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Abstract

Despite advances in individual and combined treatments for major depression, issues with
non-response and partial-response remain relatively common, motivating the search for new
treatment strategies. This study aims to develop one such novel treatment. In this proof-of-concept
study, we are investigating whether the treatment enhancing effects of b-cycloserine (DCS)
administration can be extended outside the extinction-learning paradigms where they have been
primarily examined. Using uniform delivery of cognitive behavioral therapy (CBT) content via
computer-administered interventions for depression, we are assessing the value of pre-session
administrations of DCS for retention of therapeutic learning. Recall of this information is
evaluated in conjunction with performance on standardized tests of memory recall with both
emotional and non-emotional stimuli. Specifically, in a randomized, double-blind trial we will
compare the benefits of two pre-session administrations of DCS augmentation to those achieved
by similar administrations of modafinil or placebo. Because modafinil is associated with a number
of discriminable effects in addition to cognitive enhancement (e.g., feelings of vigor, alertness,
positive mood); whereas these effects would not be expected with DCS, we will assess drug
context effects in relation to memory augmentation effects.

Keywords
Cognitive behavioral therapy; p-cycloserine; Modafinil; Depression; Declarative memory

* ClinicalTrials.gov identifier: NCT02376257

"Corresponding author at: Department of Psychological and Brain Sciences, Boston University, 648 Beacon St. 5th Floor, Boston, MA
02215, United States. mwotto@bu.edu (M.W. Otto).


http://ClinicalTrials.gov
https://clinicaltrials.gov/ct2/show/NCT02376257

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Page 2

Introduction

Despite clear advances in both pharmacotherapy and cognitive-behavior therapy (CBT)
for major depression, non-response and partial-response remain relatively common [1,2].
Moreover, even with the combination of these modalities of treatment simultaneously [3,4]
or sequentially [5,6] in accordance with NICE [7] and APA [8] guidelines, non-response
remains an all-too-frequent outcome (e.g., [6]), motivating the search for new treatment
strategies. This study is concerned with the development of one such novel treatment, the
augmentation of cognitive-behavior therapy (CBT) with p-cycloserine (DCS).

Using animal paradigms, studies suggest that DCS enhances the consolidation of extinction
learning [9,10], and this work has been translated to the augmentation of exposure-based
CBT for anxiety and trauma-related disorders in over a dozen studies [11]. Our research
team is now seeking to extend DCS augmentation to CBT that does not rely on extinction
learning for its therapeutic effects. In support of this agenda, animal literature has noted
positive DCS augmentation effects for hippocampal-dependent learning tasks (e.g., [12,13]).
In our own translational studies of these findings to humans, we investigated whether 50 mg
of DCS augmented verbal and nonverbal learning, proposing that successful augmentation
of this learning would provide a model for augmenting the therapeutic learning from
cognitive restructuring interventions. Although we failed to find benefit for single-dose
administrations of 50 mg DCS in this paradigm [14], our pessimism for this approach was
reversed by a 2010 study by Onur et al. [15] who reported that a single 250 mg dose of DCS
facilitated speed of learning on an Item-Category Association Task, and that this effect was
associated with greater activity in the hippocampus [16]. Investigators suggested that DCS
effects on hippocampal functioning may be dose dependent, requiring a 250 mg dose rather
than the 50 mg that is sufficient for augmentation of extinction learning in humans.

In the present study, we will investigate the efficacy of 250 mg DCS for declarative
memory enhancement in depressed individuals. We are also studying an active comparison
agent: single doses of modafinil administered prior to the learning session. Modafinil

is a wake agent used to treat sleep disorders, which offers cognitive enhancing effects
among both sleep deprived and non-sleep deprived individuals [17-21], presumably by
increasing glutamatergic and dopaminergic neuronal activation in the hippocampus and in
the prefrontal cortex respectively [22]. There is some evidence for more reliable cognitive
benefits with 100 mg modafinil compared to 200 mg modafinil in non-sleep deprived
healthy adults [23]; hence, single doses of 100 mg modafinil was selected for the current
study. We will also investigate whether DCS has advantages over modafinil for retention
of therapy-relevant learning, due to potential drug context effects introduced by detectable
changes in alertness, positive mood/vigor, tension/anxiety associated with modafinil. A
placebo condition was also implemented to control for possible expectancy effects as well.

The overarching goal of this research agenda is to evaluate whether DCS, or an alternative
agent (modafinil) can be used to augment CBT for patients with depression. The

current proof-of-concept study is the first step in this process, evaluating whether the
mechanistic target (improved retention of therapeutic learning) is adequately engaged by
the augmentation strategies.
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Methods

2.1. Study design and objectives

The current study is funded by the R21 grant (R21MH102646) by the National Institute

of Mental Health (Principal Investigator: Michael W. Otto). Boston University granted
Institutional Review Board approval for the study. The primary aim of the study is to assess
the novel treatment strategy in augmenting therapeutic learning in depression with DCS
administration. Specifically, we will compare the relative efficacy of 250 mg DCS to 100
mg modafinil or pill placebo for the enhancement of declarative learning as measured

by retention of computerized cognitive therapy intervention and other logical memory

tests in adults diagnosed with major depressive disorder. The design calls for baseline
assessment (Week 1), followed by two weekly sessions when the randomized study drug is
administered, and a final week (Week 4) when retention is assessed under the conditions

of no study drug. The drugs under study may have differential effects on immediate recall
at the time the drug is taken vs. retention effects one week later. As such, the memory

tests include both items unique to a given study week (i.e., the Item-Category Association
Task, Digit Span backward, and Hopkins Verbal Learning Test), and memory tasks that

are repeated over time (i.e., Wechsler Memory Scale—Revised Logical Memory, Emotional
Logical Memory Test, Cognitive Therapy Awareness Scale). Primary outcomes will be
cognitive therapy content and retention of logical memory (with exploratory examination of
CBT skill use).

