for

10



24 weeks (Figure 1). The randomization was performed using an interactive

voice-response system that used a permuted-block size of 6. In addition, patients were

stratified by A1C (7.0% to 8.5% and >8.5%). During the entire study period, no dose

adjustments were made on metformin, SU and lipid-lowering agents. At any time

during the study, study medication (pioglitazone or sitagliptin) could be down titrated

if hypoglycemia occurs. Throughout the course of the study, patients were instructed

to continue the same lifestyle (including diet and exercise) they had maintained prior

to study entry. Patients were allowed to continue using antihypertensive and

lipid-lowering agents if they had been taking a stable dose for at least 10 weeks before

entry into the study, and the same doses maintained during the entire study. It was be

conducted in accordance with the Declaration of Helsinki and approved by ethics

boards of Mackay Memorial Hospital. All subjects must provide informed consent

before enter the trial. This trial is registered with ClinicalTrials.gov, with the number

NCT01195090.

3.3 Withdrawal Criteria

Withdrawal criteria included pregnancy, A1C >11.0% after the first 12 weeks of

treatment, ALT or AST >3x ULN, serum creatinine female >1.4 mg/dl and male >

1.5mg/dl, any adverse effect unacceptable to the patient, or serious adverse effects,

including severe hypoglycemia, heart failure and hepatic failure.

11



3.4 Efficacy and safety assessments

A1C, fasting plasma glucose (FPG), fasting serum insulin, high sensitive
C-reactive protein (hs-CRP), ALT, AST and fasting plasma lipid parameters (total
cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), triglycerides (TG) and
high-density lipoprotein cholesterol (HDL-C)) were measured at baseline and after 12
and 24 weeks of treatment. Fasting serum C-peptide was measured at baseline. Insulin
resistance was assessed by the homeostasis model assessment (HOMA-IR), calculated
as (fasting insulin [tU/ml]) x (fasting plasma glucose [mmol/1])/22.5%.

Safety and adverse events were assessed and monitored throughout the study.
Physical examinations, vital signs, and safety laboratory measurements, were
performed. Safety endpoints of interest included hypoglycemia, edema,
gastrointestinal related adverse events, nasopharyngitis, influenza, any serious adverse
event and change from baseline in body weight.

3.5 Lab data acquisition and analysis

A1C was analysed using cation ion exchange HPLC method (BIO-RAD
VARIANT 1II ). A Beckman automatic analyzer was used to measure FPG
(hexokinase method), TC (enzymatic method), TG (enzymatic GPO trinder method),
LDL-C (homogeneous method), HDL-C (homogeneous method), ALT
(2-amino-2methyl-1-propanl method), AST (Henry method) and creatinine

12



(colorimetric assay). Hs-CRP was determined using chemiluminescent immunometric

assay (Immultitle 2000, Siemens). Insulin was analysed by the coated tube separation

radioimmunoassay and C-peptide by solid-phase two site immunoradiometric assay.

3.6 Statistical Analyses

An intent-to-treat (ITT) analysis with last observation carried forward was used

to assess efficacy. The ITT population included all patients who had received at least

one dose of study medication and had A1C recorded at baseline and at least once after

baseline. Treatment groups were compared at baseline using the Student t test for

continuous variables and the Chi-square test for categorical variables. The change

from baseline in continuous parameters were determined using an analysis of

co-variance (ANCOVA) model with the factor ‘treatment’ and baseline value as

covariate. The chi-square test or Fisher’s exact test were used for dichotomous

parameters. A repeated measure, mixed model analysis was used to compare the

primary outcomes of change in A1C between groups and over time. All patients who

had taken at least one dose of study medication were included in the safety analysis.

Subgroup analyses for the primary efficacy endpoint (A1C) were performed by

including an interaction term in the ANCOVA model to explore whether treatment

effects were consistent within subgroups. For subgroup analyses, baseline variables

were treated as binary variables, dichotomized at the median value. Results were

13



presented as mean (=SD or +standard error) or 95% CI for continuous parameters, and
numbers or percentages for dichotomous parameters.

