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Introduction
Weight control plays an important role in the management 
of patients with type 2 diabetes and is typically addressed by 
lifestyle modifications. These focus on a nutritionally bal-
anced, moderately hypocaloric diet, with a reduced intake of 
saturated fat and an increase in physical activity (1–6). Current 
pharmacological options for weight management are limited, 
with only three agents, orlistat (an inhibitor of gastric and 
pancreatic lipases) (7–10), sibutramine (a combined reuptake 
inhibitor of both serotonin and norepinephrine) that acts cen-
trally to enhance satiety (11), and phentermine (a sympathom-
imetic) currently approved in some countries for use in obese 
patients with or without diabetes (12–15). Rimonabant (a can-
nabinoid-1 receptor blocker) was recently removed from the 
market. Cetilistat is a novel, highly lipophilic benzoxazinone 
inhibitor of gastrointestinal (GI) and pancreatic lipases, which 
is currently under development for the management of weight 

loss in obese patients with or without medical complications. 
In a 12-week, randomized, placebo-controlled, phase 2 clini-
cal study in obese patients without pharmacologically treated 
comorbidities, administration of 60, 120, or 240 mg cetilistat 
three times daily (t.i.d.) in combination with a hypocaloric 
diet produced significantly greater weight loss than placebo at 
all doses tested (16). In addition, cetilistat was well tolerated, 
with a similar proportion of discontinuations due to adverse 
events (AEs) in both the cetilistat and the placebo groups (16). 
AEs were predominantly GI in nature and mild or moderate 
in severity.

We report here the results from a randomized, placebo-
controlled study investigating the efficacy and tolerability of 
three cetilistat doses (40, 80, and 120 mg t.i.d.) compared to 
placebo, in obese patients with type 2 diabetes on metformin. 
The study also included an active treatment comparator arm, 
with patients in this group receiving orlistat (120 mg t.i.d.).
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Methods And Procedures
Patients
Male and female patients aged between 18 and 65 years of age with type 
2 diabetes, a BMI between 28 and 45 kg/m2, and a glycosylated hemo-
globin (HbA1c) of >6 and <10% were eligible for inclusion in this study. 
The diagnosis of diabetes must have been made >3 months previously 
and have been controlled by a stable dose of metformin for at least 3 
months. Statin treatment was allowed, provided it had been stable for at 
least 3 months before entry into the study.

Study design
This was a 12-week multicenter, randomized, double-blind, placebo-
controlled parallel group study, comprising an initial 2-week run-in 
phase, 12-week double-blind treatment phase, and a further 4-week 
follow-up period. During the 2-week run-in phase, patients discon-
tinued all prohibited medications and were advised to maintain a 
diet that was deficient by ~500 calories per day, with ~30% of calories 
derived from fat. Prohibited medications included any anorectant 
medications, appetite suppressants, immunosuppressants, dietary 
supplements, e.g., vitamins, anticoagulants, and steroids (except 
topical or inhaled). The calorie requirement was calculated accord-
ing to the revised World Health Organization equation for estimat-
ing basal metabolic rate. Patients who met the inclusion/exclusion 
criteria following the run-in period and whose body weight had not 
increased by >0.1 kg were randomized to treatment with cetilistat 
(40, 80, or 120 mg t.i.d.), orlistat (120 mg t.i.d.) or matching placebo 
in a 1:1:1:1:1 ratio, stratified on the basis of the dose of metformin 
(≤ or >1,500 mg/day), for 12 weeks. The medication was taken three 
times daily with meals.

Patients were scheduled for clinic visits at screening, baseline (week 0), 
weeks 4, 8, and 12 during treatment, and at week 16 (end of 4-week 
follow-up period). Patients were also contacted via telephone at weeks 
3, 6, and 11, for AE recording and further dietary advice.

This study was conducted in accordance with the International Confer-
ence on Harmonisation guidelines on Good Clinical Practice and was 
approved by an independent ethics committees of each country and as 
appropriate, each site. Written informed consent was obtained from each 
patient before enrollment in the study.