Because daily dosing of modafinil can offer mood-enhancing effects when used in
conjunction with antidepressant medications [24], we want to differentiate direct cognitive
effects of modafinil from those that may depend on mood effects. Evaluation of both
mood and fatigue effects and interaction between study conditions and antidepressant

use is included in the analytic plan. We also investigate whether DCS has advantages

over modafinil for retention of therapy-relevant learning, due to potential drug context
effects introduced by detectable changes in alertness, positive mood/vigor, tension/anxiety
associated with modafinil. Hence, we evaluate memory enhancement effects both during the
period of drug action as well as one week later when no drug is taken, allowing for the
specific examination of the differential drug-context effects from either DCS or modafinil
augmentation. The following aims will be addressed by this design:

Specific Aim 1: Examine differences in memory outcomes between study drugs, specifically
testing the hypothesis that significantly greater retention of cognitive therapy content, logical
memory content, and cognitive therapy skill usage will be achieved with 250 mg DCS and
100 mg modafinil as compared to placebo.

Specific Aim 2: Test the hypothesis that 250 mg DCS will show less drug-state context
effects than modafinil augmentation (as evaluated by the change in delayed memory
performance between weeks 3 and 4).

Specific Aim 3: Test whether modafinil will confer significantly better performance on the
unique immediate memory assessments on weeks 2 and 3 only.
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Specific Aim 4: Exploratory Aim: To examine predictors (potential moderators) of all drug
effects.

These aims (centrally Aim 1, as refined by the subsequent aims) will be used to inform
a go/no go decision on the likely utility and subsequent randomized study of DCS or
modafinil to augment psychosocial treatment outcome for depression.

2.2. Participants

The sample will consist of 85 adult participants (to achieve completer data on 77
participants). Recruitment, which began September 2014 and is expected to continue
through 2016, will comprise of depressed adults from the local Boston community. Inclusion
criteria for the study are (1) a DSM diagnosis of major depression or persistent depressive
disorder with those specifiers indicating presence of a current major depressive episode as
determined by structured diagnostic interview, (2) free of psychotropic medications other
than serotonin selective reuptake inhibitors (SSRIs) for at least 2 weeks, (3) absence of
current active suicidal ideation, (4) between the ages of 18 and 65, and (5) proficiency in
English.

Exclusion criteria include: (1) a lifetime history of bipolar or psychotic disorders; eating
disorder or substance abuse/dependence (other than nicotine) in the past 3 months;
organic brain syndrome, mental retardation or other potentially interfering cognitive
dysfunction; (2) significant suicidal ideation or suicidal behaviors within 1 year prior to
intake; (3) concurrent use of psychotropic medication (including stimulants) other than
SSRIs; (4) concurrent use of phenytoin, isoniazid, or propranolol or known sensitivity to
modafinil or cycloserine; (5) serious medical illness or instability (e.g., renal, endocrine,
hepatic, respiratory, cardiovascular, hematologic, immunologic or cerebrovascular disease,
or malignancy, or poorly controlled hypertension); (6) a history of seizures; (7) pregnant
and/or breastfeeding women, and women planning to be pregnant (2 months post study
intake); (8) daily use of alcohol or regular binge alcohol use as determined on the medical
screen; (9) receipt of adequate CBT in the previous five years; (10) and a history of head
trauma causing loss of consciousness, seizure or ongoing cognitive impairment.

2.3. Primary outcome measures

The timing of assessments is outlined in Table 1.

2.3.1. WMS-Logical Memory Test (WMS-LMT; [25])—The Wechsler Memory Scale
—Revised Logical Memory paragraphs will be used for the assessment of therapy-relevant
learning of verbal material [14]. This test assesses memory for a brief story passage; two
stories are available (forms A and B of the test). The stories are divided into multiple
discrete information units; the total number of units recalled is the primary outcome. For
baseline assessment, form A of the story will be used for immediate recall. Form B will be
subsequently administered, with assessment of 1-week delayed recall at weeks 3 and 4.

2.3.2. Emotional Logical Memory Test (ELMT)—The Emotional Logical Memory
Test is used for the assessment of “therapy-relevant” learning of emotional verbal material of
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a brief emotional story passage. The study team has constructed a scoring method similar to
that used by the WMS Logical Memory Test.

2.3.3. Cognitive Therapy Awareness Scale (CTAS)—The Cognitive Therapy
Awareness Scale [26] serves as the core CBT encoding task under investigation. The CTAS
is a 40-item multiple choice measure evaluating knowledge of basic CBT concepts and
methods. The CTAS was originally designed to measure comprehension of CBT skills in

a study examining the efficacy of a computerized CBT program (similar to the program
utilized in the current study; [27]); this measure will be used to assess delayed memory

for cognitive therapy content from the computerized CBT program adapted for the current
study.

2.3.4. Skills of Cognitive Therapy (SoCT)—The Skills of Cognitive Therapy [28]
broadly measures patient understanding and use of basic cognitive therapy skills from both
the patient and therapist perspective. This measure was included to assess spontaneous
application of CBT principles from the computerized program. In the patient version, the
respondent rates 8 items using a 5-point Likert type scale reflecting the extent to which each
skill or strategy was used in the past month (Note: a one-week time frame will be used

in the current study). In initial validation analyses, the SOCT demonstrated strong internal
consistency and moderate patient-therapist correlations [28]. In addition, SOoCT scores at
mid-treatment were predictive of acute CT outcomes [28].

2.4. Secondary outcome measures

2.4.1. Wechsler Adult Intelligence Scale-lIV — Digit Span Subscale (WAIS-IV;
DS)—The Digit Span subtest of the Wechsler Adult Intelligence Scale-1V [25] is the most
commonly used measure of immediate/working verbal recall. Scores for digits forward and
digits backward will be used as a baseline covariate and digits backwards will be used as a
unique weekly memory task.

