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Background—Functional dyspepsia (FD) is a common problem affecting up to 10-25% of
individuals. FD accounts for significant health care costs and affects quality of life but has no
definitive treatment.

Objectives—The Functional Dyspepsia Treatment Trial (FDTT) aims to test whether treatment
with an antidepressant (amitriptyline or escitalopram) leads to improvement of symptoms in
patients with moderate to severe FD.

Design—The FDTT is an international multicenter, parallel group, randomized, double-blind,
placebo-controlled trial to evaluate whether 12 weeks of treatment with escitalopram or
amitriptyline improves FD symptoms compared to treatment with placebo. Secondly, it is
hypothesized that acceleration of solid gastric emptying, reduction of postprandial satiation, and
enhanced gastric volume change with a meal will be significant positive predictors of short- and
long-term outcomes for those on antidepressants vs. placebo. The third aim is to examine whether
polymorphisms of GNB3 and serotonin reuptake transporter influence treatment outcomes in FD
patients receiving a tricyclic antidepressant, selective serotonin reuptake inhibitor therapy, or
placebo.

Methods—The FDTT enrollment began in 2006 and is scheduled to randomize 400 patients by
the end of 2012 to receive an antidepressant or placebo for 12 weeks, with a 6-month post-
treatment follow-up. The study incorporates multiple validated questionnaires, physiological
testing, and specific genetic evaluations. The protocol was approved by participating centers'
Institutional Review Boards and an independent Data Safety Monitoring Board was established
for monitoring to ensure patient safety and a single interim review of the data in December 2010
(ClinicalTrials.gov number NCT00248651).

Keywords

Amitriptyline; Antidepressive agents; Citalopram; Dyspepsia; Clinical trial; National Institute of
Diabetes and Digestive and Kidney Diseases

1. Introduction

In the U.S., 10 to 25% of people have symptoms suggestive of functional dyspepsia (FD)
[1-4]. About a quarter of these people seek medical assistance [2,5]; FD and irritable bowel
syndrome (IBS) account for over half of all GI consultations in the U.S. and remain the most
frequent GI problems in primary care [2,5]. In addition to substantially impairing quality of
life [2,5], health care costs for FD have been calculated to be enormous, exceeding several
billion dollars annually in the U.S. despite there being no approved treatments [2,6,7].

FD is currently considered to be a bio-psychosocial disorder with disturbances of motor
function, heightened visceral sensitivity, and possibly a central nervous system disturbance
[8,9]. Psychosocial factors can alter motility and/or enhance sensation and influence the
timing of patients’ presentation to physicians [8,9]. The current study addresses the efficacy
of drugs that act at the level of the peripheral gut and central nervous system, and the impact
that physiological and psychological disturbance, and genetic variation may play.
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Current clinical treatment of FD is considered unsatisfactory [8,9]. In systematic reviews, it
has been concluded that the only drugs established to be better than placebo in FD are
possibly antisecretory and prokinetic agents [10-12]. However, a Cochrane meta-analysis
suggested that the positive cisapride data might simply reflect publication bias, based on a
funnel plot [10]. Of the prokinetics, only metoclopramide is available in the U.S. since the
withdrawal of cisapride and side effects limit its use.

Psychosocial factors are potentially key modulators of experience and behavior. Patients
with FD have been reported to have significantly higher levels of psychiatric illness than
healthy controls [13-15] and patients with organic Gl diseases [16]. Others have confirmed
higher levels of psychological distress in those with FD presenting in primary care [17] and
in the general population [18], compared with healthy controls.

Antidepressants are used in the treatment of FD and IBS based on three propositions. First,
antidepressants could reduce the severity of psychological symptoms, particularly anxiety
and depression, which are thought to exacerbate the symptoms of FD although this is
controversial [9,16-21]. Second, antidepressants have central analgesic actions [22], and
there is increasing evidence of central nervous system dysfunction in IBS [23].
Antidepressants reduce affective arousal and have sleep restorative actions [24,25]. Thirdly,
these drugs have been shown to have local pharmacological actions on the upper gut,
specifically altering transit and gastric accommodation [24-29].

The purpose of this study is to investigate whether antidepressant medications are
efficacious in FD. Although widely used in FD, the use of antidepressants is not evidence-
based. There have been no adequate randomized controlled trials with tricyclics or selective
serotonin reuptake inhibitors (SSRIs) in FD. This paper illustrates a clinically relevant,
investigator-initiated multi-site trial that proposes to answer this significant clinical question.

