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Abstract

Aims: To compare the efficacy and safety of adding low-dose lobeglitazone
(0.25 mg/day) or standard-dose lobeglitazone (0.5 mg/day) to patients with type 2
diabetes mellitus (T2DM) with inadequate glucose control on metformin and
dipeptidyl peptidase (DPP4) inhibitor therapy.

Materials and Methods: In this phase 4, multicentre, double-blind, randomized
controlled, non-inferiority trial, patients with T2DM insufficiently controlled by met-
formin and DPP4 inhibitor combination therapy were randomized to receive either
low-dose or standard-dose lobeglitazone. The primary endpoint was non-inferiority
of low-dose lobeglitazone in terms of glycaemic control, expressed as the difference
in mean glycated haemoglobin levels at week 24 relative to baseline values and
compared with standard-dose lobeglitazone, using 0.5% non-inferiority margin.
Results: At week 24, the mean glycated haemoglobin levels were 6.87 +0.54% and
6.68+0.46% in low-dose and standard-dose lobeglitazone groups, respectively
(p = .031). The between-group difference was 0.18% (95% confidence interval
0.017-0.345), showing non-inferiority of the low-dose lobeglitazone. Mean body
weight changes were significantly greater in the standard-dose group (1.36 + 2.23 kg)
than in the low-dose group (0.50 + 1.85 kg) at week 24. The changes in HOMA-IR,
lipid profile and liver enzyme levels showed no significant difference between the
groups. Overall treatment-emergent adverse events (including weight gain, oedema

and hypoglycaemia) occurred more frequently in the standard-dose group.
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1 | INTRODUCTION
According to the International Diabetes Federation (IDF), type
2 diabetes mellitus (T2DM) has reached epidemic proportions globally,
including South Korea.>® For some patients, the choice of glucose-
lowering medication in treating T2DM is challenging. According to
most guidelines, metformin is the recommended initial drug of choice.
When blood glucose levels are not adequately controlled with metfor-
min monotherapy, combination therapy might be considered as a next
step.*> Dipeptidyl peptidase-4 (DPP4) inhibitors with metformin are
commonly prescribed as dual combination therapy in many countries.®
Despite the introduction of these combination therapies, the propor-
tion of patients whose blood glucose levels are not well controlled
remains high.”®

Technically, thiazolidinediones (TZDs) are the only insulin sen-
sitizers among various antidiabetic agents. They activate peroxi-
some proliferator-activated receptor gamma and simultaneously
improve insulin resistance in adipose cells, upregulate glucose
uptake and utilization by the muscles, and reduce hepatic glucose
production.’*? Considering the pathophysiology of T2DM, which
includes insulin resistance and beta-cell dysfunction, the frequency
of TZD usage will probably increase.!® After the United States Food
and Drug Administration approved pioglitazone and rosiglitazone in
1999, the adoption of TZDs has markedly increased. However, in
clinical practice, the proportion of patients taking TZDs is lower
than expected.'* In fact, the use of TZDs had declined drastically
since 2007, when Nissen and Wolski reported the cardiovascular
risk of rosiglitazone.'® Despite evidence of rosiglitazone's neutral
effects on cardiovascular outcomes, safety concerns such as heart
failure, oedema, as well as weight gain and fractures have reduced
TZD use. 1620

Reducing adverse effect risks associated with TZDs use may
improve their accessibility for diverse cases in clinical practice. The
risk of adverse effects may be reduced by using low doses at treat-
ment initiation. In previous studies, low-dose pioglitazone (7.5 mg/day)
showed fewer adverse effects than standard-dose pioglitazone
(15 mg/day), while low-dose pioglitazone showed non-inferiority for
similar outcomes.?123

Lobeglitazone (Chong Kun Dang Pharmaceutical Corporation,
Seoul, Korea) is a TZD widely adopted in Korea. Along with its
glucose-lowering and lipid-modifying effects, lobeglitazone has

beneficial effects on beta-cell function and survival.?42¢ A recent

Conclusions: Adding low-dose lobeglitazone to metformin and DPP4 inhibitor combi-
nation resulted in a non-inferior glucose-lowering outcome and fewer adverse events
compared with standard-dose lobeglitazone. Therefore, low-dose lobeglitazone might
be one option for individualized strategy in patients with T2DM.

antidiabetic drugs, beta-cell function, glycaemic control, thiazolidinediones, type 2 diabetes

study has shown that lobeglitazone may improve albuminuria in
patients with T2DM.2” Similar to other oral antidiabetic agents,
lobeglitazone is effective as monotherapy and combination
therapy.25'28'29

In this study, we aimed to evaluate the efficacy and safety of low-
dose (0.25mg/day) lobeglitazone compared with standard-dose
(0.5 mg/day) lobeglitazone in patients with T2DM and poor glucose
control despite combination treatment with metformin and DPP4

inhibitor we often encounter in clinical practice.

