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Abstract

Background—Binge-eating disorder (BED) is associated with impaired quality of life and has a
number of untoward public health associations. There are few established pharmacological
treatments for BED, and available options are not suitable for all individuals. Vortioxetine is a
recently developed pharmacological agent with effects on the serotonergic but also other
neurochemical systems, which has yet to be evaluated in this context.

Methods—Eighty adults with BED were recruited for a double-blind, placebo-controlled study.
Participants received 12-week treatment with vortioxetine (10mg/day for one week, then
increasing to 20mg/day) or placebo in a parallel design. The primary efficacy outcome measures
were binge eating frequency and weight. Safety data were collected. Effects of active versus
placebo treatment were characterized using linear repeated measures models.

Results—Both vortioxetine and placebo treatment were associated with significant reductions in
binge eating frequency. Vortioxetine did not differentiate significantly from placebo on any
efficacy measure. Frequency of adverse events did not differ between groups.

Discussion—\ortioxetine was not more effective than placebo in the treatment of BED. The
ability to detect pharmacological treatment benefit may have been hindered by the relatively high
placebo response and drop out. Future work should seek to better understand and predict placebo
response in BED, with a view to more targeted treatment interventions and, potentially, sample
enrichment.
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Introduction

Binge-eating disorder (BED) is characterized by recurrent episodes of excessive food
consumption accompanied by a sense of loss of control and psychological distress, but
without the inappropriate compensatory weight-loss behaviors of bulimia nervosa (American
Psychiatric Association, APA, 2013). Binge eating disorder has been recognized as a serious
public health problem as it is often associated with obesity, metabolic syndrome, and
psychiatric comorbidities, including depression (Kessler et al., 2013; Mathes et al., 2009).
Many patients are undertreated despite BED’s association with functional impairments and
personal and social difficulties leading to a poor quality of life (Hudson et al., 2007;
Kornstein et al., 2016; Hay et al., 2017).

Current treatments for BED are often inadequate and difficult to access for patients.
Cognitive behavioral therapy has demonstrated benefit for BED in a recent meta-analysis
(Hilbert et al., 2019) but finding trained psychologists can be challenging.
Lisdexamfetamine was recently approved by the FDA for BED (McElroy et al., 2015;
McElroy et al., 2016) but, as with other psychostimulant medications, it carries risk of
diversion (Cassidy et al., 2015), and potential for misuse especially in individuals vulnerable
to addiction (Clemow & Walker, 2014). Other currently available medications, used off-label
for BED, include antidepressants and anticonvulsants, both of which may reduce binge
eating behaviors but anticonvulsants are often poorly tolerated (McElroy et al., 2012;
Goracci et al., 2015). Therefore, additional clinical trials are needed to identify effective
treatments.

The pathophysiology of BED is likely quite complex (Kessler et al., 2016) as eating itself,
and moreover a pathological form of eating, involves multiple brain regions. Therefore,
finding a specific target for pharmacological interventions for BED has proven challenging.
The hypothalamic nuclei appear to regulate appetite/hunger, emotional triggers to eating
may implicate the amygdala, the rewarding aspects of food may be largely centered on the
nucleus accumbens, and disrupted self-regulation may suggest lack of top-down control
involving the prefrontal cortices (for a review of neuroimaging studies in BED see Donnelly
et al., 2018). Given the varied neural circuitry arguably involved in the pathophysiology of
BED, and prior treatment data, the neurochemical dysfunction of BED may include
serotonergic, opioidergic, dopaminergic, glutamatergic, and noradrenergic systems (David et
al., 2009; Johnson and Kenny, 2010; Latagliata et al., 2010). Thus, a medication to target
BED would ideally be multi-modal in terms of its pharmacology.

