Effect of Pramlintide on A,- and Body Weight in Insulin-Treated African
Americans and Hispanics With Type 2 Diabetes: A Pooled Post Hoc Analysis
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An unresolved problem in the management of type 2 diabetes is that improvement of glycemic control with insulin, insulin
secretagogues, and insulin sensitizers is often accompanied by undesired weight gain. This problem is of particular concern
in ethnic groups with a high propensity for diabetes and obesity, such as African Americans and Hispanics. Two 1-year,
randomized, double-blind, placebo-controlled clinical trials in insulin-treated patients with type 2 diabetes have shown that
adjunctive therapy with pramlintide, an analog of the human -cell hormone amylin, reduces A,. with concomitant weight
loss, rather than weight gain. To assess the effect of pramlintide in various ethnic groups with type 2 diabetes using insulin,
we conducted a pooled post hoc analysis of the 2 trials, which included all Caucasian (n = 315), African American (n = 47),
and Hispanic (n = 48) patients (age 57 years, A,c 9.1%, body mass index [BMI] 33 kg/m?, mean values) who completed 52
weeks of treatment with either pramlintide (120 pg twice daily or 150 g 3 times a day) or placebo. Primary endpoints
included changes from baseline to week 52 in A, and body weight. Collectively, pramlintide-treated patients achieved
significant reductions from baseline in both A,. and body weight (placebo-corrected treatment effects at week 52: —0.5% and
—2.6 kg, respectively, both P < .0001). The simultaneous reduction in A, and body weight at week 52 was evident across all
3 ethnic groups and appeared to be most pronounced in African Americans (—0.7%, —4.1 kg), followed by Caucasians (—0.5%,
—2.4 kg) and Hispanics (—0.3%, —2.3 kg). The glycemic improvement with pramlintide was not associated with an increased
incidence of hypoglycemia over the entire study period (43% pramlintide v 40% placebo). Nausea, the most common adverse
event associated with pramlintide treatment, was mostly mild and confined to the first 4 weeks of therapy (25% pramlintide
v 16% placebo) with comparable patterns in the 3 ethnic groups. Thus, pending further experience, the combined improve-
ment in glycemic and weight control with pramlintide treatment appears to be generalizable to a broad population of mixed

ethnicity.
© 2003 Elsevier Inc. All rights reserved.

HE UNITED Kingdom Prospective Diabetes Study (UK-
PDS) has shown that intensified antihyperglycemic ther-
apy, aimed at a reduction of A, reduces the risk of long-term
diabetic complications in patients with type 2 diabetes melli-
tus.22 However, the UKPDS has also shown that type 2 dia-
betes is a progressive disease that is characterized by a steady
decline in B-cell function and worsening hyperglycemia, de-
spite the addition of multiple oral agents and insulin.3 Even
when treated with insulin, only 28% of the UKPDS participants
achieved an A, value <7% after 9 years.# Among the barriers
that hinder the attainment of glycemic goalswithinsulinin type
2 diabetes are an increased risk of hypoglycemia,® undesired
weight gain,-5-8 and an inability to control excessive postpran-
dia glucose excursions.9:10
These unresolved challenges with insulin therapy in type 2
diabetes are of particular concern in ethnic groups with a high
propensity for diabetes and obesity, such as African Americans
and Hispanics. Results from several community studies suggest
that African American and Hispanic patients with type 2 dia-
betes have, on average, poorer glycemic control than Cauca
sians.11-13 These findings were recently substantiated by results
from the Third National Health and Nutrition Examination
Survey (NHANES I11), which found that as much as 50% of
African American women and 45% of Hispanic men with type
2 diabetes had poor glycemic control (A,- >8%) compared
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with 36% of Caucasians with the disease.1* These ethnic dif-
ferences in glycemic control did not appear to be attributable to
differences in the use of oral agents or insulin.’# In fact, poor
glycemic control was particularly common in insulin-treated
patients with type 2 diabetes.14 Unfortunately, there is surpris-
ingly little published data on ethnic differences in the response
to different diabetes therapies. An ethnic comparison in the
Veterans Affairs Cooperative Study in Type 2 Diabetes Melli-
tus (VA CSDM) suggested that African Americans and Cau-
casians may respond differently to intensification of insulin
therapy.> This observation led the investigators to conclude
that ethnic differences in glycemic response should be assessed
when novel pharmacologic treatment modalities for type 2
diabetes emerge.1®