One hundred twenty patients were planned for randomization to 1 of 2 groups with 60
patients each, accounting for a 10% early discontinuation rate. Therefore, 120 patients
would provide 80% power to detect a treatment difference of 0.5% for A1C using a
2-sided test with a 0.05 significance level. An estimated 0.9% SD of intra-subject
difference was expected. The treatment difference and standard deviation was based

on the previous trials’ """, All analyses were done using SAS version 9.2.

14



Chapter 4: Results
4.1 Patient disposition and baseline characteristics

Figure 2 summarizes patients flow through the study. A total of 120 patients were
randomized and similarly number of patients in each treatment group completed the
24-week treatment. The reasons for premature withdrawal included being lost to
follow-up (2 in pioglitazone group and 2 in sitagliptin group), protocol violation (4 in
pioglitazone group and 3 in sitagliptin group), peripheral edema (1 in pioglitazone
group), ALT >3 times ULN (1 in pioglitazone group) and gastrointestinal events (1 in
sitagliptin group). There were no statistically significant differences between the
treatment groups in respect to baseline demographics, clinical characteristics, and
laboratory measurements with the exception of total cholesterol and triglycerides
levels, which were higher in patients randomly assigned to pioglitazone (Table 2).
4.2 Efficacy
4.2.1 A1C, FPG and HOMA-IR

Both pioglitazone and sitagliptin significantly decreased A1C from baseline to
endpoint (-0.94+0.12%, p< 0.001 and -0.71+0.12%, p <0.001; respectively), but no
statistically significant difference between treatment groups was observed (Table 3
and Figure 3). No significant differences were observed between groups in reductions
in A1C after adjusting for the dose of sulfonylurea (P=0.17) or analyzed using the

15



mixed model with repeated time measures (p=0.12). Mean changes in FPG were

-35.7+ 4.0mg/dl with pioglitazone and -22.8+ 4.0mg/dl with sitagliptin, for a between

groups difference of -12.9+5.7mg/dl (p=0.024). The difference in FPG between the

two groups was still significant after adjusting for the dose of sulfonylurea (p=0.025).

Figure 3 and Figure 4 show changes during the course of the study for A1C and FPG

levels. The maximum decrease in A1C was reached at 12 weeks in the sitagliptin

group and 24 weeks in the pioglitazone group. The percentages of patient achieving

an A1C <7% was similar in both groups (28.8% in the pioglitazone and 28.3% in

sitagliptin) (Figure 5).

HOMA-IR significantly changed from baseline in the pioglitazone group (-1.56+ 0.35,

p < 0.001), and a non-significant changed in the sitagliptin group (-0.00+ 0.35,

p=0.993), resulting in a significant difference between groups (-1.56+0.50, p=0.002)

(Table 3).

4.2.2 Hs-CRP and lipids

Hs-CRP significantly changed from baseline in the pioglitazone group (-0.19+ 0.04

mg/dL, p < 0.001), and a non-significant changed in the sitagliptin group (-0.07+

0.04mg/dL, p=0.069), resulting in a significant difference between groups (-0.12+0.05,

p=0.030). Treatment with pioglitazone significantly increased TC, HDL-C, and

decreased TG, while sitagliptin did not induce changes in these parameters (Table 3).

16



At end point, there were significant differences between the groups for TG and

HDL-C in favour of pioglitazone (-30.2+ 13.3mg/dL, p=0.025 and 5.0+ 1.6, p=0.003;

respectively). No significant change from baseline in the LDL-C was observed in

either group, resulting in no significant difference between groups (Table 3). No

differences between groups were observed with regard to systolic blood pressure and

diastolic blood pressure.

