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OBJECTIVE — To investigate the efficacy, safety, and dose-response characteristics of an
extended-release preparation of glipizide using the gastrointestinal therapeutic system (GITS)
on plasma glucose, glycosylated hemoglobin (HbAlc), and insulin secretion to a liquid-mixed
meal in NIDDM patients.

RESEARCH DESIGN AND METHODS— Two prospective, randomized, double-blind,
placebo-controlled, multicenter clinical trials were performed in 22 sites and 347 patients with
NIDDM (aged 59 ± 0.6 years; BMI, 29 ± 0.3 kg/m2; known diabetes duration, 8 ± 0.4 years) were
studied. Each clinical trial had a duration of 16 weeks with a 1-week washout, 3-week single-
blind placebo phase, 4-week titration to a fixed dose, and 8-week maintenance phase at the
assigned dose. In the first trial, once-daily doses of 5, 20,40, or 60 mg glipizide GITS were com-
pared with placebo in 143 patients. In the second trial, doses of 5,10,15, or 20 mg of glipizide
GITS were compared with placebo in 204 patients. HbAlc, fasting plasma glucose (FPG), insulin,
C-peptide, and glipizide levels were determined at regular intervals throughout the study. Post-
prandial plasma glucose (PPG), insulin, and C-peptide also were determined at 1 and 2 h after
a mixed meal (Sustacal).

RESULTS — All doses of glipizide GITS in both trials produced significant reductions from
placebo in FPG (range —57 to —74 mg/dl) and HbAlc (range —1.50 to -1.82%). Pharmacody-
namic analysis indicated a significant relationship between plasma glipizide concentration and
reduction in FPG and HbAlc over a dose range of 5-60 mg, with maximal efficacy achieved at a
dose of 20 mg for FPG and at 5 mg for HbAlc. PPG levels were significantly lower, and both post-
prandial insulin and C-peptide levels significantly higher in patients treated with glipizide GITS
compared with placebo. The percent reduction in FPG was comparable across patients with
diverse demographic and clinical characteristics, including those with entry FPG ^250 mg/dl,
resulting in greater absolute decreases in FPG and HbAlc in patients with the most severe hyper-
glycemia. Despite the forced titration to a randomly assigned dose, only 11 patients in both stud-
ies discontinued therapy because of hypoglycemia. Glipizide GITS did not alter lipids levels or
produce weight gain.

CONCLUSIONS — The once-daily glipizide GITS 1) lowered HbAlc, FPG, and PPG over a dose
range of 5-60 mg, 2) was maximally effective at 5 mg (using HbAlc) or 20 mg (using FPG) based
on pharmacokinetic and pharmacodynamic relationships, 3) maintained its effectiveness in poorly
controlled patients (those with entry FPG ^250 mg/dl), 4) was safe and well tolerated in a wide
variety of patients with NIDDM, and 5) did not produce weight gain or adversely affect lipids.
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N IDDM is a heterogeneous metabolic
disorder characterized by a relative
deficiency in insulin secretion, resis-

tance to the action of insulin in muscle and
in other peripheral tissues, and increased
rates of hepatic glucose production (1,2).
Although nonpharmacological measures
such as diet and exercise are clearly the cor-
nerstone of diabetes management, most
patients are unable to achieve adequate glu-
cose control with these interventions alone.

When pharmacological therapy becomes
necessary, most physicians initially use sul-
fonylurea medications, because they have a
long history of proven efficacy and safety
(3-7). Although the sulfonylureas act pri-
marily by stimulating endogenous insulin
secretion, numerous in vitro and in vivo
studies (8-15), including those using glip-
izide gastrointestinal therapeutic system
(GITS) (16,17), suggest that they also may
enhance peripheral insulin sensitivity
(either directly or indirectly as a result of a
reduction in plasma glucose) and reduce
hepatic glucose production (16,18-22,40).
Thus, sulfonylurea agents partially amelio-
rate each of the major metabolic defects
that characterize the diabetic state.

Differences in the pharmacokinetic and
pharmacodynamic characteristics of the
various sulfonylurea compounds produce
different therapeutic and side-effect pro-
files (23). Longer-acting agents like gly-
buride (taken once or twice per day) or
chlorpropamide (taken once per day) are
efficacious but tend to produce more sus-
tained hyperinsulinemia and have higher
rates of hypoglycemia during routine clin-
ical use (24-26). Conversely, shorter-acting
sulfonylureas such as immediate release
glipizide or tolbutamide are thought to be
more efficacious in enhancing meal-stimu-
lated insulin secretion and generally have a
lower risk of hypoglycemia (14,27-31),
but often need to be taken more than once
per day, which may decrease compliance
(32,33) and produce greater excursions in
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plasma drug levels both above and below
the therapeutic range.

Thus, from several perspectives it
would be desirable to have a drug with an
intrinsically short duration of action be
available at an effective therapeutic plasma
level throughout a 24-h period. To achieve
this goal, the short-acting sulfonylurea glip-
izide was formulated as an extended-
release preparation using the GITS, which
delivers drug by a membrane-controlled
osmotic process (34), resulting in effective
plasma drug concentrations over the 24-h
period with once-daily administration. We
report here the results of the first two ran-
domized multicenter clinical trials examin-
ing the efficacy, safety, and dose-response
characteristics of this controlled release
delivery system for glipizide on indexes of
glycemic control and insulin secretion in
patients with NIDDM.