2. Methods

2.1. Design overview

The FDTT is an international, multi-center, parallel group, double blind, randomized,
placebo-controlled, three-arm trial, comparing escitalopram, amitriptyline, and placebo in
people with FD. The screening period for evaluating eligibility and collection baseline data
is approximately 2 weeks before randomization. Baseline data collection includes health
history, physical examination, physiological testing, and completion of validated surveys.
Baseline data include screening measures used for randomization. A standardized and
validated symptom diary is completed during this baseline period [30,31]. Patients are
required to have at least 4 days of moderate epigastric pain or discomfort on the validated
Gastrointestinal Symptoms Ratings Scale (GSRS; a score of >3 on a 7 graded Likert scale),
in order to ensure that change over time will be detectable (avoid a floor effect) [32,33]. No
placebo run-in is included as this strategy may increase the inclusion of atypical, resistant
patients and is not recommended by methodological experts in the field [12,34].

Eligible patients are randomized to escitalopram (10 mg), amitriptyline (50 mg), or placebo
for 12 weeks. The escitalopram dose was chosen based on standard antidepressant dosing in
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clinical practice. The amitriptyline dose was chosen based on the concept that low-dose
tricyclic therapy may be efficacious in IBS [35] and preliminary data that this dose improves
symptoms after a nutrient drink test [36].

Patients are followed an additional 6 months after the end of the treatment phase to assess
potential long-term treatment effects. The primary comparisons will be made using an
intent-to-treat analysis (all patients randomized) of the global symptom score collected
weekly while on medication, at the end of treatment, and monthly after treatment. A
schematic of the trial design is presented in Fig. 1.

2.2. Treatment groups

Patients who have signed informed consent and who meet eligibility criteria at the
completion of the 2-week baseline period are randomized using a dynamic allocation
randomization method. Treatment assignments are made to ensure (marginal) balance on a
set of relevant stratification factors (including e.g. gender, subtype of dyspepsia [ulcer-like
vs. dysmotility-like], gastric emptying status [delayed vs. non-delayed], satiety status
[normal vs. abnormal]). Each assignment is thus based on the distribution of assignments
across the stratification factors among the patients randomized up to that point (see
Randomization section below).

Amitriptyline hydrochloride is a tricyclic antidepressant; it has a half-life of 9-25 h. It is
administered as a single caplet beginning at 25 mg for 2 weeks, then increasing to a single
50 mg caplet for the remaining 10 weeks. Escitalopram (S-citalopram), S-enantiomer of
citalopram, binds with high affinity to the human serotonin transporter [37]. It has a half-life
of 27-32 h, and is therefore generally administered once daily. Forest Pharmaceuticals has
provided escitalopram and identical placebo without charge for this trial. This medication is
also taken orally once per day.

Mayo Clinic Research Pharmacy packages the medications and each participant is required
to take 1 caplet and 1 capsule daily to assure that the participant and study personnel are
completely blinded to the medication. Patients are randomized to either amitriptyline,
escitalopram, or placebo. To assure blinding since a capsule could be opened and the patient
unblinded, each patient received a capsule and a caplet to take. Either the capsule or caplet
or both are placebo for any given patient. Written and verbal instructions are provided to
improve proper dosing and increase compliance. Doses are to be taken at night (before
bedtime), although patients experiencing potential side effects of the medications may
choose to take them in the morning if approved by the study team.

All subjects in the study are provided with the same baseline level of psychological support
encompassing reassurance and education. They are provided education related to serotonin
syndrome including medications and foods to avoid while in the trial. They are instructed to
call the study coordinator if there are any changes in their medications (prescription, over
the counter, or herbal medicines) although they are asked not to make changes. Participants
are also provided a list of possible side effects and basic health information for dealing with
them if mild in nature. All side effects are reported to the study coordinator during either
weekly phone calls or additional calls if side effects are bothersome or severe. The trial is
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being conducted according to the Rome guidelines for clinical trials for the functional Gl
disorders published in 1999 [34], and adheres to the updated CONSORT reporting
guidelines [38].

2.3. Outcome measures

A self-report global symptom score, the primary outcome, is widely accepted and has been
tested for responsiveness in FD [39,40]. Patients are asked to answer the following yes/no
question once a week: “In the past 7 days, have you had adequate relief of your stomach
symptoms?” It is evaluated weekly as part of the phone call over the 12 weeks on therapy,
and monthly over the 6 months of follow-up after therapy. A responder is defined as a study
patient who answers “yes” for at least 50% or greater of weeks 3-12 of treatment (10
weeks). The first two weeks of treatment are not included to allow for steady state to be
established [39,41]. The adequate relief measure is considered a clinically relevant and
robust endpoint [40,42,43], and this type of measure is widely accepted by consensus panels
in IBS trials as the primary outcome [34].

