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OBJECTIVE — This multicenter open-label clinical trial compared the efficacy and safety of
repaglinide/troglitazone combination therapy, repaglinide monotherapy, and troglitazone
monotherapy in type 2 diabetes that had been inadequately controlled by sulfonylureas, acar-
bose, or metformin alone.

RESEARCH DESIGN AND METHODS — Patients with type 2 diabetes (n = 256) who
had inadequate glycemic control (HbA,; =7.0%) during previous monotherapy were ran-
domly assigned to receive repaglinide (0.5-4.0 mg at meals), troglitazone (200-600 mg once
daily), or acombination of repaglinide (1-4 mg at meals) and troglitazone (200-600 mg once
daily). After a 4-6 week washout period, the trial assessed 22 weeks of treatment: 3 weeks
(weeks 0-2) of forced titration, 11 weeks of fixed-dose treatment (weeks 3-13), and 8 weeks
(weeks 14-21) of titration to maximum dose. Changes in HbA,  and fasting plasma glucose
(FPG) values were measured.

RESULTS — The combination therapy showed a significant reduction in mean HbA . val-
ues (—1.7%) that was greater than with either type of monotherapy. Repaglinide monotherapy
resulted in a reduction of HbA, _ values that was significantly greater than troglitazone (—0.8
vs. —0.4%) (P < 0.05). Combination therapy was more effective in reducing FPG values (—80
mg/dl) than either repaglinide (=43 mg/dl) or troglitazone (—46 mg/dl) monotherapies.
Adverse events were similar in all groups.

CONCLUSIONS — Combination therapy with repaglinide and troglitazone leads to better
glycemic control than monotherapy with either agent alone. Repaglinide monotherapy was
more effective in lowering HbA,  levels than troglitazone monotherapy. Repaglinide/troglita-
zone combination therapy was effective and did not show unexpected adverse events.
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time. The recent availability of new oral
agents with varying mechanisms of action
has increased the possibility of meaningful
combination therapy that can be superior
to the use of these agents as monotherapy.
Several studies have reported improved

may involve dual metabolic defects of
inadequate B-cell function as well as
reduced sensitivity of insulin target tis-
sues. Patients typically show a declining
response to oral hypoglycemic agents over
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glycemic control with such combination
therapy (1-3).

Repaglinide is the first oral agent of the
meglitinide class to become available for the
treatment of type 2 diabetes (4) and has a
mechanism of B-cell stimulation that differs
from sulfonylureas (5). Repaglinide is chem-
ically unrelated to sulfonylureas or any other
currently available class of oral hypoglycemic
agents (6). Rapid absorption and clearance of
repaglinide make this agent a suitable choice
for the management of meal-related blood
glucose surges.

Troglitazone is a thiazolidinedione,
which is a class of drugs that improves
insulin sensitivity in peripheral tissues. By
increasing both the supply and physiological
effectiveness of circulating insulin in patients
with type 2 diabetes, such a secretagogue/
sensitizer combination therapy regimen may
be an improvement on the efficacy of either
agent used as a monotherapy. Repaglinide
offers an unusually short elimination half-life
(~1 h) and meal-time dosing administration,
which results in an insulin stimulation that is
maximal during postprandial periods when
it is most needed, unlike even short-acting
sulfonylureas. The safety profile of repaglin-
ide is a key factor to weigh when combining
treatments that may each contribute to
adverse events. Because repaglinide has a
shorter duration of action than sulfonyl-
ureas and offers the simple option of skip-
ping the dose for missed meals, repaglinide
may involve less risk of hypoglycemic
episodes than other available secretagogues.

This clinical trial was designed to com-
pare the efficacy and safety of a combina-
tion of repaglinide/troglitazone, repaglinide
monotherapy, and troglitazone monother-
apy in the glycemic management of type 2
diabetes in patients who had previously
shown an inadequate glycemic response to
monotherapy with either sulfonylureas,
acarbose, or metformin.