2.4.2. Hopkins Verbal Learning Test (HVLT)—The Hopkins Verbal Learning Test
[29] is a test of secondary verbal memory. Participants receive three consecutive trials of
the presentation of a list of 12 nouns (with three semantic categories), each followed by

a free-recall test. Each participant will start with one of the six lists on their first testing
session and receive a different list for each subsequent weekly session.

2.4.3. Item-Category Association Task (ICAT)—The Item-Category Association
Task has been shown to identify differences between 250 mg DCS and placebo [15].

For the ICAT, participants will make computer key press responses to judge the category
membership (A or B) of three-digit numbers presented repeatedly on screen. Category
membership remains constant over the six presentation trials in each run, allowing
participants to improve categorization from visual feedback (“correct” or “incorrect”)
provided for each categorization response. Visual feedback is provided for correct and
incorrect categorizations, allowing participants to improve across trials.
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2.4.4. Benton Controlled Oral Word Association Test (COWAT)—The Benton
Controlled Oral Word Association Test [30] is one of the most commonly used measures

of verbal fluency. The COWAT employs a word-list generation procedure during which
subjects are asked to produce a list of words according to some linguistic rule or category in
a limited amount of time. The total number of correctly generated words of the COWAT will
serve as a covariate.

2.4.5. Delis-Kaplan Executive Function Scale — Trail Making Test (p-KEFS;
Trail Making Test)—The Trail Making subtest of the Delis-Kaplan Executive Function
Scale [31] will be utilized to assess psychomotor speed and mental flexibility. Raw scores
indicate time to completion with greater scores indicating worse performance. Trails B will
be used as a covariate indexing executive functioning.

Measures of mood and fatigue

2.5.1. BDI-lIl—The BDI-II [32] is a widely used 21-item self-report depression screening
measure designed to assess severity of depressive symptoms. Items are presented with
headings (e.g., “Sadness”) indicating the topic for response options (e.g., 0 = / do not feel
sadto 3 = | am so sad or unhappy that I can’t stand if). Respondents are instructed to select
how they felt during the “past two weeks, including today”. Responses are summed for a
total score ranging from 0 to 61, with greater scores indicating greater severity in depressive
symptoms.

2.5.2. Profile of Mood States (POMS)—The Profile of Mood States [33] is a widely
used 65-item measure that assesses for fluctuating affective mood states. The POMS
consist of 6 subscales including: 1) tension-anxiety, 2) anger-hostility, 3) fatigue-inertia, 4)
depression-dejection, 5) anger-hostility, and 6) confusion-bewilderment. Mood descriptors
(e.g., “Friendly”) are rated on a 5-point Likert type scale ranging from 0 (Not at all) to 4
(Extremely). Respondents are instructed to select how they have been feeling during the
“past week, including today”.

2.5.3. Fatigue Survey Schedule (FSS)—The Fatigue Survey Schedule [34] is a 9-
item measure that assesses for fatigue severity. Items are rated on a 7-point Likert-type scale
ranging from 1 (strongly disagree) to 7 (strongly agree). Items on the FSS are averaged

for a composite score, with higher scores indicating greater levels of fatigued-induced
impairment. The FSS has demonstrated sufficient psychometric properties [34].

2.6. Safety monitoring

Patients complete a medical history form that provides assessments of medical exclusion
criteria, with subsequent review of the form and interview with the study physician

and vital signs (i.e., blood pressure and heart rate) are collected at the screening visit.
Participants will be excluded from further study participation and referred for appropriate
medical management, if any significant abnormalities in vitals (e.g., >150/90 mm Hg) are
observed. Medications taken by the participant are assessed on the medical history form,
with subsequent re-review in the assessment interview with the study staff member or study
physician. Additionally, pregnancy tests will be performed on all female participants prior to
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drug administrations on Study Visits 2 and 3. Drug adverse effects will be queried after a 90
min waiting period for symptoms over the last hour as well as emergent symptoms occurring
after the last study session (applicable for Study Visits 3 and 4).

Procedures

2.7.1. Study Visit 1: screening and baseline assessments—Recruitment
procedures include advertisements and direct referral from local clinics as well

as advertisement posting to the general population. Individuals responding to these
advertisements/referrals will undergo a brief phone screen prior to scheduling of an
in-person evaluation that includes informed consent, a structured clinical interview (the
Anxiety and Related Disorders Interview Schedule for DSM-5 (ADIS-5; [35]) to determine
psychiatric inclusion and exclusion criteria, review of medical history, and a brief physical
exam. For those meeting inclusion criteria, baseline questionnaires and cognitive assessment
will be completed. Participants will then be scheduled for 3 subsequent weekly assessment
sessions and receive a schedule delineating all appointment dates. All participants also
receive reminder phone calls/emails approximately 24 h prior to study visits, and
participants receive compensation for completion of study procedures.

2.7.2. Randomization and study pill administration—Following completion of the
baseline assessment, randomization will occur in a double-blind fashion using a random
number list to receive one of three study conditions (i.e., DCS, modafinil, or placebo).
Randomizations are balanced across the blocking variables of sex and SSRI use. Study drugs
will be provided in identical capsules and participants will receive one capsule of their
randomized drug condition on Study Visit 2 and one capsule on Study Visit 3. At these
visits, study capsule administration will be observed and precede cognitive testing by 90
min. Similar timing has been the standard in previous studies of DCS augmentation and
takes into consideration the appropriate half-life of modafinil previously demonstrated [36].
All study drugs are stored in the refrigerated cabinet as per storage requirements (e.g., 36-46
°F for p-cycloserine).