Assessments
Assessments were made at each four weekly visit. The primary 
outcome was the absolute change in body weight at week 12, last 

observation carried forward from baseline. Secondary endpoints 
included the proportion of patients achieving weight loss within 
predefined limits (≥0% (increase), and >0% and <5%, 5–10%, 
and >10% (all decrease)), change in waist circumference from base-
line, change in lipid profiles, fasting blood glucose, insulin level, 
and HbA1c at week 12. All patients were given the option of collect-
ing a stool sample for assessment of fecal fat. Approximately 30% of 
patients (n = 32–44 per group) provided stool samples at baseline 
and at the end of treatment. Patients provided stool samples rather 
than the total stool passed; fat excretion was therefore determined 
as the percentage of fat within the sample. Safety was assessed by 
means of AE reporting, GI symptoms reporting, vital signs, electro-
cardiogram, and clinical laboratory variables including fat soluble 
vitamins (A, E, and K).

The intensity (severity) of AEs was classified as follows:

Mild: aware of sign or symptoms, easily tolerated
�Moderate: sign or symptom causes discomfort but does not interfere 
with normal activities
�Severe: sign or symptom is of sufficient intensity to interfere with 
normal activities.

These were defined in the protocol, together with GI symptom termi-
nology, to ensure as far as possible uniform standards across centers.

Statistical analysis
All efficacy analyses were performed using the intention-to-treat group. 
This comprised all patients who were randomized and received at least 
one dose of study medication and had at least one postbaseline weight 
assessment. Missing data were imputed using the last observation car-
ried forward method and so all patients with at least one postbaseline 
assessment were included in the analysis.

Analyses of weight change data were performed by analysis of covari-
ance using weight change as the response. Treatment and country were 
used as fixed effects, while baseline weight, metformin dose, screening 
weight change, baseline BMI, and HMG-CoA reductase inhibitor (statin) 
use were used as covariates. Least-square mean values with 95% confi-
dence intervals for the least-square mean difference were also calculated 
and used to determine the placebo-adjusted effect of cetilistat. Based on 
the analysis of covariance results, Dunnett’s post hoc test for multiple 
comparisons was used to compare differences between the cetilistat treat-
ment groups and the placebo group. Secondary analyses were performed 
using analysis of covariance.

No. of screened patients
N = 869

Screen failures
N = 257

No. of randomised
patients
N = 612

ATL-962, 40 mg
N = 121

Completed
study

N = 102

Discontinued: 19
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Lost to follow-up: 5
Other: 5

Discontinued: 17
Randomization criteria: 0
Adverse event: 6
Withdrawal of consent: 2
Protocol violation: 1
Lost to follow-up: 6
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Randomization criteria: 1
Adverse event: 3
Withdrawal of consent: 4
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Lost to follow-up: 3
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Randomization criteria: 1
Adverse event: 13
Withdrawal of consent: 2
Protocol violation: 2
Lost to follow-up: 4
Other: 1
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Adverse event: 7
Withdrawal of consent: 6
Protocol violation: 0
Lost to follow-up: 7
Other: 2
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study
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N = 121
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Orlistat, 120 mg
N = 124

Placebo
N = 126

Figure 1  Patient disposition.
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Post hoc analyses of the proportion of patients with AEs and GI 
AEs together with those that discontinued as a result of such events 
were performed using the Cochran Mantel–Haenszel test controlling 
for country. These statistical comparisons focused on the highest dose 
of cetilistat (120 mg) vs. 120 mg orlistat. In addition to the analyses 
of the proportion of patients affected, the number of AEs per patient 
was analyzed.

A sample size of 115 evaluable patients per treatment arm was 
estimated to provide 80% power to detect treatment differences in 
body weight of 1.3 kg from baseline. This assumed a 5% significance 
level using Dunnett’s procedure for comparison of the three active 
cetilistat doses to placebo and a standard deviation in change in 
weight from baseline of 3.0 kg. A sample size of 120 patients per 
treatment arm was randomized assuming that ~3% of subjects would 
be non-evaluable.

Results
Patients
Of 869 patients screened for entry into the study, 612 were ran-
domized to receive placebo (N = 126), orlistat (N = 124), or 
cetilistat (40 mg t.i.d.: N = 121; 80 mg t.i.d.: N = 121; 120 mg 
t.i.d.: N = 120) (see Figure 1). The baseline characteristics of 
the randomized patients are listed in Table 1 and were similar 
across the treatment groups. The mean age of the randomized 
patients was 53.4 years and 50.4% were men.

During the run-in period, 95 patients used medications that 
were discontinued before randomization. There was no clini-
cally significant difference in the type of medications that were 
used by the patients in each arm, except for the number of 
patients taking serum lipid reducing agents, which was higher 
in the orlistat group (9 patients vs. 2 or 3 patients in the other 
treatment groups).

