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Abstract

Objective: The aim of this study was to evaluate the effect of a novel, oral, modified-

release formulation of the lipase inhibitor orlistat and the glucosidase/amylase inhibi-

tor acarbose (denoted EMP16) on relative body weight after 26 weeks compared

with placebo.

Methods: The randomized, double-blind, placebo-controlled trial had a 26-week

treatment period, with dose escalation up to 6 weeks. Participants, adults between

ages 18 and 75 years, with BMI ≥30 kg/m2 or ≥28 kg/m2 with risk factors, were ran-

domly assigned to EMP16 120-mg orlistat/40-mg acarbose (EMP16-120/40),

EMP16-150/50, or placebo. The primary end point was relative weight loss from

baseline to week 26 assessed in participants with at least one post-baseline weight

measurement.

Results: Of 156 randomized participants, 149 constituted the intention-to-treat pop-

ulation. The mean (95% CI) estimated treatment difference to placebo in relative

weight loss after 26 weeks in the intention-to-treat population was �4.70%

(�6.16% to �3.24%; p < 0.0001) with EMP16-120/40 and �5.42% (�6.60% to

�4.24%; p < 0.0001) with EMP16-150/50.

Conclusions: This trial indicates that orlistat and acarbose can be successfully com-

bined in a modified-release formulation to provide efficacious weight loss with no

unexpected safety issues. EMP16 may be a promising candidate among other medi-

cations for improved weight management.

INTRODUCTION

Obesity is a multidimensional health problem worldwide and a major

risk factor for additional health concerns such as cardiovascular dis-

eases, diabetes, musculoskeletal disorders, and some cancers [1,2].

Although lifestyle changes are seen as a crucial part of the treatment

of obesity, most patients need supplementary pharmaceutical inter-

vention to achieve a clinically meaningful weight loss [2,3]. As obesity

is a chronic disease [3], drug products need to be both efficacious and

safe for long-term use. Currently, only orlistat and liraglutide have

Received: 7 July 2022 Accepted: 18 July 2022

DOI: 10.1002/oby.23557

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any

medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.

© 2022 The Authors. Obesity published by Wiley Periodicals LLC on behalf of The Obesity Society.

2222 Obesity (Silver Spring). 2022;30:2222–2232.www.obesityjournal.org

https://orcid.org/0000-0002-0764-5878
https://orcid.org/0000-0002-7532-6465
mailto:ulf.holmback@pubcare.uu.se
http://creativecommons.org/licenses/by-nc-nd/4.0/
www.obesityjournal.org


been assessed for more than 2 years [4,5]. Orlistat reversibly inhibits

dietary lipid digestion in the gastrointestinal (GI) lumen, leading to a

modest weight loss, and it has been used for decades with no serious

side effects [6]. Although orlistat’s efficacy and attrition are similar to

those of other oral weight-loss products [2], its conventional oral dos-

age forms are associated with frequent (~20% of patients) GI side

effects, such as liquid and oily stools [6]. Moreover, particularly unfor-

tunate side effects associated with orlistat in its conventional dosage

form include accelerated gastric emptying and increased appetite [7].

In the present proof-of-concept trial, a fixed-dose combination of

orlistat and the antidiabetic drug acarbose (Precose) was tested in a

population of adults with obesity. The novel, oral, modified-release

formulation, denoted EMP16, was designed to improve efficacy and

tolerability compared with the conventional dosage forms. Acarbose,

like orlistat, acts locally in the GI tract to delay carbohydrate digestion

and reduce the subsequent intestinal glucose absorption rate [8]. The

conventional oral dosage form of acarbose is associated with frequent

(~3% to 30% of patients) GI side effects, mainly flatulence and some-

times soft stools or abdominal discomfort [8]. However, acarbose

decreases the gastric emptying rate and increases the secretion of

glucagon-like peptide-1 (GLP-1) [9]. EMP16 was designed to deliver

orlistat and acarbose with distinct release rates in different GI com-

partments. We hypothesized that the GI side effects would be

reduced and that the two drugs would work synergistically to improve

efficiency (see Background in online Supporting Information). In a pre-

vious pilot trial, EMP16 reduced appetite and improved both glucose

metabolism and tolerability, with a similar safety profile compared

with orlistat in its conventional dosage form [10,11].