2.7.3. Study Visit 2: study drug administration and assessment—As part of
safety assessments at visits where study drug is administered, women will complete

a pregnancy screening. All participants then complete the BDI and FSS followed by
administration of the randomized study capsule 90 min before initiation of cognitive
testing procedures. During the waiting period, magazines and television video-tapes will
be provided. Drug adverse effects will be queried at the end of this waiting period for
symptoms over the last hour as well as emergent symptoms occurring after the last study
session. For cognitive testing, participants will listen to the WMS-LM story B, followed by
immediate recall. Similar procedures will then be followed for the ELMT. Participants then
complete unique versions (to the study week) of Digit Span-backward, and HVLT. Finally,
participants complete a 45 min portion of computerized CBT.

2.7.4. Study Visit 3: study drug administration and assessment—At this visit,

women will complete a pregnancy screening, and then all participants will complete the
BDI and FSS followed by administration of the randomized study capsule approximately
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90 min before queries about potential adverse events and initiation of cognitive testing
procedures. For cognitive testing, participants will first complete one-week delayed recall of
the WMS-LM story B, followed by one week delayed recall of the ELMT. Then, in turn,
each story will be retold, and followed by an immediate recall session. Participants will then
complete the Cognitive Therapy Awareness Scale and SoCT (for the previous week’s CBT
content) followed by a unique Digit Span-backward, a unique HVLT, and the ICAT. Finally,
participants will complete a novel 45 min portion of computerized CBT which introduces
participants to cognitive schema work.

2.7.5. Study Visit 4: final assessment—At this visit, no study drug is administered.
Participants will first complete the BDI and FSS followed by one-week delayed recall of
the WMS-LM story B, followed by one week delayed recall of the ELMT. Then, in turn,
each story will be retold, and followed by an immediate recall session. Participants will then
complete the CTAS and SoCT (for the previous weeks CBT content) followed by a unique
Digit Span-backward, HVLT, and ICAT.

2.8. Computerized CBT program

To provide the computerized CBT content, we used a modified version of the empirically-
validated Good Days Ahead program [26,27], offered through Empower Interactive. The
version used in this study contains four modules of computerized CBT for depression
broadly covering topics relating to identifying and challenging cognitive distortions,
schemas and behavioral activation. Modules 1 and 2 focus on providing basic principles
of cognitive therapy and cognitive errors (e.g., learning to identify and label automatic
thoughts). Modules 3 and 4 of the computerized CBT program introduce activity planning
and scheduling, and identifying and challenging negative core beliefs (i.e., schemas). These
four modules were selected from the full twelve-module treatment package that comprises
the Good Days Ahead program, as they provide patients with core CBT concepts for
depression as well as map on to the content of the CTAS, our primary measure of therapy
recall.

2.9. Data analysis

Analyses for outliers, non-normal distributions, nonlinear relations, and influence statistics
will be conducted; data transformations will be considered where appropriate. We will
perform repeated-measures ANOVAs using mixed-effects regression models (MRMS) in
SPSS 22.0 to analyze the data. The MRM approach to repeated measures ANCOVA
allows inclusion of all participants regardless of missing data (which improves power and
generalizability), can model the covariance matrix of the repeated measures more flexibly
than ANCOVA, and is the recommended method for longitudinal data analysis [37]. The
ANCOVA will consist of 3 levels of the between-subjects independent variable (Treatment
conditions) and 2 (or 3) levels of the within-subjects variable (Time). For delayed recall
memory, Time will represent weeks 3 and 4, when recall for information presented at the
previous session will be assessed. Three separate analyses will be performed, one for each
of the 3 measures of delayed recall memory; retention of 1) cognitive therapy principles,
2) emotional narrative, and 3) WMS Story B. For immediate memory, Time will represent
weeks 2 and 3, the time points of primary interest for the immediate memory tests (Digit
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Span, HVLT, ICAT). Scores on the baseline memory assessments (week 1) and baseline
antidepressant use will be included as covariates in all analyses. Since the relation between
the covariates and outcome may be different among treatment conditions (e.g., the relation
between baseline memory and drug influenced memory may be lower for 250 mg DCS
and 100 mg modafinil compared to placebo), interaction terms will allow these relations
to vary across treatment conditions. Similarly, because the relation between the covariates
and the DVs may be lower at weeks 2 and 3 (with drug ingestion) compared to week 4

(no drug ingestion), interaction terms will also allow these relations to vary across Time.
Non-significant interaction terms will be dropped.

2.9.1. Exploratory analyses—We will examine whether baseline antidepressant use,
mood (BDI-II), fatigue (FSS), attentional/executive function (COWAT, TMT-B), HVLT total
score, and/or digits backward performance moderates active study drug effects relative to the
placebo condition. Examination of associations between performance on immediate memory
scores and delayed recall (including ICAT performance at weeks 2—4) will also be examined
in each study drug condition to help clarify the nature of in-session memory augmentation
vs. retention effects across the weeks of testing. The effect of treatment condition on BDI
will also be examined using the same analysis as Aim 1 (including pairwise comparisons
among the groups). We expect BDI to be enhanced in 100 mg modafinil condition, and
explore whether it will also be enhanced in 250 mg DCS. We will also examine if improved
memory mediates the changes in BDI.

2.9.2. Power analysis—A sample size of 85 subjects was determined relative to a
conservative estimate of a 10% dropout after Study Visit 3. We utilized PinT 2.12 (a
program to calculate effect sizes in mixed models) to calculate the smallest effect size
detectable with 0.80 power for the specific hypothesized comparisons in Aims 1, 2, and
3. Analyses showed that power was lowest for Aim 1, so Aim 1 determined the necessary
sample size. If we use the Bonferroni correction for the 3 comparisons, pis set at 0.0167
(instead of the previous 0.0083), and the sample size necessary to detect a medium (e.g.,
d = 0.50) effect size with a power of 0.80 is /= 77. Hence, allowing for 10% dropout (8
individuals), 85 participants are to be randomized.