RESEARCH DESIGN ANP
METHODS

Patients
For the study, 347 patients with NIDDM
were randomized in two parallel-design
clinical trials described below. Volunteers
were recruited from 22 clinical diabetes
and endocrinology practices based at uni-
versity medical centers, community hospi-
tals, and private offices throughout the U.S.

Eligibility criteria included: 1) men or
women ^30 years of age; 2) diagnosis of
NIDDM for ^ 6 month before study entry;
3) fasting plasma glucose (FPG) ^140 and
<300 mg/dl at the end of week 2 of the
placebo phase, or if FPG was < 140 mg/dl,
a 2-h postprandial plasma glucose (PPG)
^200 mg/dl was required; 4) glycosylated
hemoglobin (HbAlc) >6% at the end of
week 2 of placebo administration; and 5)
treatment with oral sulfonylureas and/or
diet for a minimum of 3 months before
entry into the study. Women were included
if they were postmenopausal, surgically
sterile, or using adequate contraception.

Patients were excluded if they: J) were
<80% or >160% of ideal body weight
(1983 Metropolitan Life Insurance Tables),
2) had IDDM, 3) were currently taking
insulin or had been treated with insulin for
more than 1 week during the previous 3
months, 4) had a history of ketoacidosis
during the past year, 5) had labile glycemic
control (i.e., frequent episodes of severe
hyperglycemia or hypoglycemia), 6) had
proliferative retinopathy or proteinuria > 1
gm/day 7) had significant hepatic, renal, or

cardiovascular dysfunction, 8) had a history
of gastrointestinal dysfunction or chroni-
cally used laxatives or cathartics, 9) had a
history of cancer or drug abuse, 10) had
known intolerance to sulfa drugs, or 11)
were pregnant or intended to become preg-
nant during the trial.

Study design
Studies were conducted as two prospective,
randomized, double-blind, placebo-con-
trolled, parallel design, multicenter clinical
trials. With the exception of the differences
in the doses ofglipizide GITS tested, the pro-
tocols for the two studies were identical.
After a 1-week washout from current sul-
fonylurea therapy, patients were adminis-
tered placebo for 3 weeks. After 2 weeks on
placebo, patients were evaluated for entry
into the double-blind phase. Those patients
who met all of the above-described criteria
were randomly assigned to a fixed dose of
glipizide GITS (5, 20, 40, or 60 mg in the
first study and 5,10,15, or 20 mg in the sec-
ond study) or placebo. During weeks 4-7,
the doses of glipizide GITS were titrated at
weekly intervals to the preassigned level. At
the end of this period, patients were main-
tained at their assigned dose for 8 weeks
(weeks 8-15) and no further dosage changes
were permitted. All medication was taken
once daily with 8 ounces of fluid immedi-
ately before breakfast.

Efficacy and safety measurements
Levels of HbAlc were determined at the
screening visit and at the end of study
weeks 2, 3, and 15 using ion exchange
high-performance liquid chromatography
(HPLC). Concentrations of FPG, serum
insulin, and C-peptide were determined at
the end of study weeks 1, 2, 3, 9, 12, and
15. FPG was measured by the glucose oxi-
dase method using an Hitachi 737 appara-
tus, and serum insulin and C-peptide were
measured by radioimmunoassay (Hazel-
ton, Vienna, VA) using commercial kits
(INCSTAR, Stillwater, MN) (coefficient of
variation = 8.9% for insulin and 13.1% for
C-peptide). Patients were challenged with 8
ounces of Sustacal (a liquid mixed meal) in
the morning at the end of weeks 2,9, 12,
and 15. Levels of plasma glucose, serum
insulin, and serum C-peptide were deter-
mined 0, 1, and 2 h after challenge using
the above-described methods.

All observed or volunteered adverse
experiences and study-emergent illnesses
were recorded at each visit. Laboratory
safety data were obtained at baseline and at

the end of the study. Laboratory results
falling outside the normal range were
reviewed for clinical significance and rela-
tion to study medication. In addition, mean
laboratory values at baseline and at the
final visit, plus the mean change from base-
line to the final visit, were calculated for
glipizide GITS and placebo, and the mean
changes were compared. Vital signs and
body weight were obtained at baseline and
at regular intervals during the study, and
electrocardiograms were obtained at base-
line and final visit. Finally, patients were
instructed to measure their blood glucose
twice daily—in the morning (having fasted
from 8:00 P.M. the previous night) and at
bedtime—three times per week.

Patients were discontinued from the
study if they had intolerable adverse expe-
riences, an episode of hypoglycemia, or
excessive hyperglycemia (lack of efficacy).
Hypoglycemia was defined as either 1)
presence of symptoms of hypoglycemia
alone, 2) a blood glucose level <60 mg/dl
by home blood glucose monitoring regard-
less of the presence of symptoms, or 3)
blood glucose <80 mg/dl when tested in
the clinic. Excessive hyperglycemia was
defined as FPG >330 mg/dl in the clinic
on two consecutive visits.

Glipizide assays
Samples were collected for analysis of
plasma glipizide levels at the end of weeks
9, 12, and 15. The samples were collected
just before and 1,2, and 24 h after dosing
and Sustacal administration. The concen-
tration of glipizide for an individual patient
was defined as the average of the values
obtained at 24 h postdosing at weeks 9,12,
and 15. Plasma samples were assayed for
glipizide, using HPLC with ultraviolet
absorbance detection at 275 nm (35). The
method is linear over a glipizide concen-
tration range of 10-1,000 ng/ml, and the
limit of quantification was 10.0 ng/ml in
1.0 ml of plasma. The pharmacokinetic/
pharmacodynamic relationship was deter-
mined by plotting the concentration of
glipizide versus the change in FPG from
baseline to last value within weeks 9, 12,
and 15 and the change in HbAlc from base-
line to week 15.