RESEARCH DESIGN AND
METHODS

Patients
A total of 256 patients (30-86 years of age)
with type 2 diabetes were randomly
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Table 1—Demographics and baseline characteristics*

Characteristics Repaglinide Troglitazone Repaglinide/troglitazone
Total patients treated 83 85 88
Age (years) 58.7+11.2 57.0+11.2 59.0+10.0
Sex (M/F) 53/30 59/26 54/34
Ethnic origin
Caucasian 64 (77) 64 (75) 69 (78)
Black 9(11) 9 (11) 7(8)
Other 10 (12) 12 (14) 12 (14)
BMI (kg/m?) 29.1+45 29.6+5.0 304+54
Duration of diabetes (years) 75+6.2 56+5.6 6.4+6.3
HbA, (%) 88+1.0 87+10 8710
FPG (mg/dl) 217.0+46.6 2147+ 476 208.5+44.8
C-peptide (nmol/l) 1.3+05 1.4+07 1.4+0.6

Data are n, means + SD, or n (%). *Includes all patients randomized in clinical trial.

assigned to receive 1 of 3 treatment regi-
mens (repaglinide, troglitazone, or a com-
bination of repaglinide and troglitazone) in
this open-label clinical trial at 20 sites.
Enrolled patients had an HbA, value
between 7.0 and 10.5% and a fasting
plasma C-peptide concentration >0.2
nmol/l while receiving treatment with sul-
fonylureas, acarbose, or metformin as
monotherapy. Patients were excluded if they
had abnormal renal or hepatic function or
had cardiac disease within the last 12
months. A total of 83 patients (53 men and
30 women) were randomly assigned to
receive repaglinide for 22 weeks, 85
patients (59 men and 26 women) received
troglitazone, and 88 patients (54 men and
34 women) received a combination of
repaglinide and troglitazone. The protocol
was approved by the institutional review
boards of all study sites, and patients gave
their informed consent.

Study design

Forced titration: weeks 0-2. After a 4- to
6-week washout period when previous drug
therapy was discontinued, patients received
0.5 mg repaglinide 0-30 min before each
meal, or 200 mg troglitazone once daily, or
a combination of both repaglinide (0.5 mg at
meals) and troglitazone (200 mg once daily).
The dose of repaglinide was increased to 1.0
mg at meals after 1 week (after week 0) and
was further increased to 2.0 mg after 2 weeks
of treatment. The dose of troglitazone was
increased to 400 mg once daily after 2 weeks
of treatment. Patients in the combination
therapy group received 1.0 mg repaglinide
and 200 mg troglitazone after 1 week (after
week 0), 2.0 mg repaglinide and 200 mg
troglitazone after 2 weeks, and 2.0 mg

repaglinide and 400 mg troglitazone at the
end of third week of treatment.

Fixed-dose treatment: weeks 3-13. The
dosage levels of all treatments were then
maintained for 11 weeks from the begin-
ning of week 3 until the end of week 13.
However, the clinical trial protocol called for
a reduction in dosage in the event of persis-
tent levels of fasting plasma glucose (FPG)
<80 mg/dl and/or repeated major hypo-
glycemia. Such dose reduction was to be
achieved by reversing the last step of the
dose increment schedule. FPG and HbA,
levels were measured at weeks 0, 10, and
14, and circulating liver transaminase levels
were measured at weeks 0, 4, 7, 10, and 14.
Titration to maximum dose: weeks 14-21.
After 14 weeks of treatment, FPG values

were used to assess the need for further esca-
lation of the dose. If the FPG value was
>120 mg/dl, then the patient was titrated
toward the maximum dose of the drug (e.g.,
4.0 mg repaglinide at meals or 600 mg
troglitazone once daily). For the combina-
tion therapy group, the dose of repaglinide
was first increased to 4.0 mg at meals, and
FPG was measured after an additional week.
If FPG values remained >120 mg/dl, then
the dose of troglitazone was increased to
600 mg once daily. If necessary, a reduction
in dose could also occur as described during
the forced titration phase of this study. At
week 22 of treatment, both FPG and HbA, .
values were assessed for therapeutic
response. Levels of liver transaminases were
measured every 4 weeks.

Efficacy and safety assessments
HDbA, . values were measured by a central
clinical laboratory (UCT International,
Farmingdale, NY). HbA,  levels were deter-
mined by a high-performance liquid chro-
matography method with a normal
laboratory range of 4.7-6.4%.

During the course of the study; patients
were monitored for any abnormality in vital
signs or changes in weight. Symptoms of
hypoglycemia and corresponding self-
assessed blood glucose readings were also
recorded, with particular emphasis on any
events accompanied by blood glucose read-
ings <45 mg/dl. A physical examination,
funduscopy, and 12-point electrocardio-
gram (ECG) were performed at the begin-
ning and end of the clinical trial.