For the concomitant medications, cardiovascular medications 
including antihypertensive and lipid reducing medications were 
used by 78% of patients and antithrombotic agents by 36%. 
Overall, 53% of patients were receiving lipid-lowering therapy, 
mostly HMG-CoA reductase inhibitors. In all cases, medical 
treatments were essentially balanced across the groups.

The double-blind treatment phase was completed by 87% of 
patients and 85% completed the follow-up phase. The primary 
reasons for discontinuation were AEs (31/612; 5.1%; 2, 6, 3, 13, 

and 7 patients in the 40, 80, and 120 mg cetilistat, 120 mg orlistat 
and placebo groups, respectively) (see Figure 1). Patients lost 
to follow-up comprise (25/612; 4.1%; 5, 6, 3, 4, and 7 patients 
in the 40, 80, and 120 mg cetilistat, 120 mg orlistat and placebo 
groups, respectively) (see Figure  1). The intention-to-treat 
analysis group consisted of patients who took at least 1 dose 
of study medication and had 1 postbaseline weight assessment 
and comprised 589 patients (96.2%) (Figure 1).

Efficacy endpoints
The change in mean weights between screening and randomi-
zation was essentially similar for each of the five groups in this 
study (~1.5 kg).

Reductions in weight from baseline were observed in all 
treatment groups including the placebo group at the end of the 
double-blind treatment phase (week 12; Figure 2). Absolute 
weight loss in the cetilistat 80 and 120 mg t.i.d. dose group was 
significantly greater than in the placebo group (P = 0.01 and 
P = 0.0002, respectively), but in the cetilistat 40 mg t.i.d. dose 
group weight loss was similar to placebo. The weight loss in the 
group receiving orlistat 120 mg t.i.d. was similar to that with 

Table 1  Patient baseline characteristics

Baseline 
characteristic

Treatment group

Placebo Cetilistat Orlistat

0 mg t.i.d. (N = 125) 40 mg t.i.d. (N = 120) 80 mg t.i.d. (N = 121) 120 mg t.i.d. (N = 120) 120 mg t.i.d. (N = 121)

Age (years)a 54.4 (7.6) 52.7 (8.0) 52.4 (8.4) 53.5 (7.6) 54.3 (7.8)

Height (cm)a 169.0 (9.7) 170.8 (9.4) 170.2 (9.0) 170.7 (9.3) 170.9 (9.0)

Gender (n (%))

  Male 53 (42.4) 57 (47.5) 61 (50.4) 69 (57.5) 66 (54.5)

  Female 72 (57.6) 63 (52.5) 60 (49.6) 51 (42.5) 55 (45.5)

Body weight (kg)a 98 (15.7) 100 (16.6) 99 (14.6) 103 (15.6) 101 (15.0)

BMI (kg/m2)a 34 (4.1) 34 (4.6) 34 (3.9) 35 (4.4) 35 (4.1)

HbA1c (%)a 7.2 (1.0) 7.1 (0.8) 7.2 (1.0) 7.1 (0.9) 7.2 (1.0)

HbA1c, glycosylated hemoglobin; t.i.d., three times daily.
aMean (±s.d.).
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Figure 2  Profile of mean weight loss over time (mean ± s.e.m.). 
LOCF, last observation carried forward; t.i.d., three times daily.
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cetilistat at 80 and 120 mg t.i.d. and was statistically significant 
(P = 0.0075; Figure 2).

The proportion of patients who achieved ≥5% weight loss 
was greater in the 80 mg and 120 mg t.i.d. cetilistat groups 
(29%; P = 0.01 and 33%; P = 0.03) and in the orlistat group 
(31%; P = 0.02) than for the placebo group (19%). The propor-
tion who achieved ≥5% weight loss in the cetilistat 40 mg t.i.d. 
group (22%) was not significantly different from placebo.

Significant reductions relative to placebo were seen for waist 
circumference in the cetilistat 80 and 120 mg t.i.d. dose groups 
(4.3 cm, P = 0.033; and 4.5 cm, P = 0.037 vs. 3.2 cm) and in 
the orlistat group (4.4 cm; P = 0.019). The reduction in waist 
circumference (2.9 cm) in the cetilistat 40 mg t.i.d. group was 
similar to that in the placebo group.

