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ABSTRACT

Obesity prevalence continues to increase worldwide; 69% of U.S. adults are overweight or obese.
Despite advances in understanding obesity pathophysiology, weight loss with current non-surgical
treatments (diet and medications) is highly variable, and predictors of weight loss with obesity
pharmacotherapy are unknown. In studies funded by RO1-DK67071 in 509 participants, obesity was
associated with greater fasting gastric volume, accelerated gastric emptying (solids and liquids), lower
postprandial peak plasma PYY, and greater calories consumed to achieve satiation (volume to fullness)
and to evoke satiety with an ad-libitum meal. We showed that a short-acting GLP-1 agonist, exenatide,
5ug, SQ, BID for 30 days, delays gastric emptying and induces weight loss. Thus, quantitative
gastrointestinal (Gl) traits are associated with higher BMI, distinquish obesity phenotypes, and may predict
efficacy of obesity drug therapy. In the R56-DK67071-funded pilot randomized, placebo-controlled trial of
the longer-acting GLP-1 agonist, liraglutide, 3mg, SQ daily, we showed: (a) feasibility to recruit and
randomize, over 8 months, 30 patients into a 4-month study (only 2 dropouts on treatment, to date); (b)
safety data in all 30 randomized patients; (c) baseline quantitative traits of gastric emptying of solids and
liquids, fasting and postprandial gastric volumes; satiation and satiety data; postprandial plasma incretins
(GLP-1 and PYY) in all randomized patients; (d) gastric emptying data at fully escalated dose of liraglutide
(weeks 5-6) in 30 patients; (e) repeat measurement (as in c) of quantitative traits at 16 weeks’ treatment in
28 patients; (f) monthly weight data for duration on treatment in 28 patients.

Our overall hypothesis is that weight loss with pharmacological agents may be individualized, based on
specific abnormalities in quantitative Gl traits. We propose a randomized, controlled clinical and
pharmacodynamics trial, using a 2-treatment stratified design, to assess the hypothesis that a quantitative
trait (gastric emptying rate) can impact the weight loss response among overweight (BMI >27kg/m? plus
obesity co-morbidities) or obese (BMI >30kg/m?) patients to treatment with the FDA-approved GLP-1
receptor agonist, liraglutide (dose escalated to maximum of 3mg, SQ, per day for 12 weeks) compared to
placebo. Effects will be compared for those with baseline accelerated in comparison with normal gastric
emptying.

Our aims are: first, to assess the effects of liraglutide, 3mg/day, on gastric motor functions, satiation,
satiety, weight loss and incretins; and second, to appraise the association of baseline accelerated gastric
emptying on weight loss in response to liraglutide treatment. By measuring quantitative Gl traits at
baseline and after 12 weeks of liraglutide treatment, we shall further understand the mechanism of action
of this GLP-1 agonist. As an exploratory assessment, we shall measure stiffness and fat content of liver at
three different time points during the study: baseline, week 8, and week 16 of treatment in the 2 treatment
groups.

Significance: Our study addresses the treatment of obesity, introducing an era of individualizing drug
therapy for obesity based on quantitative biomarkers. Therefore, it addresses an important public health
challenge.

APPROACH: GENERAL METHODS
Overall Design, Randomization and Allocation
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We shall perform a placebo-controlled, parallel-group trial of liraglutide for a treatment period of 3
months after achieving the target dose (3mg QD) following dose escalation. All participants will undergo
baseline measurements of Gl, behavioral and psychological traits. These assessments are needed to
evaluate potential confounders that may interact with the effects of liraglutide on the endpoints in these
studies. Randomization will be stratified on gender, BMI, and GE of solids (accelerated or normal).
Overweight or obese patients with delayed GE of solids will be excluded from the trial with liraglutide,
given the theoretical risk of induction of symptomatic gastroparesis as a result of further delay in GE. All
patients will be randomized to active drug or placebo. Once participants are randomized, the doses and
dose escalation (on active drug) will be the same for all subjects, except for delayed dose escalation in
patients who cannot tolerate the standard titration (0.6mg per week). A computer generated randomization
schedule generated by the study statistician’s office will be submitted to the Mayo Clinic CCaTS Research
Pharmacy.

Allocations will be concealed; studies will be blinded until data are transmitted to the statistician for data
lock.
Selection of Overweight and Obese Participants