The second aim is to examine whether gastric emptying and the nutrient drink test are
altered by antidepressant therapy. A sub-study will also examine whether gastric
accommodation and symptom response, e.g. pain, nausea and bloating, are altered by
antidepressants. The outcomes for these secondary aims are solid gastric emptying,
postprandial satiation, and gastric volume changes.

Gastric emptying is a validated, standard test [44] using a standardized meal. Assessment of
gastric emptying of solids is performed at baseline (all recruited) and at 12 weeks on therapy
after an overnight fast, applying a standard meal and acquisition protocol at 0, 0.5, 1, 2, and
4 h. The meal consists of 2 large eggs, wheat bread and 8 oz of white skim milk accounting
for 350 kcal (29.8% carbohydrate, 32.4% fat, and 37.8% protein). The 9°™Tc sulfur colloid
is used. Although of uncertain relevance, a baseline gastric emptying study is performed at
the beginning of the menstrual cycle in menstruating women to standardize the timing of
transit and other physiological measurements [45].

Assessment of early postprandial sensations is conducted using a standardized liquid
nutrient meal test. All subjects complete this test at baseline and on therapy at 12 weeks
[46].

The third physiologic measure is a measurement of gastric volume and accommodation
response by a non-invasive imaging method using %™MTc-single photon emission computed
tomography (SPECT). The SPECT is undertaken only at the Mayo Clinic sites in a sub-
study (n=20 in each arm of the trial); it is performed at baseline and at week 12 on therapy
[47,48]. The randomization will be stratified across the sites, to balance treatment
assignments at each site.

The third aim is to assess whether polymorphisms of GNA3 and the serotonin reuptake
transporter are associated with differential treatment outcome. The objective of the third aim
is to test whether the genotype of specific polymorphisms alter treatment and potentially
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identify which patients would have the best response to receiving antidepressants. This aim
uses the global symptom relief as the primary outcome.

2.4. Sample size justification and data analysis

The planned sample size for the FDTT is 400 patients with equal allocation to each of the
three treatment groups (133 per group). Sample size estimates were based on the assumption
that treatment effects would be homogeneous across study centers. An overall pooled
comparison of each active treatment vs. placebo would require the number of subjects per
treatment group listed in Table 1 to achieve 80% power at a two-sided alpha level of 0.025
(i.e., adjusting for two pair-wise tests, each active drug against placebo). A therapeutic gain
of 20% or greater over placebo is considered clinically significant. The logistic regression
model analysis incorporating potentially important covariates (gender, psychiatric status,
dyspepsia symptom subtype, gastric emptying, satiety, and race) should provide similar or
better power to detect comparable treatment group effects assuming no substantial
interactions with covariates or differential site effects. A 25% dropout rate in each arm was
anticipated, although to date there has only been a total dropout rate of 17%. Therefore, the
planned recruitment of 133-134 patients per arm (total 400 patients) should provide
sufficient power in the ITT analyses (Table 1). Assigning the ‘dropouts’ as treatment
failures could attenuate the treatment differences, but an ITT analysis must include all
subjects randomized, and it seems the dropouts would more likely be treatment failures
anyway in this setting. Since the dropouts would be unlikely to report symptom relief, little
misclassification bias should result.

Adequate relief will be compared overall among the treatment groups incorporating the sites
as strata using the Cochran—Mantel-Haensel (CMH) test statistic for general association (on
2 degrees of freedom). Individual site assessments of the direction of treatment effects will
be informally examined for homogeneity by computing site-specific odds ratios (ORs) and
95% confidence intervals (CI) for symptom relief in each active treatment relative to the
placebo group. In addition, a logistic regression model with global symptom relief (based on
the last 10 weeks of treatment as described above) as the binary dependent variable will be
used to test for an increased odds for relief in the active treatment groups (each relative to
the placebo reference group) adjusting for the covariates used in the dynamic allocation
randomization. Specific two factor interactions of each active treatment group (dummy
variable coding) with each of the primary (binary coded) covariates will also be examined in
a further model.

An exploratory analysis will assess symptom subgroups and treatment outcome. The
proposed analyses for potential interactions among subgroups and treatment assignment are
exploratory analyses aimed at identifying potentially more responsive subsets of patients. It
is conceivable that the differences in response rates (placebo vs. active treatment) may be
much larger in some subgroups (e.g. 30% vs. 60% in ulcer-like dyspepsia) in contrast to
other subgroups (e.g. 20% vs. 30% in dysmotility-like dyspepsia). Assuming an equal
number of both types of patients in each treatment arm would then reflect an overall
difference in response rates of 20% (e.g. 25% vs. 45%) for placebo vs. active drug. It is only
these rather large “differential” response rates (interactions) that would be clinically relevant
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to detect. Similar analyses incorporating specific genotypes (separately) will also be
examined to assess the pharmacogenetic aim.