Levels of HbA1c were reduced from baseline in all treat-
ment groups by the end of the randomized treatment period 

(Figure  3). In the 80 mg and 120 mg cetilistat dose groups, 
these reductions (ca. 0.5%) were significantly greater than pla-
cebo (P = 0.018 and P = 0.015, respectively). The reduction in 
HbA1c in the orlistat treatment group was also significant com-
pared to placebo (P = 0.04), and was similar to that seen in the 
cetilistat 80 and 120 mg dose groups; the higher the baseline 
level of HbA1c the greater the benefit from cetilistat treatment, 
although weight loss was similar in each of the baseline HbA1c 
categories (Table 2). A similar, albeit smaller, effect was seen in 
the placebo group. There were small, but not clinically signifi-
cant reductions in mean levels of insulin, fasting blood glucose, 
and fructosamine in all groups (data not shown). No consist-
ent changes in lipid profile from baseline, which were all within 
the normal range, were seen in any of the treatment groups. 
This was not surprising given the treatment period and many 
patients were taking statins as part of their regular therapy.

In the subpopulation of subjects who provided stool samples 
for determination of fat excretion, the percentage fat in the stool 
was significantly increased from baseline in all active treatment 
groups compared to placebo (Table 3). As total stool weight 
was not recorded it is not possible to determine whether there 
was a relationship between total fat excreted and weight loss.

Safety
The proportion of patients reporting treatment-emergent AEs, 
and the number of AEs reported were higher in the cetilistat and 
orlistat treatment groups compared to placebo (Table 4). The 
proportion of patients reporting AEs (87–89%) and the number 
of AEs reported (387–428) were similar in the three cetilistat dose 
groups. The majority of reported AEs with cetilistat were mild 
(233–272) or moderate (119–126) in intensity, with few being 
severe (25–31). The proportion of patients in the orlistat group 

Table 2 H bA1c changes based on baseline values

Treatment Change

HbA1c baseline value

Week 12—LOCF mean <7% ≥7 to <8 ≥8%

Placebo t.i.d. N 119 50 31 26

HbA1c (%) −0.37 −0.12 −0.52 −0.75

Weight (kg) −2.86 −3.05 −3.04 −3.03

Cetilistat 40 mg t.i.d. N 116 52 40 12

HbA1c (%) −0.33 −0.14 −0.44 −0.82

Weight (kg) −2.94 −3.13 −3.41 −2.77

Cetilistat 80 mg t.i.d. N 119 55 36 17

HbA1c (%) −0.54 −0.26 −0.62 −1.39

Weight (kg) −3.85 −4.24 −3.58 −4.91

Cetilistat 120 mg t.i.d. N 115 54 38 19

HbA1c (%) −0.51 −0.20 −0.72 −1.03

Weight (kg) −4.32 −4.35 −4.88 −3.63

Orlistat 120 mg t.i.d. N 120 48 30 25

HbA1c (%) −0.53 −0.23 −0.61 −1.19

Weight (kg) −3.78 −4.78 −3.61 −4.13

HbA1c, glycosylated hemoglobin; LOCF, last observation carried forward; t.i.d., three times daily.
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Figure 3  Reduction in HbA1c at week 12—LOCF (ITT population). 
HbA1c, glycosylated hemoglobin; ITT, intention-to-treat; LOCF, last 
observation carried forward; t.i.d., three times daily.
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reporting AEs (93%) was similar to that in the cetilistat groups 
(P = 0.3251 compared to 120 mg cetilistat group). However, the 
patients in the orlistat group reported more events (541; P = 
0.0148 compared to 120 mg cetilistat group), with more being 
severe (55; P = 0.0546 compared to 120 mg cetilistat group), than 
patients in the cetilistat groups (Table 4). During the study, a 
total of five serious AEs were reported, one in each treatment 
group and one in the placebo group. None were considered to be 
related to the study medication. No deaths were reported.

The most frequently reported AEs were GI (Table  4). In 
the cetilistat-treated patients, the number of reported GI AEs 
(282–339) was higher than for placebo (153), but ~30% lower 
than for the orlistat group (431; P = 0.0184 compared to 120 mg 
cetilistat group). The number of non-GI AEs was similar in all 
groups including placebo. The number of reported GI AEs in 
the orlistat-treated patients classified as severe (54) was sub-
stantially higher than in the cetilistat groups (17–28) (Table 4). 
The proportion of patients with AEs (and the number of AEs) 

Table 3  Mean fecal fat content, change from baseline to week 12 by treatment group

Treatment group

Placebo Cetilistat Orlistat

0 mg t.i.d. 40 mg t.i.d. 80 mg t.i.d. 120 mg t.i.d. 120 mg t.i.d.