The primary objective of the present trial was to evaluate the

effect of EMP16 on relative body weight loss after a 26-week period

of oral treatment as compared with placebo. We also evaluated the

effects of EMP16 on absolute body weight, anthropometric character-

istics, satiety and other components of appetite, and biomarkers of

glucose and lipid metabolism, as well as inflammation, patient-

reported quality of life, and safety and tolerability. We also wanted to

investigate higher doses of EMP16 as the pilot study indicated that

higher doses could increase efficacy without causing problematic side

effects [10,11].

METHODS

Study design

This was a randomized, double-blind, placebo-controlled phase 2a trial.

The trial was conducted by an independent clinical research organiza-

tion, Clinical Trial Consultants AB, Uppsala, Sweden, in Linköping and in

Uppsala. The protocol was approved by the local ethics committee in

Stockholm (Approval# Dnr 2020–00835). The trial was performed in

accordance with the Declaration of Helsinki and International Confer-

ence on Harmonisation (ICH) Good Clinical Practice, as well as the Con-

solidated Standards of Reporting Trials (CONSORT) reporting guideline,

and was registered in the European Union Drug Regulating Authorities

Clinical Trials Database (EudraCT 2019-004545-32). The trial included

a screening period of up to 4 weeks, a 26-week treatment period, and a

2-week safety follow-up visit. A protocol amendment was added during

the trial, wherein participants were asked to return to the research sites

6 months after their last treatment dose, and measurements of acar-

bose plasma concentrations at week 26 were added. Data from this

extension period will be presented separately.

Participants

Participants were recruited using the clinical research organization

database and advertisements in social media platforms and radio,

mainly from the local area. The trial population consisted of women

and men aged between 18 and 75 years with body mass index (BMI)

of at least 30 kg/m2 or at least 28 kg/m2 in combination with other

risk factors such as hypertension, glucose dysregulation (impaired glu-

cose tolerance or type 2 diabetes mellitus [T2DM]), and/or dyslipide-

mia based on interview. Main exclusion criteria were T2DM treated

with medication, a medical history that might affect the safety of the

enrolled individual or the interpretation of trial results, and clinically

significant findings in the physical examination, as well as clinically

abnormal vital signs, electrocardiogram (ECG), or laboratory values at

Study Importance

What is already known?

• As obesity is a chronic disease, lifestyle modification

often needs to be supplemented by weight-loss medica-

tion. Compared with other chronic diseases, the availabil-

ity of effective drugs with proven long-term safety is

limited.

What does this study add?

• In this 6-month randomized trial in 156 adults with obe-

sity, participants taking the new modified-release combi-

nation (orlistat plus acarbose) product EMP16 lost ~5%

more weight compared with the placebo group. Quality

of life improved in the intervention groups and with-

drawal due to adverse events was low; no serious events

occurred.

How might these results change the direction of

research or the focus of clinical practice?

• This trial supports that orlistat and acarbose can be suc-

cessfully combined as a promising potential candidate for

improved weight management and can be part of the

expanding treatment portfolio for obesity.
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the time of screening as judged by the investigator. Full inclusion and

exclusion criteria are listed in online Supporting Information. Written

informed consent was obtained from all individuals prior to initiation

of any trial-related activities.

Procedures

The procedure is described in detail in online Supporting Information.

In brief, the trial consisted of six visits at the research units. Partici-

pants arrived at the research clinic in the morning of the first dosing

day (day 1, visit 2), and a reevaluation of eligibility, including a brief

physical examination, check of vital signs, and assessment of body

weight, was conducted before randomization (randomization and

masking are described in the online Supporting Information). Blood

sampling (fasting) and anthropometric measurements were performed.

Participants were asked to complete a satiety and craving question-

naire before consuming a standardized breakfast at the clinic and then

once every hour for 4 hours until lunch, which was eaten at home.

Participants randomized to the two EMP16 arms started with a titra-

tion period of 6 weeks during which the dose was sequentially

increased to allow gradual adaptation to the acarbose dose in case of

GI adverse effects (Supporting Information Table S1). Placebo treat-

ment consisted of matching oral capsules containing only cellulose

granules. Lifestyle instructions were limited to instructing the patient

to adhere to the Nordic Nutrition Recommendations [12], with several

trial-specific clarifications (online Supporting Information). Participants

returned to the clinic at visits 3 (week 7), 4 (week 14), and 5 (week 26)

for efficacy assessments of body weight and body composition and

safety assessments, including reporting of adverse events (AEs) and

fasting blood sampling. A safety follow-up visit took place in week 28.