3. Discussion

In this application we propose to expand upon one of the areas of particular success of
translational research, the use of single-dose applications of DCS to augment therapeutic
learning from CBT. Despite its success in the anxiety disorders [11], it is not known whether
DCS can enhance the therapeutic learning from CBT interventions that do not involve
extinction learning. Initial applications in humans have provided mixed results [15,38], with
some indication that more positive results may be achieved with a higher (i.e., 250 mg) dose
of DCS. Our first step in a longer-term goal of augmenting CBT for depressive disorders

is to examine whether learning of cognitive therapy content from computerized CBT can

be augmented. To achieve this goal, we are conducting a proof-of-concept experiment to
evaluate, in a double-blind, placebo-controlled investigation, the relative efficacy of 250

mg DCS and 100 mg modafinil compared to placebo for augmenting verbal declarative
memory in depressed individuals. We can achieve these aims in a brief (4 visit) trial in
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a non-treatment-seeking cohort of depressed individuals. We assess retention and use of
CBT interventions material as well as performance on standardized cognitive tests, to test
the relationship between cognitive impairment (and amelioration) and the magnitude of
augmentation effects.

Use of a computerized program for CBT [26,27] in our protocol ensures reliable (exact)
presentation of the to-be-remembered therapy content, and additional use of standardized
cognitive tests allows us to examine the association between remembering therapy content
and other cognitive skills, as well as the link between cognitive deficits and the amelioration
of such deficits. The proposed augmentation strategies need not rely on amelioration

of cognitive deficits, although cognitive deficits found in depression are assessed in the
protocol and are a secondary target of amelioration, and strategies to ameliorate such
deficits are needed to improve CBT for depression in specialty populations (e.g., elderly
adults with Parkinson’s disease; [39]). Because cognitive deficits predict poorer response
for antidepressant medications (for a review [40]), investigation of psychosocial treatment
augmentation is encouraged.

Overall, this protocol offers the following innovative elements: (1) extending DCS
augmentation effects found for the anxiety disorders to a new learning paradigm and,
potentially, to the future augmentation of CBT for depression (as well as other disorders and
psychosocial interventions); (2) use of a proof-of-concept study that combines standardized
memory paradigms with the examination of retention of computerized CBT content; (3)
investigation of an active comparison agent (modafinil) that has shown promise as a
cognitive enhancer and that may also have specific antidepressant actions; (4) investigation
of the cognitive enhancing effects of modafinil in a single-dose paradigm to enhance
learning rather than the daily dosing used in depression trials; (5) and investigation of

the drug-context effects. All of these study elements will be useful for the subsequent
investigation of the relative benefits of DCS and modafinil as augmentation strategies for
CBT for depression.

Acknowledgements

Effort for all authors on this manuscript was supported by R21MH102646. The National Institutes of Health had no
role in the writing of the report; or in the decision to submit the manuscript for publication. The National Institute
of Health had no role other than financial support.

Financial disclosures

Dr. Hofmann reports serving on the Advisory Board of Palo Alto Health Sciences and Otsuka America
Pharmaceutical, Inc., and receiving financial compensation for his participation as an advisor, and receiving
royalties from various book publishers and financial compensation for his editorial work from Springer Publications
and the American Psychological Association.

Dr. Fava’s list on conflicts is listed on line at: http://mghcme.org/faculty/faculty-detail/maurizio_fava

Research Support:

Abbot Laboratories; Alkermes, Inc.; American Cyanamid; Aspect Medical Systems; AstraZeneca; Avanir
Pharmaceuticals; BioResearch; BrainCells Inc.; Bristol-Myers Squibb; CeNeRx BioPharma; Cephalon; Cerecor;
Clintara, LLC; Covance; Covidien; Eli Lilly and Company; EnVivo Pharmaceuticals, Inc.; Euthymics Bioscience,

Inc.; Forest Pharmaceuticals, Inc.; FORUM Pharmaceuticals; Ganeden Biotech, Inc.; GlaxoSmithKline; Harvard
Clinical Research Institute; Hoffman-LaRoche; Icon Clinical Research; i3 Innovus/Ingenix; Janssen R&D,

Contemp Clin Trials. Author manuscript; available in PMC 2024 April 07.


http://mghcme.org/faculty/faculty-detail/maurizio_fava

1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Otto et al.

Page 11

LLC; Jed Foundation; Johnson & Johnson Pharmaceutical Research & Development; Lichtwer Pharma GmbH;
Lorex Pharmaceuticals; Lundbeck Inc.; MedAvante; Methylation Sciences Inc; National Alliance for Research
on Schizophrenia & Depression (NARSAD); National Center for Complementary and Alternative Medicine
(NCCAM); National Coordinating Center for Integrated Medicine (NiiCM); National Institute of Drug Abuse
(NIDA); National Institute of Mental Health (NIMH); Neuralstem, Inc.; Novartis AG; Organon Pharmaceuticals;
PamLab, LLC.; Pfizer Inc.; Pharmacia-Upjohn; Pharmaceutical Research Associates., Inc.; Pharmavite® LLC;
PharmoRx Therapeutics; Photothera; Reckitt Benckiser; Roche Pharmaceuticals; RCT Logic, LLC (formerly
Clinical Trials Solutions, LLC); Sanofi-Aventis US LLC; Shire; Solvay Pharmaceuticals, Inc.; Stanley Medical
Research Institute (SMRI); Synthelabo; Takeda Pharmaceuticals; Tal Medical; Wyeth-Ayerst Laboratories.