4.3 Safety and tolerability

Overall adverse events were similar between treatment groups (Table 4). Among

the reported adverse events, peripheral edema was more common in the pioglitazone

group than sitagliptin group (27.1% vs. 0.0%, respectively), whereas gastrointestinal

adverse was more common in the sitagliptin group than pioglitazone group (20%

vs.6.8%, respectively). All the adverse events were mild to moderate. Hypoglycemic

events occurred in 5 patients (8.5%) in the pioglitazone group and in 6 patients

(10.0%) in the sitagliptin group. No hypoglycaemia episode required medical

assistance or required assistance of another person. One patient discontinued therapy

because of mild, but unacceptable to the patient, edema in the pioglitazone group and

one patient discontinued therapy because of abdomen pain in the sitagliptin group.

ALT decreased non-significantly by 4.5+ 2.4 IU/L (p=0.367) in the pioglitazone group,

and remained unchanged in the sitagliptin group (Table 3). One patient withdrew due

17



to elevated ALT > 3times ULN. On follow-up, the level of ALT reduced to < 3times

ULN.

Mean change in body weight from baseline was 1.34+ 0.32kg (p<0.001) in the

pioglitazone group and -0.26+ 0.32kg (p=0.43) in the sitagliptin group (Table 3). The

between group difference in the body weight was 1.60+£0.46 kg (p < 0.001).

4.4 Subgroup analyses

In an exploratory intention-to-treat analysis that was not prespecified in the study

protocol, we assessed the consistency of between-group differences regarding the

change from baseline in A1C in subgroups (Figure 6). There was only significant

interaction between patients with different gender (P = 0.006), although we found that

female patients and patients with higher BMI or higher HOMA-IR at baseline

appeared to have a greater reduction in A1C in pioglitazone group.

18



Chapter 5: Discussion
5.1 A1C, FPG and HOMA-IR

Metformin and SU are recommended as the first 2 steps of therapy in current
treatment algorithms™®. However, there is no widely agreed consensus on how to
intensify therapy in patients with secondary oral agent failure. Our study
demonstrated that intensifying an existing dual oral therapy by adding pioglitazone or
sitagliptin resulted in a significant and similar improvement in A1C.
Our changes in A1C results of pioglitazone and sitagliptin were similar to previous
meta-analysis evaluating antidiabetic drug additions to metformin'?. The magnitude of
A1C reduction of pioglitazone in our study was somewhat lower than previous reports

1121 This could be due to that we

combining metformin and a SU with pioglitazone
only used pioglitazone 30mg daily lower than previous studies (34.5mg to 45mg
daily).

Our results demonstrated superior FPG reductions with pioglitazone verses sitagliptin,
despite similar effect on A1C, were consistent with prior studies which pioglitazone
or vildagliptin (another brand of DPP-4 inhibitors) were added to patients with
metformin monotherapy?®. This could be probably due to the different mechanisms of
action of the two add-on drugs. Pioglitazone decreases fasting and postprandial

plasma glucose by improving hepatic and peripheral insulin sensitivity, whereas
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sitagliptin stimulate insulin secretion and inhibit glucagon secretion in a
glucose-dependent manner which was considered to be mainly a postprandial

182329 Puture studies are needed to compare the 24-h glucose profiles with

treatment
treatment with both drugs.
In agreement with the established effects of pioglitazone on insulin resistance,

pioglitazone was associated with significant decrease in HOMA-IR'®"

. In contrast,
HOMA-IR was not significantly change with sitagliptin, consistent with the
observation that DPP4 inhibitors target insulin secretion and do not alter insulin
resistance'>"’.
5.2 Hs-CRP and lipids

The favourable influence of pioglitazone on TG, HDL-C and hs-CRP is well
established'™". Our results extended the findings and showed that similar lipid and
hs-CRP changes can be expected when pioglitazone is added to dual therapy with
metformin and a SU. Consistent with previous studies, in which sitagliptin has
generally demonstrated a neutral effect on lipid and hs-CRP'>'®%*. Whether these
differences in lipid and hs-CRP effects translate into differences for the risk of CVD is
not clear.
5.3 Safety, tolerability and body weight change