We plan to study a cohort of 1712 patients (using 2-treatment stratified design) with BMI >30kg/m? or
>27kg/m? with an obesity-related co-morbidity [e.g. type 2 diabetes mellitus (T2DM) on metformin
monotherapy or diet alone, hypertension, hyperlipidemia, obstructive sleep apnea]. We have already
genotyped and obtained baseline quantitative trait measurements of interest [GE of solids, kcal intake at
buffet meal, and glycemia indices in obese patients with hyperglycemia (T2DM receiving metformin)] in
almost 500 patients residing within 75 miles of Mayo Clinic in Rochester, MN. Over 80% of these patients
reside within 25 miles of Rochester, MN. Anticipating 20% drop out from the study (Lean et al. 2014), we
will screen 160 patients to ensure 1712 enter the 16 weeks’ trial of liraglutide, 3mg SQ daily versus
placebo, analyzed using ITT principles.
Inclusion criteria:
a. Overweight and obese adults (>30kg/m? or >27kg/m? with an obesity-related co-morbidity) residing
within 125 miles of Mayo Clinic in Rochester, MN; these will be otherwise healthy individuals with no
unstable psychiatric disease and not currently on treatment for cardiac, pulmonary, gastrointestinal,
hepatic, renal, hematological, neurological, or endocrine (other than hyperglycemia or T2DM on
metformin) disorders.
b. Age: 18-65 years.
c. Gender: Men or women. We shall recruit equal proportions of men and women. Women of childbearing
potential will be using an effective form of contraception and have negative pregnancy tests within 48
hours of enrollment and before each radiation exposure. In addition, since liraglutide is classified as
Pregnancy Category X, monthly urine pregnancy testing will be performed in any female participant with
childbearing potential.
Exclusion criteria:
a. Weight exceeding 137 kilograms (safety limit of camera for measuring gastric volumes)
b. Abdominal surgery other than appendectomy, cholecystectomy, Caesarian section or tubal ligation
c. Positive history of chronic Gl diseases, systemic disease that could affect GI motility, or use of
medications that may alter GI motility, appetite or absorption, e.g., Orlistat
d. Patients with a personal or family history of medullary thyroid carcinoma or multiple endocrine neoplasia
Il
e. Past or current history of pancreatitis, gallstones, history of alcoholism, blood triglyceride levels >
500mg/dL
f. Significant untreated psychiatric dysfunction (Clark et al. 2007, Cunningham et al. 2012) based upon
screening with the Hospital Anxiety and Depression Inventory [HAD (Zigmond & Snaith 1983)], a self-
administered alcoholism screening test [AUDIT-C (Bush et al. 1998)], and the Questionnaire on Eating
and Weight Patterns-Revised [splurge eating disorders and bulimia (Yanovski et al. 2015)]. If such a
dysfunction is identified by a HAD score >11 on either the Anxiety or Depression subscales or difficulties
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with substance or eating disorders, the participant will be excluded and given a referral letter to his/her
primary care doctor for further appraisal and follow-up treatment.
g. Intake of any medication (except multivitamins) within 7 days of the study. Exceptions are birth control
pill, estrogen and thyroxine replacement therapy, and any medication administered for co-morbidities as
long as they do not alter GI motility including GE and gastric accommodation. For example, statins for
hyperlipidemia, diuretics, B-adrenergic blockers, ACE inhibitors and angiotensin antagonists for
hypertension, and metformin for T2DM or prediabetes are permissible. In contrast, resin sequestrants for
hyperlipidemia (Psichas et al. 2012), a2-adrenerigc agonists for hypertension, or other GLP-1 agonists
(exenatide) or amylin analogs (pramlintide) or DPP-1V inhibitors are not permissible since they significantly
affect gastric functions or appetite.
h. Delayed gastric emptying at 2 and 4 hours
i. Hypersensitivity to liragutide
j. Participate in highly intense physical activity program that could potentially interfere with study
interpretation
Baseline Primary Quantitative Trait Relevant to Effect of Liraglutide: Gastric Emptying

At baseline, GE of solids will be measured and participants characterized as having accelerated GE
[T12 of solids <93min in females, <78min in males (Camilleri et al. 2012)] or normal GE (see 10™-90t"
percentile in Table 5). Patients with delayed GE of solids (>90™" percentile according to gender) will be
excluded, since it is unethical to potentially induce gastroparesis or significantly increase the delay in GE
with a GLP-1 agonist in patients with baseline abnormal GE of solids. Note that gender, but not age or
BMI, was associated with GE of solids (GE T2, and proportion emptied at 1h and 2h, all p<0.001) in
healthy controls (Camilleri et al 2012).
Table 5. GE in healthy controls using identical method to that in application (Camilleri et al 2012).

Data show mean + SD All controls, n=319 Male controls, n=104 Female controls, n=215
Age,y 36.2 + 13.1 34.6 + 13.3 37.2+12.8

BMI, kg/m? 26.9 + 5.1 27.8+45 26.5+5.3

Solid GE T1p, 121.7 + 29.8 109.9 + 28.6 127.7 + 28.7

Baseline Characterization of Secondary Quantitative Traits Relevant to the Effects of Liraglutide
At baseline, we shall also measure gastric volume (fasting and post-300kcal Ensure® drink), satiation
(volume to fullness and MTV by Ensure® drink test, that is, the kcal intake under constant nutrient liquid
intake 30kcal/min), appetite/satiety (kcal intake at an ad libitum buffet meal, which will be summarized
henceforth as “satiety”), and plasma GLP-1 and PYY during fasting and at 15, 30, 45, and 90 minutes after
the start of ingestion during Ensure® drink test. Further details of these measurements are provided
below.
These measurements are essential to ensure that the study stratifies patients based on GE and
appraises the effect of liraglutide on the quantitative traits that impact satiation and satiety.
Baseline and monthly measurements will be taken of hip-waist ratio, DEXA body composition (only at
baseline and end of study), height, weight, blood pressure, pulse, and fasting blood glucose. The monthly
measurements will also serve to enhance compliance and ongoing standardization of behavioral
treatment.

Standardization of Behavioral Treatment
Under the supervision of Matthew Clark, Ph.D., co-investigator and staff behavioral interventionist [as

in our behavioral protocols in previous clinical trials (Vazquez-Roque et al. 2007, Grudell et al. 2008)] and
in a weight regain intervention (Himes et al 2015), we will standardize for potential differences in
behavioral aspects of weight reduction therapy. All participants will be given a standard text (“LEARN”
Manual, 10" ed.) for guidance on healthy lifestyle changes (Brownell 2004) and will meet at baseline and
approximately weeks 4, 8 and 12 with a behavioral intervenionist who has expertise in obesity treatment.
Under the guidance of Matthew M. Clark, PhD, the behavioral interventionists (master’s or doctoral level
psychologist, a registered nurse, and a bachelor’s level study coordinator) will provide brief behavioral
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counseling for weight management to study participants. Study team members will be trained in
behavioral interventions through leading or observed a 12 week clinical weight management group
sessions provided by the Department of Psychiatry and Psychology. Upon approval by Dr. M. Clark,
these study team members will deliver behavioral interventions independently to active participants of this
study. Dr. Clark meets with the study interventionists monthly to provide ongoing feedback and guidance.

The behavioral interventionists will follow a session outline to standardize session content. Study
participants will be taught a range of behavioral skills for successful weight management. These will be 15
to 20 minute, standardized counseling sessions that incorporate motivational interviewing strategies. To
maintain treatment fidelity, the psychologists will then complete visit forms documenting the content of the
completed counseling session. Additionally, study participants will have brief (10min) contact with a
member of the study team approximately every 4 weeks to inquire about their adherence to study protocol,
any difficulties they are experiencing, whether they are reading the LEARN Manual (Table 6), and to
answer any additional questions arising from their reading and lifestyle change. At each study visit,
adherence to medication intake will be assessed, and body weight and automated blood pressure will be
recorded in the Mayo Clinical Research Unit. In previous studies (Levine et al. 2005), we have provided
study participants with recognition to demonstrate our appreciation for their time and to reduce study
attrition. At week 8, participants will receive a token of thanks (Mayo Clinic water bottle) and at week 16, a
copy of the book, The Mayo Clinic Diet.