Baseline

  N 54 58 48 56 48

  % Fecal fat (s.d.) 8.28 (4.1) 7.98 (3.5) 7.95 (4.5) 8.54 (3.8) 8.90 (3.7)

Week 12a

  N 41 47 39 46 36

  % Fecal fat (s.d.) 9.05 (4.2) 20.75 (8.4) 18.48 (8.4) 23.27 (8.9) 24.65 (9.3)

Change between baseline and week-12 valuea

  N 38 44 37 44 32

  % Fecal fat (s.d.) 0.96 (4.6) 12.76 (7.1) 10.72 (7.5) 15.26 (9.1) 15.24 (10.5)

  95% CI (8.57, 15.40) (6.20, 13.34) (11.16, 18.01) (11.56, 19.03)

  P value <0.0001 <0.0001 <0.0001 <0.0001

  % Increase 9 160 132 172 177

All treatment differences are cetilistat minus placebo or orlistat minus placebo.
CI, confidence interval.
aThe fecal fat value for 1 patient was obtained when the patient withdrew from the study rather than at week 12.

Table 4  Adverse event frequency and severity

Treatment group

Placebo Cetilistat Orlistata

0 mg t.i.d. (N = 125) 40 mg t.i.d. (N = 120) 80 mg t.i.d. (N = 121) 120 mg t.i.d. (N = 120) 120 mg t.i.d. (N = 121)

n % AE n % AE n % AE n % AE n % AE

Any adverse event 91 (72.8) 280 104 (86.7)** 412 105 (86.8)** 387 107 (89.2)** 428 112 (92.6) 541†

  Mild 76 (60.8) 180 93 (77.5) 268 93 (76.9) 233 95 (79.2) 272 93 (76.9) 302

  Moderate 44 (35.2) 80 58 (48.3) 119 64 (52.9) 126 60 (50.0) 125 74 (61.2) 184

  Severe 11 (8.8) 20 16 (13.3) 25 19 (15.7) 28 20 (16.7) 31 28 (23.1) 55

AE leading to 
discontinuation

8 (6.4) 14 3 (2.5) 8 6 (5.0) 13 3 (2.5) 4 14 (11.6)†† 47††

GI AEs 70 (56.0) 153 94 (78.3)*** 294 98 (81.0)*** 282 100 (83.3)*** 339 106 (87.6) 431†

  Mild 57 (45.6) 100 83 (69.2) 197 83 (68.6) 178 90 (75.0) 214 88 (72.7) 252

  Moderate 28 (22.4) 44 41 (34.2) 80 46 (38.0) 82 52 (43.3) 97 60 (49.6) 125

  Severe 6 (4.8) 9 11 (9.2) 17 14 (11.6) 22 17 (14.2) 28 27 (22.3) 54†

GI AE leading to 
discontinuation

5 (4.0) 9 1 (0.8) 4 3 (2.5) 7 2 (1.7) 2 14 (11.6)†† 46††

No statistical analyses were performed on mild or moderate AEs/GI AEs. For severe AEs/GI AEs 120 mg cetilistat was compared to 120 mg orlistat. Orlistat was not 
compared to placebo.
AE, number of adverse events; GI AE, gastrointestinal adverse events; N, no. of patients in the safety population; n = no. of patients affected; t.i.d., three times daily.
aOrlistat statistical annotations refer to comparison of the highest dose of cetilistat to orlistat; Cochran Mantel–Haenszel test: cetilistat compared to placebo *P < 0.05; 
**P < 0.01 ***P < 0.001 and 120 mg cetilistat compared to 120 mg orlistat †P < 0.05; ††P < 0.01; †††P < 0.001.
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leading to discontinuation in the cetilistat-treated groups was 
2.5% (8), 5.0% (13), and 2.5% (4) for the 40, 80, and 120 mg 
t.i.d. groups, respectively, compared to 6.4% (14) in the placebo 
group (P > 0.05) and a higher proportion (11.6%; 46 events) in 
the orlistat group, all of which were GI (Figure 4a). Statistically 
significantly more patients discontinued due to AEs (P = 0.0053) 
and GI AEs (P = 0.0019) in the orlistat-treated group than in 
the cetilistat-treated groups (P values relate to comparison of 
120 mg cetilistat and 120 mg orlistat).

The most common GI AEs with orlistat leading to discon-
tinuation were abdominal pain, defecation urgency, diarrhea, 
fecal incontinence, and oily stool. The frequency of discontinu-
ations due to each of these AEs was considerably higher in the 
orlistat treatment group compared with the cetilistat groups 
(Table 4; Figure 4b).