Both combination therapies were general well tolerated, with no difference in the
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incidence of overall adverse events. There was a significantly higher incidence of
edema in the pioglitazone group compared with the sitagliptin group, consistent with
previous results of an increased incidence of edema with pioglitazone’**.
Gastrointestinal adverse events was more common in the sitagliptin and was higher
than reports of previous sitagliptin studies (20% vs. 4.3 -12%)'*"7. However, most of
the events were mild and resolved while patients continued to receive therapy.
Hypoglycemia is always a concern with the antidiabetic drugs. The incidence of
hypoglycemia was similar in both groups and none of the episodes was considered to
be severe by the investigators and most were associated with precipitating factors,
such as delay eating, skipped meals or increased activity.
Another concern with antidiabetic drugs is weight gain. In this study, the mean weight
gain was higher in the pioglitazone group compared with the sitagliptin group. Weight
gain is a well-known consequence of pioglitazone treatment, while weight neutrality
has been observed in sitagliptin studies both in monotherapy and add-on
settings”'”’”.
5.4 Subgroup analyses

The treatment effects on A1C were consistent across most subgroups, with only
significant interaction noted with regard to gender. Magnitudes of the A1C reduction

with sitagliptin were generally consistent across the subgroups in previous clinical
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studies (e.g. age, gender, duration of diabetes, BMI, and HOMA-IR)'>!". The efficacy
of pioglitazone was different in gender has not been reported in clinical studies, but
according to the FDA review, the decrease in AIC was greater in women than in men™.
The reasons for sex difference are possibly due to the pharmacological mechanisms
based on differences in body fat distribution and in sex hormones and due to the
different pharmacokinetic mechanism®' .

5.5 Limitation

There were some limitations to this study. First, the period of treatment was too short
to evaluate long-term glycemic control and adverse event. Second, we may
underestimate the efficacy of pioglitazone, as the maximum dose pioglitazone was not
used. However, the cost of pioglitazone 30mg is similar to sitagliptin 100mg, so we
don’t need to consider cost-effectiveness. Third, our study did not record or measure
some potential adverse events including anemia, osteoporosis and urinary tract
infection. Finally, Subgroup analyses indicated a slight favour for adding pioglitazone
compared with sitagliptin in patients with higher BMI or higher HOMA-IR at baseline,
however, our study was not designed with sufficient power to draw statistical

conclusions about individual subgroups. Thus, one should be cautious in interpreting

the results of subgroup analyses.
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5.6 Conclusion

Pioglitazone and sitagliptin achieved similar improvements in overall glycemic

control in patients with type 2 diabetes inadequately controlled with metformin and a

sulfonylurea. However there were some differences in terms of FPG, lipids,

HOMA-IR, body weight change and adverse events. Long term randomized control

trials will be required to provide the reference when choosing OAD as combination

therapy in patients with type 2 diabetes who had inadequate glycemic control on dual

therapy with metformin and a SU.
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A1C, LS Mean change from

baseline, % (se) Treatment difference Favors Favors
% (95% CI) Pioglitazon= Sitagliptin

No of patients

Baseline Characteristics
Puoglitazone Silagliplin Pioglilazone  Sitagliplm

Total 59 60 -0.94(0.12) -0.71{0.12) -0.23(-0.54, 0.08) . o
Age yrs
~<median (59) 20 29 -0.91(0.17) -0.50(0.17) -0.31(-0.78, 0.16) ——
= median 30 31 -0.97(0.16) -0.B2{0.16) -0.15(-0.€0, 0.30) ——
Bex
Fernale 36 38 -1.11(0.15) -048(0.14) -0.63(-1.04,-0.23) s
Male 23 22 -0.65(0.17) -1.11{(0.18) 0.45(-0.03,0.95) —a—