Table 6. Content of counseling sessions and LEARN Manual assignments

Discussion and Values Reading assigned

1

a. introduce the LEARN manual; b. discuss the concept of readiness for
change; c. differences between lifestyle change and diet highlighted; d.
value of keeping food records, identifying eating triggers, and e. importance

of eating 3 scheduled meals per day

chapters 1-4 of the
LEARN manual prior to
next visit

2 | a. review chapters 1-4 of the LEARN manual; b. eating triggers, the
benefits of physical activity, and problem solving strategies

chapters 5-8 of the
LEARN manual

3 | a. review chapters 5-8 of the LEARN manual; b. role of social support for
health behavior changes; c. strategies for goal setting and controlled eating

chapters 9-12 of the
LEARN manual

4 | a. review chapters 9-12 of the LEARN manual, b. review progress in physical activity and meal
planning; c. strategies to challenge negative thinking and relapse prevention techniques

After September 7, 2018, the MAYO CLINIC DIET BOOK will be used exclusively since the LEARN
manual is no longer available.

Session

Discussion and Values

Reading assigned

1

Introduce the Mayo Clinic Diet book: Chapter 1, Ready Set Go; Chapter 2, Add
Five Habits; Chapter 5, What Have You Learned; Chapter 6, The Next Phase;
Chapter 7, Know Your Goals; Chapter 11, Track Your Progress

Chapters 1,2, 5, 6, 7,
11

Review chapters previously assigned: Chapter 3, Break Five Habits; Chapter 4,
Adopt Five Bonus Habits; Chapter 10, Expand Your Activity Plan

Chapters 3, 4, 10

Review chapters previously assigned: Chapter 8, Set Your Targets; Chapter 9,
Create Your Eating Plan; Chapter 12, Seek Support

Chapters 8, 9, 12

Review chapters previously assigned: Chapter 13, What's Your Healthy Weight;
Chapter 14, Energy Calories and Weight; Chapter 15, The Mayo Clinic Healthy
Weight Pyramid; Chapter 16 Making Meals Easier; Chapter 17, Eating Out;
Chapter 18, How to Change Behaviors; Chapter 19, Burning Even More
Calories; Chapter 20, | Slipped Up-What Do | Do?

Chapters 13-20

Questionnaires to Assess Gl Symptoms and Affective Disorders

Participants will complete a series of questionnaires (all included in the APPENDIX): Gl symptoms with
the validated Bowel Disease Questionnaire (Talley et al. 1989), the Psychosomatic Symptom Checklist to
assess the level of somatization, and the Hospital Anxiety and Depression Inventory (Zigmond & Snaith
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1983) to appraise the contribution of affective disorder, which may confound assessment of weight effects
of liraglutide.

Questionnaires to Exclude Addiction and Psychiatric Eating Disorders (potential confounders of
weight effects of liraglutide)

a. AUDIT-C Alcoholism Screening Test (Bush et al. 1998) - The AUDIT-C is a 3-item alcohol screening
questionnaire that reliably identifies participants who are hazardous alcohol drinkers or have active alcohol
use disorders. This score will be used in screening by the study physician/nurse coordinator. The AUDIT-
C is scored on a scale of 0-12. Each AUDIT-C question has 5 answer choices. Points allotted are: a=0
points; b=1 point; c=2 points; d=3 points; e=4 points. In men, a score of 4 or more will be reviewed by
study personnel, and in women, a score of 3 or more will be reviewed by study personnel. However, when
the points are above recommended limits, the provider will review patient’s alcohol intake over past few
months to confirm accuracy.

b. Eating Disorders Questionnaire - The Questionnaire on Eating and Weight Patterns-5 (QEWP-5,
Appendix 7) (Yanovski et al. 2015) is a valid measure of screening for eating disorders which has been
used in its different iterations since 1993 (Yanovski 1993) in several national multi-site field trials.
Respondents are classified as binge eating disorder or bulimia nervosa. We have used this instrument to
screen for eating disorders in obese populations (Vazquez-Roque et al. 2007). Since the QEWP-5 may
not be sufficiently sensitive and specific to rule out binge eating disorder, based on a gold-standard
diagnostic interview (de Zwaan et al. 1993), we shall be most careful to rule out binge eating disorder via
clinical interview (with the expertise of Dr. Matthew Clark), since this important phenotype has been
shown to have an impact on energy intake in laboratory studies (Walsh et al. 2003) and on gastric size
(Geliebter et al. 2004). In a community sample, we found an association with binge eating patterns and Gl
symptoms (Cremonini et al. 2009). We will also administer the QEWP-5 for DSM-5 criteria assessment.

c. Body Image Satisfaction - The Multidimensional Body-Self Relations Questionnaire (Brown et al.
1990) provides a standardized attitudinal assessment of body image, normed from a national body-image
survey (Cash et al. 1986). Items are rated on a 5-point scale, ranging from 1=Definitely Disagree to
5=Definitely Agree. In this study, we will use one of the sub-scales, the Body Areas Satisfaction Scale,
which measures feelings of satisfaction with discrete aspects of physical appearance (e.g., face, weight,
hair). Cronbach’s a values range from .70 to .89 (Cash 1994).

d. Eating Behaviors - The Weight Efficacy Life-Style Questionnaire [WEL (Clark et al. 1991; Batsis et
al. 2009; Ames et al. 2015)] is a 20-item eating self-efficacy scale consisting of a total score and five
situational factors: negative emotions, availability, social pressure, physical discomfort, and positive
activities. Subjects are asked to rate their confidence about being able to successfully resist the urge to
eat using a 10-point scale ranging from 0=not confident to 9=very confident.

e. Physical Activity Level - The four-item Physical Activity Stages of Change Questionnaire (Marcus
et al. 1982) will be utilized to assess the physical activity level of participants. Mayo Clinic investigators,
led by co-investigator Dr. Matt Clark, have used these items to explore the relationship between quality of
life and physical activity in long-term lung cancer survivors (Clark et al. 2008, Solberg Nes et al. 2012).