To examine whether the clinical benefit persists longer following an antidepressant than
placebo over 6 months of follow-up, the date of ‘symptom relapse’ (see definition above of
adequate relief) will be ascertained from the monthly interviews. The date of last follow-up
at 6 months, if no relapse occurs, will be considered a censoring date (or last contact date if
the subject is lost to follow-up before 6 months). A proportional hazards regression analysis
(for interval censored data) in only those subjects with global symptom relief at the end of
the 12-week active treatment phase will be included in this analysis. The primary focus of
this analysis is to identify potential covariates associated with time to relapse and estimate
the “hazard ratios’ (with 95% CI) for each active treatment (relative to placebo) used in the
12-week treatment phase.

Assuming roughly 40% of the 400 total subjects over all three treatment groups achieve
global symptom relief at the completion of the 12-week active treatment phase, there should
be approximately 160 subjects to assess the association of specific covariates with “‘survival
free of relapse’ (roughly 133 who were on antidepressant therapy and 27 on placebo). If the
event rate (relapse) in subjects on active treatment was 20% and was 80% for subjects on
placebo, there would be roughly 48 events available to assess the association of potential
covariates with relapse-free survival. Assuming an exponential survival free of relapse, there
is approximately 90% power (e.g., using the log rank test at a=0.05) to detect a difference in
the proportions without relapse by 6 months (combined active treatment groups vs. placebo)
of 0.8 vs. 0.35, or 0.7 vs. 0.25.

The second aim is to assess whether either the gastric emptying test (motor dysfunction) or
the nutrient drink test (a test of gastric hypersensitivity and/or gastric accommodation) is
altered by antidepressant therapy with a tricyclic or SSRI, and whether variation in
physiologic responses is associated with treatment outcome. The effect of treatment on
gastric emptying will be assessed using an analysis of covariance incorporating gender, site,
and the baseline gastric emptying summary as covariates. The anticipated endpoint to be
used will be the proportion (prop, ) of meal emptied from the stomach at 2 h (first

transforming to sin”™ ( \/> scale). A similar analysis of the (log) max-tolerated volume and
the aggregate symptom score in each subject will be examined to assess treatment effects on
satiety as measured using the nutrient drink test. The association of post-treatment gastric
emptying with global symptom relief will be based on a multiple linear regression model

with the gastric emptying summary [qu ( \/pTOP%)] as the dependent variable and
symptom relief as the primary predictor variable, with other covariates included as potential
confounders (e.g., gender, site, and dyspepsia subgroup). Similarly, the association of (log)
max-tolerated volumes and aggregate symptom scores with global symptom relief will be
assessed using multiple linear regression.

Table 2 summarizes data for the primary response measures and assumes a relative
coefficient of variation (CV%) slightly greater than in previously observed data to
accommodate site-to-site variation. CV% values are based on data using the same methods.
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The estimated effect size detectable with 80% power using a two sample z-test (i.e.,
assuming the variation values are known) at a two-sided alpha level of 0.05 is listed for a
number of potential group sizes. The effect size is the difference in group means as a
percentage of the overall mean for each response and assumes 80-100 subjects per group for
the gastric emptying and nutrient drink test outcome measures. The analysis of covariance
(using body mass index as a covariate) should provide 80% power to detect similar
differences across all the groups.

Aim 3 is to examine whether polymorphisms of the heterotrimeric G protein and serotonin
reuptake transporter predict outcome in FD patients receiving antidepressant therapy. Allele
frequencies (%) for the L and S allele (for 5-HTTLPR) and C and T allele (for C825T) will
be generated. Genotype frequencies (%) for LL, LS, and SS (for 5-HTTLPR) and CC, CT,
and TT (for C825T) will also be generated. The association between specific polymorphisms
of the G protein and serotonin reuptake transporter vs. global symptom relief in response to
treatment will be assessed based on a logistic regression model. The primary focus of this
aim is to estimate the ORs (and 95% CIs) for global symptom relief in subjects with a
specific polymorphism relative to those without the polymorphism and to assess potential
differential treatment effects associated with specific polymorphisms. The ORs (and 95%
Cls) for global symptom relief in those with the specific polymorphism (relative to those
without) will be estimated (as well as interaction terms with treatment) using the coefficients
from the logistic model to predict symptom relief. These will be graphically displayed; a
similar graphical assessment for other subgroups will also be examined.

In addition, the association between specific physiologic responses (gastric emptying,
gastric accommodation, and maximum tolerated volume in nutrient drink test) vs. the
particular polymorphisms will be explored using multiple linear regression analyses. The
physiologic responses will be considered as the dependent variables in these models and
tests of the partial R2-values for the polymorphisms adjusting for gender, BMI and race will
be examined.