Statistical analysis
The primary outcome measures were HbAk

and FPG levels. Levels of fasting and post-
Sustacal serum insulin and C-peptide also
were analyzed. Baseline values for each of
these measures were determined at the end
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Table 1—Demographic characteristics of patients randomized to double-blind treatment

Variable

n
Sex

Men
Women

Race
White
Black
Other

Age (years)
Weight (pounds)
BMI (kg/m2)
Duration of
known N1DDM
(years)

5

68

40
28

50
10
8

57.4 (33-81)
185.0(112-263)
29.0 (18.7-45.4)

6.9 (0.5-29.8)

10

42

25
17

32
4
6

58.7 (34-78)
181.0(123-257)
28.4(18.7-42.1)

8.8 (0.6-23.4)

Glipizide GITS dose (mg)
15

42

26
16

30
4
8

55.5 (31-73)
187.3 (130-271)
29.5(23.0-41.6)

6.5 (0.7-26.4)

20

69

47
22

54
7
8

59.3 (39-84)
186.7 (128-312)
28.8(20.4-41.5)

7.8 (0.9-28.7)

40

28

17
11

25
1
2

61.7(36-80)
196.2 (144-267)
29.6(21.9-39.4)

6.6 (0.6-19.6)

60

29

23
6

24
1
4

56.9 (32-74)
201.1(142-270)
30.5 (22.3-38.0)

5.3 (0.2-18.6)

Placebo

69

53
16

50
8
11

60.2 (55-76)
191.7(125-280)
29.7 (22.3-45.2)
7.5(0.5-31.4)

Data are n or means (range).

of week 3 (4 weeks after the termination of
previous sulfonylurea administration), and
endpoint values were determined at the end
of week 15 or when the patient left the
study (in the case of discontinuation).
Results for HbAlc, FPG, serum insulin, and
C-peptide were analyzed using analysis of
variance. Least-squares means were gener-
ated to estimate treatment effects and for
pairwise comparisons between treatment
groups. Postprandial assessments of plasma
glucose, serum insulin, and C-peptide were
analyzed using the same methods. The
plasma glipizide concentration-response
relationship was analyzed by a multiple
regression model consisting of the baseline
value and linear and quadratic terms of log
concentration. All analyses were two-tailed
with P < 0.05 as the accepted level of sig-
nificance.

In additional subanalyses, patients from
the two studies were stratified according to
major demographic or clinical characteris-
tics, including age (<65 or >65 years of
age), sex, race (black, white, or other), BMI
(<30 or ^30 kg/m2), duration of known
NIDDM (<5, 5-10, or >10 years), and
presence of hypertension (diastolic blood
pressure <90 or 91-105 mmHg). Differ-
ences between baseline and endpoint FPG,
HbAlc, and PPG were evaluated for each
group using the above-described methods.

Because the placebo, 5-mg dose, and
20-mg dose of glipizide were common to
both studies, a pooled analysis was per-
formed at these three doses for major out-
come variables.

RESULTS

Patient entry, randomization, and
withdrawal
The 523 patients were screened, and 347
were randomized into the two trials; 143
were randomized to double-blind treatment
with either 5, 20, 40, or 60 mg of glipizide
GITS or placebo. Of these, 15 (10.5%) did
not complete the study for the following rea-
sons: 1) insufficient clinical response (three
patients in placebo group), hypoglycemia
(seven patients in the glipizide GITS groups,
usually due to a single blood glucose <60
mg/dl by home glucose monitoring), 3) an
adverse event (one glipizide GITS), 4) pro-
tocol violations (two glipizide GITS), and 5)
noncompliance (two glipizide GITS).

In the second trial, 204 patients were
randomized to double-blind treatment
with either 5, 10, 15, or 20 mg of glipizide
GITS or placebo. Of these patients, 40
(19.6%) did not complete the study. Rea-
sons for discontinuation were: insufficient
clinical response (nine glipizide GITS, 15
placebo), hypoglycemia (four glipizide
GITS), adverse experiences (four glipizide
GITS, three placebo), death (one glipizide
GITS), and administrative reasons (three
glipizide GITS, one placebo).

Demographic data for all patients ran-
domized to receive treatment are summa-
rized in Table 1. There were no statistically
significant differences among the demo-
graphic characteristics of patients random-
ized to the different doses of glipizide GITS
or placebo in either study

Efficacy
HbAlc and FPG, insulin, and C-peptide.
Both trials demonstrated that once-daily
administration of all glipizide GITS doses
resulted in significant reductions in both
HbAlc and FPG (Table 2). In the first trial,
doses of 5,20,40, and 60 mg glipizide GITS
resulted in HbAic reductions from baseline
ranging from 1.0 ± 0.2 to 1.2 ± 0.2% (P <
0.0001 versus placebo for all doses), but
there were no significant differences among
individual doses. In the second trial,
decreases from baseline in HbAlc for the 5-,
10-, 15-, and 20-mg doses ranged from 0.5
± 0.2 to 0.7 ± 0.2% (P < 0.0001 versus
placebo for all doses) but, again, no signifi-
cant differences among the various doses
were observed. In pooled analysis, the 5- and
20-mg doses of glipizide GITS (which were
common to both trials) decreased HbAic by
0.9 ±0.1 and 0.9 ± 0.1% from baseline,
respectively (P < 0.0001 for overall treat-
ment effect, but no significant difference
between 5- and 20-mg groups). When glip-
izide dose was plotted against change in
HbAlc, the maximum efficacy was achieved
at the 5-mg dose with no further benefit
observed at higher doses (Fig. 1).