Study Medication: Liraglutide, a Longer-Acting GLP-1 Receptor Agonist

Introduction: \Whereas, liraglutide is approved for the treatment of obesity (or overweight with co-
morbidities), these data are based on large multicenter studies in which the average weight loss was only
about 5.6kg over placebo (mean weight loss from baseline 8.4kg) with 12-56 weeks of treatment (Pi-
Sunyer et al. 2015).
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0-+ Normoglycemia —s— Liraglutide —— Placebo Figure 6. Effect of liraglutide vs. placebo on weight
Prediabetes -« - Liragluide - <~ Placebo loss in multicenter study of Pi-Sunyer et al. 2015

;l“f' i Almost 20% of patients treated with liraglutide
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z abdominal pain or acute pancreatitis and, more

fg’ al commonly, nausea and vomiting that led to either
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5 o daily after the first 4 weeks of dose escalation required

in the trial. Moreover, another multicenter study
-+ | showed that liraglutide produced small but statistically
4 8 12 16 20 24 28 32 36 40 44 43 52 56 | gjgnificant improvements in several cardiometabolic

Weeks risk factors compared with placebo (Wadden et al.
2013). Given the fact that the multicenter studies may include nonuniform cohorts (e.g. the Pi-Sunyer
study included 191 sites in 27 countries in Europe, North America, South America, Asia, Africa, and
Australia), studies that explore MECHANISMS of action of the medication require standardized, validated
methods. We propose a single-center study in our lab at Mayo Clinic because of the extensive experience
and validation of all the quantitative traits [including one study of 509 participants (Acosta et al. 2015)],
ensuring eligibility of participants and characterization of behavioral traits (which are potential
confounders. The feasibility of the proposed, unique studies are demonstrated in our preliminary data
with liraglutide 3mg.

L
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o

Prior Reports of Effects of Liraglutide on Gastric Functions Are Inconclusive

(i). Horowitz et al. (2012) showed in patients with T2DM that liraglutide, up to 1.8mg dose, resulted in
retardation of liquid GE, since it was measured by plasma acetaminophen method.

(ii). Rotondo et al. (2013) showed that 0.6mgq liraglutide had no effects on gastric perception, compliance
or satiation, but it inhibited gastric accommodation measured by balloon in 10 healthy controls with normal
BMI.

(iii) Van Can et al. (2014) studied effects of once daily liraglutide, 1.8mq, 3.0mg, or placebo, in a double-
blind, incomplete crossover, 5-week trial on GE, glycemic parameters, appetite and energy metabolism in
obese, non-diabetic adults. They showed reductions in 1-hour GE of 23% with liraglutide, 3.0 mg, and 13%
with 1.8mg compared to placebo. Given the method used to measure GE (plasma acetaminophen), the
study could only appraise GE of liquids, and the effect of the GLP-1 agonist was only demonstrable in the
first hour. It is not surprising that the 5-hour AUC was not different between liraglutide and placebo, since,
over that period, all the acetaminophen should be emptied from the stomach and absorbed in the normal
small bowel.

Thus, prior PUBLISHED studies are inconclusive, and effects of 3mq liraglutide on GE solids in
short term (5 wk) and at 16 wks were unknown, other than the preliminary data from our pilot

study.

Approval status by FDA (December 23, 2014): Liraglutide is indicated as an adjunct to a reduced-calorie
diet and increased physical activity for chronic weight management in adults with BMI of 230 kg/m?
(obesity) or a BMI of 227 kg/m? (overweight) with >1 weight-related condition (e.g., hypertension, T2DM,
dyslipidemia).

Dosing recommendations: Initiate at 0.6mg S.C. daily for 1 week; increase by 0.6mg/day in weekly
intervals until a dose of 3mg/day is achieved.

Supply: Liraglutide (3mg SQ injection) and placebo will be dispensed by Mayo Clinic Research Pharmacy.
As in the pilot study, all supplies will be dispensed by the pharmacy staff at a site away from the Clinical
Research Unit and the study staff.

Randomization: The randomization schedule will be generated before the start of the study in the Section
of Biostatistics, Mayo Clinic, and will be given to the research pharmacist. Medications will be stored in a
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monitored, climate-controlled environment according to manufacturer’s directions. Monitoring records will
be available for review to ensure quality control.
Medication dispensing and delivery: Medications will be dispensed and delivered in such a manner that (a)
all study personnel, nurses and technicians in the Clinical Research Unit, (b) the study staff and
investigators directly involved in this research, and (c) the participants will be blinded to the nature of the
study medication. The nursing personnel of the Clinical Research Unit will dispense the medication guide
instructions and will provide the subject education on the proper administration of the study medication
prior to start of dosing. A “Direction for Use” pamphlet will be given to subjects, who will be instructed how
to use liraglutide and placebo.
Quantitative Traits