No clinically significant changes in routine laboratory 
parameters, vital signs, or electrocardiogram readings were 
observed during treatment. The active treatment groups for 
both cetilistat and orlistat had significantly reduced vitamin 
E values compared to the placebo group. Mean baseline 
values ranged from 29.19 to 29.75 μmol/l in the active 
treatment groups, and was 29.02 μmol/l in the placebo 
group. Mean levels fell in all the active groups (range −0.60 
to −1.28 μmol/l), approximately a 2–4% fall relative to base-
line, compared to an increase of about 5% in the placebo 
group (Table 5). However, none of the changes in level was 
reported as an AE.

Discussion
In this randomized, placebo-controlled, double-blind study, 
treatment with cetilistat (80 and 120 mg t.i.d.) or orlistat 
(120 mg t.i.d.) for 12 weeks, combined with a hypocaloric, 
moderate fat diet, produced significant reductions in body 

weight compared to placebo in obese patients with type 2 
diabetes who were being treated with metformin. This was 
accompanied by improved glycemic control as evidenced by 
significant reductions (ca. 0.5%) in plasma HbA1c levels. There 
were also significant reductions in waist circumference, a risk 
factor for cardiovascular disease (17) in the cetilistat (80 and 
120 mg t.i.d.) and orlistat (120 mg t.i.d.) dose groups.

These results are also comparable to those observed in a pre-
vious study of orlistat in metformin-treated obese patients with 
type 2 diabetes (9). They are also similar to those reported for 
sibutramine and rimonabant (18) indicating that the periph-
eral mechanism of action of cetilistat has potential for manage-
ment of patients with type 2 diabetes.

Fat excretion, measured as percentage fat in stool, was 
increased in all active treatment groups, with the highest val-
ues in the 120 mg and orlistat groups, but this was not quan-
titatively directly related to weight loss. This discrepancy may 
be attributable to the fat excretion value being a single point 
sample, whereas weight loss occurs over an extended period 
of time.

Lipids were essentially normal at baseline in this popu-
lation and no clinically significant changes in low-density 
lipoprotein cholesterol, high-density lipoprotein cholesterol, 
and total cholesterol levels were observed in any of the treat-
ment groups despite the reductions in body weight. The lack 
of change in lipid levels may be because many patients were 
on prestudy statin therapy. There were also minor, clinically 
nonsignificant reductions in both insulin levels and fasting 
plasma glucose.

Although good glycemic control (HbA1c of <7%) can be 
achieved initially through monotherapy with sulfonylureas or 
metformin, sustained control with these agents fails in 50% of 
patients after 3 years (ref. 19). Weight reduction treatments 

Table 5 C hange from baseline to week 12 LOCF in fat soluble vitamins, safety population

Parameter

Treatment group

Cetilistat,  
40 mg t.i.d.

Cetilistat,  
80 mg t.i.d.

Cetilistat,  
120 mg t.i.d.

Orlistat,  
120 mg t.i.d.

Placebo t.i.d.  
(N = 125)

Vitamin E (μmol/l)

  Baseline values (s.d.) 29.74 (8.04) 29.75 (7.04) 29.19 (8.97) 29.22 (7.70) 29.02 (8.72)

Week 12 LOCF change

  N 116 118 115 115 118

  Mean (s.d.) −0.74 (7.61) −0.60 (6.28) −1.21 (5.24) −1.28 (5.37) 1.43 (6.61)

  Median −1.60 −1.50 −0.70 −1.20 1.40

  Min–max −28.9, 34.5 −22.4, 27.8 −24.0, 10.9 −18.5, 17.5 −18.2, 21.6

Week 12 LOCF 
change LS mean

−0.49 −0.40 −1.45 −1.45 1.35

Treatment difference

  LS mean −1.84 −1.75 −2.80 −2.80

  95% CI (−3.29, −0.39) (−3.19, −0.30) (−4.25, −1.35) (−4.25, −1.35)

  P value 0.0128 0.0177 0.0002 0.0002

All treatment differences are cetilistat minus placebo or orlistat minus placebo.
CI, confidence interval; LS, least square; LOCF, last observation carried forward.
aSafety population defined as all patients who had taken at least one dose of study medication.
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such as cetilistat may therefore play an important role in future 
combination therapies for diabetes.