Pramlintide, an analog of the B-cell hormone amylin, is
currently in late-stage development as an adjunctive therapy to
insulin for patients with type 1 and type 2 diabetes.16-18 Amylin
is normally cosecreted with insulin in response to medls; it
complements the effects of insulin in postprandia glucose
homeostasis and is deficient a mealtime in insulin-treated
patients with type 1 and type 2 diabetes.16-19 Short-term studies
in patients with type 2 diabetes have shown that mealtime
amylin replacement with pramlintide, as an adjunct to mealtime
insulin replacement, leads to a marked reduction in postpran-
dial glucose excursions.20.21 This appears to be attributable to a
correction of postprandial hyperglucagonemia2? and a slowing
of gastric emptying.22 Two 1-year, randomized, double-blind,
placebo-controlled US clinical studies in patients with type 2
diabetes have shown that the addition of pramlintide to pre-
existing insulin regimens facilitates a further reduction in A,
that is accompanied by weight loss than weight gain.24.25

To assess whether these observations for pramlintide are also
present in insulin-treated African Americans and Hispanics
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Table 1. Baseline Demographic Characteristics and Concomitant Treatments
Caucasian African American Hispanic
PBO PRAM PBO PRAM PBO PRAM
N 164 151 21 26 26 22
Age* (yr) 58 + 10 57 =9 58 + 9 56 + 9 51+ 10 54 + 12
Sex (% M/F) 60/40 58/42 29/71 46/54 50/50 32/68
Weight* (kg) 93.9 = 18.8 96.9 = 21.9 87.8 = 16.8 97.8 = 18.5 92,5 + 17.9 88.8 = 19.7
BMI* (kg/m?) 31.5 £ 6.0 328+ 7.1 31.6 £ 5.1 33.5 6.1 33.7 £6.7 334 £ 6.0
Aic* (%) 9.1+1.2 89+ 1.1 9.2+1.8 9.7 1.2 9.6 = 1.1 9.3+1.0
Diabetes duration* (yr) 12+8 13+8 11 +5 10+6 13+6 13+7
Total daily insulin dose* (U)
Baseline 67 + 35 67 + 35 53 = 30 57 = 31 77 = 32 63 =24
Week 52 72 + 37 70 + 37 54 + 32 56 = 34 85 + 39 69 * 49
No. of daily injectionst
1 5(3) 1(0) 19 (10) 15 (912) 8(0) 9(9)
2 65 (62) 14 (12) 71 (76) 69 (73) 81 (81) 68 (59)
3+ 29 (32) 83 (86) 10 (14) 15 (12) 12 (15) 23 (32)
Oral antihyperglycemic agentst
MET only 9 (8) 5 (4) 10 (10) 8(8) 15 (15) 14 (14)
SFU only 9(9) 7(7) 14 (14) 0(0) 0(4) 14 (14)
MET + SFU 1(1) 1(1) 0 (0) 0(0) 0(0) 14 (14)
*Data are mean *= SD.
tPercentage of patients, baseline (week 52).
with type 2 diabetes, we conducted a pooled, post hoc analysis RESULTS

examining the different ethnic groups in the 2 trials.

PATIENTS AND METHODS
Sudy Design

The designs of the 2 long-term, randomized, placebo-controlled,
double-blind studies included in this pooled post hoc analysis have
been described in detail previously.2425 In brief, both studies included
patients with type 2 diabetes and utilized an add-on design, ie, pram-
lintide or placebo (injected subcutaneously twice daily or 3 times a day
before the major meals) were added to pre-existing insulin regimens.
Study medication (placebo or pramlintide), but not insulin or oral
medications, was provided to the study participants as part of the study.
Both studies were of 52 weeks duration and had the same primary and
secondary efficacy end points (see below), with repeated assessment of
A, body weight, total daily insulin doses (recorded in subject diaries),
and safety parameters throughout the study.

For the present analysis, we pooled datafrom all patients categorized
as Caucasian, African American, and Hispanic who had been random-
ized to placebo or pramlintide 120 g twice daily or 150 ug 3 times a
day, the dosing regimens that showed efficacy in the individual pivotal
trials in patients with type 2 diabetes.2425 Other ethnic groups were not
included because they comprised less than 1.5% of the study popula-
tion, thus precluding meaningful analysis.