On different days, participants will attend the Mayo Clinic Clinical Research Trials Unit (CRTU) at
scheduled time after an 8-hour fasting period, and the following validated quantitative traits will be
measured:
1. GE of solids by scintigraphy: The primary endpoint is gastric half-emptying time (GE T1.2), and the
secondary endpoints are proportions emptied at 2 and 4 hours (Vazquez-Roque et al. 2006). The normal
range for GE T4z is based on 10" and 90 ™ percentiles in healthy volunteers, based on gender (see Table
5, Camilleri et al. 2012). In general, GE of liquids is non-contributory in the context of postprandial
symptoms (Sachdeva et al. 2011); in order to reduce radiation burden (needing two isotopes to assess
both liquid and solid emptying), we will study exclusively GE of solids.
2. Fasting and postprandial Gastric Volume (GV) by single photon emission computed tomography
(SPECT), developed and validated (including performance characteristics) in our lab (Bouras et al. 2002;
Delgado-Aros et al. 2005; Breen et al. 2011).
3. Satiation by Ensure® nutrient drink test (1kcal/mL, 11% fat, 73% carbohydrate, and 16% protein)
ingested at a constant rate of 30ml/min to measure volume to fullness (VTF) and maximal tolerated
volume, MTV (Chial et al. 2002). Briefly, participants record their sensations every 5 minutes using a
numerical scale from 0 to 5, with level 0 being no symptoms, level 3 corresponding to fullness sensation
after a typical meal (VTF) and level 5 corresponding to the MTV (maximum or unbearable
fullness/satiation). Nutrient intake is stopped when subjects reach the score of 5. Postprandial symptoms
of fullness, nausea, bloating,
and pain are measured 30 minutes after the meal using 100 mm horizontal visual analog scales, with the
words “none” and “worst ever” anchored at each end.
4. Satiety (for assessment of kcal intake as a measure of appetite) by ad-libitum buffet meal to
measure total caloric intake and macronutrient distribution in the chosen food (Vazquez-Roque et al.
2006). Five hours after ingesting 300 mL liquid nutrient (Ensure®) as part of the SPECT gastric volume
study, participants will be invited to eat, during a 30-minute period, a standard ad libitum meal that
includes:
a. standardized lasagna meal (Stouffers, Nestle USA, Inc, Solon, OH; nutritional analysis of each 326-g
box: 420 kcal, 17 g protein [16% of energy], 38 g carbohydrate [37% of energy], and 22 g fat [47% of
energy]; vanilla pudding (Hunts, Kraft Foods North America, Tarrytown, NY; nutritional analysis of each
99-g carton: 130 kcal, 1 g protein [3% of energy], 21 g carbohydrate [65% of energy], and 4.5 g fat [32% of
energy]); and
b. skim milk (nutritional analysis of each 236-mL carton: 90 kcal, 8 g protein [36% of energy], 13 g
carbohydrate [64% of energy], and 0 g fat).
The total amount (grams and kilocalories) of food consumed and the kilocalories of each macronutrient at
the ad libitum meal were analyzed by using validated software (ProNutra 3.0; Viocare Tech. Inc.,
Princeton, NJ).
Overweight or obese participants will be subdivided into “excessive eaters” [the top tertile (1176 kcal) as
defined in a prior study of 264 participants] and the bottom 2 tertiles, defining non-excessive intake.
5. Ratings of appetite will be measured every 30 minutes between the time of ingestion of standard liquid
breakfast and the start of the ad libitum meal, ratings for appetite (satiety, fullness, hunger and prospective
food consumption), thirst, well-being and nausea will be recorded using visual analog scales, as described
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by Flint et al. (2000). VAS, 100mm in length with words anchored at each end expressing the most
positive and the most negative rating, will be used to assess hunger, satiety, fullness, prospective food
consumption, desire to eat something fatty, salty, sweet or savory, and the palatability (5 questions) of the
test meal. Overall appetite score will be calculated as average of the 4 individual scores (satiety + fullness
+ (100-prospective food consumption) + (100-hunger))/4
6. Plasma gastrointestinal hormones (GLP-1 and PYY) by radioimmunoassay, measured fasting, and
15, 45, and 90 minutes postprandially, with the primary endpoint being the peak postprandial level.
Ghrelin and CCK levels will not be measured in proposal, since they were non-informative in our prior
study.
GLP-1 will be measured as the biologically active GLP-1 (active and total) using a 2-site non-competitive
immunoassay based on enzyme-labeled quantification of GLP-1 detected by a fluorogenic substrate.
PYY will be measured by radioimmunoassay (Linco Research, Inc., St. Charles, MO). PYY exists in at
least 2 molecular forms, 1-36 and 3-36, both of which are physiologically active and are detected by the
assay.
7. Self-administered questionnaires assessing affect, exercise performance, attitudes, satisfaction with
body image, and eating behavior (Bush et al. 1998; Clark & King 2000; Clark et al. 2008; Lloyd-
Richardson et al. 2000; Yanovski 1993; Zigmond & Snaith 1983); details of each questionnaire are
provided above.
8. Storage of biological samples:
a. Blood Samples (fasting and postprandial) will be stored in a -70°C freezer in our lab for future assays.
b. Genomic DNA will be isolated from peripheral blood leukocytes as in previous studies (Qiagen Kit) for
possible future studies.
9. DEXA body composition: Total body fat, leg fat, fat percentage, and fat free mass will be measured by
DEXA scanning (QDR-2000) (Jensen et al. 1995).
10. Liver Stiffness and fat content: \We will measure the stiffness and fat content of liver non-invasively
using different ultrasound equipment at baseline, 8 weeks and 16 weeks in participants who provide
informed consent. The GE Logiq E9 and/or the Verasonics scanner will be used to for ultrasound
measurements. It is beneficial to test the measurements on different ultrasound scanners to evaluate
performance. We will analyze results as we study the patients. Based on the results, we may pick one
scanner (either GE or Verasonics scanner) to continue the study. Regardless whether one or two
scanners are used, we will keep the ultrasound study time within 30 minutes as stated in the consent form.

General Approach for Statistical Analyses

The analyses will be based on a 2-treatment stratified design to compare the effects of
liraglutide and placebo on post-treatment gastric functions, satiation, satiety, incretins, body composition
and weight loss; in addition, the effects of liraglutide will be compared between patients with (vs. without)
the trait of interest (i.e., the strata being accelerated vs. normal GE of solids using the 10" percentile for
GE of solids in health). The analyses will use a 2-way analysis of covariance (ANCOVA) model with
treatment, the quantitative trait, and a treatment by quantitative trait interaction term.

The sample size is based on the feasibility to perform a 16-week therapeutic trial over 4 years,
during which approximately 40 participants completed/ year. Year 5 of the proposed application will be
necessary for completion of all trait analyses, and writing manuscripts.

Interim Analysis: As part of an on-going method to compare the effects of medication tested (liraglutide)
and placebo, an interim analysis will be conducted when >66% of aim 1 has been reached.

Rationale for Interim Analysis:

a. To asses power of the study based on the actual coefficient of variation as measured in the actual study
with >66% completed; this is because the coefficient of variation could be different from the COV used in
the a priori power calculation used in development of the protocol.