\ortioxetine has distinctive properties that make it a promising option for people with BED.
Animal and human in vitro studies indicate that several neurotransmitter systems may be
impacted by vortioxetine, with the drug enhancing levels of serotonin (via multiple serotonin
targets), noradrenaline, dopamine, and acetylcholine in certain areas of the brain, as well as
modulating -y-aminobutyric acid and glutamate neurotransmission (Gibb and Deeks, 2014;
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Leiser et al., 2015). In addition, vortioxetine appears to have cognitive enhancing potential,
which may be of value in disorders characterized by executive dyscontrol (Reiter et al.,
2017; Mahableshwarkar et al., 2015; Al-Sukhni et al., 2015). This suggests that vortioxetine
could improve the symptoms of BED by complementary pathways. Given the serious public
health problems associated with BED, and the likelihood of success of vortioxetine in
treating the disorder, the aim of the present study was to examine the efficacy and safety of
vortioxetine compared to placebo in adults with moderate to severe BED. We hypothesized
that vortioxetine would be more effective than placebo in reducing the number of binge
eating days per week after 12 weeks of treatment when compared to baseline.

Methods

Participants

Eighty adults with primary BED were recruited for a double-blind, placebo-controlled pilot
study in which vortioxetine or placebo was administered in a 1:1 fashion. Participants were
recruited using media advertisements. All participants were required to have had BED per
DSM-5 criteria for at least a year.

The institutional review board for the University of Chicago approved the study and the
informed consent process. Prior to obtaining informed consent, the primary investigator
and/or trained study personnel discussed potential risks of the study and alternative
treatments with participants. After receiving a complete description of the study, participants
provided written informed consent. This study was carried out in accordance with the
Declaration of Helsinki. Data were collected between September 1, 2016 and May 17, 2018.
The study was registered at ClinicalTrials.gov (identifier: NCT02528409).

The following were the inclusion criteria for the study: Men and women aged 18-65 years
with a primary DSM-5 diagnosis of BED for at least one year; at least 3 binge eating days
per week for the 2 weeks before the baseline visit; and an ability to understand and sign the
consent form.

Exclusion criteria included: 1) unstable medical illness based on history or clinically
significant abnormalities on baseline physical examination (currently stable medical illness
was allowed, for example diabetes, treated hypothyroidism, hypertension); 2) current
pregnancy or lactation, or inadequate contraception in women of childbearing potential; 3)
participants considered an immediate suicide risk based on the Columbia Suicide Severity
rating Scale (C-SSRS) (www.cssrs.columbia.edu/docs); 4) past 12-month psychotic disorder,
bipolar disorder, or major depressive disorder (the rationale for exclusion of depression was
to avoid the confounding variable in a small sample of depression possibly worsening the
binge behavior); 5) past 6-month alcohol or substance use disorder; 6) illegal substance use
based on urine toxicology screening; 7) initiation of psychological or weight-loss
interventions within 3 months of screening; 8) use of any other prescription psychotropic
medication (except a PRN hypnotic or PRN benzodiazepine); 9) previous treatment with
vortioxetine; 10) currently taking OTC weight loss medications; and 11) cognitive
impairment that interferes with the capacity to understand and self-administer medication or
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provide written informed consent. Concomitant medications that were deemed to have no
psychotropic qualities were allowed.

Participants who met inclusion/exclusion criteria were randomized at the conclusion of their
baseline visit. All 80 subjects were randomized to vortioxetine or placebo (1:1
randomization) and received 10mg/day or placebo during the first week of the study (the
first dose was started the day immediately after the baseline visit). All participants received
10mg or placebo for 7 days and then were evaluated with all measures at week 1 (7 days
after baseline). At the week 1 visit, participants were started on 20mg/day (or remained on
placebo) for the remainder of the study. They returned at week 2 (corresponding to having
been on 20mg/day for one week) and were evaluated with all measures. After week 2 visit,
participants were seen every two weeks for the remainder of the 12-week study period (this
corresponds to visits at week 4, 6, 8, 10, and 12). Week 12 evaluation was the study endpoint
for purposes of efficacy. After study conclusion (at week 12), the dose was tapered off
during a 1-week follow-up period. All participants returned at week 13 for final safety
evaluation only.