Outcomes

The primary outcome variable was weight loss assessed as the relative

change from baseline in body weight (in percentage) after 26 weeks

of treatment with EMP16 120-mg orlistat/40-mg acarbose (EMP16-

120/40) compared with placebo. Weight loss was also assessed after

14 and 26 weeks, including the absolute change from baseline in body

weight after treatment with EMP16-120/40 versus placebo and

EMP16-150/50 versus placebo, the relative and absolute changes

from baseline in body weight, and the proportion of participants losing

at least 5% or 10% of their baseline body weight.

Additional secondary outcome variables were BMI, waist circum-

ference sagittal diameter, and body fat percentage; lipid and glucose

variables such as total cholesterol, high-density lipoprotein (HDL) cho-

lesterol, low-density lipoprotein (LDL) cholesterol, triglycerides, glu-

cose, insulin, and glycosylated hemoglobin A1c (HbA1c); inflammation

and liver safety markers such as high-sensitivity C-reactive protein,

albumin, alanine aminotransferase, aspartate aminotransferase, alka-

line phosphatase, and gamma-glutamyl transferase; and proportion of

participants with T2DM, defined as fasting glucose ≥ 126 mg/dL

(≥ 7.0 mmol/L), and prediabetes, defined as fasting glucose ≥ 110 to

126 mg/dL (≥ 6.1 to < 7.0 mmol/L). Several patient-related outcome

measures were assessed using questionnaires related to satiety and

craving [13], meal pattern [14], quality of life after 26 (RAND-36) [15],

and the gastrointestinal symptoms rating scale (GSRS) [16]. AEs were

collected at each visit (online Supporting Information) and evaluated

by the investigator in terms of severity and relationship to the inves-

tigated medical product. The grading of AE severity followed the

Common Terminology Criteria for AEs (CTCAE) v5.0. To assess the

relationship between participant withdrawal and tolerability, the rate

of participant withdrawal from the trial (overall and due to GI-related

AEs) following treatment with EMP16-120/40 or EMP16-150/50

was evaluated versus placebo after 26 weeks. In addition, safety lab-

oratory parameters and vital signs including blood pressure and pulse

were assessed, as well as treatment compliance.

Statistical analysis

The statistical analysis plan (SAP) was written and signed before locking

the database. The primary hypothesis was that individuals treated with

EMP16-120/40 would experience a greater relative weight loss as com-

pared with placebo. The estimated treatment difference was set to 5%

with a standard deviation (SD) of 8% [17], assuming a statistical power

of 80% and significance level of 5% based on two-sided hypothesis test-

ing. Using PASS (Power Analysis & Sample Size Software) version 16.0

(NCSS), the number of evaluable individuals needed per treatment arm

was calculated to be 41. Assuming a dropout rate of 20%, a total of 156

individuals needed to be randomized. Efficacy analyses were done on a

modified intention-to-treat (ITT) population, which included all random-

ized individuals who were exposed to at least one dose of EMP and

who had at least one post-baseline body weight assessment. In addition,

a per-protocol (PP) population included participants without any major

protocol deviations (online Supporting Information). The safety popula-

tion included all randomized individuals who were exposed to at least

one dose of IEMP. In the SAP, the last-observation-carried-forward

imputation method was prespecified. Based on interactions with regula-

tory advisory boards and guidelines [18] after finalizing the SAP, we

included an additional post hoc imputation method when analyzing the

body weight data. A placebo-based imputation method assumed that

individuals discontinuing the trial followed the trajectory of compliant

participants in the placebo group (online Supporting Information) [18].