U1111-1165-6027 Camilleri October 29, 2020 vers 7 Page 8



b. As part of the analysis, the statisticians will also provide a comparison of the results on the primary and
secondary endpoints; this assessment will be communicated to the investigators as average data (e.g.
median and IQR) for the treatment GROUPS rather than individual patient data. These group data could
be used for preparation of preliminary reports in the form of abstract for national meetings specifically
digestive disease week to be held in May 2021 for which the deadline for abstract submission is
December 1, 2020.

c. As a result of the power analysis, it is possible that the sample size may be either reduced or increased
or the study could be stopped because of “futility” if there is no evidence of a trend to suggest efficacy of
treatment

Literature Cited

Acosta A, Abu Dayyeh BK, Port JD, Camilleri M. Recent advances in clinical practice challenges and
opportunities in the management of obesity. Gut 2014;63:687-695

Acosta A, Camilleri M, Burton D, O’Neill J, Eckert D, Carlson P, Zinsmeister AR. Exenatide in obesity with
accelerated gastric emptying: a randomized, pharmacodynamics study. Physiol Rep 2015a Nov;3(11). pii:
€12610. doi: 10.14814/phy2.12610

Acosta A, Camilleri M, Shin A, Vazquez-Roque M, lturrino J, Burton D, O’Neill J, Eckert D, Zinsmeister
AR. Quantitative gastrointestinal and psychological traits associated with obesity and response to weight-
loss therapy. Gastroenterology 2015b;148:537-546, e4

Ames GE, Heckman MG, Diehl NN, Grothe KB, Clark MM. Further statistical and clinical validity for the
Weight Efficacy Lifestyle Questionnaire-Short Form. Eat Behav 2015;18:115-119

Andrews CN, Bharucha AE, Camilleri M, Low PA, Seide B, Burton D, Baxter K, Zinsmeister AR. Nitrergic
contribution to gastric relaxation induced by glucagon-like peptide-1 (GLP-1) in healthy adults. Am J
Physiol Gastrointest Liver Physiol 2007;292:G1359-G1365

Batsis JA, Clark MM, Grothe K, Lopez-Jimenez F, Collazo-Clavell ML, Somers VK, Sarr MG. Self-efficacy
after bariatric surgery for obesity. A population-based cohort study. Appetite 2009;52:637-645

Beinborn M, Worrall Cl, McBride EW, Kopin AS. A human glucagon-like peptide-1 receptor polymorphism
results in reduced agonist responsiveness. Regul Pept 2005;130:1-6

Bouras EP, Delgado-Aros S, Camilleri M, et al. SPECT imaging of the stomach: comparison with barostat,
and effects of sex, age, body mass index, and fundoplication. Single photon emission computed
tomography. Gut 2002;51:781-786

Breen M, Camilleri M, Burton D, Zinsmeister A. Performance characteristics of the measurement of gastric
volume using single photon emission computed tomography. Neurogastroenterol Motil 2011;23:308-315

Brown TA, Cash TF, Mikulka PJ. Attitudinal body-image assessment: Factor analysis of the Body-Self
Relations Questionnaire. J Personal Assessment 1990;55:135-144

Brownell KD. The LEARN® Program for Weight Control. Tenth Edition. American Health Publishing
Company, 2004

U1111-1165-6027 Camilleri October 29, 2020 vers 7 Page 9



Bush K, Kivlahan DR, McDonell MB, Fihn SD, Bradley KA. The AUDIT alcohol consumption questions
(AUDIT C): an effective brief screening test for problem drinking. Ambulatory Care Quality Improvement
Project (ACQUIP). Alcohol Use Disorders Identification Test. Arch Intern Med 1998;58:1789-1795

Camilleri M, lturrino J, Bharucha AE, Burton D, Shin A, Jeong I-D, Zinsmeister AR. Performance
characteristics of scintigraphic measurement of gastric emptying of solids in healthy participants.
Neurogastroenterol Motil 2012;24:1076-e562

Cash TF, Winstead BA, Janda LH. Body Image Survey Report: The Great American Shape Up. Psychol
Today 1986;20:30-44

Cash TF. The Multidimensional Body-Self Relations Questionnaire User's Manual. Norfolk, VA, 1994

Cauchi S, El Achhab Y, Choquet H , Dina C, Krempler F, Weitgasser R, Nejjari C, Patsch W, Chikri M,
Meyre D, et al. TCF7L2 is reproducibly associated with type 2 diabetes in various ethnic groups: a global
meta-analysis. J Mol Med 2007;85:777—782

Chial HJ, Camilleri C, Delgado-Aros S, et al. A nutrient drink test to assess maximum tolerated volume
and postprandial symptoms: effects of gender, body mass index and age in health. Neurogastroenterol
Motil 2002;14:249-253

Clark MM, Abrams DB, Niaura RS, Eaton CA, Rossi JS. Self-efficacy in weight management. J Consulting
Clin Psychol 1991;59:739-744

Clark MM, King TK. Eating self-efficacy and weight cycling: a prospective clinical study. Eat Behav
2000;1:47-52

Clark MM, Hanna BK, Mai JL, Graszer KM, Krochta JG, McAlpine DE, Reading S, Abu-Lebdeh HS,
Jensen MD, Sarr MG. Sexual abuse survivors and psychiatric hospitalization after bariatric surgery.
Obes Surg 2007;17:465-469

Clark MM, Novotny PJ, Patthen CA, Rausch SM, Graces YI, Jatoi A, Sloan JA, Yang P. Motivational
readiness for physical activity and quality of life in long term lung cancer survivors. Lung Cancer
2008;61:117-122

Cremonini F, Camilleri M, Clark MM, Beebe TJ, Locke GR, Zinsmeister AR, Herrick LM, Talley NJ.
Associations among binge eating behavior patterns and gastrointestinal symptoms: a population-based
study. Int J Obes 2009;33:342-353

Cunningham JL, Merrell CC, Sarr M, Somers KJ, McAlpine D, Reese M, Stevens SR, Clark MM.
Investigation of antidepressant medication usage after bariatric surgery. Obes Surg 2012;22:530-535

Delgado-Aros S, Kim D-Y, Burton DD, Thomforde GM, Stephens D, Brinkmann BH, Vella A, Camilleri M:
Effect of GLP-1 on gastric volume, emptying, maximum volume ingested and postprandial symptoms in
humans. Am J Physiol 2002;282:G424-G431

Delgado-Aros S, Vella A, Camilleri M, Low PA, Burton DD, Thomforde GM, Stephens D. Effects of
glucagon-like peptide-1 and feeding on gastric volumes in diabetes mellitus with cardio-vagal dysfunction.
Neurogastroenterol Motil 2003;15:435-443