Table 2—Study completion status and selected adverse events during treatment

Repaglinide  Troglitazone  Repaglinide/troglitazone
Patients treated 83 (100) 85 (100) 88 (100)
Completed week 22* 74 (89) 61 (72) 70 (80)
Did not complete week 22 9(11) 24 (28) 18 (20)
Reasons for discontinuation
Adverse event: hyperglycemia 1() 2(2) 0
Adverse event: other 1(2) 4 (5) 5 (6)
Noncompliance 3@ 1(2) 7(8)
Inadequate glycemic control (lack of 3@ 14 (16) 0
efficacy)
Other 1(2) 34 6 (7)
Adverse events
Patients with serious adverse events 7(8) 9(11) 6(7)
Patients with elevated liver function test 1(2) 1(1) 3(3)
valuest
Patients with hypoglycemic episodest 3@ 1(2) 7(8)

Data are n (%). *Between-treatment P value = 0.026; T>2 times upper limit of normal value; $symptoms of

hypoglycemia with blood glucose values <45 mg/dl.
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Figure 1—Changes in FPG values during treatment. Baseline FPG values (at week 0): troglitazone
group ([J), 204.2 mg/dl; repaglinide group (O), 216.2 mg/dl; and repaglinide/troglitazone combina-
tion therapy group (@), 210.5 mg/dl. *P < 0.05 for combination therapy vs. troglitazone or repaglin-

ide monotherapy.

Statistical analysis

The sample size was chosen to ensure 80%
power to detect superiority of the combi-
nation therapy versus monotherapy, where
superiority was defined as treatment
period decreases in HbA  values that were
at least 0.6% greater for combination ther-
apy. To test the overall treatment effects on
HbA . values, analysis of variance was per-
formed with treatment and center included
in the model.

RESULTS — Patients in all 3 treatment
groups were comparable regarding age, BMI,
FPG, C-peptide, and HbA, _values (Table 1).
A total of 205 (80%) patients completed the
study: 74 (89%) in the repaglinide group, 61
(72%) in troglitazone group, and 70 (80%)
in the repaglinide/troglitazone combination
therapy group (Table 2). In the troglitazone
monotherapy group, the major cause of dis-
continuation of treatment was inadequate
glycemic control (14 patients, 16%). Only 3
repaglinide-treated patients discontinued
treatment because of lack of efficacy, and no
discontinuations of combination treatment
occurred for this reason.

Glycemic control and metabolic
indexes

Changes in mean FPG values during treat-
ment are shown in Fig. 1. For combination
therapy, FPG values decreased significantly
from baseline by week 22 from 207.1 +

45.6 to 130.6 + 38.6 mg/dl (P < 0.05,
mean values for all patients with postbase-
line data). Combination therapy resulted in
a significantly greater (P < 0.05) reduction
in FPG values (—80 mg/dl) compared with
repaglinide (—43 mg/dl) or troglitazone
(—46 mg/dI) monotherapy.

Change in HbA (%)
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In the repaglinide/troglitazone combi-
nation therapy group, HbA, values
decreased significantly from baseline by
the week 22 visit (Fig. 2) from 8.7 to 7.0%
(P < 0.05). Combination therapy was
more effective in reducing HbA, _ (—1.7%)
compared with repaglinide (—0.8%) or
troglitazone (—0.4%) monotherapy.
Repaglinide monotherapy resulted in a
significantly greater reduction in HbA,
compared with troglitazone monotherapy
(P < 0.05).

As shown in Fig. 3, at the beginning of
treatment, all groups had a similar makeup
in terms of the percentage of patients with
poor glycemic control (HbA . >8%) or
moderate glycemic control (7% < HbA
= 8%). During 22 weeks of treatment,
patients in both the repaglinide and trogli-
tazone monotherapy groups demonstrated
a therapeutic response, with 19% of the
repaglinide group and 13% of the trogli-
tazone group achieving good glycemic
control (HbA, . =7%). However, repaglin-
ide/troglitazone combination therapy
achieved this desirable level of glycemic
control in 62% of patients after 22 weeks,
which was a substantially greater thera-
peutic response. Only 7% of patients
treated with the repaglinide/troglitazone
combination regimen continued to show
poor glycemic control at the end of the
22-week treatment period.

r 1 tr 1 1 1 1 1~ 111 7T1T7T1TT-11
6 -4 -2 0 2 4 6 8 10 12 14 16 18 20 22 24
Week

Figure 2—Changes in HbA,  values during treatment. Baseline HbA,  values (at week 0): troglitazone
group (), 8.5%; repaglinide group (O), 8.8%; and repaglinide/troglitazone combination therapy group
(@), 8.7%. *P < 0.05 for combination therapy vs. troglitazone or repaglinide monotherapy; +P < 0.05
for repaglinide monotherapy vs. troglitazone monotherapy.
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Figure 3—Patient response categorized by degree of glycemic control. [J, HbA, . >8.0%; &3, 7.0% << HbA,

= 8.0%; M, HbA,_ =7.0%.