2 | MATERIALS AND METHODS

21 | Study design

This was a randomized, double-blind, multicentre, phase 4 study
conducted at seven centres between October 2018 and September
2021 (ClinicalTrials.gov: NCT03770052). The study comprised a
2-week screening, 24 weeks of treatment and a 30-day follow-up
period.

The study protocol and other relevant documents were approved
by the Institutional Review Board (IRB no. 1712-003-072) of each
centre. Written informed consent was obtained from eligible patients
before enrolment. This study complied with the Declaration of
Helsinki, Guidelines for Good Clinical Practice, and applicable local
laws and regulations.

2.2 | Study population

The study included Korean patients with confirmed diagnosis of
T2DM aged 19-80vyears. Eligible patients were previously treated
with metformin plus DPP4 inhibitor for at least 3 months without any
DPP4 inhibitor or metformin dose titration (2500 mg/day) for over
8 weeks before screening. Other inclusion criteria were body mass
index (BMI) between 20 and 45kg/m? and glycated haemoglobin
(HbA1c) levels of 7.0%-9.0%.

The key exclusion criteria were any history of severe heart failure
(New York Heart Association Class Ill or V), major cardiovascular or
cerebrovascular event in the last 6 months, use of medications affect-
ing blood glucose level, renal or hepatic dysfunction [estimated glo-

merular filtration rate <45ml/min/1.73m?, or levels of aspartate
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aminotransferase (AST) or alanine aminotransferase (ALT) 2.5 times
higher than the upper normal limit], abnormal lipid profile [triglycer-
ides levels of >500 mg/dl or low-density lipoprotein (LDL) cholesterol
of >160 mg/dl], use of insulin or any TZDs in the previous 8 weeks,

and history of bladder malignancy.

2.3 | Datacollection

Initial screening collected data on medical history, anthropometric
measurements, physical examination and laboratory test findings. Bio-
chemical tests included complete blood count, fasting blood glucose,
fasting insulin, fasting C-peptide, HbAlc, creatinine, lipid profiles, liver
enzymes, thyroid stimulating hormone, high sensitivity C-reactive pro-
tein (hs-CRP) and serum adiponectin level assessments. The partici-
pants underwent follow-up blood tests (except blood count levels)
and physical measurements at week 24 for comparisons with baseline

values.

24 | Sample size

To show the non-inferiority of Arm B (lobeglitazone 0.25 mg) com-
pared with Arm A (lobeglitazone 0.5 mg), between group difference in
HbA1c was evaluated with a non-inferiority limit of & = 0.5%. Based
on a 5% significance level and a statistical power of 90%, a sample size
of 69 patients per treatment group was required. Considering a 20%
drop-out rate, we aimed to enrol a total of 174 patients (n = 87 per

group).

25 | Treatments

Eligible patients were randomly assigned to receive low-dose
(0.25mg) or standard-dose (0.5 mg) lobeglitazone once daily as
an add-on therapy to metformin and DPP4 inhibitors (low-dose
group vs. standard-dose group). In each group, the treatment
continued for 24 weeks. The doses of metformin (2500 mg) and
DPP4 inhibitors were as before the initiation of the trial. Each
patient visited the centre three times for safety and efficacy
evaluation. Stratified block randomization was performed at each
site using SAS version 9.3. This clinical trial used a double-blind
protocol.

2.6 | Outcomes

The primary endpoint was defined as HbAlc levels at 24 weeks.
Secondary endpoints included changes in HbAlc levels and body
weight at 24 weeks relative to baseline values, the proportion of
patients achieved HbAlc <7%, adverse event incidence, 24-week
changes in homeostatic model assessment of insulin resistance
(HOMA-IR), serum lipid profiles, hs-CRP, liver enzymes and adiponectin

levels.