Randomization and Dosing

Participants were randomized (1:1) to receive placebo or vortioxetine by the investigational
pharmacy at the University of Chicago in block sizes of eight, using computer-generated
randomization with no clinical information, independent of the study team. The study blind
was maintained by over-encapsulation, and by making placebo and active treatments appear
identical in size, weight, shape, and color.

Dosage changes/reductions outside the above-defined protocol were not permitted. Because
nausea, and possibly headache, were the most likely side effects anticipated at the 20mg
dose, participants were allowed to use over-the-counter options as needed for headaches or
nausea. The use of over-the-counter options was documented at each visit. If side effects
continued and were intolerable, the participant was discontinued from the study.

Assessments

Assessment of BED at baseline and at follow-up visits was performed with the following:
Binge eating diary (we were aware that this itself could be therapeutic but felt it would be so
in both groups), Clinical Global Impressions—Improvement and Severity Scale (Guy, 1976),
the Three-Factor Eating Questionnaire (Stunkard and Messick, 1985), and the Yale-Brown
Obsessive Compulsive Scale modified for Binge Eating (BE-YBOCS) (Deal et al., 2015).
Weight was recorded using a calibrated scale with the participants not wearing shoes,
rounded to the nearest 0.5 pounds, and converted to kilograms (to convert, multiply by 0.45)
for data reporting purposes.

Baseline psychiatric evaluation was conducted using the MINI International
Neuropsychiatric Interview (Sheehan et al., 1998). The baseline and follow-up visits
included the following assessments: Urine pregnancy test (for women of childbearing years)
and urine drug screen (all subjects), and a psychiatric evaluation (using the following
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measures: Hamilton Depression Rating Scale (HAM-D) (Hamilton, 1960); Hamilton
Anxiety Rating Scale (HAM-A) (Hamilton, 1959); patient-rated version of the Sheehan
Disability Scale (SDS) (Sheehan, 1983); and the Columbia Suicide Severity Rating Scale
(C-SSRS) (Posner et al., 2011). A finger stick blood sample was collected to measure blood
glucose levels.

Safety Assessments

Safety and tolerability were assessed using spontaneously reported adverse events data,
Columbia—Suicide Severity Rating Scale (C-SSRS) (Posner et al., 2011), vital signs, and by
evaluating premature termination. Safety assessments (C-SSRS, sitting blood pressure, heart
rate, adverse effects, and concomitant medications) were documented at each visit.
Assessment of side effects was done at each visit. Adverse events were coded by system
organ class and preferred term using the Medical Dictionary for Regulatory Activities (Med-
DRA) Version 11.1.

Data Analysis

The study sample size calculation indicated 80 patients (40/group) were needed to achieve
80% with an effect size of 0.65 when using a 2-group t-test with a significance level of 0.05.
Under the achieved sample size of 30 patients (15/group), however, the actual power to
detect this change is 40%; there is 56% power to detect an effect size of 0.7.

Descriptive summaries were generated overall and by randomization group. Outcomes were
also summarized at all study time points by group. Changes within each group from baseline
to endpoint were statistically evaluated using Wilcoxon signed rank tests. Changes from
baseline to week 12 between groups were compared using linear repeated measures models
with a random intercept for subject. The dependent variable for each model was one
outcome variable as defined in the protocol. Independent variables included age at onset,
study visit, treatment group, and a visit by treatment group interaction term. For the primary
outcome of binge eating frequency, log(binge eating days +1) was modeled and log(binge
eating at baseline +1) by study visit interaction was included. Model fit was assessed. The
coefficient of interest was the study visit by treatment group interaction. All analyses were
conducted in SAS v9.4 and R. There was no imputation for missing data. Statistical analyses
were conducted by a team of professional statisticians independent of the research with no
knowledge as to which group constituted placebo or medication. Missing data were not
imputed. For descriptive summaries, all available data were used for each summary. For the
regression models, complete case analysis was used within each time period. For example, if
someone missed week 2-3 visit, their data for the other visits were still used in the model.
However, if they were missing a baseline predictor (i.e. baseline value or age of onset), then
all of their data was omitted.