Satistical Methods

All efficacy and safety analyses were performed on the intent-to-treat
(ITT) population (all randomized patients who received at least 1 dose
of study medication). The main efficacy end points included the
changes from baseline to week 52 for both A, and weight. For the
overall population, differencesin A, and weight between pramlintide
and placebo groups were analyzed descriptively and parametrically.
Because the 2 studies were not powered prospectively for ethnic
comparisons, differencesin A, and body weight between pramlintide
and placebo in the individua ethnic groups were only analyzed de-
scriptively.

Patient Disposition and Baseline Demographics

Of the 1,194 patients enrolled in the 2 studies, 410 (34%)
were randomized to either placebo or pramlintide (120 ug
twice daily and 150 ug 3 times a day) and had completed the
study. Of those, 315 (77%) were Caucasian, 47 (11%) were
African American, and 48 (12%) were Hispanic (Table 1).

Among the 3 ethnic groups, most of the key baseline demo-
graphics were well balanced. However, African Americans and
Hispanics had a dlightly higher mean baseline A, than Cau-
casians, and African Americans also tended to have a lower
mean total daily insulin use than Caucasians and Hispanics.
Within each ethnic group, there were some imbalances in
gender distribution, weight, and A,.. The vast mgority of
patients was on multiple injections of short- and long-acting
insulin (Table 1), and the average body mass index (BMI) was
>30 kg/m? (the cutoff for obesity, according to World Health
Organization [WHOQO] criteria).26

AlC

Collectively, pramlintide-treated patients achieved a signif-
icantly greater reduction from baseline in A, than placebo-
treated patients (placebo-corrected treatment effect at week 52:
—0.5%, P < .0001). The greater A, reduction was evident
across all 3 ethnic groups and appeared to be somewhat more
pronounced in African Americans (—0.7%) followed by Cau-
casians (—0.5%) and Hispanics (—0.3%) (Fig 1).

Weight

Collectively, pramlintide-treated patients achieved a signif-
icantly greater reduction from baseline in body weight than
placebo-treated patients (placebo-corrected treatment effect at
week 52 —2.6 kg, P < .0001). Again, the weight loss was
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evident across al 3 ethnic groups and appeared to be most
pronounced in African Americans (—4.1 kg), followed by
Caucasians (—2.4 kg) and Hispanics (—2.3 kg) (Fig 1).

Insulin and Concomitant Medications Use

The mean total daily insulin dose, as well as the percent-
ages of patients using different insulin formulations, and
taking 1, 2, or 3+ insulin injections/day, remained, for the
most part, constant in all groups throughout the duration of
the study. The percentage of patients using metformin
(MET) only, sulfonylurea (SFU) only, or a combination of
metformin and sulfonylurea, in addition to their usual insulin

therapy also remained, for the most part, constant in each of
the 3 ethnic groups (<4% change in any group).

Safety

Pramlintide treatment was generally well tolerated, and
there was no evidence of cardiovascular, pulmonary, he-
patic, or renal toxicity or of drug-related idiosyncratic side
effects associated with its use. As reported in the individual
studies,24.25 the most frequent adverse event more commonly
reported with pramlintide than with placebo treatment was
nausea, which was transient (confined primarily to the first 4
weeks of treatment), and mostly of mild-to-moderate inten-
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sity. The incidence of nausea in the overall study population
was 25% for pramlintide versus 16% for placebo, with
comparable patterns in the 3 ethnic groups: 26% versus 17%
in Caucasians, 23% versus 14% in African Americans, and
23% versus 12% in Hispanics. The incidence rates of hypo-
glycemia were similar between pramlintide and placebo:
43% versus 40% in the overall study population, 48% versus
43% in Caucasians, 31% versus 33% in African Americans,
and 23% versus 27% in Hispanics.

Overall withdrawal rates in the placebo-treated group were
28% compared with 35% in the pramlintide-treated group with
the percent withdrawal evenly represented across the 3 ethnic
groups. 29% versus 35% in Caucasians, 30% versus 35% in
African Americans, and 24% versus 31% in Hispanics. The
main reasons for withdrawal in the placebo and pramlintide
groups were withdrawal of consent (9% v 8%) and adverse
events (9% v 15%).

DISCUSSION

It is well established that there are substantial ethnic
differences in the prevalence and pathophysiology of type 2
diabetes. However, little is known about potential ethnic
differences in the response to different antihyperglycemic
therapies. The aim of the present post hoc analysis was to
assess the long-term effect of pramlintide, an amylin analog
in late-stage clinical development, on both A, and body
weight in insulin-treated African Americans and Hispanics
with type 2 diabetes, 2 ethnic groups with high propensities
for diabetes and obesity.2” The results indicate that the
addition of pramlintide to insulin therapy leads to a com-
bined and sustained improvement of both glycemic and
weight control.