Advisory Board/Consultant:

Abbott Laboratories; Acadia; Affectis Pharmaceuticals AG; Alkermes, Inc.; Amarin Pharma Inc.; Aspect Medical
Systems; AstraZeneca; Auspex Pharmaceuticals; Avanir Pharmaceuticals; AXSOME Therapeutics; Bayer AG;
Best Practice Project Management, Inc.; Biogen; BioMarin Pharmaceuticals, Inc.; Biovail Corporation; BrainCells
Inc; Bristol-Myers Squibb; CeNeRx BioPharma; Cephalon, Inc.; Cerecor; CNS Response, Inc.; Compellis
Pharmaceuticals; Cypress Pharmaceutical, Inc.; DiagnoSearch Life Sciences (P) Ltd.; Dinippon Sumitomo Pharma
Co. Inc.; Dov Pharmaceuticals, Inc.; Edgemont Pharmaceuticals, Inc.; Eisai Inc.; Eli Lilly and Company; EnVivo
Pharmaceuticals, Inc.; ePharmaSolutions; EP1X Pharmaceuticals, Inc.; Euthymics Bioscience, Inc.; Fabre-Kramer
Pharmaceuticals, Inc.; Forest Pharmaceuticals, Inc.; Forum Pharmaceuticals; GenOmind, LLC; GlaxoSmithKline;
Grunenthal GmbH; i3 Innovus/Ingenis; Intracellular; Janssen Pharmaceutica; Jazz Pharmaceuticals, Inc.; Johnson
& Johnson Pharmaceutical Research & Development, LLC; Knoll Pharmaceuticals Corp.; Labopharm Inc.; Lorex
Pharmaceuticals; Lundbeck Inc.; MedAvante, Inc.; Merck & Co., Inc.; MSI Methylation Sciences, Inc.; Naurex,
Inc.; Nestle Health Sciences; Neuralstem, Inc.; Neuronetics, Inc.; NextWave Pharmaceuticals; Novartis AG;
Nutrition 21; Orexigen Therapeutics, Inc.; Organon Pharmaceuticals; Osmotica; Otsuka Pharmaceuticals; Pamlab,
LLC.; Pfizer Inc.; PharmaStar; Pharmavite® LLC.; PharmoRx Therapeutics; Precision Human Biolaboratory;
Prexa Pharmaceuticals, Inc.; PPD; Puretech Ventures; PsychoGenics; Psylin Neurosciences, Inc.; RCT Logic, LLC
(formerly Clinical Trials Solutions, LLC); Rexahn Pharmaceuticals, Inc.; Ridge Diagnostics, Inc.; Roche; Sanofi-
Aventis US LLC.; Sepracor Inc.; Servier Laboratories; Schering-Plough Corporation; Solvay Pharmaceuticals,
Inc.; Somaxon Pharmaceuticals, Inc.; Somerset Pharmaceuticals, Inc.; Sunovion Pharmaceuticals; Supernus
Pharmaceuticals, Inc.; Synthelabo; Taisho Pharmaceutical; Takeda Pharmaceutical Company Limited; Tal Medical,
Inc.; Tetragenex Pharmaceuticals, Inc.; TransForm Pharmaceuticals, Inc.; Transcept Pharmaceuticals, Inc.; Vanda
Pharmaceuticals, Inc.; VistaGen.

Speaking/Publishing:

Adamed, Co; Advanced Meeting Partners; American Psychiatric Association; American Society of Clinical
Psychopharmacology; AstraZeneca; Belvoir Media Group; Boehringer Ingelheim GmbH; Bristol-Myers
Squibb; Cephalon, Inc.; CME Institute/Physicians Post-graduate Press, Inc.; Eli Lilly and Company; Forest
Pharmaceuticals, Inc.; GlaxoSmithKline; Imedex, LLC; MGH Psychiatry Academy/Primedia; MGH Psychiatry
Academy/Reed Elsevier; Novartis AG; Organon Pharmaceuticals; Pfizer Inc.; PharmaStar; United BioSource,
Corp.; Wyeth-Ayerst Laboratories.

Equity Holdings: Compellis; PsyBrain, Inc.
Royalty/patent, other income:

Patents for Sequential Parallel Comparison Design (SPCD), licensed by MGH to Pharmaceutical Product
Development, LLC (PPD); and patent application for a combination of Ketamine plus Scopolamine in Major
Depressive Disorder (MDD), licensed by MGH to Biohaven.

Copyright for the MGH Cognitive & Physical Functioning Questionnaire (CPFQ), Sexual Functioning Inventory
(SFI), Antidepressant Treatment Response Questionnaire (ATRQ), Discontinuation-Emergent Signs & Symptoms
(DESS), Symptoms of Depression Questionnaire (SDQ), and SAFER; Lippincott, Williams & Wilkins; Wolkers
Kluwer; World Scientific Publishing Co. Pte. Ltd.

Dr. Wright has an equity interest in Empower Interactive and Mindstreet, developers and publishers of computer
programs for behavioral health including the software used in this research. The conflict-of-interest is managed
with an agreement with the University of Louisville. He receives book royalties from American Psychiatric
Publishing, Inc., Guilford Press, and Simon and Schuster and grant support from R18HS024047 (AHRQ) and
R21MH102646 (NIMH).

No other authors have conflicts to report within the last 2 years.

Contemp Clin Trials. Author manuscript; available in PMC 2024 April 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Otto et al. Page 12

References

[1]. Butler AC, Chapman JE, Forman EM, Beck AT, The empirical status of cognitive-behavioral
therapy: a review of meta-analyses, Clin. Pyschol. Rev 26 (1) (2006) 17-31.

[2]. Fava M, Rush AJ, Trivedi MH, Nierenberg AA, Thase ME, Sackeim HA, ... Kupfer DJ,
Background and rationale for the sequenced treatment alternatives to relieve depression (STAR*
D) study, Psychiatr. Clin. North Am 26 (2) (2003) 457-494.