For FPG, the reductions from baseline
ranged from 45 ± 8 to 59 ± 8 mg/dl in the
first trial, and from 37 ± 8 to 57 ± 8 mg/dl in
the second trial (P < 0.0001 versus placebo
for all doses in each trial), but no significant
differences among doses was observed
(Table 2). However, combined results from
both trials for patients who received either 5
or 20 mg glipizide GITS did demonstrate a

DIABETES CARE, VOLUME 20, NUMBER 4, APRIL 1997 599

D
ow

nloaded from
 http://ada.silverchair.com

/care/article-pdf/20/4/597/584497/20-4-597.pdf by guest on 18 April 2024



Efficacy and safety of glipizide GITS in NIDDM

Table 2—FPG and HbA]c in all patients at randomization and at final visit in the two studies

Variable

FPG (mg/dl)
n
Baseline

Endpoint

HbAlc (%)
n
Baseline

Endpoint

5

66
229 ±7

(129.0-350.0)
189.1 ±7.7

(113.0-395.0)

66
8.5 ±0.2

(6.0-12.6)
7.6 ± 0.2

(5.6-12.9)

10

42
251 ±8

(136.0-328.0)
191.9 ±9.1

(89.5-331.0)

42
8.8 ±0.2

(6.6-12.0)
7.6 ±0.2

(5.8-11.2)

Glipizide GITS dose (mg)
15

41
255 ±9

(143.0-336.0)
212.9 ±10.8
(89.0-365.0)

41
8.6 ±0.2

(6.6-12.3)
8.11 ±0.2
(5.9-11.8)

20

68
243 ±6

(163.0-358.0)
182.2 ±6.5

(92.0-338.0)

68
8.7 ±0.2

(6.2-13.0)
7.8 ±0.2

(5.0-12.5)

40

26
212 ±11

(105.0-359.0)
155.9 ±11.5
(91.0-331.0)

26
8.4 ±0.3

(6.5-12.1)
7.13 ±0.3
(5.2-12.0)

60

29
229 ± 10

(131.0-329.0)
181.0 ±7.6

(91.0-283.0)

29
8.6 ± 0.3

(5.6-12.1)
7.5 ±0.24
(5.6-11.4)

Placebo

68
235 ±7

(141.0-332.0)
252.1 ±8.4

(111.0-421.0)

68
8.3 ±0.2

(6.0-11.6)
9.14 ±0.2
(6.0-12.9)

Data are n or means ± SE (range).

dose-related effect on FPG (Fig. 2). The 5-
and 20-mg doses decreased FPG by 42 ± 6
and 60 ± 6 rngfal from baseline (P < 0.0001
for overall treatment effect), respectively. The
reduction in FPG achieved by the 20-mg
dose was significantly greater (P < 0.03)
than that achieved by the 5-mg dose, but no
further benefit was achieved at doses above
20 mg per day.

At all doses, maximal changes in fasting
blood glucose obtained by fingerstick at
clinic visits occurred by approximately the
2nd week of dosing (week 5 in Fig. 3). These
decreases in fasting blood glucose were con-
sistent and were maintained throughout the
duration of the study (Fig. 3).

A responders' analysis was done to cal-
culate the primary failure rates in pooled
data from these studies. Clinical control
was operationally defined as a reduction in
FPG or 2-h PPG of at least 10% from base-
line. The results of this analysis showed
that in the placebo group, 85% of patients
were primary failures. In the 5-mg group,
12% were primary failures and in the 20-
mg group, 9% were primary failures. The
percentage of clinically controlled patients
in both treatment groups was significantly
different from the percentage controlled in
the placebo group. However, the percent-
age of responders in the two treatment
groups was not significantly different.

Although there was no significant
increase in fasting insulin levels when
pooled results in all glipizide GITS-treated
patients were compared with placebo, small
increases were occasionally observed—typ-
ically at doses ^ 2 0 mg/day. In the first
study, 5-, 20-, 40-, and 60-mg doses of
glipizide GITS increased fasting insulin lev-

els by 5 ± 3, 2 ± 3, 9 ± 3, and 8 ± 3 uU/ml
(P < 0.05 versus placebo for 40-mg and
60-mg treatment groups), respectively. Fast-
ing C-peptide levels were comparably
increased by 0.6 ± 0.2, 0.4 ± 0.2, 0.9 ± 0.2
(P < 0.05 versus placebo), and 1.1 ± 0.2
ng/ml (P < 0.001 versus placebo), respec-
tively. In the second study, the 5-, 10-, 15-,
and 20-mg doses of glipizide GITS changed
fasting insulin levels b y — 1 ± 2 , 4 ± 2 ( P <
0.05 versus placebo), — 1 ± 2, and 8 ± 2
uU/ml (P < 0.001 versus placebo), respec-
tively. Increases in fasting C-peptide were
0.2 ± 0.2, 0.6 ± 0.2 (P < 0.05 versus
placebo), 0.6 ± 0.2 (P < 0.05 versus
placebo), and 1.0 ± 0.2 ng/ml (P < 0.001
versus placebo), respectively.
Postprandial assessments. Both studies
demonstrated significant effects of glipizide
GITS on postprandial glucose, insulin, and
C-peptide levels (Fig. 4). In the first trial,
the 5-, 20-, 40-, and 60-mg doses signifi-

candy decreased the 2-h PPG by 60 ± 10,
58 ± 10, 83 ± 11, and 49 ± 10 mg/dl,
respectively (P < 0.001 versus placebo for
all doses, but no significant differences
among doses). Decreases in the 0- to 2-h
area under the plasma concentration time
curve (AUC^2h) for PPG were 105 ± 17,
103 ± 17,130 ± 19, and 94 ± 17 mg • dl"1

• h"1, respectively (P < 0.001 versus
placebo for all doses, but no significant dif-
ferences among doses).