Cetilistat was generally well tolerated. The most common 
AEs observed involved the GI system. However, most of these 
AEs were rated as being mild or moderate in intensity. The 
increased frequency of GI AE reporting in the cetilistat groups 
did not lead to an increase in discontinuations. In fact, the 
frequency of discontinuations due to GI AEs was lower in all 
three cetilistat groups vs. placebo.

A higher proportion of patients in the orlistat group reported 
a greater number of GI AEs compared to the cetilistat groups. 
In addition, the number of GI AEs in the orlistat-treated 
patients classified as severe was substantially higher than in 
the cetilistat groups. The orlistat group also had the highest 
frequency of discontinuations arising from AEs, more than 
double that of the cetilistat 80 mg t.i.d. group and almost five 
times that in the cetilistat 120 mg t.i.d. group. Furthermore, 
GI AEs, primarily fecal incontinence, defecation urgency, 
steatorrhea (oily stool), and diarrhea, were responsible for 
all of the AE-related discontinuations in the orlistat group. 

A previous study with orlistat suggested that the incidence 
of GI AEs was correlated with increased fecal fat content 
and that this increase may be a class effect (20). However, 
the lower frequency of these AEs in the cetilistat treatment 
arms, despite similar fecal fat excretion in this study in the 
cetilistat and orlistat groups, coupled with the results from 
phase 1 studies of cetilistat showing no relationship between 
fecal fat content and GI AEs (21), would indicate that there 
is no direct correlation between lipase inhibition and the 
nature and frequency of GI AEs. This would support the 
notion that it is the physical form of the fat in the intestine, 
which is important in terms of tolerability. The difference in 
AEs between cetilistat and orlistat could be attributable to 
structural differences between the two molecules. Although 
both molecules are lipase inhibitors, the chemical structural 
differences, in terms of hydrophilic and lipidophilic compo-
nents, may influence the way in which the molecules interact 
with fat micelles in the intestine. Thus orlistat, unlike cetili-
stat, may promote coalescence of micelles, leading to oils and 
increased GI AEs.

In conclusion, 12 weeks of treatment with cetilistat 80 or 
120 mg t.i.d. significantly reduced body weight and improved 
glycemic control in obese patients with type 2 diabetes 
managed with metformin. Cetilistat was well tolerated, with 
withdrawals due to AEs being similar to placebo and substan-
tially fewer than with orlistat. The high level of tolerability of 
cetilistat in this patient group, with the consequent increase in 
compliance, could be clinically significant in the management 
of this patient population.

Acknowledgments
Trial Registration Numbers: ISRCTN62647464; NCT00156897; EUDRACT 
2004-000254-23.

Disclosure
The study was sponsored by Alizyme Therapeutics Ltd.

© 2009 The Obesity Society

References
1.	 Colditz GA, Willett WC, Rotnitzky A, Manson JE. Weight gain as a 

risk factor for clinical diabetes mellitus in women. Ann Intern Med 
1995;122:481–486.

2.	 Barinas-Mitchell E, Kuller LH, Sutton-Tyrrell K et al. Effect of weight loss and 
nutritional intervention on arterial stiffness in type 2 diabetes. Diabetes Care 
2006;29:2218–2222.

3.	 Fujioka K, Seaton TB, Rowe E et al. Weight loss with sibutramine improves 
glycaemic control and other metabolic parameters in obese patients with 
type 2 diabetes mellitus. Diabetes Obes Metab 2000;2:175–187.

4.	 Campbell L, Rössner S. Management of obesity in patients with Type 2 
diabetes. Diabet Med 2001;18:345–354.

5.	 Williams KV, Kelley DE. Metabolic consequences of weight loss on glucose 
metabolism and insulin action in type 2 diabetes. Diabetes Obes Metab 
2000;2:121–129.

6.	 Eriksson KM, Westborg CJ, Eliasson MC. A randomized trial of lifestyle 
intervention in primary healthcare for the modification of cardiovascular risk 
factors. Scand J Public Health 2006;34:453–461.

7.	 Miles JM, Leiter L, Hollander P et al. Effect of orlistat in overweight and 
obese patients with type 2 diabetes treated with metformin. Diabetes Care 
2002;25:1123–1128.

8.	 McNulty SJ, Ur E, Williams G. A randomized trial of sibutramine in the 
management of obese type 2 diabetic patients treated with metformin. 
Diabetes Care 2003;26:125–131.