Given the number of comparisons we adjusted the threshold for what we considered
significant using a Bonferroni correction. Specifically, for the primary outcome measures of
binge eating frequency and weight, the significance threshold for Table S2 would be
modified by 2, so p-values need to be < 0.025 instead of p<0.05 in order to be significant;
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and the significance threshold for the secondary outcomes should be adjusted by 10 (the
number of secondary measures), so p should be < 0.005 (0.05/10) to be significant.

Results

Participant Characteristics

A total of 80 participants were enrolled in the study (see Figure 1). Of these, 67 were
included in both the efficacy and safety analysis for this study (13 failed to return for at least
one post-randomization visit). Of the 67, only 30 (45%) had primary efficacy data at
baseline and week 12. Both groups experienced similar drop-out levels. The rate of study
completion did not differ significantly between treatment groups, and there were no
statistically significant pretreatment differences between completers and non-completers on
any measure. The average number of days of study participation (standard deviation) were
62.3 days (35.2) for placebo and 74.2 days (29.5) for vortioxetine, though both groups had
median participation of 91 days (p-value for group difference = 0.1006).

Demographic summaries are presented in Table 1 for all participants and by study group.
The groups had similar characteristics except that the placebo group had significantly earlier
onset of symptoms (age of onset was included as a covariate in outcome analyses).
Regarding gender diversity, the proportion of females within each treatment group was the
same. Regarding racial diversity, most of the study participants were African American
(53%) or Hispanic/Latino (17%) with only 22% identifying as white Caucasian.

Efficacy Results

The primary efficacy endpoint for this study was the number of binge eating episodes per
week. Efficacy results, also for weight and BMI, at each time point are summarized in
Figure 2. Table S1 contains all participants in the efficacy analysis and shows descriptive
summaries of binge frequency, weight and BMI by group at each time point. Binge eating
frequency significantly reduced over time in both groups. Weight and BMI did not change
significantly over time in either group.

In the regression analysis (Table S2), the main outcome was log(binge eating frequency +1).
Significant variables included log(binge eating frequency +1) at baseline and, just barely, the
interaction of binge eating and visit number. Neither group nor the interaction of group and
visit was significant. No variables were significant in the model with weight as the outcome.
As age of onset was significant between groups, a term for that was included in the models.

Secondary Measures

In addition to the regression analyses (presented in Table S2), we assessed the percentage of
participants in each group who improved in binge frequency from baseline to week 12 using
the CGl as defined by: Complete improvement = 100% decrease (no binge eating); Marked
improvement = 75% - <100% decrease; Moderate improvement = 50% - <75% decrease;
and No improvement = <50% decrease. Just under half of all participants showed no
improvement and just over half showed some improvement. It should be noted that the cell
sizes here are small and that some people increased in binge frequency from baseline to
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week 12. The differences between groups are not statistically significant (Fisher’s exact
p=0.62).

Other secondary measures are shown in Tables S3 & S4. For eating-related questionnaire
outcomes, all regression models show a significant time trend; the binge eating scale model
also shows a significant relationship with age of binge eating onset (Table S3). For other
secondary measures (Table S4), there was significant change in all BE-YBOCS scores from
baseline to week 12 shown in the regression model (significant visit predictor), as did SDS.
The HAM-D and HAM-A measures did not show significant change, nor did their
regression models have significant predictors.

Safety and Tolerability

All 67 participants were included in the safety analysis (i.e. had at least 1 post-baseline visit
that included a safety assessment) (Table 2). Overall, 37 (55.2%) participants experienced at
least one adverse event (AE). On average, participants reported AEs during 2 visits (range 1
— 6 visits). The most common AE was nausea, occurring 9 times in placebo and 19 times in
the vortioxetine group. The majority of the AEs were rated as mild or moderate.