In the second trial, the 5-, 10-, 15-, and
20-mg glipizide GITS doses decreased the 2-
h PPG by 52 ± 10,57 ± 10,38 ± 10, and 57
± 10 mg/dl, respectively (P < 0.001 versus
placebo for all doses, but no significant dif-
ference among doses). The AUCo_2h for PPG
was similarly reduced by 103 ± 20, 104 ±
19, 67 ± 18, and 120 ± 19 mg • dl"1 • h"1,
respectively (P < 0.001 versus placebo for
all doses, but no significant differences
among doses).

5 10 15 20 40
Glipizide GITS Dose (mg/day)

60

Figure 1—Dose-response effect of glipizide GITS on mean ± SE change in HbAlc in patients with
NIDDM who received 5 mg, 20 mg, 40 mg, or 60 mg glipizide GITS or placebo (study 1, • ) and 5 mg,
10 mg, 15 mg, or 20 mg glipizide GITS or placebo (study 2, A). P < 0.0001 for each dose versus
placebo; no significant differences among other active doses.
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0 5 10 15 20 40
Glipizide GITS Dose (mg/day)

60

Figure 2—Dose-response effect of glipizide GITS on mean ± SE change in FPG in patients with
NIDDM who received 5 mg, 20 mg, 4d mg, or 60 mg glipizide GITS or placebo (study 1, • ) and 5 mg,
10mg,15 mg, or 20 mg glipizide GITS or placebo (study 2, A). P < 0.03 for 5-mg dose vs. 20-mg dose;
no significant differences among other active doses.

Nearly all glipizide GITS doses in both
studies produced significant increases in
postprandial insulin and C-peptide. Com-
bined data showed that the 5-mg dose
increased the insulin AUCo_2h by 15 ± 4 pU
• ml"1 • h"1, whereas the 20-mg dose
increased it by 18 ± 4 uU • ml"1 • h~1 (P =
0.0003 for overall treatment effect, both
doses). The respective values for C-peptide
were 1.0 ± 0.3 ng • ml"1 • h"1 and 2.0 ± 0.3
ml/h (P < 0.0001 for overall treatment
effect, both doses). The increase in the C-
peptide AUCo_2h was significantly greater
with the 20-mg dose than with the 5-mg
dose (P < 0.01) (Fig. 4).
Pharmacokinetic/pharmacodynamic
analyses. In the first study, plasma glip-
izide concentrations 24 h after dosing at
weeks 9,12, and 15 combined averaged 54
± 5, 310 ± 38, 537 ± 74, and 698 ± 76
ng/ml for the 5-, 20-, 40-, and 60-mg glip-
izide GITS doses, respectively There was
no significant dose-response relationship
between plasma glipizide concentration
and change in HbAic, but there was a
significant (P < 0.05) dose-response rela-
tionship between plasma glipizide level and
FPG reduction. In the second trial, mean
plasma glipizide concentrations 24 h after
dosing were 50 ± 5, 158 ± 20, 217 ± 38,
and 265 ± 24 ng/ml for the 5-, 10-, 15-,
and 20-mg glipizide GITS doses, respec-
tively. There was no significant dose-
response relationship between plasma
glipizide concentration and change in
HbAlc, but again there was a significant (P
< 0.01) dose-response relationship
between plasma glipizide concentration
and FPG reduction.

To reduce between-subject variability
and to more easily discern differences in the

response curves, patients were divided into
quintiles based on mean plasma glipizide
concentration. The lowest quintile con-
sisted of all placebo patients. The changes
in HbAlc and FPG for each quintile are
plotted in Fig. 5. Changes in HbAlc for each
quintile were 0.8 ± 0.2, -1 .0 ± 0.1, -0.9
± 0.1, -0 .7 ± 0.2, and -1 .1 ± 0.1%,
respectively. The changes in FPG were 17 ±
6, - 3 6 ± 5, - 5 5 ± 7, - 4 7 ± 6, and - 6 7 ±
6 mg/dl, respectively.
Efficacy of glipizide GITS in specific sub-
populations. The number of patients
treated with either 5 or 20 mg of glipizide
GITS in the two trials permitted assessment
of efficacy in subpopulations drawn from
the entire patient sample. Analysis demon-
strated that glipizide GITS was effective in
all patients with NIDDM, regardless of dis-
ease severity. Glipizide GITS significantly
decreased FPG in patients with FPG <200,

210

200-249, or >250 mg/dl (Fig. 6). At the 5-
mg dose, FPG levels decreased by 19 ± 6,
53 ± 8, and 50 ± 13 mg/dl in the three
patient groups, respectively (P < 0.0001
versus placebo). At the 20-mg dose, FPG
levels decreased by 40 ± 7, 49 ± 8, and 79
± 7 mg/dl, respectively (P < 0.0001 versus
placebo). Moreover, in patients with FPG
^250 mg/dl, the reduction in FPG with the
20-mg dose was significantly greater than
with the 5-mg dose (P < 0.05; Fig. 6).