Safety evaluations
All of the patients treated with trial medica-
tion were included in the safety analysis.
Careful review of the adverse event profiles
of patients failed to reveal any notable
trends or differences between the 3 treat-
ment groups. A total of 22 patients had
serious adverse events, 7 (8%) in the
repaglinide group, 9 (11%) in the troglita-
zone group, and 6 (7%) in the repaglin-
ide/troglitazone combination therapy group
(Table 2). These events included chest pain
(2 patients in the repaglinide group and 1 in
the troglitazone group), cerebrovascular
disorders (2 patients in the repaglinide
group), malignancies (1 patient each in the
troglitazone and combination therapy
groups), arrhythmia (1 patient in the trogli-
tazone group), and increased aspartate
aminotransferase levels (1 patient in the
troglitazone group). Chest pain and cere-
brovascular disorders occurred in patients
who did not have evidence of hypoglycemia
that may have possibly contributed to such
events. An additional 3 patients (2 in the
repaglinide group and 1 in the combination
therapy group) had clinically significant
ECG findings at the end of the study that
were classified as nonserious myocardial
infarction adverse events.

Symptoms suggestive of hypoglycemia
in which blood glucose levels were actually

=45 mg/dl were reported by 27, 16, and
45% of patients in the repaglinide, trogli-
tazone, and combination therapy groups,
respectively. However, only 11 patients
(3 [4%] in the repaglinide group, 1 [1%] in
the troglitazone group, and 7 [8%] in the
combination therapy group) had symp-
toms of hypoglycemic events accompa-
nied by blood glucose values <45 mg/dI
(Table 2). None of the patients with hypo-
glycemic events required the assistance of
another person.

Mean body weight of patients in all
treatment groups showed increases of 1-2
kg during treatment. Adverse events of ane-
mia occurred in 4 patients in the combina-
tion therapy group and 2 patients in the
troglitazone monotherapy group. Treat-
ment-emergent elevations of liver enzymes
(>2 times upper normal limit) were
reported in 3 patients in the combination
therapy group and by 1 patient each in the
repaglinide and the troglitazone monother-
apy groups. All 5 patients with elevated
liver enzymes were discontinued from
treatment, and their enzyme levels returned
to normal. No other clinically relevant
changes in laboratory tests were observed
in any of the 3 treatment groups.

CONCLUSIONS — The goal of current
strategies for the management of type 2 dia-

betes is to achieve the best glycemic control
possible without an unacceptable level of
hypoglycemia. The glycemic goal should
probably be HbA,  values within the range
of persons who do not have diabetes. Both
epidemiological and intervention studies
have shown the clear relationship between
overall glycemic control and the develop-
ment of complications in patients with type 2
diabetes (7-9). The progressive loss of effi-
cacy of oral hypoglycemic agents when
used as monotherapy in diabetes has there-
fore led to numerous trials using combina-
tions of drugs with different mechanisms of
action (1-3). The different and comple-
mentary mechanisms of action of repaglin-
ide and thiazolidinediones make these
agents a logical combination therapy.

This multicenter open-label random-
ized clinical trial indicated that combination
therapy with repaglinide and troglitazone
was effective and safe and achieved
improvements in glycemic control in
patients with type 2 diabetes who had ear-
lier failed to achieve an adequate response
during monotherapy with other oral agents.
Repaglinide or troglitazone monotherapy
produced a modest therapeutic response as
measured by FPG or HbA, levels, although
this response reflected the relatively unre-
sponsive patient population of this clinical
trial. Use of repaglinide alone reduced
HDbA, . levels somewhat more than was the
case for troglitazone monotherapy. Combi-
nation treatment with a repaglinide/trogli-
tazone regimen produced a pronounced
response in terms of FPG or HbA,  values,
and this response was greater than that of
either drug administered alone. At the end
of 22 weeks, only 7% of patients receiving
combination therapy had HbA, _ levels that
would be indicative of poor glycemic con-
trol (HbA,, >8%).