Mean data were analyzed using ANCOVA or ANOVA. Treatment

was included as an independent variable and body weight at baseline

as a covariate. Categorical data were analyzed using a χ2 test without

continuity correction. Ordinal data were analyzed using the Wilcoxon

rank sum test. Test of normal distribution was not done as according

to the central limit theorem [19]. Statistical analyses were performed

using SAS version 9.4 (SAS Institute Inc.), and the level of significance

was set at an α level of 0.05. Analyses of secondary outcomes were

performed without any imputation. No adjustment was made for any

p values of secondary outcomes; therefore, these need to be inter-

preted cautiously.
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RESULTS

Participants were recruited between May and August 2020, and the

final participant visit was in March 2021. Of the 156 randomized par-

ticipants, 149 constituted the modified ITT population and were

assessed for the primary end point, and 135 completed the 28-week

trial period (Figure 1). The PP population was composed of 122 partici-

pants across treatment groups. In total, 111 women and 45 men were

randomized in the trial (Supporting Information Table S2). There were

no important differences between the three groups at baseline (Sup-

porting Information Tables S2 and S3).

Primary outcomes

As illustrated in Figure 2A, participants treated with both doses of

EMP16 for 26 weeks lost more weight than those treated with pla-

cebo (p < 0.0001). Mean relative weight loss in the ITT population

was �5.53% and � 6.25% after 26 weeks of treatment with both

EMP16-120/40 and EMP16-150/50, respectively, as compared with

�0.83% in the placebo group at week 26 (Table 1). More participants

in the active treatment groups lost at least 5% and 10% of their

baseline body weight at week 26 (Figure 2B). Similar weight losses

were seen in the PP population or using the more conservative impu-

tation method (Supporting Information Table S4).

Secondary outcomes

Statistically significant absolute mean reductions in BMI and waist cir-

cumference were observed for participants treated with both EMP16

doses for 26 weeks as compared with placebo (Table 1). The absolute

mean sagittal diameter and body composition in terms of percentage

body fat were significantly reduced in participants treated with

EMP16-150/50 as compared with placebo, whereas the reductions in

the EMP16-120/40 treatment group were not statistically significant.

There were no significant treatment differences in absolute mean

changes from baseline in glucose metabolism markers (fasting glucose,

insulin, HbA1c) or vital signs at week 26 (Table 1). The lipid metabolism

markers (LDL and HDL cholesterol and total cholesterol, but not tri-

glycerides) exhibited small but statistically significant reductions com-

pared with the placebo group at week 26. There were no significant

treatment differences in changes from baseline in T2DM or prediabe-

tes status at week 26 (Supporting Information Table S7).

Patients assessed for 
eligibility 

n=209

Enrolled
n=156

Ineligible n=53
• Screen failures, n=37
• Withdrawal of consent, n=6
• Other*, n=10
*Fulfilled eligibility criteria but 
were not needed in the study

Randomised
n=156

MR-OA 150/50 
n=52

MR-OA 150/50 
n=50

MR-OA 150/50 
n=47

GI-related withdrawal, n=2
Withdrawal of consent, n=1

GI-related withdrawal, n=2

GI-related withdrawal, n=1
Withdrawal of consent, n=1

MR-OA 150/50 
n=45

MR-OA 150/50 
n=45

MR-OA 120/40 
n=52

MR-OA 120/40 
n=48

MR-OA 120/40 
n=45

GI-related withdrawal, n=1
Withdrawal of consent, n=2

Withdrawal of consent, n=1

MR-OA 120/40 
n=44

MR-OA 120/40 
n=44

Placebo 
n=52

Placebo
n=51

Placebo 
n=49

Withdrawal of consent, n=2

Non-compliance, n=1

Withdrawal of consent, n=3

Placebo 
n=46

Placebo 
n=46

GI-related withdrawal, n=3
Lost to follow-up, n=1

Visit 1

Visit 2, week 1

Visit 3, week 7

Visit 4, week 14

Visit 5, week 26

Visit 6, week 28

ITT population

Per-protocol population 
n=41

Per-protocol population 
n=41

Per-protocol population 
n=40

ITT population ITT population

F I GU R E 1 Trial profile. GI, gastrointestinal; ITT, intention-to-treat; MR-OA, modified release - orlistat acarbose
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In general, there were no differences between the active treat-

ment groups and the placebo group in the total scores for satiety and

craving at week 26 (Table 2).

Similarly, most participants appeared to follow the recommenda-

tions for healthy eating habits at baseline, and no treatment differ-

ences in overall meal patterns were observed (Supporting Information

Table S10). Eating habits in relation to sweet food (cookies, chocolate,

sweets, chips, soft drinks) and breakfast were improved in the

EMP16-150/50 group but not the EMP16-120/40 group, as com-

pared with the placebo group at week 26 (Supporting Information

Tables S11 and S12).