It is anticipated that approximately 55% of Caucasian patients with FD will be CC (based on
our pilot data) [49,50], and 35% will be LL (based on studies in IBS) [51]. Table 3 lists the
power for a two-sample comparison of the proportions of patients with global symptom
relief (those with a specific polymorphism vs. those without). Within each treatment group
(N=130), it is assumed that 55% will be CC and 35% will be LL providing sample sizes of
N=70 vs. 60 and 45 vs. 85, respectively. The power listed in Table 3 to detect several
possible rates of global symptom relief is based on a two-sample test for proportions using a
two-sided alpha level of 0.017 (i.e., adjusted for separate tests within each of the 3 treatment
groups). Hence, the study will have good power for the anticipated difference of 25-30%
(e.g. 15% vs. 45%). Moreover, a logistic regression model with global symptom relief as the
binary dependent variable and treatment group, gender, race, BMI and polymorphism status
as predictor variables should provide somewnhat better power to detect corresponding
associations between genotype and symptom relief by including all subjects in the same
analysis assuming homogeneous associations across treatment groups.
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2.5. Conduct of the trial

2.5.1. Patient selection—Recruitment of eligible adults (=18 and <75 years of age)
began at participating clinical centers between October 2005 and 2006. Originally, six sites
participated in the study. An additional two sites have subsequently been added to aid
recruitment. Of the eight centers currently recruiting, seven are in the US and one is in
Canada. To date, 189 patients have been enrolled. Determination of eligibility is based on
standard of care tests and procedures, some of which are done clinically or completed during
screening. Each patient signed the consent prior to or at the screening visit to obtain the tests
and procedures needed to finalize eligibility. Screening includes a history and physical
examination to identify any contraindications for participation.

2.5.2. Inclusion criteria—Patients suffering from FD, as defined by the “gold standard”
Rome 111 criteria [52], are being recruited. Patients can have ulcer-like or dysmotility-like
dyspepsia. A minimum 2-week washout of other medications for dyspepsia is required
before entry (and a minimum of 4 weeks for any tricyclic or SSRI). Patients have to have
had a normal esophagogastroduodenoscopy (EGD) (no esophagitis of any grade, Barrett's
esophagus, cancer, erosions, or ulcer disease) within the last five years and to have been
diagnosed with FD after specialist consultation. Patients who had previously failed to
respond adequately to antisecretory therapy for FD are suitable. However, a previous good
response to an antisecretory agent, which remains first line therapy, suggests underlying
GERD [52]; such patients are excluded.

Symptom status is comprehensively assessed at baseline through questionnaires in order to
characterize patients thoroughly. (See Table 4 for timing of questionnaires.) In addition,
patients are subcategorized into symptom subgroups as recommended by the Rome Il
criteria based on a semi-structured interview [52]. They are subcategorized as having ulcer-
like dyspepsia (predominant epigastric pain) or dysmotility-like dyspepsia (predominant
non-painful symptom including early satiety, epigastric fullness, epigastric bloating, or
nausea). Symptom subgroup is used for randomization stratification and will be considered
in the analyses.

IBS is not an exclusion criterion but all patients are required to have predominant dyspepsia
(as identified on the semi-structured interview); IBS overlaps with FD in at least 30% of
cases [8,52]. IBS status (by Rome |11 criteria) will be considered in the analyses.

2.5.3. Exclusion criteria—Reasons for exclusion of patients are significantly
documented esophageal or gastric disease (e.g., esophagitis, predominant heartburn or acid
regurgitation, GERD, peptic ulcer), use of non-steroidal anti-inflammatory drugs (with the
exception of low dose aspirin), alcohol or drug abuse within the last year, major abdominal
surgery, underlying major physical illness such as diabetes, history of clinical depression or
use of antidepressants, and insufficient literacy skills in English. Patients who do not have
frequent or severe symptoms as recorded on a two-week symptom diary are also excluded.
Criteria are assessed through patient history, medical record review, and physical
examination.
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All eligible patients over age 50 have an electrocardiogram (ECG) before randomization.
Those with significant arrhythmias, conduction defects or a previous myocardial infarction
are excluded, as are those with a family history of long QT interval.

Helicobacter pylori is tested using a H. pylori antibody, 1gG, serum test. As H. pylori is
highly unlikely to contribute to symptoms in FD [53-55], this is not an exclusion, but
infection status will be considered in the analyses as a possible confounder. The results will
be disclosed at the end of the study to patients and the study personnel. Participants who are
H. pylori-positive are treated for the infection after study participation.