Although the present analysis was post hoc and not pro-
spectively designed to perform statistical comparisons be-
tween the various ethnic groups, the data suggest that the
glycemic effect of pramlintide was somewhat more pro-
nounced in African Americans, who experienced a placebo-
corrected A ;- reduction of 0.7%. Hispanics tended to have a
somewhat lesser A ;. reduction, but nevertheless appeared to
benefit from pramlintide treatment. In the interpretation of
these A, reductions, it is noteworthy that pramlintide, when
given before major meals, appears to reduce primarily post-
prandial glucose concentration. Interestingly, African Amer-
icans with type 2 diabetes have also been reported to respond
better than Caucasians to intensification of insulin therapy.1®
In the 2 clinical trials that were pooled for the present
analysis, patients were asked to keep their pre-existing in-
sulin regimens constant. It would therefore be conceivable
that African Americans and Hispanics might achieve even
greater A, reductions if addition of pramlintide and inten-
sification of insulin therapy were used in combination.

The mechanisms underlying pramlintide’s postprandial glu-
cose-lowering effects in type 2 diabetes are well characterized
in human and in animal models and include a suppression of
postprandial hyperglucagonemia??2 and a slowing of gastric
emptying.2® Unfortunately, there has been no systematic as-
sessment of ethnic differences in postprandial glucagon secre-
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tion and gastric emptying rate in patients with type 2 diabetes.
One study, however, reported that gastric emptying is acceler-
ated in Hispanic compared with Caucasian patients with type 2
diabetes.28 This underscores the need for further investigation
into the metabolic abnormalities underlying postprandia hy-
perglycemiain ethnic groups with a high propensity for type 2
diabetes.

Studies in the general population of patients with diabetes
have shown that weight gain is typical when glycemic con-
trol is improved using insulin alone.57 It was therefore
encouraging that the African American and Hispanic groups
experienced weight loss during the 52 weeks they used
pramlintide in addition to insulin therapy. Again, the effect
of pramlintide appeared to be most pronounced in African
Americans, who had achieved a placebo-corrected weight
reduction of 4 kg at the end of the study. Hispanics also
realized a weight loss of 2.3 kg with pramlintide treatment
compared with placebo. These apparent ethnic differencesin
weight loss with pramlintide treatment should be interpreted
with caution, however, considering the imbalances in gender
and body weight in these 2 ethnic groups. The finding that
pramlintide treatment leads to a further reduction in A, in
conjunction with weight loss could prove useful for the
treatment of these ethnic groups, who exhibit both a high
prevalence of obesity and additional weight gain upon in-
tensification of insulin therapy.’s In the VA CSDM, for
instance, African Americans experienced an increasein BMI
from 30.5 to 33.8 kg/m? over 2 years upon intensification of
insulin therapy.15 As stated in earlier publications,2425 the
weight loss with pramlintide in type 2 diabetes in the present
analysis is not attributable to nausea (which was transient in
nature and occurred in approximately 25% of pramlintide-
treated patients and 16% of placebo-treated patients), but
seems consistent with numerous preclinical studies indicat-
ing that amylin may have arole in the central regulation of
food intake and body weight homeostasis.29-31

Although the proportion of African Americans and His-
panics in our analysis was too small for a conclusive com-
parison of the incidence of adverse events in various ethnic
groups, the results indicate that the occurrence of nausea
upon pramlintide treatment was similar for African Ameri-
cans, Hispanics, and Caucasians. In al 3 ethnic groups, the
vast majority of patients (approximately 75%) did not report
any nausea during the 52 weeks. Compared with placebo,
pramlintide treatment was not associated with an increased
incidence of hypoglycemia in any of the ethnic groups.
Whether the apparently lower incidence of hypoglycemiain
African Americans and Hispanics was a statistical artifact
(related to small sample sizes) or due to true physiologic
reasons (such as a greater degree of insulin resistance)
remains unknown.

In conclusion, the efficacy and safety results from this
post hoc analysis showed no clear differences between Af-
rican Americans and Hispanics compared with Caucasians.
The combined improvement in glycemic and weight control
with pramlintide treatment, pending further experience, ap-
pears to be generalizable to a broad population of mixed
ethnicity.
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