U1111-1165-6027 Camilleri October 29, 2020 vers 7 Page
10



Delgado-Aros S, Camilleri M, Cremonini F, Ferber I, Stephens D, Burton DD. Contributions of gastric
volumes and gastric emptying to meal size and post-meal symptoms in functional dyspepsia.
Gastroenterology 2004a;127:1685-1694

Delgado-Aros S, Cremonini F, Castillo EJ, Chial HJ, Burton DD, Ferber |, Camilleri M. Independent
influences of body mass and gastric volumes on satiation in humans. Gastroenterology 2004b;126:432-
440

Delgado-Aros S, Camilleri M, Castillo EJ, et al. Effect of gastric volume or emptying on meal-related
symptoms after liquid nutrients in obesity: a pharmacologic study. Clin Gastroenterol Hepatol 2005;3:997-
1006

de Zwaan M, Mitchell JE, Specker SM, Pyle RL, Mussell MP, Seim HC. Diagnosing binge eating disorder:
Level of agreement between self-report and expert-rating. Int J Eating Disord 1993;14:289-295

Flegal KM, Carroll MD, Kit BK, Ogden CL. Prevalence of obesity and trends in the distribution of body
mass index among US adults, 1999-2010. JAMA 2012;307:491-497

Fleming JW, McClendon KS, Riche DM. New obesity agents: lorcaserin and phentermine/topiramate. Ann
Pharmacother 2013;47:1007-1016

Florez JC, Jablonski KA, Bayley N, Pollin Tl, de Bakker PI, Shuldiner AR, Knowler WC, Nathan DM,
Altshuler D. TCF7L2 polymorphisms and progression to diabetes in the Diabetes Prevention Program. N
Engl J Med 2006;355:241-250

Gadde KM, Allison DB, Ryan DH, et al. Effects of low-dose, controlled-release, phentermine plus
topiramate combination on weight and associated comorbidities in overweight and obese adults
(CONQUER): a randomised, placebo-controlled, phase 3 trial. Lancet 2011;377:1341-1352

Gautier JF, Choukem SP, Girard J. Physiology of incretins (GIP and GLP-1) and abnormalities in type 2
diabetes. Diabetes Metab 2008;34(Suppl. 2):S65-S72

Geliebter A, Yahav EK, Gluck ME, Hashim SA. Gastric capacity, test meal intake, and appetitive
hormones in binge eating disorder. Physiol Behav 2004;81:735-740

Grudell ABM, Sweetser S, Camilleri M, Eckert DJ, Vazquez-Roque MI, Carlson PJ, Burton DD, Braddock
AE, Clark MM, Graszer KM, Kalsy SA, Zinsmeister AR. A controlled pharmacogenetic trial of sibutramine
on weight loss and body composition in obese or overweight adults. Gastroenterology 2008;135:1142-
1154

Himes SM, Grothe KB, Clark MM, Swain JM, Collazo-Clavell ML, Sarr MG. Stop regain: a pilot
psychological intervention for bariatric patients experiencing weight regain. Obes Surg. 2015;25: 922-927

Horowitz M, Flint A, Jones KL, Hindsberger C, Rasmussen MF, Kapitza C, Doran S, Jax T, Zdravkovic M,
Chapman IM. Effect of the once-daily human GLP-1 analogue liraglutide on appetite, energy intake,
energy expenditure and gastric emptying in type 2 diabetes. Diabetes Res Clin Pract. 2012;97: 258-66.

Jelsing J, Vrang N, Hansen G, Raun K, Tang-Christensen M, Knudsen LB. Liraglutide: short-lived effect
on gastric emptying — long lasting effects on body weight. Diabetes Obes Metab 2012;14:531-538

U1111-1165-6027 Camilleri October 29, 2020 vers 7 Page
11



Jensen MD, Kanaley JA, Reed JE, Sheedy PF. Measurement of abdominal and visceral fat with computed
tomography and dual-energy x-ray absorptiometry. Am J Clin Nutr 1995;61:274-278

Khera R, Murad MH, Chandar AK, Dulai PS, Wang Z, Prokop LJ, Loomba R, Camilleri M, Singh S.
Association of pharmacologic treatments for obesity with weight loss and adverse events: A systematic
review and meta-analysis. JAMA (2016, in press)

Lean ME, Carraro R, Finer N, Hartvig H, Lindegaard ML, Réssner S, Van Gaal L, Astrup A; NN8022-1807
Investigators. Tolerability of nausea and vomiting and associations with weight loss in a randomized trial of
liraglutide in obese, non-diabetic adults. Int J Obes (Lond). 2014;38: 689-697

Levine JA, Lanningham-Foster LM, McCrady SK, Krizan AC, Olson LR, Kane PH, Jensen MD, Clark MM.
Interindividual variation in posture allocation: possible role in human obesity. Science 2005;307:584-586

Lin CH, Lee YS, Huang YY, Hsieh SH, Chen ZS, Tsai CN. Polymorphisms of GLP-1 receptor gene and
response to GLP-1 analogue in patients with poorly controlled type 2 diabetes. J Diabetes Res
2015;2015:176949. doi: 10.1155/2015/176949. Epub 2015 Feb 15.

Little RJ, D'Agostino R, Cohen ML, Dickersin K, Emerson SS, Farrar JT, Frangakis C, Hogan JW,
Molenberghs G, Murphy SA, Neaton JD, Rotnitzky A, Scharfstein D, Shih WJ, Siegel JP, Stern H. The
prevention and treatment of missing data in clinical trials. N Engl J Med 2012;367:1355-1360

Lloyd-Richardson EE, King TK, Forsyth LH, Clark MM. Body image evaluations in obese females with
binge eating disorder. Eat Behav 2000;1:161-171

Lorenz M, Pfeiffer C, Steinstrasser A, Becker RH, Ritten H, Ruus P, Horowitz M. Effects of lixisenatide
once daily on gastric emptying in type 2 diabetes--relationship to postprandial glycemia. Regul Pept. 2013;
185:1-8.