2.5.4. Screening period—~Patients are not allowed to take selected medications while in
the trial. These include systemically acting cholinergics and anticholinergics (e.g., atropine,
clidinium bromide, propantheline), prokinetics (e.g., metoclopramide), macro-lide
antibiotics (e.g., erythromycin, azithromycin), aspirin (>325 mg per day), spasmolytics (e.g.,
dicyclomine), and antidepressants. Patients must have at least a 30-day wash out period.
Patients must also be on stable doses of medication such as thyroid medication for at least 3
months prior to randomization.

Patients complete a two-week (14 day) diary and must have moderate to severe symptoms
for at least four days during the two-week screening period to qualify. Since symptoms may
be cyclical, patients may complete the diaries for an additional two weeks if necessary.

2.5.5. Study visit overview—The patient-related activities of the FDTT are divided into
four phases: screening, randomization, treatment and follow-up. The screening phase
includes two to three visits. The first visit includes the physical and surveys but may be
combined with the nutrient drink test if the patient is fasting. A second visit is required for
the gastric emptying with a second day needed for the gastric accommodation test at select
sites. Randomization consists of one visit at which time patients receive medication and
instructions. The treatment phase consists of three monthly visits over 12 weeks or 84 days.
The follow-up phase consists of six visits (some of which can be done by phone) over six
months. The visit and data collection schedule is summarized in Table 4 Study schedule.

2.5.6. Randomization—The FDTT uses a web-based randomization system. In order to
ensure balance on a number of important covariates (e.g., gender, dyspepsia subtype, and
psychiatric status), a dynamic allocation randomization method is used. Treatment
assignment is determined directly as a result of the distribution of assignments given the
prior patients. The treatment assignation for any patient is to the treatment group with the
smallest number of patients having that unique combination of stratification factors. This
method guarantees that the total number on each treatment is almost always balanced when
the number of patients on study is a multiple of the number of treatments involved. This
approach was described by Therneau [56], based on work of Pocock and Simon [57]. The
general rule is that the number of categories of stratification factor combinations cannot
exceed one-half of the treatment group sample size (i.e., n/2). The dynamic allocation
procedure works by ensuring that, as accrual proceeds, no imbalance occurs along the
marginal distributions of the stratification factors across treatment arms. Allocation
indications are given by the relative frequency in each treatment by category combination
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for a given stratification factor. The first patient, and any situation where a tied situation
exists, results in simple random allocation. Qualified subjects who meet entry criteria at the
completion of the two-week baseline period will be assigned to one of the three treatments
using the dynamic allocation randomization described above. This procedure will aim to
provide treatment groups balanced on several important covariates: gender, anxiety (normal
vs. present as identified by a score of 11 or higher on the Hospital Anxiety Depression
Scale), dyspepsia subtype (ulcer-like vs. dysmotility-like), gastric emptying (delayed vs.
non-delayed), satiety on the nutrient drink test (early vs. normal), BMI (non-obese vs.
obese), and race (Caucasian vs. non-Caucasian), stratified by center (8 sites). Concealed
allocation is assured by the use of a central web-based system developed at Mayo Clinic.

2.5.7. Follow-up visits—Participants return monthly while on drug to complete surveys,
return diaries, and get the next month's supply of drug/placebo. One month after starting
drug, blood for a drug level is taken. Results are reviewed by a qualified person in the
laboratory and are reported back as normal or not. If drug levels are abnormal, the safety
officer (physician) for the study is notified and follows up with the study team as he/she
deems necessary. At the end of the 12 weeks of drug therapy, participants return to complete
physiological testing, surveys, and a physical exam. After drug treatment, participants are
followed through monthly telephone calls and complete surveys approximately six months
after treatment has ended.

2.5.8. Standardized questionnaires—In addition to the primary outcome measure,
subjects complete a set of measures to assess global improvement, symptom severity,
quality of life, anxiety, depression (Hospital Anxiety Depression Screen score of =11is used
to screen for depression), sleep, physiological measures and genotyping, as summarized in
Table 5. Experience with all of these assessments by the team has shown that respondent
burden has not been an issue in this trial.

2.5.9. Physiologic and genetic measurements—Genetic analysis for detection of
polymorphisms will use a functional candidate gene approach. We considered two gene
disorders to be potentially important in treatment response in FD as they may affect gut
function and are linked to psychiatric co-morbidity: SHTTLPR and GN/3.