Quality of life, based on the RAND-36 health survey, improved

more in both active treatment groups compared with the placebo

group between baseline and week 26 with respect to physical func-

tioning, general health, and the overall health transition score

(Table 3). In addition, participants in the EMP16-150/50 group

improved more than those in the placebo group in terms of bodily

pain, energy/fatigue, and emotional well-being. The larger increase in

rated quality of life was somewhat unexpected, and in an exploratory

posthoc analysis (Supporting Information Figure S1), relative weight

loss was plotted against the GSRS domain health transition, and no

clear correlation was observed. There were no differences in activity

and sleep habits between the study groups during the trial (Supporting

Information Table S13).

The mean scores in the GSRS diarrhea and indigestion syn-

dromes increased to a significantly greater extent in both active
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*

*

EMP16-120/40
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F I GU R E 2 Change in body weight. (A) Data are mean percent weight loss from baseline (95% CI) (ANCOVA estimate) for the intention-to-
treat population with the last-observation-carried-forward imputation. (B) Percentage of individuals who lost more than 5% and more than 10%
of baseline weight at week 26 (intention-to-treat population with the last-observation-carried-forward imputation). *p < 0.0001 vs. placebo.
**p ≤ 0.001 vs. placebo [Color figure can be viewed at wileyonlinelibrary.com]
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treatment groups compared with the placebo group at week

26 (Table 2). Most participants rated their symptoms as mild or

moderate. There were no treatment differences observed in the

other parts of the GSRS. In Supporting Information Figure S3, the

percentage of participants in the three groups reporting minor or

major discomfort in the GSRS question “Have you been bothered

by DIARRHEA during the past week? (Diarrhea refers to a too fre-

quent emptying of the bowels.)” during the trial is reported. A

minority reported major discomfort, and the highest level of discom-

fort were observed at week 8.

A total of 191 AEs were reported by 101 (65%) of the 156 ran-

domized participants with the three most common events being naso-

pharyngitis, diarrhea, and headache (Table 3). Diarrhea was reported

only in the active treatment groups; 4 of 52 participants (8%) in the

EMP16-120/40 group and 5 of 52 participants (10%) in the

EMP16-150/50 group withdrew early from the trial because of GI-

related AEs. In addition, one participant in the EMP-150/50 group

withdrew consent to remain in the trial because of a COVID-19 infec-

tion. No participants in the placebo group withdrew because of AEs,

whereas the overall withdrawal rate was comparable between the

active treatment groups. Most AEs were mild or moderate in intensity.

No deaths or serious AEs occurred during the trial. Compliance was

high, and no difference between the treatment groups was observed

(Supporting Information Table S17).

There were no clinically noteworthy changes in liver enzymes

during the trial (Supporting Information Table S8). A few individuals

had a transient increase; however, these were not judged to be

related to the investigated medical product according to the investiga-

tor, and the participants continued in the trial. There were no clinically

relevant or statistically significant changes or differences in safety labo-

ratory parameters or ECG during the trial (data at emprospharma.com).

Additional data are presented in the online Supporting Information.

T AB L E 2 Questionnaires (absolute changes from baseline to week 26)

EMP16-
120/40
(n = 44)

Estimated difference

(95% CI),
EMP16-120/40 vs.
placebo

p value,
EMP16-

120/40
vs.
placebo

EMP16-
150/50
(n = 44)

Estimated difference

(95% CI),
EMP16-150/50 vs.
placebo

p value,
EMP16-

150/50
vs.
placebo

Placebo
(n = 46)

Satiety and craving

total score

8.1 (35.4) 9.00 (�5.74 to 23.74) 0.229 �0.8 (29.7) 0.10 (�13.50 to 13.70) 0.919 �0.9 (35.2)

RAND-36

Physical

functioning

9.0 (14.9) 7.00 (1.48 to 12.52) 0.008 11.5 (15.3) 9.50 (3.88 to 15.12) 0.002 2.0 (11.3)

Role functioning/

physical

7.7 (36.0) 7.70 (�5.95 to 21.35) 0.181 12.2 (35.8) 12.20 (�1.40 to 25.80) 0.075 0.0 (29.0)