[3]. Cuijpers P, Sijbrandij M, Koole SL, Andersson G, Beekman AT, Reynolds CF, Adding
psychotherapy to antidepressant medication in depression and anxiety disorders: a meta-analysis,
World Psychiatry 13 (1) (2009) 56-67.

[4]. Otto MW, Smits JAJ, Reese HE, Combined psychotherapy and pharmacotherapy for mood and
anxiety disorders in adults: review and analysis, Clin. Psychol. Sci. Pract 12 (1) (2005) 72-86.

[5]. Guidi J, Fava GA, Fava M, Papakostas Gl, Efficacy of the sequential integration of psychotherapy
and pharmacotherapy in major depressive disorder: a preliminary meta-analysis, Psychol. Med 41
(02) (2011) 321-331. [PubMed: 20444307]

[6]. Wiles N, Thomas L, Abel A, Ridgway N, Turner N, Campbell J, ... Lewis G, Cognitive
behavioural therapy as an adjunct to pharmacotherapy for primary care based patients with
treatment resistant depression: results of the CoBalT randomised controlled trial, Lancet 381
(9864) (2013) 375-384. [PubMed: 23219570]

[7]. Depression, N. I. C. E., The Treatment and Management of Depression in Adults (CG90), National
Institute for Health and Clinical Excellence, 2009.

[8]. American Psychiatric Association, Practice Guidelines for the Treatment of Patients with Major
Depressive Disorder, third ed. American Psychiatric Publishing, Arlington, VA, Arlington, VA,
2010.

[9]. Davis M, Barad M, Otto MW, Southwick S, Combining pharmacotherapy with cognitive behavior
therapy: traditional and new approaches, J. Trauma. Stress. 19 (2006) 571-581. [PubMed:
17075906]

[10]. Richardson R, Ledgerwood L, Cranney J, Facilitation of fear extinction by D-cycloserine:
theoretical and clinical implications, Learn. Mem 11 (2004) 510-516. [PubMed: 15466301]

[11]. Otto MW, Kredlow MA, Smits JAJ, Hofmann SG, Tolin DF, de Kleine RA, van Minnen A,
Evins AE, Pollack MH, Enhancement of psychosocial treatment with D-cycloserine: models,
moderators, and future directions, Biol. Psychiatry (2015) 10.1016/j.biopsych.2015.09.007.

[12]. Flood J, Morley J, Lanthorn T, Effect on memory processing by D-cycloserine, an agonist of the
NMDA/glycine receptor, Eur. J. Pharmacol. 221 (1992) 249-254. [PubMed: 1330624]

[13]. Monahan JB, Handelmann GE, Hood WF, Cordi AA, D-cycloserine, a positive modulator of
the N-methyl-D-aspartate receptor, enhances performance of learning tasks in rats, Pharmacol.
Biochem. Behav. 34 (3) (1989) 649-653. [PubMed: 2560209]

[14]. Otto MW, Basden SL, McHugh RK, Kantak KM, Deckersbach T, Cather C, ... Smits JAJ, Effects
of b-cycloserine administration on weekly non-emotional memory tasks in healthy participants,
Psychother. Psychosom. 78 (2009) 49-54. [PubMed: 19018157]

[15]. Onur OA, Schlaepfer TE, Kukolja J, Bauer A, Jeung H, Patin A, D. M, ... R. Hurlemann,

The N-methyl-D-aspartate receptor co-agonist D-cycloserine facilitates declarative learning
and hippocampal activity in humans, Biol. Psychiatry 67 (12) (2010) 1205-1211. [PubMed:
20303474]

[16]. Kuriyama K, Honma M, Koyama S, Kim Y, D-cycloserine facilitates procedural learning but
not declarative learning in healthy humans: a randomized controlled trial of the effect of
D-cycloserine and valproic acid on overnight properties in the performance of non-emotional
memory tasks, Neurobiol. Learn. Mem 95 (4) (2011) 505-509. [PubMed: 21402164]

[17]. Finke K, Dodds CM, Bublak P, Regenthal R, Baumann F, Manly T, Mdiller U,
Effects of modafinil and methylphenidate on visual attention capacity: a TVA-based study,
Psychopharmacology 210 (3) (2010) 317-329. [PubMed: 20352415]

[18]. Minzenberg MJ, Yoon JH, Carter CS, Modafinil modulation of the default mode network,
Psychopharmacology 215 (1) (2011) 23-31. [PubMed: 21153806]

Contemp Clin Trials. Author manuscript; available in PMC 2024 April 07.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Otto et al.

Page 13

[19]. Turner DC, Robbins TW, Clark L, Aron AR, Dowson J, Sahakian BJ, Cognitive enhancing

effects of modafinil in healthy volunteers, Psychopharmacology 165 (3) (2003) 260-269.
[PubMed: 12417966]

[20]. Walsh JK, Randazzo AC, Stone KL, Schweitzer PK, Modafinil improves alertness, vigilance,

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].
[30].
[31].
[32].
[33].

[34].

[35].

[36].

[37].

[38].

and executive function during simulated night shifts, Sleep 27 (3) (2004) 434-439, 10.1007/
500213-002-1250-8. [PubMed: 15164895]

Wesensten NJ, Killgore WD, Balkin TJ, Performance and alertness effects of caffeine,
dextroamphetamine, and modafinil during sleep deprivation, J. Sleep Res. 14 (2005) 255-266.
[PubMed: 16120100]

Scoriels L, Jones PB, Sahakian BJ, Modafinil effects on cognition and emotion in schizophrenia
and its neurochemical modulation in the brain, Neuropharmacology 64 (2013) 168-184.
[PubMed: 22820555]

Kelley A, Webb C, Athy J, Ley S, Gaydos S, Cognition-enhancing drugs and their
appropriateness for aviation and ground troops: a meta-analysis, United States Army
Aeromedical Research Laboratory Report No. 2011-06. Defense Technical Information Center
(DTIC), Cameron Station, Alexandria, Virginia 22314, 2010.