2.7 | Statistical analyses

The main efficacy analysis was based on a full-analysis (FA)

set population that received medication at least once after

179 Assessed for eligibility

20 Excluded

20 Did not meet inclusion/exclusion criteria

159 Randomized

78 Safety population
Lobeglitazone 0.25mg daily

5 Efficacy assessment is not available [~

73 FAS population

3 Did not meet the inclusion/exclusion criteria
2 Did not meet the compliance requirements (<80%)
1 Medication of contraindicated drugs

67 per protocol population

FIGURE 1 Patient allocation. FAS, full analysis set

81 Safety population
Lobeglitazone 0.5mg daily

— 7 Efficacy assessment is not available

74 FAS population

2 Did not meet the inclusion/exclusion criteria
4 Did not meet the compliance requirements (<80%)
1 Medication of contraindicated drugs

67 per protocol population
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randomization and underwent efficacy evaluation. The per-protocol
(PP) set population was defined as patients who finished the trial
and fulfilled all study protocol criteria. We used the PP group for
minor efficacy analysis.

For primary efficacy evaluation, non-inferiority was confirmed if
the upper limit of the 95% confidence interval was <0.5% of the dif-
ference in the mean HbA1c value at week 24. The independent sam-
ple t-test was used to evaluate the differences in HbAlc, body
weight, HOMA-IR, LDL-cholesterol, high-density lipoprotein-choles-
terol, hs-CRP, adiponectin, AST and ALT values at 24 weeks. Status
comparisons before and after lobeglitazone administration were per-
formed using the paired sample t-test. Frequencies and percentages
were presented to evaluate the achievement rate of HbAlc <7% at
24 weeks and the chi-squared and Fisher exact tests were used to
confirm the results.

Safety evaluation was performed in the safety set population,
defined as participants who were exposed to at least a single dose of
the trial medication after randomization. Data on adverse events that

TABLE 1 Baseline demographic and
clinical characteristics (FA set population)

occurred throughout the study period were analysed using MedDRA
version 21.1.

The chi-squared test or Fisher exact test and independent-sample
t-test were used to compare variables between the two groups. The
paired-samples t-test or McNemar test was used for variance analysis
before and after the intervention. Statistical analyses were performed
using SAS software version 9.4. All results were considered

statistically significant at p <.05.

3 | RESULTS

3.1 | Baseline characteristics

The study flowchart is presented in Figure 1. Among the 179 patients
screened for study eligibility, 20 were excluded because they could
not meet the inclusion and exclusion criteria. In total, 159 eligible
patients were randomized and defined as the safety set (78 in the

Lobeglitazone 0.25 mg Lobeglitazone 0.5 mg

Characteristics (N =73) (N =74) p-value
Age (years) 61.7+8.8 61.2+85 749
Sex, male (%) 35 (48.0) 36 (48.7) .932
Body weight (kg) 66.8+10.8 67.8+12.8 .609
BMI (kg/m?) 253+3.2 25.5+3.2 751
Disease duration (years) 100+ 6.4 95+58 .586
Metformin dose (mg/day) 1035+ 511 1141 £ 521 217
HbA1c (%) 7.62+048 7.70+£0.58 401
Fasting plasma glucose (mg/dl) 151.2+22.7 152.2+284 .805
SBP (mmHg) 126.3+12.3 126.1+13.3 .953
DBP (mmHg) 74.3+9.6 749 £10.4 .720
Creatinine (mg/dl) 0.79+£0.18 0.78+0.18 .821
Total cholesterol (mg/dl) 144.0+26.1 144.8 +26.0 .848
Triglyceride (mg/dl) 127.8+53.3 133.1+65.3 .590
LDL cholesterol (mg/dl) 81.6+23.0 82.7+24.5 772
HDL cholesterol (mg/dl) 50.4+11.5 48.8+12.2 405
HOMA-IR 44+6.2 3.7+27 443
TSH (ulU/ml) 24+1.6 22+15 .302
Fasting plasma insulin (ulU/ 11.8+18.7 99+73 431
ml)
C-peptide (ng/ml) 27127 26+1.6 793
Adiponectin (ug/ml) 7.2+4.9 6.3+34 212
AST (U/L) 27.4+10.6 253+9.8 217
ALT (U/L) 32.0+18.0 30.2+18.0 .542
hs-CRP (mg/dl) 0.2+0.3 02+04 914

Note: Data are means * standard deviation, for continuous variables and frequencies (percentage) for

categorical variables.

Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index;
DBP, diastolic blood pressure; HbA1lc, glycated haemoglobin; HDL, high-density lipoprotein; HOMA-IR,
homeostatic model assessment of insulin resistance; hs-CRP, high sensitivity C-reactive protein; LDL,
low-density lipoprotein; SBP, systolic blood pressure; TSH, thyroid stimulating hormone.
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low-dose group and 81 in the standard-dose group). For the main
analysis, we excluded 12 patients who were not available for the
efficacy assessment (five in the low-dose group and seven in the
standard dose-group), and 147 patients (73 in the low-dose group
and 74 in the standard-dose group) were included in the FA set.
We further excluded 13 patients; six patients (three did not meet
the inclusion/exclusion criteria, two did not meet the compliance
requirements and one had contraindicated drugs) in the low-dose
group and seven (two did not meet the inclusion/exclusion criteria,
four did not meet the compliance requirements and one had con-
traindicated drugs) in the standard-dose group. In total, 134 patients
(67 patients in each group) were assigned to the PP set for minor
analysis.

Table 1 summarizes the baseline demographic and clinical charac-
teristics of the FA set population. Baseline characteristics were com-
parable between the two groups in terms of age, sex, BMI, disease

duration, mean HbA1c values and other biochemical parameters.

3.2 | Primary efficacy outcome

In the FA set, the HbA1lc level at 24 weeks decreased from 7.62 +
0.48 to 6.87 £0.54% in the low-dose lobeglitazone (0.25 mg) group
and from 7.70+0.58 to 6.68+0.46% in the standard-dose

(A) 9r —®- Lobeglitazone 0.25 mg
~#- Lobeglitazone 0.5 mg
o ok
<
0 7+
T P=0.031
=]
<
5%
= 6 #3%k
5 | |
’ 0 24

Time (week)

95% CI(0.0172,0.34)
Difference (baseline -24 week) between groups

20 P=0012
' mm Lobeglitazone 0.25 mg
e

Bl [ obeglitazone 0.5 mg

A Weight (Kg)

0.5

0.0

lobeglitazone (0.5 mg) group. HbA1c levels were significantly different
between the groups (p = .031) (Figure 2A). However, the upper limit
of the 95% confidence interval was 0.345%, which satisfied the non-
inferiority limit of 0.5%, showing that the low-dose treatment was
non-inferior to the standard-dose treatment in terms of the mean
HbA1c level after 24 weeks. Similarly, in the PP set, a significant dif-
ference was observed between the groups at week 24 (p = .040);
non-inferiority of the low-dose treatment to the standard-dose treat-

ment was also observed.

3.3 | Secondary efficacy outcomes
At the end of 24 weeks, changes in HbA1lc levels from baseline were
significantly greater in the standard-dose group than in the low-dose
group (—1.01 £ 0.66% vs. —0.76 + 0.61%, p = .016) (Figure 2B).
Changes in body weight were significantly lower in the low-
dose group than in the standard-dose group (low-dose group: 0.50
+ 1.85 kg vs. standard-dose group: 1.36 £ 2.23 kg, p = .012). Mean-
while, changes in serum adiponectin levels were significantly higher
in the standard-dose group than in the low-dose group (low-dose
group: 6.6 +8.5 pg/ml vs. standard-dose group: 14.1 + 14.9 pg/ml,
p <.001) (Figure 2C,D). A similar tendency was observed in the
PP set.

(B)
0.0 .
BN [obeglitazone 0.25 mg
Bl ] obeglitazone 0.5 mg
& 05 F
2
S
T B
S Lo
(I
P=0016
-1.5 =
(D)
20 - P<0.001
g Bl ] obeglitazone 0.25 mg
ok
E_o Bl [ obeglitazone 0.5 mg
Fl
3t
S
o
£
el
<
<

FIGURE 2 Comparing efficacy outcomes between the low-dose and the standard-dose group after 24 weeks from baseline. A, Mean HbA1c
level (%). B, Changes to HbA1c level (%). C, Changes to body weight (kg). D, Changes to serum adiponectin level (ug/ml). *p < .05,

**p <.001; 24 weeks versus baseline. HbA1c, glycated haemoglobin



RYANG ET AL.