Duration of diabetes, yrs
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on maximal dose 22 27 -0.85(0.21) -0.51{0.19) -D.34(-0.89,0.21) ——
Baseline A1C | %
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Triglyeerides, mg/dl
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Figure 6 Change in A1C on the subgroups according to baseline characteristics
A1C=glycosylated hemoglobin; FPG= Fasting plasma glucose; LDL-C= LDL
cholesterol; HDL-C=HDL cholesterol; hs-CRP=high sensitive C-reactive

protein;HOMA-IR= homoeostasis model assessment of insulin resistance
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Table 1 Literature review: Effect of antidiabetic agents added to metformin on glycemic control, hypoglycemia and weight change in patients

with type 2 diabetes- a network meta-analysis'>

Mean change from baseline in A1C level (95% CI), %

Placebo

-0.82(-0.95,-0.70)  Sulfonylureas

-0.71 (-1.01,-0.43)  0.11 (-0.17,0.38) Glinides
-0.82 (-0.98,-0.66)  -0.00 (-0.16,0.16)  -0.11 (-0.42,0.21) Pioglitazone
-0.66 (-0.90, -0.42)  0.16 (-011, 0.43) 0.05 (-0.31,0.44) 0.16 (-0.12, 0.45) AGI

-0.69 (-0.79,-0.61)  0.12 (0.03, 0.23) 0.01 (-0.26,0.31) 0.12 (-0.03,0.28) -0.03 (-0.29,0.22)  DPP4-inhibitors
-1.02 (-1.17,-0.86)  -0.20 (-0.34,-0.04)  -0.31 (-0.61,-0.02)  -0.20 (-0.38,-0.00)  -0.36 (-0.64,-0.07)  -0.32 (-0.47,-0.17) GLP-1
-0.88 (-1.21,-0.56)  -0.07 (-0.38,0.26)  -0.17 (-0.58,0.25)  -0.06 (-0.40,0.28)  -0.22 (-0.63,0.18)  -0.19(-0.51,0.13)  0.13 (-0.16,0.42) Basal insulin

-1.07 (-1.46,-0.69) -0.26 (-0.63,0.12)  -0.36(-0.82,-0.11)  -0.25(-0.65,0.15)  -0.41 (-0.87,0.04)  -0.38 (-0.76,0.00)  -0.06 (-0.44,0.33) -0.19 (-0.56,0.18)  Biphasic insulin

At least one event of overall hypoglycemia (95% CI), odds ratio

Placebo

8.86 (4.63,17.83) Sulfonylureas

10.51 (3.59,38.32)  1.19(0.43,3.85) Glinides
045(0.15,1.34)  0.05(0.02,0.13)  0.04 (0.01,0.17) Pioglitazone
040 (0.01,6.57)  0.04(0.00,0.79)  0.04(0.00,0.77)  0.87(0.01,18.08) AGIs

113 (0.62,2.17)  0.13(0.08,021)  0.11(0.03,0.32)  2.50(0.93,7.43)  2.85(0.17,163.1)  DPP4-inhibitors

0.92(0.422.07)  0.10(0.05021)  0.09(0.02,0.29)  2.03(0.66,6.51)  232(0.13,132.7)  0.81(0.38,1.63) GLP-1
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4.77 (1.35,18.3) 0.54 (0.17,1.85) 0.45(0.09,2.17) 10.57 (2.41,51.26)  12.33(0.55,774.0)  4.22 (1.24,14.87) 5.20 (1.77,16.45) Basal insulin

17.78 (4.84,69.98) 2.00 (0.62,6.68) 1.67 (0.32,8.06) 39.38(8.84,189.6)  45.74 (2.01,2889)  15.67 (4.45,55.92) 19.36(5.73,68.648)  3.72(1.16,11.80)  Biphasic insulin

Mean change from baseline in body weight (95% CI), kg

Placebo

2.17 (1.70,2.65) Sulfonylureas

1.40 (0.59,2.26)  -0.77 (-1.65,0.15) Glinides
246 (1.88,3.06)  0.29(-0.31,090)  1.07(0.05,2.03) Pioglitazone
101 (-1.88,-0.13)  -3.18 (-4.17,-2.17) 241 (-3.63,-1.22)  -3.47 (-4.52,-2.41) AGIs