Goss AJ, Kaser M, Costafreda SG, Sahakian BJ, Fu CH, Modafinil augmentation therapy in
unipolar and bipolar depression: a systematic review and meta-analysis of randomized controlled
trials, J. Clin. Psychiatry 74 (11) (2013) 1101-1107. [PubMed: 24330897]

Wechsler D, Wechsler Adult Intelligence Scale—Fourth Edition (WAIS—IV), NCS Pearson, San
Antonio, TX, 2008.

Wright JH, Wright AS, Salmon P, Beck AT, Kuykendall J, Goldsmith LJ, Zickel MB,
Development and initial testing of a multimedia program for computer-assisted cognitive therapy,
Am. J. Psychother 56 (2002) 76-86. [PubMed: 11977785]

Wright JH, Wright AS, Albano AM, Basco MR, Goldsmith JJ, Raffield T, Otto MW, Computer-
assisted cognitive therapy for depression: maintaining efficacy while reducing therapist time,
Am. J. Psychiatry 162 (2005) 1158-1164. [PubMed: 15930065]

Jarrett RB, Clark LA, Vittengl JR, Thase ME, Skills of cognitive therapy (SoCT): a new

measure of patients’ comprehension and use, Psychol. Assess 23 (3) (2011) 578-586. [PubMed:
21319902]

Brandt J, The Hopkins verbal learning test: development of a new memory test with six
equivalent forms, Clin. Neuropsychol 5 (2) (1991) 125-142.

Benton LA, Hamsher K, Sivan AB, Controlled Oral Word Association Test. Multilingual Aphasia
Examination, AJA Associates, lowa City, 1994.

Delis DC, Kaplan E, Kramer JH, Delis-Kaplan Executive Function System (D-KEFS),
Psychological Corporation, San Antonio, 2001.

Beck AT, Steer RA, Brown GK, Beck Depression Inventory-11, Psychological Corporation, San
Antonio, 1996.

McNair DM, Lorr M, Droppleman LF, Profile of Mood States, Educational and Industrial Testing
Service, San Diego, CA, 1971.

Krupp LB, LaRocca NG, Muir-Nash J, Steinberg AD, The fatigue severity scale: application

to patients with multiple sclerosis and systemic lupus erythematosus, Arch. Neurol. 46 (1989)
1121-1123. [PubMed: 2803071]

Brown TA, Barlow DH, Anxiety and Related Disorders Interview Schedule for DSM-5, Adult
and Lifetime Version: Clinician Manual, Oxford University Press, 2013.

Darwish M, Kirby M, D’Andrea DM, Yang R, Hellriegel ET, Robertson P, Pharma-cokinetics of
armodafinil and modafinil after single and multiple doses in patients with excessive sleepiness
associated with treated obstructive sleep apnea: a randomized, open-label, crossover study, Clin.
Ther 32 (12) (2010) 2074-2087. [PubMed: 21118743]

Hamer RM, Simpson PM, Last observation carried forward versus mixed models in the analysis
of psychiatric clinical trials, Am. J. Psychiatry 166 (6) (2009) 639-641. [PubMed: 19487398]
Otto MW, Tolin DF, Simon NM, Pearlson GD, Basden S, Meunier SA, ... Pollack MH, The
efficacy of D-cycloserine for enhancing response to cognitive-behavior therapy for panic disorder,
Biol. Psychiatry 67 (2010) 365-370. [PubMed: 19811776]

Contemp Clin Trials. Author manuscript; available in PMC 2024 April 07.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Otto et al. Page 14

[39]. Dobkin RD, Rubino JT, Allen LA, Friedman J, Gara MA, Mark MH, Menza M, Predictors
of treatment response to cognitive-behavioral therapy for depression in Parkinson’s disease, J.
Consult. Clin. Psychol 80 (4) (2012) 694. [PubMed: 22409644]

[40]. Withall A, Harris LM, Cumming SR, The relationship between cognitive function and clinical
and functional outcomes in major depressive disorder, Psychol. Med 39 (03) (2009) 393-402.
[PubMed: 18533056]

Contemp Clin Trials. Author manuscript; available in PMC 2024 April 07.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Otto et al.

Schedule of assessments.

Table 1

Measures

Screening  Baseline/Study Visit 1 Study Visit 2

Study Visit 3 Study Visit 4

ADIS-5

Medical screening

Primary outcomes

WMS-Logical Memory
Immediate recall
Delayed recall

ELMT
Immediate recall
Delayed recall

CTAS

SoCT

Secondary measures

DS (Forward and/or backward)

HVLT

COWAT

T™MT

ICAT

CBT

Mood and fatigue measures

BDI-1I

POMS

FSS

X
X

X X X X

X

X

NG
X

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

X X
NG X
X X

Page 15

Note: ADIS = Anxiety and Related Disorders Interview Schedule for DSM-5; WMS = Wechsler Memory Scale-Revised Logical Memory; ELMT
= Emotional Logical Memory Test; CTAS = Cognitive Therapy Awareness Test; SOCT = Skills of Cognitive Therapy; DS = Digit Span; HVLT =
Hopkins Verbal Learning Test; COWAT = Controlled Oral Word Association Task; TMT = Trail Making Test; ICAT = Item-Category Association
Task; CBT = Computerized Cognitive Therapy Program; BDI-1I = Beck’s Depressive Index; POMS = Profile of Mood States; FSS = Fatigue

Survey Schedule.

a I L " .
Pre- and post-medication administration waiting period.
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