WILEY_L %%

Target achievement rate of HbAlc <7% after 24 weeks from
baseline was comparable in both groups (low-dose group: 64.4%
vs. standard-dose group: 75.7%, p = .135) (Figure 3A). Changes in
HOMA-IR (low-dose group: —1.8 + 6.0 vs. standard-dose group: —1.6
+2.8,p =.791), LDL (low-dose group: —2.6 + 21.1 mg/dl vs. standard-
dose group: —0.3 £ 18.3 mg/dl, p = .486) and high-density lipoprotein
(low-dose group: 4.3+7.9mg/dl vs. standard-dose group: 4.7+
7.6 mg/dl, p = .791) values were comparable between the two groups
(Figure 3B,C). AST (low-dose group: —0.8 + 10.9U/L vs. standard-dose
group: —2.0+9.0U/L, p = .451) and ALT (low-dose group: —5.3 ¢
18.3 U/L vs. standard-dose group: —7.5+13.5U/L, p = .421) values
decreased significantly after 24 weeks and were comparable in both

groups (Figure 3D).
(A)
100~ p_o.13s5 Bl [obeglitazone 0.25 mg
® Bl Jobeglitazone 0.5 mg
=~ 80
v
2
< 60 -
el
T
240
>
.2
§ 20 +
®
0
©
10 - P=0791
3 mm [obeglitazone 0.25 mg
S
Eﬁ 51 Ek o ek Bl obeglitazone 0.5 mg
2
g or
.
=)
B
> L
<1_10 L P=0486
LDL HDL

3.4 | Safety outcomes

Table 2 shows safety outcomes in each treatment group. Seventy of
159 (44.0%) patients in the safety set experienced at least one
treatment-emergent adverse event. Although the incidence of total
treatment-emergent adverse events was comparable between the
groups [low-dose: 30 of 78 (38.5%) vs. standard-dose: 40 of
81 (49.4%), p = .220], oedema, weight gain and hypoglycaemia would
probably to occur in the standard-dose group than in the low-dose
group. The rate of adverse drug reactions was higher in the standard-
dose group (16.1%, n = 13) than in the low-dose group (3.9%, n = 3)
(b = .022). The most frequently reported adverse reaction was

oedema. Severe adverse events, such as pneumonia, ileus, atrial

(B)
0 Bl [obeglitazone 0.25 mg
Bl [ obeglitazone 0.5 mg
gt
<
3
T 1
< -2F l *x
*
Y S
P =0.791
(D)
0r Bl [obeglitazone 0.25 mg
Q Bl obeglitazone 0.5 mg
2 sk
o
g
<
=
S (0] ok
Lz’ P=0451 L
4 P=0.421
150
AST ALT

FIGURE 3 Comparison of efficacy outcomes between the low-dose and the standard-dose groups after 24 weeks from baseline (continued). A,
Proportion of patients achieving target HbA1c <7%. B, Changes to HOMA-IR. C, Changes to lipid profiles (mg/dl). D, Changes to Liver enzyme level (U/
L). *p < .05, **p < .001; 24 weeks versus baseline. ALT, alanine aminotransferase; AST, aspartate aminotransferase; HDL, high-density lipoprotein;
HOMA-IR, homeostatic model assessment of insulin resistance; LDL, low-density lipoprotein

TABLE 2 Summary of adverse events

Treatment-emergent adverse effects

Oedema

Weight gain

Hypoglycaemia
Adverse drug reactions

Severe adverse events

Lobeglitazone 0.25 mg  Lobeglitazone 0.5 mg

(N =78) (N =81) p-value
n (%) n (%) n (%)
30(38.5) 40 (49.4) 220
3(3.9) 10 (12.4) .080
3(3.9) 5(6.2) 719

- 2(2.5) 497
3(3.9) 13(16.1) .022
6(7.7) 6(7.4) 1.000

Note: Present data show number of events, n (proportion from total number, %).
p <.05 was considered significant.
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Subgroup Group n Mean p-value p-value for
interaction
Sex 0.689
Male 0.25mg 35 -0.62 0.046 —
0.5mg 36 -0.92 B —
Female 0.25mg 38 -0.89 0.142 —
0.5mg 38 -1.10 A———
BMI R 0.648
<25 kg/m* 0.25mg 39  -0.69 0.027 S
. 0.5mg 39  -0.99 ——
>25 kg/m” 0.25mg 34 -0.83 0.226 efemmeiimm—
0.5mg 35 -1.03 — e—
Age 0.321
<60 years 0.25mg 32  -0.63 0.019 —_—
0.5mg 28 -1.01 e Sm—
>60 years 0.25mg 41 -0.85 0.257 -
0.5mg 46 -1.01 —
HbAlc 0.133
<8 % 0.25mg 55 -0.60 0.120 —_—
0.5mg 53  -0.75 —
>8 % 0.25mg 18 -1.24 0.034 ——
0.5mg 21  -1.68 —_——
Duration of T2DM 0.790
<10 years 0.25mg 41 -0.72 0.041 —
05mg 44 -l0O —_—
=10 years 025mg 32 -0.81 0.186 -
0.5mg 30 -1.03 —
T T T T
-2 -1.5 -1 -0.5 0