Marcus BH, Rossi JS, Selby VC, Niaura RS, Abrams DB. The stages and processes of exercise adoption
and maintenance in a worksite sample. Health Psychol 1982;11:386-395

Meier JJ. GLP-1 receptor agonists for individualized treatment of type 2 diabetes mellitus. Nat Rev
Endocrinol 2012;8:728-742

Moreno J, Willett K, et al. Exenatide as a novel weight loss modality in patients without diabetes. Ann
Pharmacotherapy 2012;46:1700-1706

Ng M, Fleming T, Robinson M, et al. Global, regional, and national prevalence of overweight and obesity
in children and adults during 1980-2013: a systematic analysis for the Global Burden of Disease Study
2013. Lancet 2014; 84(9945):766-781

O'Brien PC, Zhang D, Bailey KR. Semi-parametric and non-parametric methods for clinical trials with
incomplete data. Stat Med. 2005;24: 341-358

Pilgaard K, Jensen CB, Schou JH, Lyssenko V, Wegner L, Bragns C, Vilsbgll T, Hansen T, Madsbad S,
Holst JJ, et al. The T allele of rs7903146 TCF7L2 is associated with impaired insulinotropic action of
incretin hormones, reduced 24 h profi les of plasma insulin and glucagon, and increased hepatic glucose
production in young healthy men. Diabetologia 2009;52:1298-1307

U1111-1165-6027 Camilleri October 29, 2020 vers 7 Page
12



Pi-Sunyer X; SCALE Obesity and Prediabetes Investigators. Liraglutide in Weight Management. N Engl J
Med 2015;373:1781-1782

Psichas A, Little T, Lal S, McLaughlin J.Colestyramine slows gastric emptying of liquids and reduces
appetite in healthy subjects. Neurogastroenterol Motil 2012;24:1095-1101

Ramsey TL, Brennan MD. Glucagon-like peptide 1 receptor (GLP1R) haplotypes correlate with altered
response to multiple antipsychotics in the CATIE trial. Schizophr Res 2014;160:73-79

Rotondo A1, Janssen P, Mulé F, Tack J. Effect of the GLP-1 analog liraglutide on satiation and gastric
sensorimotor function during nutrient-drink ingestion. Int J Obes (Lond) 2013;37:693-698

Sachdeva P, Malhotra N, Pathikonda M, Khayyam U, Fisher RS, Maurer AH, Parkman HP. Gastric
emptying of solids and liquids for evaluation for gastroparesis. Dig Dis Sci 2011;56:1138-1146

Schirra J, Nicolaus M, Woerle HJ, Struckmeier C, Katschinski M, Géke B. GLP-1 regulates
gastroduodenal motility involving cholinergic pathways. Neurogastroenterol Motil 2009;21:609-618

Solberg Nes L, Liu H, Patten CA, Rausch SM, Sloan JA, Garces YI, Cheville AL, Yang P, Clark MM.
Physical activity level and quality of life in long term lung cancer survivors. Lung Cancer 2012;77:611-616

Szarka LA, Camilleri M, Vella A, Burton D, Baxter K, Simonson J, Zinsmeister AR. A stable isotope breath
test with a standard meal for abnormal gastric emptying of solids in the clinic and in research. Clin
Gastroenterol Hepatol 2008;6:635-643

Talley NJ, Phillips SF, Melton LJ 3rd, Wiltgen C, Zinsmeister AR. A patient questionnaire to identify bowel
disease. Ann Intern Med 1989;111:671-674

van Can J, Sloth B, Jensen CB, Flint A, Blaak EE, Saris WH. Effects of the once-daily GLP-1 analog
liraglutide on gastric emptying, glycemic parameters, appetite and energy metabolism in obese, non-
diabetic adults.

Int J Obes (Lond) 2014;38:784-793

Vazquez-Roque MI, Camilleri M, Stephens DA, et al. Gastric sensorimotor functions and hormone profile
in normal weight, overweight, and obese people. Gastroenterology 2006;131:1717-1724

Vazquez-Roque MI, Camilleri M, Clark MM, Te Poel DA, Jensen MD, Graszer KM, Kalsy SA, Burton DD,
Baxter KL, Zinsmeister AR. Alteration of gastric functions and candidate genes associated with weight
reduction in response to sibutramine. Clin Gastroenterol Hepatol 2007;5:829-837

Vella A, Bock G, Giesler PD, Burton DB, Serra DB, Saylan ML, Dunning BE, Foley JE, Rizza RA, Camilleri
M.

Effects of dipeptidyl peptidase-4 inhibition on gastrointestinal function, meal appearance, and glucose
metabolism in type 2 diabetes. Diabetes. 2007;56:1475-80.

Vella A, Bock G, Giesler PD, Burton DB, Serra DB, Saylan ML, Deacon CF, Foley JE, Rizza RA, Camilleri
M.

The effect of dipeptidyl peptidase-4 inhibition on gastric volume, satiation and enteroendocrine secretion in
type 2 diabetes: a double-blind, placebo-controlled crossover study. Clin Endocrinol (Oxf). 2008;69: 737-
44,

U1111-1165-6027 Camilleri October 29, 2020 vers 7 Page
13



Wadden TA, Hollander P, Klein S, Niswender K, Woo V, Hale PM, Aronne L; NN8022-1923 Investigators.
Weight maintenance and additional weight loss with liraglutide after low-calorie-diet-induced weight loss:
the SCALE Maintenance randomized study. Int J Obes (Lond) 2013;37:1443-1451

Walsh BT, Boudreau G. Laboratory studies of binge eating disorder. Int J Eat Disord 2003;34(Suppl):S30-
S38

Werner U. Effects of the GLP-1 receptor agonist lixisenatide on postprandial glucose and gastric
emptying--preclinical evidence. J Diabetes Complications 2014:28:110-114

Yanovski SZ. Binge eating disorder: Current knowledge and future directions. Obesity Res 1993;1:306-
324

Yanovski SZ, Marcus MD, Wadden TA, Walsh BT. The Questionnaire on Eating and Weight Patterns-5:
an updated screening instrument for binge eating disorder. Int J Eat Disord 2015;48:259-261

Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta Psychiatr Scand 1983;67:361-
370

U1111-1165-6027 Camilleri October 29, 2020 vers 7 Page
14