Similarly, reductions in HbAlc were
significantly different (P < 0.0001) from
placebo for both the 5- and 20-mg glip-
izide GITS doses for patients with HbAlc

values at baseline <8% and between 8
and 10%. For patients with HbAlc > 10%,
both doses of glipizide GITS decreased
HbAlc, but only the decrease obtained with
the 5-mg dose was statistically significant
(P < 0.05). Thus, in patients with more
severe NIDDM, glipizide GITS in a dose as
low as 5 mg still significantly reduced
HbAlc levels.

Additional analyses of pooled results
from patients treated with either 5 or 20 mg
of glipizide GITS demonstrated that it was
effective in a number of different demo-
graphic patient subpopulations. The drug
produced comparable significant reduc-
tions in mean FPG and HbAlc levels in
patients <65 years and ^65 years of age;
in males and females; in black, white, and
patients of other races (primarily Hispanic);
in patients with BMI <30 or >30 kg/m2; in
patients with NIDDM for <5, 5-10, or
>10 years; and in mildly hypertensive
patients (diastolic BP 91-105 mmHg).

Glipizide GITS also significantly
reduced mean FPG in patients who had

Week

Figure 3—Mean fasting blood glucose values obtained byfingerstick at weekly clinic visits in patients
receiving placebo (•), 5 mg glipizide GITS (•), or 20 mg glipizide GITS (*). n = 68 for each.
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-Placebo
(N=57)

-GITS5mg
(N=61)

•GITS20mg
(N=64)

p< 0.001

p<0.05

p<0.01

0 1 2 0 1 2
Baseline Hour Endpoint

Placebo
(N=57)
GTrS5mg
(N=61)
GITS20mg
(N=65)

p< 0.001

p<0.05

p<0.01

- Placebo
(N=57)

-GITS5mg
(N=60)

•GITS20mg
(N=63)

2 0 1

Baseline H o u r Endpoint

Figure 4—Mean ± SE plasma glucose (A), serum insulin (B), and serum C-peptide (C) levels during
Sustacal challenge at randomization and at the end of treatment for placebo (•), 5-mg (•), and 20-
mg (•) doses ofglipizide GITS.

been treated with dietary therapy only and
with immediate-release glipizide at entry.
Compared with placebo, glipizide GITS
significantly reduced mean FPG in patients
whose prior therapy had been diet only (51
± 31 vs. - 4 2 ± 8 mg/dl in the placebo and
glipizide GITS treatment groups, respec-
tively; P < 0.05). In patients whose prior
therapy had been immediate-release glip-
izide, the extended-release GITS formula-
tion also significantly reduced mean FPG
(65 ± 19 vs. — 7 ± 9 mg/dl in the placebo
and glipizide GITS treatment groups,
respectively, P < 0.01) and mean HbAlc

(0.5 ± 0.2 vs. -1.2 ± 0.5% in the placebo
and glipizide GITS treatment groups,
respectively, P < 0.01).

Safety
The adverse events reported most often for
glipizide GITS and placebo-treated patients,
respectively, were: asthenia (10.1 vs.
13.0%), headache (8.6 vs. 8.7%), dizziness
(6.8 vs. 5.8%), and diarrhea (5.4 vs. 0.0%).
None were statistically significantly differ-
ent from baseline except diarrhea (P <
0.05). Only eight of the 278 patients
(2.9%) treated with glipizide GITS and
none of the 69 patients receiving placebo
experienced symptoms of hypoglycemia
during the trial. There was no trend toward
a higher incidence of adverse events,
including hypoglycemia, with increasing
glipizide GITS doses. Moreover, the overall
incidence of adverse events for the glipizide

GITS-treated patients was not significantly
higher than that for the patients who
received placebo.

The number of patients withdrawn
from treatment due to adverse reactions
was similar among all doses of glipizide
GITS [5 mg (n = 8), 10 mg (n = 3), 15 mg
(n = 4), 20 mg (n = 4), 40 mg (n = 4), and
60 mg (n = 3)]. By comparison, 21 (34%)
of the placebo-treated patients discontin-
ued treatment, most frequently because of
excessive hyperglycemia.

Analysis of plasma lipid levels revealed
no significant differences between placebo
and pooled glipizide GITS-treated patients
in the two trials. Total cholesterol decreased
from 219 mg/dl at baseline to 214 mg/dl at
final visit in the placebo group, and from
203 to 201 mg/dl in the glipizide GITS
group. HDL cholesterol remained essen-
tially unchanged during the study in the
placebo groups (37 vs. 37 mg/dl) and in
the pooled glipizide GITS group (37 vs. 36
mg/dl). Finally, triglycerides decreased from
168 to 154 mg/dl in the placebo group and
from 178 to 176 mg/dl during glipizide
GITS treatment.

There was no significant change in
body weight during the course of the study
in the pooled glipizide GITS-treated
patients in the two trials (mean changes =
-0.7 ± 0.6 and -0.3 ± 0.4 pounds, respec-
tively. In contrast, body weight changed by
-7.9 ±1.3 and -6.9 ± 0.8 pounds in the
placebo groups in the two trials (P <
0.0001 versus pooled glipizide GITS), prob-
ably due to inadequate glycemic control.

CONCLUSIONS— Thetwomulticen-
ter trials reported here demonstrate that
glipizide GITS produces and maintains
significant reductions in FPG, HbAlc, and
PPG over a dose range of 5 mg to 60 mg in
patients with NIDDM with very low rates
of hypoglycemia. In addition to demon-
strating the efficacy and safety of this new
sustained release preparation of glipizide,
these studies provide several important
insights into the mechanism of action and
clinical application of the drug.