0.23 (-0.13,0.60) -1.93 (-2.35,-1.53)  -1.16 (-2.07,-0.30)  -2.23 (-2.81,-1.66) 1.24 (0.29,2.19) DPP4-inhibitors
-1.66 (-2.26,-1.09)  -3.81 (-4.44,-3.24)  -3.06 (-4.08,-2.11)  -4.12 (-4.84,-3.44)  -0.65 (-1.72,0.39)  -1.89 (-2.46,-1.35) GLP-1
1.38(0.18,2.60) -0.79 (-1.95,0.38) 0.02 (-1.47,1.40) -1.08 (-2.34,0.19) 2.39(0.91,3.88) 1.15(-0.03,2.34) 3.04 (1.97,4.15) Basal insulin

3.41(2.04,4.77) 1.24 (-0.08,2.54) 2.01(0.41,3.56) 0.94 (-0.48,2.35) 4.41 (2.79,6.05) 3.17 (1.82,4.52) 5.06 (3.74,6.41) 2.02(0.69,3.35)  Biphasic insulin

AI1C: glycosylated hemoglobin, CI: confidence interval, AGIs: a-glucosidase inhibitors, DPP4-inhibitors: dipeptidyl peptidase-IV inhibitors,
GLP-1: glucagon-like peptide-1 analogues
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Table 2 Baseline demographic and clinical characteristics

Characteristic Pioglitazone (n=60) Sitagliptin (n=60)
Female, n (%) 37 (61.7) 38 (63.3)
Age, years (SD) 581 + 83 60.1 + 89
Duration of diabetes, years (SD) 78 t 39 7.8 t 43
Weight, kg (SD) 654 = 104 694 = 136
Body-mass index, kg/mz(SD) 257 37 266 * 4.6
Systolic BP, mmHg (SD) 1280 + 114 1279 + 11.0
Diastolic BP, mmHg (SD) 729 + 6.6 723 t 82
Al1C, % (SD) 854 t 097 827 * 0.86
FPG, mg/dl (SD) 1824 + 38.0 176.8 + 46.6
C-peptide, ng/ml (SD) 450 t 2.10 526 t 3.14
Fasting insulin, pIU/ml (SD) 10.60 = 6.57 1296 + 8.77
HOMA-IR (SD) 4.75 L £ %318 558 + 3.8l
hs-CRP. mg/dl (SD) 042 + 0.68 038 + 036
Total cholesterol, mg/dl (SD) 194.1 R 5 38:8 1744 = 31.1*
Triglyceride, mg/dl (SD) 168.9 &+ 7893 136.7 + 73.8%
LDL cholesterol, mg/dl (SD) 11405+ ,31.3 1023 + 253
HDL cholesterol, mg/dl (SD) 429 + 12.0 423 t 123
ALT, IU/1 (SD) 285 + 155 342 = 175

OAD treatment

Metformin, mg/day (SD) 1713 = 247 1717 = 246

Glimepiride, n (%) 55(92) 54(90)
mg/day (SD) 65 + 13 65 = 15

Gliclazide, n (%) 5(8) 6(10)
mg/day (SD) 90.0 = 30.0 95.0 * 295

BP=blood pressure; Al1C=glycosylated hemoglobin; FPG= Fasting plasma glucose;
HOMA-IR= homoeostasis model assessment of insulin resistance; hs-CRP=high
sensitive C-reactive protein; ALT= Alanine-aminotransferase; OAD= oral antidiabetic
drugs; * p<0.05
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Table 3 Least squares (LS) mean change from baseline in primary and secondary outcomes for the intent-to-treat population