Discussion

This randomized, double-blind, 13-week clinical trial failed to find that vortioxetine was
more effective than placebo for BED based on our primary and secondary outcome measures
of binge frequency, binge eating response or remission, eating pathology, and body weight.
\ortioxetine was not, however, associated with a significantly higher rate of adverse events
or a higher discontinuation rate due to adverse events than placebo.

The lack of efficacy found for vortioxetine for BED may be due to several non-mutually
exclusive reasons. One possible explanation is that vortioxetine is simply not effective for
BED. A second possible explanation for these negative results is that the drug is effective,
but the failure to detect a drug-placebo difference was due to chance (a type Il error). This is
more likely to occur in relatively small-scale studies (as this one is). Third, vortioxetine may
in fact be genuinely effective, but study itself may have been incapable of detecting an
effect. This third point could be due to what has been seen as a relatively high placebo
response in studies of BED (Blom et al., 2014; Ziauddeen et al., 2013). Future studies that
could possibly control for the large placebo response, or recruit samples enriched for low
likelihood of placebo response (such as through a placebo run-in) could better determine if
vortioxetine might be an effective treatment intervention.

This study had several limitations that should be considered. First, because of the small
sample size, the study was inadequately powered to detect clinically important treatment
effects of moderate size. Therefore, the study had a relatively high chance of a type Il error
(i.e., namely failing to reject the null hypothesis when the null hypothesis is in fact false),
which would result in the study being a failed trial rather than a negative trial. Next, it is
possible that the large placebo effect observed for reduction in binge episode frequency may
have obscured the study's ability to detect a significant treatment effect. Another limitation is
a high overall attrition rate — high attrition is common in studies of BED. Furthermore,
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vortioxetine may not have been given for an adequate period of time as used in this trial,
though the duration was reasonable in light of extant positive binge eating trials and
established clinical trial norms. Finally, persons with major depressive disorder were
excluded and it is possible that vortioxetine might be efficacious in BED when it co-occurs
with major depressive disorder.

In summary, in a 13 week trial in outpatients with BED, vortioxetine was not superior to
placebo in reducing binge episode or binge day frequency, in improving eating disorder
psychopathology related to binge eating, or in reducing body weight. It would be potentially
informative in future work to examine whether the high placebo response rate in BED can be
mitigated, such as through placebo run-ins, or sample enrichment if predictors of placebo
response can be identified. It may also be possible that vortioxetine can help some people
with BED lose significant amounts of weight.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Consort diagram. Subject flow diagram for vortioxetine versus placebo in the treatment of

binge-eating disorder.
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Graphs showing efficacy measures over time in each treatment arm. Top: Binge episodes per
week; middle: Weight (Ib); bottom: Body mass indexes (BMI). Regression modeling
indicated that binge frequency significantly increased over time in each treatment arm (p
=.008 for placebo; p=.006 for active treatment). Weight and BMI did not change
significantly over time in either group (all p> .10). There was no significant treatment arm