First, dose-response analyses demon-
strated a significant relationship between
glipizide dose and the decrease in FPG and
HbAlc, with maximal efficacy achieved at 20
mg for FPG and at 5 mg for HbAlc. Not only
did higher doses fail to produce further ther-
apeutic benefit, but the 60-mg dose actually
produced moderately less improvement in
HbAlc and FPG than did the 20-mg dose.
These results also were supported by phar-
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Figure 5—A: Concentration-response curve for mean (± SE) change in HbAlc within quintiles ojplasma
glipizide concentration for all patients in both studies. Plasma concentrations are the geometric means
of each quintile. Observed and fitted mean changes in HbAlc are adjusted for study and baseline differ-
ences, n = 62,59, 60, 63, and 63 for the lowest to highest quintile. P < 0.0001 for overall treatment effect.
B: Concentration-response curve for mean (± SE) change in FPG within quintiles of plasma glipizide con-
centration for all patients in both studies. Plasma concentrations are the geometric means of each quin-
tile. Observed and fitted mean changes in FPG are adjusted for study and baseline differences, n = 68,
62, 63, 63, and 63 for the lowest to highest quintile. P < 0.0001 for overall treatment effect.

macodynamic analyses of plasma glipizide
levels versus these indexes of glycemic con-
trol and are consistent with a previous obser-
vation for immediate-release glipizide
(36,37), suggesting an optimal dosing "win-
dow" for oral sulfonylurea agents.

Whereas immediate-release glipizide
has a maximum recommended dose of 40
mg per day in divided doses, the GITS
preparation is maximally effective at 5-20
mg once daily, depending on the therapeu-
tic parameter being measured. It is likely
that the lower doses required with the GITS
formulation are the result of the use of the
extended-release system, which provides
effective plasma concentration of glipizide
over 24 h. In fact, plasma glipizide concen-
trations 24 h after administration of the 5-
mg doses were —50 ng/ml, well within the
therapeutic range (25-100 ng/ml) previ-
ously proposed (21,38). Mean plasma glip-
izide levels 24 h after administration of the
20-mg dose were 250-300 ng/ml, which
approximates the maximal therapeutic level
of the drug (21,38). In addition, plasma lev-
els of glipizide measured 24 h after dosing
are significantly higher after glipizide GITS
administration versus immediate release

glipizide when using comparable total daily
doses (39). On the basis of these results,
glipizide GITS was approved for use in the
U.S. for the treatment of NIDDM at a dose
range of 5-20 mg.

It is important to emphasize that the
process of delivering a shorter acting sul-
fonylurea like glipizide through a controlled
release preparation does not make it thera-
peutically equivalent to a longer acting
agent like glyburide. In previous studies, we
directly compared intravenous infusions of
glipizide and glibenclamide (glyburide) at
comparable drug levels (~ 100-200 ng/ml)
to demonstrate this pharmacodynamic dif-
ference between these agents (21). In that
study, insulin secretion peaked within 10
min after glipizide administration and
declined thereafter; however, glyburide pro-
duced a sustained elevation of insulin and
C-peptide over the 2-h period of study (21).
This is consistent with our findings in the
current study in which postprandial insulin
or C-peptide secretion was enhanced at
most glipizide GITS doses levels up to 20
mg, whereas fasting plasma insulin levels
were generally not significantly different
from placebo in this dose range.

•120
< 200 200 • 250 > 250

FPQ at Baseline (mg/dl)

Figure 6—Mean (± SE) change in FPG level
from randomization to final visit in patients
treated with placebo (solid bars), 5 mg (striped
bars), and 20 mg (crosshatched bars) glipizide
GITS stratified by baseline FPG. *P < 0.001 ver-
sus placebo; §P < 0.05 versus 5-mg dose.

In this study, the maximal benefit in
HbAlc was achieved at the lowest dose stud-
ied (5 mg), whereas a dose-response rela-
tionship up to 20 mg was observed for FPG.
We believe that our inability to detect a
greater dose-response relationship in HbAlc

was probably due to the relatively short time
period of treatment (8 weeks) at each
assigned dose. These results were not unex-
pected. FPG primarily measures hepatic glu-
cose production, which is reduced over a
short period by glipizide GITS (40). There-
fore, a dose-response relationship can be
generated with regard to this parameter over
a short time period. In contrast to this,
HbAlc reflects the mean average glycemia
over a 3- to 4-month period and incorpo-
rates both fasting and postprandial meas-
urements. Therefore, changes in HbAlc that
correspond to the changes in FPG may not
have been measurable given the study dura-
tion and design.