0

2

4

6

8

10

12

P
ro

po
rt

io
n 

of
 p

at
ie

nt
s 

(%
)

Placebo
(n = 125)

Cetilistat
40 mg tid
(n = 120)

Cetilistat
80 mg tid
(n = 121)

Cetilistat
120 mg tid
(n = 120)

Orlistat
120 mg tid
(n = 121)

GI AEs

Any
AEs

Treatment group

P = 0.0019 

P = 0.0053 a

0

1

2

3

4

5

6

7

8

Oily stools Fecal
incontinence

Diarrhoea Defecation
urgency

Abdominal
pain

P
ro

po
rt

io
n 

of
 p

at
ie

nt
s 

(%
)

P = 0.0339

P = 0.0024

P = 0.1876

P = 0.0098

P = 0.0404

Placebo Cetilistat 40 mg tid Cetilistat 80 mg tid

Cetilistat 120 mg tid Orlistat 120 mg tid

b

Figure 4  Participant discontinuation from study. (a) Proportion of 
participants discontinuing for adverse events. (b) Frequency of adverse 
event by type resulting in participant discontinuation. AE, adverse 
events; GI, gastrointestinal; t.i.d., three times daily.



obesity | VOLUME 18 NUMBER 1 | january 2010� 115

articles
Intervention and Prevention

9.	 Hanefeld M, Sachse G. The effects of orlistat on body weight and 
glycaemic control in overweight patients with type 2 diabetes: a 
randomized, placebo-controlled trial. Diabetes Obes Metab 2002;4: 
415–423.

10.	 Hollander PA, Elbein SC, Hirsch IB et al. Role of orlistat in the treatment 
of obese patients with type 2 diabetes. A 1-year randomized double-blind 
study. Diabetes Care 1998;21:1288–1294.

11.	 Heal DJ, Aspley S, Prow MR et al. Sibutramine: a novel anti-obesity 
drug. A review of the pharmacological evidence to differentiate it from 
d-amphetamine and d-fenfluramine. Int J Obes Relat Metab Disord 
1998;22 Suppl 1:S18–28; discussion S29.

12.	 Padwal R, Li SK, Lau DC. Long-term pharmacotherapy for obesity and 
overweight. Cochrane Database Syst Rev 2004:CD004094.

13.	 Day C, Bailey CJ. Pharmacological approaches to reduce adiposity. Br J 
Diabetes Vas Dis 2006;6:121–125.

14.	 Bray GA. Drug Insight: appetite suppressants. Nat Clin Pract Gastroenterol 
Hepatol 2005;2:89–95.

15.	 Kaplan LM. Pharmacological therapies for obesity. Gastroenterol Clin North 
Am 2005;34:91–104.

16.	 Kopelman P, Bryson A, Hickling R et al. Cetilistat (ATL-962), a novel lipase 
inhibitor: a 12-week randomized, placebo-controlled study of weight 
reduction in obese patients. Int J Obes (Lond) 2007;31:494–499.

17.	 Han TS, van Leer EM, Seidell JC, Lean ME. Waist circumference action 
levels in the identification of cardiovascular risk factors: prevalence study in a 
random sample. BMJ 1995;311:1401–1405.

18.	 Scheen A.  Rimonabant in patients with type 2 diabetes: results from the 
RIO Diabetes trial American Diabetes Association (ADA) 10–14 June 2005, 
San Diego, USA.

19.	 Turner RC, Cull CA, Frighi V, Holman RR. Glycemic control with diet, 
sulfonylurea, metformin, or insulin in patients with type 2 diabetes mellitus: 
progressive requirement for multiple therapies (UKPDS 49). UK Prospective 
Diabetes Study (UKPDS) Group. JAMA 1999;281:2005–2012.

20.	 Drent ML, Larsson I, William-Olsson T et al. Orlistat (Ro 18-0647), a lipase 
inhibitor, in the treatment of human obesity: a multiple dose study. Int J Obes 
Relat Metab Disord 1995;19:221–226.

21.	 Dunk C, Enunwa M, De la Motte S, Palmer R. Increased faecal fat excretion 
in normal volunteers treated with lipase inhibitor ATL-962. Int J Obes Relat 
Metab Disord 2002;26:S1–S245.


	Weight Loss, HbA1c Reduction, and Tolerability of Cetilistat in a Randomized, Placebo-c
	Abstract
	Introduction
	Methods And Procedures 
	Patients
	Study design 
	Assessments 
	Statistical analysis 

	Results
	Patients
	Efficacy endpoints 
	Safety

	Discussion 
	Acknowledgments 
	Disclosure
	References