Pain (bodily pain) 1.3 (17.4) 1.50 (�5.68 to 8.68) 0.877 11.8 (21.0) 12.00 (4.02 to 19.98) 0.013 �0.2 (17.0)

General health 3.3 (17.1) 8.00 (1.68 to 14.32) 0.017 6.0 (12.6) 10.70 (5.38 to 16.02) < 0.001 �4.7 (�12.9)

Energy/fatigue

(vitality)

�1.4 (19.9) 1.70 (�6.01 to 9.41 0.437 7.2 (20.0) 10.30 (2.57 to 18.03) 0.022 �3.1 (16.9)

Social functioning 1.2 (20.3) 3.90 (�4.37 to 12.17) 0.468 6.4 (26.8) 9.10 (�0.65 to 18.85) 0.089 �2.7 (19.3)

Role functioning/

emotional

�2.4 (38.5) 8.90 (�5.75 to 23.55) 0.286 3.3 (43.3 14.60 (�1.17 to 30.37) 0.145 �11.3 (31.3)

Emotional well-

being (mental)

�3.8 (16.6) 0.50 (�5.41 to 6.41) 0.302 1.7 (17.8) 6.00 (�0.21 to 12.21) 0.036 �4.3 (11.2)

Health transition

score

18.5 (29.8) 12.60 (2.05 to 23.15) 0.006 16.5 (20.6) 10.60 (2.18 to 19.02) 0.011 5.9 (19.7)

GSRS

Diarrhea syndrome 1.3 (1.5) 1.00 (0.50 to 1.50) < 0.001 1.8 (1.4) 1.50 (1.02 to 1.98) < 0.001 0.3 (0.8)

Indigestion

syndrome

0.8 (1.0) 0.70 (0.34 to 1.06) < 0.001 1.0 (1.1) 0.90 (0.52 to 1.28) < 0.001 0.1 (0.7)

Constipation

syndrome

0.2 (1.0) 0.10 (�0.23 to 0.43) 0.831 0.3 (0.6) 0.20 (�0.03 to 0.43) 0.404 0.1 (0.5)

Abdominal pain

syndrome

0.2 (0.7) 0.30 (0.03 to 0.57) 0.079 0.1 (0.8) 0.20 (�0.10 to 0.50) 0.284 �0.1 (0.6)

Reflux syndrome 0.0 (0.9) �0.20 (�0.50 to 0.10) 0.717 �0.1 (0.4) �0.30 (�0.49 to �0.11) 0.110 0.2 (0.5)

Note: Observed mean data (SD) and estimated difference (95% CI) are presented for the intention-to-treat analysis set without imputations. ANCOVA was

performed with imputations using last-observation-carried-forward. Changes at weeks 7 and 14 during the trial are presented in online Supporting

Information.

Abbreviations: GSRS, gastrointestinal symptoms rating scale, where higher scores indicate increased intensity; RAND-36, 36-item short form health survey

where higher score indicates better quality of life.
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DISCUSSION

In this trial, treatment with EMP16 for 26 weeks led to a continuous

and clinically relevant weight loss. More than 50% of the participants

in both active treatment groups lost at least 5% of their baseline

weight, and more than 20% lost at least 10%, compared with 14% and

2% of participants, respectively, in the placebo group. Other anthro-

pometric measurements such as BMI, waist circumference, sagittal

abdominal diameter, and percentage of body fat showed similar treat-

ment effects, albeit with larger effects for the higher EMP16-150/50

dose. Patient-reported quality of life showed improvements in both

intervention groups, notably in physical functioning, general health,

and the overall health transition score. Blood pressure, glucose metab-

olism markers, and blood lipids were not notably affected, and no

treatment differences were observed in the ratings of satiety and

craving, although minor improvements in meal patterns in relation to

sweet food and breakfast were seen in the EMP16-150/50 interven-

tion group. EMP16 was generally well tolerated, and no safety con-

cerns were noted.