by time interactions (all p> 0.10)
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Table 1
Demographic Summaries
gl All Participants (n=67) Randomization Group
8 Placebo (n =34) Vortioxetine (n=33) p-value
=}
% Age (Years) - Mean (SD) 40.0 (13.1) 39.8 (13.2) 40.3 (13.2) 0.89
ge at Onset (Years) — Mean , missing n= . . 79. . . .
% A (¢} (Years) — Mean (SD), missi 6 24.1(13.7) 18.7 (9.8) 29.4 (14.9) 0.002
i
ody Mass Index (kg/m2) — Mean 9 (8. 5(7. 309. .
% Body Mass Index (kg/m2) — M SD 37.9(8.8) 36.5(7.9) 39.3(9.6) 0.20
o
D . . .
Py Days of Binge Eating per Week at Baseline — Mean (SD) 4.3(1.5) 4.3(1.6) 4.4 (1.5) 0.74
E Sex —n (%) 0.86
E—; Female 45 (67.2%) 22 (64.7%) 23 (69.7%)
=
Male .8% 3% .3%
Z I 22 (32.8%) 12 (35.3%) 10 (30.3%)
[<Y)
S
= Race — n (%) 0.18
%)
Q African American 36 (53.7%) 16 (47.1%) 20 (60.6%)
g.- Caucasian 15 (22.4%) 6 (17.7%) 9 (27.3%)
Hispanic/Latino 12 (17.9%) 8 (23.5%) 4 (12.1%)
Asian 2 (3.0%) 2 (5.9%) 0 (0.0%)
Multiple Races 2 (3.0%) 2 (5.9%) 0 (0.0%)
Education — n (%) 0.40
Less than high school 3 (4.5%) 1(2.9%) 2(6.1%)
: Graduated high school/GED 11 (16.4%) 3(8.8%) 8 (24.2%)
E Some college 25 (37.3%) 13 (38.2%) 12 (36.4%)
-8 College graduate 17 (25.4%) 11 (32.4%) 6 (18.2%)
D
o Post graduate (College +) 11 (16.4%) 6 (17.7%) 5 (15.2%)
<
O Marital Status — n (%) 0.23
(‘I:'I Single 47 (70.2%) 26 (76.5%) 21 (63.6%)
S
% Married 9 (13.4%) 2 (2.9%) 7 (21.2%)
» Divorced/separated 9 (13.4%) 5 (14.7%) 4 (12.1%)
jc> Living together/engaged 1(1.5%) 1(2.9%) 0 (0.0%)
—+
g Widowed 1 (1.5%) 0 (0.0%) 1 (3.0%)
=
< Employment Status — n (%0) 0.38
D
:Cj Employed full time 21 (31.3%) 12 (35.3%) 9 (27.3%)
n
Q Employed part time 15 (22.4%) 8 (23.5%) 7 (21.2%)
=1 Student 5 (7.5%) 4 (11.8%) 1(3.0%)
wn
Retired 2 (3.0%) 0 (0.0%) 2 (6.1%)
Unemployed 23 (34.3%) 10 (29.4%) 13 (39.4%)
Other 1(1.5%) 0 (0.0%) 1 (3.0%)

Current health conditions (yes) — n (%)
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All Participants (n=67) Randomization Group
Placebo (n=34) Vortioxetine (n=33) p-value
High blood pressure 16 (25.0%) 9 (29.0%) 7 (21.2%) 0.67
High cholesterol 5 (7.8%) 1 (3.2%) 4 (12.1%) 0.36
Diabetes 6 (9.4%) 3(9.7%) 3(9.1%) 1.00
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Table 2
Adverse Event Information by Group
All Participants (n=67) Randomization Group
Placebo (n=34) \Vortioxetine (n=33) p-value
Any adverse event reported — n (%) 37 (55.2%) 17 (50.0%) 20 (60.6%) 0.53
Number of visits per participant with AEs reported — n (%) 0.43
0 30 (44.8%) 17 (50.0%) 13 (39.4%)
1 15 (22.4%) 9 (26.5%) 6 (18.2%)
2 12 (17.9%) 5 (14.7%) 7 (21.2%)
3 2 (3.0%) 0 (0.0%) 2 (6.1%)
4 5 (7.5%) 3(8.8%) 2 (6.1%)
5 1 (1.5%) 0 (0.0%) 1 (3.0%)
6 2 (3.0%) 0 (0.0%) 2 (6.1%)
Number of AEs reported (total across participants and 124 49 75 N/A
Visits)
Average number of AES per participant (across all visits) 34 2.9 3.8 N/A
Description of most common AEs (> 3 reports) — n N/A
Nausea 28 9 19
Dry Mouth 12 5 7
Headaches 11 7 4
Dizziness 10 5 5
Insomnia 7 2 7
Vomiting 5 2 3
Anxiety 4 0 4
Gas/bloating 4 3 1
Diarrhea 4 0 4
Constipation 4 3 1
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