Mean change from baseline Between group difference
Characteristics Pioglitazone (N=59) P Sitagliptin (N=60) P p
A1C (%), -0.94+ 0.12 <0.001 -0.71+ 0.12 <0.001 -0.23+0.16 0.17
FPG (mg/dl) -35.8+4.0 <0.001 -22.8+ 4.0 <0.001 -12.945.7 0.024
Fasting insulin (uIU/ml) -1.55+0.68 0.025 1.19+0.68 0.08 -2.75+ 0.96 0.005
HOMA-IR -1.56+ 0.35 <0.001 -0.00+ 0.35 0.99 -1.56+0.50 0.002
hs-CRP (mg/dl) -0.19+ 0.04 <0.001 -0.07+ 0.04 0.07 -0.12+0.05 0.030
Total cholesterol (mg/dL) 9.9+ 4.0 0.014 0.6£3.9 0.88 9.3+£5.7 0.11
Triglycerides (mg/dL) -23.9+94 0.012 6.3+9.3 0.50 -30.2+13.3 0.025
LDL cholesterol (mg/dL) 6.6=3.7 0.08 -1.2+3.7 0.74 7.8£5.3 0.14
HDL cholesterol (mg/dL) 6.3+1.2 <0.001 1.3£1.2 0.27 50+ 1.6 0.003
Body weight (kg) 1.344+0.32 <0.001 -0.26+ 0.32 0.43 1.60+0.46 <0.001
ALT (IU/1) -4.5+2.4 0.37 -0.0+2.4 0.99 -4.5+3.5 0.20
Systolic BP (mmHg) -0.5+0.9 0.55 0.0=0.9 0.98 -0.5+1.2 0.65
Diastolic BP (mmHg) -0.8+ 0.6 0.21 0.9+ 0.6 0.16 -1.7£0.9 0.06

Data are means + se
BP=blood pressure; A1C=glycosylated hemoglobin; FPG= Fasting plasma glucose; HOMA-IR= homoeostasis model assessment of insulin
resistance; hs-CRP=high sensitive C-reactive protein; ALT= Alanine-aminotransferase
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Table 4 Summary of clinical AEs

Pioglitazone Sitagliptin
N (%) N (%) P value
Any AE 31 (51.7) 26 (43.3) 0.36
SAE 0(0.0) 0(0.0)
Edema 16 (27.1) 0(0.0) <0.001
Nasopharyngitis or 11 (18.6) 12 (20.0) 0.85
Influenza
Gastrointestinal AEs 4 (6.8) 12 (20.0) 0.035
Diarrhea 0(0.0) 4(6.7)
Nausea or Vomiting 2(3.3) 6 (10.0)
Constipation 1(1.7) 1(1.7)
Abdomen pain 3(5.0) 4 (6.7)
Hypoglycemia
Mild to moderate 5(8.5) 6 (10.0) 0.77
Severe 0(0.0) 0 (0.0)
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ClinicalTrials.gov @ ‘&) EDA
e Pt

Protocol Registration System

Protocol Registration Receipt
090212010

Efficacy of Adding Sitagliptin or Pioglitazone to T2DM Insufficiently Controlled With
Metformin and Sulfonylurea (JAS)

This study is currentiy recruiting participants.
Verified by Mackay Memarial Hospital, September 2010

Sponsor: | Mackay Memaorial Hospital

Collaborators:

Information provided by: | Mackay Memaorial Hospital

ClinicalTrials.gov ldentifier; | NCTO11950%)
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This 24-weeks study will to compare the glycemic efficacy and safety of sitagliptin with pioglitazone in patients
with type 2 diabetes who had inadequate glycemic control despite dual therapy with metformin and a sufonylurea.

Condition Intervention Phase

Diabetes Mellitus, Type 2 Dirug: Sitagliptin Fhases 4

Dirug: picglitazone

Study Type: Interventional
Study Design: Treatment, Parallel Assignment, Open Label, Randomized, Active Contral, Safety/Efficacy Study

Crfficial Title: Efficacy of Adding Sitagliptin or Piogitazone to Patients With Type 2 Diabetes Insufficiently
Controlled With Metformin and SuFonylurea

Further study details as provided by Mackay Memonial Hospital:
Primary Ouicomes Measure:
= compare the change in hemoglobin Afc and the proportion of patients achieving A1C <7% [Time Frame: 24
weeks] [Designated as safety issue: Yes]
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Appendix 3: Informed consent
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