This trial corroborates the findings from the previous pilot trial

with EMP16, which demonstrated that both the efficacy and tolerabil-

ity of orlistat and acarbose were increased by employing a modified-

release intervention [10,11]. Orlistat and acarbose treatment in their

conventional dosage forms typically provide an approximate relative

weight loss of 2% to 3% [17] and less than 0.5%, respectively [20],

whereas the observed mean placebo-adjusted weight losses in the

EMP16 arms were approximately 5%. The efficacy of EMP16 seems

equivalent to most currently approved oral weight-loss drugs and lira-

glutide [1,2]. Furthermore, a combination of orlistat and acarbose in

their conventional dosage forms would likely cause tolerability prob-

lems and potentially augment their associated GI side effects such as

flatulence with or without discharge [6,8]. EMP16 was designed to

encompass three contributing factors: (i) the mechanisms of action of

orlistat and acarbose in their conventional dosage form on energy

uptake; (ii) employment of a modified-release pattern to ensure that

food-derived ligands are delivered to various appetite regulating

checkpoints in the GI tract in an appropriate manner; and

(iii) improved tolerability by releasing acarbose and orlistat at selected

part of the GI tract (online Supporting Information).

Despite the weight loss achieved with EMP16, there were posi-

tive albeit limited effects on blood pressure, glucose metabolism,

and blood lipids. The decrease in HDL is typically seen initially during

weight loss but is not of clinical concern [21]. However, as evident

from the baseline characteristics, this was a fairly healthy population

of individuals with obesity. The prevalence of hypertension at base-

line was approximately 30%, whereas a prevalence of about 60%

has been observed in patients with obesity in other studies [22]. Fur-

thermore, baseline blood lipid levels were generally low in the cur-

rent study, with a small proportion of individuals (7%) on blood lipid

medication, and most participants having a baseline HbA1c value

below 40 mmol/mol. The observed lack of clinically relevant changes

in metabolic risk markers is in line with similar weight-loss studies in

patients with obesity without diabetes using liraglutide [23] or sema-

glutide [24].

T AB L E 3 Participant withdrawal and AEs reported by ≥ 5% of participants in any group

EMP16-120/40 (n = 52) EMP16-150/50 (n = 52) Placebo (n = 52)

Overall withdrawal rate 8 (15%) 7 (14%) 6 (12%)

Any AE 32 (62%) 39 (75%) 30 (58%)

Any AE leading to withdrawal 4 (8%) 6 (12%) 0

Most frequent AEs by MedDRA PT

Nasopharyngitis 4 (8%); 4 10 (19%); 10 13(25%); 15

Diarrhea 8 (15%); 9 8 (15%); 9 0

Headache 4 (8%); 5 2 (4%); 2 3 (6%); 4

Flatulence 4 (8%); 4 3 (6%); 4 1 (2%); 1

COVID-19 0 6 (12%); 6 2 (4%); 2

Abdominal distension 4 (8%); 4 1 (2%); 1 0

Causality

Unlikely 22 (42%) 28 (54%) 27 (52%)

Possibly 7 (13%) 9 (17%) 6 (12%)

Probably 13 (25%) 12 (23%) 2 (4%)

Severity

Mild 21 (40%) 24 (46%) 22 (42%)

Moderate 11 (21%) 13 (25%) 11 (21%)

Severe 14 (27%) 12 (23%) 3 (6%)

Note: Data are shown as number of participants (percentage of treatment arm); number of events. Data are from the safety population (all participants who

were randomized and exposed to at least one treatment dose). Full list in online Supporting Information.

Abbreviations: AE, adverse event; MedDRA, medical dictionary for regulatory activities; PT, preferred term.
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Patient-reported quality of life was clearly improved in the inter-

vention groups, especially in the EMP16-150/50 group, with distinct

clinically relevant differences in several of the RAND-36 domains. The

differences recorded were larger than seen in other weight-loss studies

using orlistat in its conventional dosage form [25] or liraglutide [23].

The larger increase in rated quality of life was somewhat unex-

pected, and in an exploratory post hoc analysis, relative weight loss

was plotted against health transition. The explained variance was low;

additional factors apart from weight loss seem to have been involved

in the increased quality of life ratings.

There were no significant treatment differences in the ratings of

satiety and craving. In the pilot study, satiety was greater in the

EMP16 groups compared with conventional orlistat [11]. As stated

earlier, orlistat administered in a conventional dosage form is associ-

ated with an increased appetite compared with placebo, partly by its

effect on satiety sensing cells in the duodenum [7]. With the modified

release preparation employed in EMP16, the orlistat-mediated effect

on appetite seems to be reduced.