2.5.9.1. Genetic analysis: Approximately 15 ml of blood is drawn by a trained phlebotomist
and collected into a standard tube with ethylenediaminestetraacetic acid (EDTA) at baseline.
Fresh whole blood will be extracted using Pure-gene™ Reagents from the Gentra
Corporation using either manual methodology or the Gentra Autopure™ automated DNA
extractor. When possible, we will also prepare a blood spot card from leftover whole blood.
After extraction, all DNA samples will be tested by spectrophotometry using the
SPECTRAmax PLUS 384 spectrophotometer from Molecular Devices. All samples will be
diluted to a standard concentration of 0.25 pg/ul. Molecular analysis will be performed using
previously described primers specific for 5-HTTLPR (5HTT) and C825T (GN/3)
polymorphisms. The 5-HTTLPR polymorphism will be typed by polymerase chain reaction
(PCR) using flanking primers (forward 5-GGCGTTGCCGC TCTGAATGC-3 and reverse
5-GAGGGACTGAGCTGGACAAC CAC-3) (78). The C825T polymorphism will be
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typed using the forward primer, ’ TGACCCACTTGCCACCCGTGC-3’ and 5'-
GCAGCAGCCAGGGCTGGC-3’ (143). PCR will be performed by the Mayo Clinic Cancer
Center Microarray and Molecular Epidemiology Shared Resources core facility using
Applied Biosystems (TagMan®) technologies. All patients recruited at baseline will have
DNA extracted if they agree in order to assess the generalizability of the trial participants,
but patients will not be excluded if they do not wish to undertake this part. (Refusal rates
have been very low based on our current experience.)

2.5.9.2. Safety data.: A complete blood count and chemistry panel is collected at baseline, 4
and 12 weeks for safety monitoring, and processed centrally at Mayo Medical laboratories.
Pulse and blood pressure are measured at each monthly visit. Data on adverse events and
serious adverse events are collected, as is standard.

2.5.10. Specimen banking—Blood specimens are collected and stored in a central
repository for use as approved by the Steering Committee of the FDTT. Blood is collected at
screening, randomization, and completion of drug.

Enrollment in the FDTT began in early 2006 and will continue through 2012. To date
(1/1/2011), 3770 patients have been contacted, 211 patients have been screened and of
those, 175 have been randomized. The most frequent reasons for ineligibility were a lack of
adequate symptom severity while approximately 10-12% have been excluded because of
pre-existing antidepressant use.

3.1. Summary

The FDTT is an international multicenter, randomized, placebo-controlled therapeutic study
of two selected antidepressants in FD in adults.
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Sample size calculations for intent to treat analysis.
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Placebo response rate  Active treatment N per group Placebo response rate  Active treatment N per group
response rate required response rate required
20% 40% 98 35% 55% 116
45% 65 60% 75
50% 46 65% 52
25% 45% 107 40% 60% 118
50% 70 65% 75
55% 49 70% 51
30% 50% 113 45% 65% 116
55% 73 70% 73
60% 51 75% 49

Contemp Clin Trials. Author manuscript; available in PMC 2015 January 10.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duasnuely Joyny vd-HIN

Talley et al.

Sample size calculations for aim 2.

Table 2

Page 19

Response Mean (SD)T CV§ (%) N per groupi Effect size# (%) Corresponding alternative means
Solid gastric emptying (% emptied by ~ 0.58% (0.16) 29% 80 14 <50%, =66%
2h 100 13 <51%, = 65%
120 12 <51%, = 65%
Solid gastric emptying (% emptied by ~ 0.96% (0.08) 8% 80 3.9 <92.3%,299.7%
40 100 35 <92.6%,299.4%
120 3.2 <92.9%,299.1%
Maximum tolerated vol. (nutrient 1306 (373) 35% 80 17 <1084, > 1528
drink test) 100 15 <1110, = 1502
120 14 <1123, > 1489
Aggregate symptom score (nutrient 166 (72) 45% 80 22 <129, =203
drink test) 100 20 <133,2199
120 18 <136, =193
Fasting gastric volume (SPECT) 236 (69) 30% 15 34 <156, = 316
20 29 <168, = 304
t

Based on previous data.
iBased on a two sample t-test using a 2-sided alpha level of 0.025.

§Infla’(ed for potential site to site variation.

#Effect size is the difference between (2) groups as a percentage of an overall (both groups) mean.
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Power to detect several possible rates of global symptom relief.

Table 3

* *
Relief rate in Group 1 Relief rate in Group 2

N=45vs.N=85

15%
15%
15%
20%
20%
20%
25%
25%
25%

35%
40%
45%
40%
45%
50%
45%
50%
55%

Power (%)T
OR N=70vs.N=60
30 61
38 81
46 93
27 55
33 76
40 90
25 b1
30 72
37 88

57
7
90
50
71
87
46
67
84

e.g. CC (Group 1) vs. TT/TC (Group 2), or separately LL (Group 1) vs. SS/SL (Group 2); OR=0dds ratio.