Comparison of the present results with
those from a 1990 study byjaber et al. (43)
also suggests that glipizide GITS may pro-
vide glycemic control superior to that
achieved with immediate-release glipizide.
These investigators showed that adminis-
tration of immediate-release glipizide (up
to 20 mg b.i.d.) significantly reduced PPG
and bedtime blood glucose but did not
significantly decrease fasting preprandial
glucose, whereas glyburide reduced all
three at the same doses. In the two trials we
report here, 5-mg or higher doses of glip-
izide GITS administered once daily signifi-
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cantly decreased both FPG and HbAlc.
Thus, glipizide GITS may be more potent
on a dose-for-dose basis than immediate
release glipizide. This question was recently
addressed more directly in a study by
Berelowitz et al. (39) who compared imme-
diate-release glipizide with glipizide GITS
in a 16-week 2-way crossover trial that
included 132 randomized patients. After 8
weeks of treatment on each drug, FPG was
significantly lower with once-daily glip-
izide GITS than with once- or twice-daily
immediate-release glipizide administered
in the same total daily dose, whereas HbAlc

levels were comparable. Fasting insulin and
C-peptide levels were either comparable
or statistically lower with glipizide GITS
versus immediate-release glipizide. Glip-
izide GITS also produced the same reduc-
tion in PPG as immediate-release glipizide
with a significantly lower increase in post-
prandial insulin and C-peptide. These find-
ings are supported by the results of another
study in which glipizide GITS produced
comparable reductions in FPG to those
seen following glyburide therapy at the
same doses, with lower fasting insulin lev-
els in glipizide GITS-treated patients (42).

Several other aspects of the results
obtained in the present trials suggest
important differences between the efficacy
of glipizide GITS and immediate-release
glipizide. Lebovitz (28) summarized results
from three studies in which immediate-
release glipizide was used for the treatment
of patients with NIDDM. His analysis of the
combined results indicated that glipizide
was less effective in patients with severe
NIDDM (prestudy FPG >250 mg/dl) than
in patients with milder degrees of fasting
hyperglycemia. However, in the present tri-
als, glipizide GITS produced a greater
absolute reduction (and a comparable per-
centage reduction) in both FPG and HbAlc

in patients with the most severe fasting
hyperglycemia, suggesting that the con-
trolled release formulation may be of par-
ticular benefit in these poorly controlled
patients. Thus, with regard to therapeutic
efficacy, glipizide GITS exhibits character-
istics similar to the biguanide, metformin,
which also has been reported to produce
the greatest reductions in FPG levels and
HbAlc in the patients with the most severe
hyperglycemia (44).

Glipizide GITS also demonstrated effi-
cacy in patients of varying demographic
characteristics. Although previous studies
have shown that immediate-release glip-
izide and other sulfonylureas may be less

effective in patients <60 years of age than in
older patients (45), the present trial suggests
that the GITS formulation is comparably
effective in reducing FPG and HbAlc in
younger (<65 years of age) and older (^65
years of age) individuals with NIDDM with-
out increasing the risk of hypoglycemia.
Safe and effective treatment for NIDDM in
older patients is an important issue, because
it has been estimated that 12-15% of the
population in the U.S. >60 years old has
NIDDM, and this population may be at the
greatest risk for the adverse consequences of
hypoglycemia (46-51).

It is widely believed that sulfonylurea
treatment is less likely to be effective in
patients with long-standing NIDDM than
in recently diagnosed patients. This most
likely results from progressive decline in fi-
cell function with advancing disease,
although some investigators have suggested
that desensitization of the insulin secretory
response to repeated exposure to the sul-
fonylurea also may contribute (52-54).
Although the current study was not of suf-
ficient duration to address these questions,
preliminary data from a long-term exten-
sion of the present trial indicate that signifi-
cant reductions in FPG and HbAlc are
maintained over the course of 1 year (Pfizer
Inc., unpublished observations). In addi-
tion, the results of this study clearly indi-
cate that glipizide GITS produced
comparable and significant reductions in
both HbAlc and FPG in patients with
NIDDM for <5 years, 5-10 years, and
>10 years duration.

Certain ethnic and racial groups in the
U.S.—including African-Americans, His-
panics, and Native Americans—have a par-
ticularly high prevalence of NIDDM. In the
present study, 23% of the population was
comprised of racial and ethnic minority
groups, and there was no difference in effi-
cacy when compared with white patients.
Similarly, obesity is also a well-known risk
factor for NIDDM, and the current results
suggest that glipizide GITS produces com-
parable efficacy in both lean and obese
patients.

During both clinical trials, glipizide
GITS was as well tolerated as the placebo.
Most importantly, it was associated with a
very low incidence of hypoglycemia, an
adverse event that is seen with both imme-
diate-release glipizide and other oral hypo-
glycemic medications (26,56). Recent studies
indicate a lack of hypoglycemic events with
glipizide GITS administration in fasting
elderly patients (57) as well as in patients

who skip breakfast and exercise (58). The
tolerability of glipizide GITS may be related
to the slow and predictable release of drug
from the GITS tablet. This formulation
avoids the high peak concentrations associ-
ated with immediate-release glipizide tablets
and adverse events, most notably hypo-
glycemia, that have been associated with
high plasma drug levels. The tolerability of
glipizide GITS is important, since adverse
reactions to therapy have been cited as a
major reason for failure of oral hypoglycemic
agents in patients with NIDDM (59).

In summary, the results of the present
trials indicate that glipizide GITS is safe and
produces significant reductions in FPG,
HbAlc, and PPG in doses as low as 5 mg in
patients with NIDDM. The GITS formula-
tion avoids the high plasma drug concen-
trations associated with immediate-release
glipizide. The once-daily dosing of this
preparation also may improve patient com-
pliance. Because recent epidemiological
and prospective studies suggest that tight
control of plasma glucose in patients with
NIDDM is likely to have benefits in reduc-
ing microvascular complications similar to
those observed in patients with IDDM
(60-62) and may also reduce the risk of
macrovascular disease (63), an oral hypo-
glycemic agent that can significantly reduce
HbAlc and FPG and that does not cause
weight gain or adversely effect lipids is a
useful adjunct to dietary control and regu-
lar exercise in achieving such control in
patients with NIDDM.
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