No large treatment differences were observed in reported meal

patterns, although participants in the EMP16-150/50 group reported

increased breakfast intake and decreased intake of sweets and cakes.

This could possibly be a “nudging” effect [26] of EMP16, as side

effects are worsened if sweet, high-fat meal items are consumed, and

the “cost” of not eating correctly appeared higher in the

EMP16-150/50 group. Alternatively, EMP16 may have triggered an

incretin effect, which may have affected the participants’ preference
for sweets and cakes [27]. We did not observe any effects on GLP-1

in the previous 14-day pilot trial [11]. However, it possibly takes lon-

ger and/or higher doses of ligands to elicit an incretin response in par-

ticipants with obesity [28].

Orlistat and acarbose in their conventional dosage forms are

associated with frequent GI side effects [6,8], which limit their popu-

larity. In the present trial, 15% of the participants receiving EMP16

reported diarrhea of severe intensity, whereas no participants in the

placebo group did so, and more subjects (6%–8%) in the EMP16

groups reported flatulence of severe intensity compared with the

placebo group (2%). Because GI events were recorded as AEs in the

trial only if they were judged by the investigator as being severe or

leading to withdrawal, cases of minor or moderate GI events were

not registered. The results from the GSRS corroborate that the fre-

quency of diarrhea with EMP16 was greater than that in the placebo

group, but the mean diarrhea syndrome scores in both intervention

groups were around 3 (mild discomfort), and only a small minority

reported major discomfort. Fecal incontinence is perhaps the most

problematic side effect associated with conventional orlistat, but

this seemed not to be an issue in the present trial with only one

reported event of severe intensity in the EMP16-150/50 group. In a

similar 6-month trial, 5% of participants in the conventional orlistat

arm reported fecal incontinence [29], whereas approximately 18% of

participants reported such events in trials of longer duration [6].

Lastly, only one participant reported one event of nausea of severe

intensity, and none reported vomiting, which is in contrast to studies

using liraglutide [23].

This was a proof-of-concept trial with limited interaction between

trial sites and participants; there were few visits with limited activities.

Moreover, the participants did not receive any lifestyle instructions, only

limited information regarding dietary choices. In contrast to many

weight-loss studies [23,29], a run-in participant selection procedure

before randomization was not used. One reason for this “lean” design

was to mimic a real-life situation and better understand the efficacy of

EMP16 in a setting more closely resembling a clinical situation, some-

what analogous to a phase IV trial [30]. The chosen design might explain

the limited placebo effect and ensured that the trial could be conducted

during the COVID-19 pandemic with few major interruptions. Only a

few participants had their last visit postponed for more than a week.

One limitation of the trial was the chosen imputation method.

The last-observation-carried-forward imputation method was prespe-

cified in the protocol and has previously been recommended by regu-

latory authorities, but it is no longer regarded as optimal [18]. A more

conservative imputation method was added post hoc [18], and com-

parable results were obtained.

Another weakness was the potential problem of maintaining

masking, not unique to EMP16. One of the known side effects of con-

ventional orlistat is oily stools. Participants guessing that they had

received placebo may have had a lower motivation to fulfill the addi-

tional lifestyle instructions, which could have led to an increased dif-

ference in outcomes between the active treatments and placebo.

However, there were no differences in compliance between the treat-

ment groups and the withdrawal rate for all groups was low (≤ 15%).

Overall, this trial supports that orlistat and acarbose can be suc-

cessfully combined as a promising potential candidate for improved

weight management. The magnitude of the weight loss may have

been less than that achieved with semaglutide and tirzepatide

[1,2,31], but it was similar to other oral weight-loss products, as well

as liraglutide [32]. As stated in the Obesity Canada guidelines, “The
individual response to obesity management pharmacotherapy is het-

erogeneous; the response to medications can differ from patient to

patient” [3]; thus, more tools in the toolbox can only benefit the indi-

viduals with obesity. Furthermore, obesity is a chronic disease [3] that

may require long-term treatment. Both orlistat and acarbose in their

conventional dosage forms have already demonstrated long-term

safety [6,8,20]. No safety issues were observed in the present trial

with EMP16, and in general, the safety and tolerability of the

modified-release drug product appeared to be improved compared

with the conventional products [10]. The efficacy and safety of

EMP16 need to be evaluated in a study of longer duration in a more

diverse population.O
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