A common and difficult problem in
controlling diabetes is the large increase in
blood glucose that occurs after meals. This
blood glucose surge is normally controlled
by an early peak insulin secretion in the
postprandial period. As part of a combina-
tion regimen, mealtime repaglinide
improves glycemic control by enhancing
postprandial insulin response, while the
insulin sensitizer troglitazone enhances the
effect of insulin. The actions of such com-
bination therapy can be viewed as thera-
peutic intervention for both major
pathophysiological defects of type 2 dia-
betes: inadequate insulin production and an
inadequate response to available insulin. The
synergistic actions of repaglinide in combi-
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nation with metformin, another insulin sen-
sitizer, have been previously documented
(1), and such use of repaglinide is an
approved indication (10). The present study
is the first clinical trial report of combination
use of repaglinide with an insulin sensitizer
in the thiazolidinedione class. Since the time
of this clinical trial, the newer thiazolidine-
diones rosiglitazone and pioglitazone may
offer advantages over troglitazone in terms of
hepatic safety. The therapeutic benefits
demonstrated for the combination use of
repaglinide with metformin or troglitazone
may likely be generalizable to more recently
developed insulin sensitizers as well.

In conclusion, this clinical trial has
demonstrated that combination therapy
with repaglinide and troglitazone signifi-
cantly increased the percentage of patients
achieving optimal glycemic control. Com-
bination use of repaglinide/troglitazone was
significantly superior to monotherapy with
either treatment alone in a patient popula-
tion selected for the declining glycemic
response to oral hypoglycemic agents that
commonly occurs in the clinical treatment
of type 2 diabetes.

Acknowledgments— This study was sup-
ported by a grant from Novo Nordisk, Prince-
ton, NJ.

References

1. Moses R, Slobodniuk R, Boyages S,
Colagiuri S, Kidson W, Carter J, Don-
nelly T, Moffitt P, Hopkins H: Effect of
repaglinide addition to metformin
monotherapy on glycemic control in
patients with type 2 diabetes. Diabetes
Care 22:119-124, 1999

2. lwamoto Y, Kosaka K, Kuzuya T, Akanuma
Y, Shigeta Y, Kaneko T: Effect of combina-
tion therapy of troglitazone and sulphony-
lureas in patients with type 2 diabetes who
were poorly controlled by sulphonylurea
therapy alone. Diabet Med 13:365-370,
1996

3. Haupt E, Knick B, Koschinsky T, Lieber-
meister H, Schneider J, Hirche H: Oral
antidiabetic combination therapy with
sulphonylureas and metformin. Diabete
Metab 17:224-231, 1991

4. Ratner RE: Repaglinide therapy in the treat-
ment of type 2 diabetes. Today’s Ther Trends
17:57-66, 1999

5. Fuhlendorf J, Rorsman P Kofod H, Brand

10.

Raskin and Associates

CL, Rolin B, MacKay P, Shymko R, Carr
RD: Stimulation of insulin release by
repaglinide and glibenclamide involves
both common and distinct processes. Dia-
betes 47:345-351, 1998

. Hulin B: New hypoglycemic agents. Prog

Med Chem 31:1-58, 1994

. Lehto S, Ronnemaa T, Haffner SM,

Pyorala K, Kallio V, Laakso M: Dyslipi-
demia and hyperglycemia predict coro-
nary heart disease events in middle-aged
patients with NIDDM. Diabetes 46:1354—
1359, 1997

. Ohkubo Y, Kishikawa H, Araki E, Miyata T,

Isami S, Motoyoshi S, Kojima Y, Furuyoshi
N, Shichiri M: Intensive insulin therapy
prevents the progression of diabetic
microvascular complications in Japanese
patients with non-insulin-dependent dia-
betes mellitus: a randomized prospective 6-
year study. Diabetes Res Clin Pract 28:103—
117, 1995

. Andersson DKG, Svardsudd K: Long-term

glycemic control relates to mortality in type
Il diabetes. Diabetes Care 18:1534-1543,
1995

Medical Economics Company: Repaglin-
ide (Prandin™) product labeling. In Physi-
cians’ Desk Reference. 53rd ed. Montvale,
NJ, 1999, p. 2107-2110

DiaBeTES CARE, VOLUME 23, NUMBER 7, JuLy 2000

983