Mean changes of HbAlc¢ 24 weeks from baseline

FIGURE 4 Subgroup analysis. Mean changes of HbA1c (%) from baseline to the end of treatment (24 weeks) in patient subgroups defined by
sex, BMI (<25 or 225 kg/m?), age (<60 or 2 60 years), baseline HbA1c values (<8 or 28 %) and duration of T2DM (<10 or 2 10 years). BMI, body
mass index; HbA1c, glycated haemoglobin; T2DM, type 2 diabetes mellitus.

fibrillation and transient ischaemic attack were reported. The inci-
dence of these adverse events was comparable in both groups; all
cases recovered (p = 1.000).

3.5 | Subgroup analysis

In the FA set population, we performed a subgroup analysis for the
change in HbA1c level at 24 weeks relative to baseline values. Figure 4
presents a forest plot of the changes in HbA1lc levels from baseline.
Patients were stratified by sex, BMI (<25 or 225kg/m?), age (<60 or
>60 years), baseline HbA1c (<8 or 28%) and duration of T2DM (<10 or
>10 years). Overall, the mean changes in HbAl1c at week 24 from base-
line tended to be greater in the 0.5 mg standard doses in each subgroup.
The mean change in HbAlc between the two doses of lobeglitazone
(0.25 vs. 0.5mg) was statistically significant in the subgroup of men
(p = .046), and patients with BMI of <25 kg/m? (p = .027), aged <60
years (p = .019), with baseline HbAlc 28% (p = .034), and T2DM dura-
tion of <10years (p = .041). No significant difference was observed

between the two lobeglitazone doses in the remaining subgroups.

4 | DISCUSSION

In this randomized trial of Korean patients with T2DM inadequately con-
trolled by metformin and DPP4 inhibitors, adding low-dose lobeglitazone

(0.25mg) showed non-inferiority compared with standard-dose

lobeglitazone (0.5 mg) in terms of improving HbA1c levels after 24 weeks
of treatment.

To our knowledge, this study is the first randomized controlled
trial to compare the efficacy and safety of low- and standard-dose
lobeglitazone as an add-on therapy to metformin plus DPP4 inhibitors.
The combination of metformin plus DPP4 inhibitor is a common dual
antidiabetic therapy in Korea.? A previous retrospective study revealed
that the combination of lobeglitazone and DPP4 inhibitor might be
more potent than other lobeglitazone-combined regimens.12 In this
respect, our study might be an option when considering adding one
more drug in common combination.

In Western patients, the main pathophysiology of diabetes has been
considered insulin resistance, whereas in Korean patients, decreased insu-
lin secretion capacity has traditionally been recognized as the main cause.
However, as Korean diets are becoming westernized, the association
between the pathophysiology of T2DM and beta-cell function defects has
become more controversial?> Emerging evidence suggests that insulin
resistance is the leading pathophysiology involved in the T2DM of Korean
patients.233%3! Therefore, TZD treatment may benefit Korean patients.

From some point of view, TZDs are yet to be underestimated.
The pathophysiology of T2DM is complex and often comorbid with
metabolic syndrome. TZDs may affect various aspects of diabetes
treatment, including improving insulin sensitivity and reducing beta-
cell burden. Previously, TZDs such as rosiglitazone and pioglitazone
have shown beneficial effects in preserving pancreatic beta-cells.32-34
In another study, lobeglitazone has shown favourable outcomes on