Page 20

TBased on a two-sample test for proportions (after arcsin square root transformation) using a two-sided alpha level of 0.017 (i.e., adjusted for

separate tests within each of the 3 treatment groups).
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Study schedule.

Table 4

Evaluation and visit schedule

Evaluation Visit
Day
Month

| =
[u
N

7-11
112

12
252

Informed consent

Inclusion/exclusion criteria
Demography/background information
Past/current medical/surgical conditions
Functional dyspepsia history

Physical examination

Vital signs

Electrocardiogram (=50 y.0.)

Blood count and serum chemistry
Blood for polymorphisms

H. pylori blood test

Urine pregnancy test

Blood levels for study drugs

Dispense study medication

Study medication/compliance

Symptom diaryb

FBD Severity Index (FBDSI)

Talley Bowel Disease Questionnaire©
Semi-structured interview

Gastrointestinal Symptoms Ratings Scale (GSRS)
Health status (physician visits, other medications)
Adverse events

Global Evaluation-Adequate relief (weekly)
Clinical Global Impression (CGI)

Composite Diagnostic Interview

Eysenck Personality Questionnaire

Profile of Moods State (POMS)

State Trait Anxiety Inventory (STAI)

Pittsburgh Sleep Quality Index (PSQI)

Eating Disorder Examination Questionnaire (EDE-Q)
The Early Trauma Inventory Self Report-Short Form (ETISR-SF)
Adult Trauma questions from BDQ 4

Hospital Anxiety Depression Scale (HADS)
Symptom Check List 90 (SCL-90)

SF-36

Nepean Dyspepsia Index

X X X X X X X X X X >§)><><><><><><><><><><><o

X X X X

X X X X

X X X X X

X X X X X

X X X X X X X X X X X X X X

X X X X

X X X X X
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Evaluation and visit schedule

Evaluation Visit 1 2 3 4 5 6 7-11 12
Day -14 -7 1 28 56 84 112 252
Month 0 0 0 1 2 3 4 9

Gastric emptying X X

Liquid nutrient test X X

Gastric accommodation sub study (SPECT) X X

Momen of childbearing potential.

To maximize diary compliance, study coordinators will call patients weekly with a reminder to update the daily diary.
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Study questionnaires.

Page 23

Table 5

Global evaluation
Global Evaluation-Adequate relief (weekly)

Clinical Global Impression (CGI)

Symptoms and diagnostic evaluation

Talley Bowel Disease Questionnaire©
Semi-structured interview

Symptom diary

Gastrointestinal Symptoms Rating Scale (GSRS)
Side effect (adverse events)

Health status (physician visits, other medications)
FBD Severity Index (FBDSI)

Quality of life

Nepean Dyspepsia Index

Medical Outcomes Study Short Form 36 (SF-36)

Composite Diagnostic Interview
Psychological measures and psychiatric diagnoses
Symptom Check List 90 (SCL-90)

Somatic Symptom Checklist (SSC)

Hospital Anxiety Depression Scale (HADS)
Profile of Moods State (POMS)
State Trait Anxiety Inventory (STAI)

Pittsburgh Sleep Quality Index (PSQI)

Eating Disorder Examination Questionnaire (EDE-Q)

The Early Trauma Inventory Self Report-Short Form

(ETISR-SF)
Adult Trauma questions from BDQ4

Single question of adequate symptom relief [39,40]

Global measure of treatment improvement or deterioration in antidepressant trials
[58]

Based on Rome Il criteria [59]

Determines symptom subgroup according to Rome I criteria [9,30]
Record of symptoms [30,60]

Uses 7 graded Likert scales to assess dyspepsia and IBS symptoms [32,33]
Side effects and adverse events

Number of physician visits and new medications

Quantifies disorder severity over the last 6 months [61]

Measures impact of functional dyspepsia on 5 dimensions of health [32,62,63]

36 item questionnaire with 8 subscales based on multidimensional model of
health [64,65]

Medical interview by physician

Questions use a 5-point Likert scale. There are 9 scales; somatization, obsessive-
compulsive, interpersonal sensitivity, depression, anxiety, hostility, phobic
anxiety, paranoid ideation, and psychoticism [66]

Measures frequency and bothersomeness of 12 non-gastrointestinal symptoms
[67]

14 item scale recommended for detecting mild mood disorders [68,69]
65 item survey with 6 subscales [70]

A self-report inventory of baseline and situational anxiety measuring both
positive and negative emotional states [71]

19 self-rated questions with 7 component scores [72]
Self-administered to assess for binge eating [73]

A 29 item scale that has been reported to be a valid and reliable measure of
childhood trauma [74]

Abuse questionnaire [75,76]
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