beta-cell function in mice.?® TZDs are the only direct insulin
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sensitizers approved for the treatment of T2DM. The potential pleio-
tropic effects are another advantage of TZDs. A recent study has
shown that long-term use of pioglitazone was associated with
reduced dementia incidence.®®> Nevertheless, the use of TZDs has
been limited by safety concerns, including fluid retention, weight gain,
heart failure and fracture risk.243¢%” The use TZDs may increase if
the risk of side effects is reduced. This study aimed to show the bene-
fits of low-dose lobeglitazone in reducing side effect risk while
maintaining treatment efficacy. In the present randomized controlled
trial, low-dose lobeglitazone showed non-inferiority at lowering mean
HbAlc levels after 24 weeks of administration compared with
standard-dose lobeglitazone. Low-dose lobeglitazone resulted in
lower weight gain than the standard-dose. For safety aspects, low-
dose lobeglitazone was associated with lower rates of weight gain,
oedema and hypoglycaemia than standard-dose lobeglitazone. Nei-
ther the low-dose nor the standard-dose lobeglitazone groups were
associated with severe adverse drug reactions.

Several studies have evaluated the efficacy and safety of
low-dose pioglitazone compared with standard- and high-dose

pioglitazones. 21223839

In these studies, low-dose pioglitazone
showed comparable glucose-lowering efficacy and better safety out-
comes than standard- and high-dose pioglitazones.*® This study com-
pared the efficacy and safety of two doses of lobeglitazones.
Lobeglitazone has shown similar glucose-lowering outcomes as
pioglitazone.?® Lobeglitazone has a strong affinity for peroxisome
proliferator-activated receptor-y,*® which means it has excellent effi-
cacy at lower doses per kilogram. In addition, compared with other
TZDs and placebo, lobeglitazone showed no harmful effects on bone
mineral density over 52 weeks of administration.** In this context, the
present findings on lobeglitazone are meaningful.

In this randomized controlled trial, standard-dose lobeglitazone
showed better efficacy than low-dose lobeglitazone at improving HbAlc
levels after 24 weeks. Furthermore, increased serum adiponectin levels,
which contribute to improved insulin sensitivity, were significantly higher
in the standard-dose than in the low-dose lobeglitazone group. Standard-
dose lobeglitazone is more effective at lowering glucose levels and reduc-
ing insulin resistance than low-dose lobeglitazone. However, in this study,
low-dose lobeglitazone was non-inferior to standard-dose lobeglitazone
in glucose-lowering outcome, and showed an improved safety profile.

Effective disease management requires understanding the
effects of individual factors on treatment effectiveness. When
exposed to TZD, obese women had a greater HbAlc reduction,
increased weight gain and higher oedema risk than their counter-
parts did.*? In this study, females and obese individuals achieved
greater glycaemic control but showed no difference in glycaemic
control according to the dose of lobeglitazone. Therefore, in these
subgroups, it might be reasonable to initiate therapy with a low-
dose lobeglitazone in terms of effectiveness against side effects. In
addition, older adults, patients with relatively good glycaemic con-
trol or longer duration of diabetes also experienced similar outcomes
independent of the treatment dose.

This study had some limitations. First, it was conducted in Korea,

and the findings might not be generalized to other populations or

ethnicities. Second, our study adopted a non-inferiority margin of 0.5%,

which was relatively high, based on precedent studies of
pioglitazone.?%?2*? |n these previous studies, the difference in mean
HbA1c after 3-6 months from the baseline according to each dose of
pioglitazone was between 0% and 0.6%. However, previous randomized
controlled trials generally used a non-inferiority margin of 0.3-0.4%,%+4¢
and the upper limit of the confidence interval in our study, 0.345%, still
falls within this range. Therefore, we could say that low-dose
lobeglitazone is non-inferior to standard-dose lobeglitazone even in the
lower margin settings that are commonly used. Third, this study involved
a small sample size and short follow-up period. Long-term safety out-
comes and adverse effects, including heart failure rates, were not evalu-
ated in this study.

This study has several strengths. First, this is the first trial to evaluate
the effectiveness and safety of low-dose TZD as a third-line therapy. Sec-
ond, lobeglitazone previously had only one dose, but by suggesting
another option, it can reduce the side effect even a little. In addition, by
comparing the two doses in various subgroups of patients, we could infer
in which group low-dose lobeglitazone was more applicable.

In conclusion, considering its non-inferior glucose-lowering
effects and favourable safety outcomes, 0.25 mg lobeglitazone might
be an optional dose in some patients who are concerned about side
effects. By adding this dosage, we will be able to expand the opportu-

nity to provide precision medicine to patients with T2DM.
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