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Abstract

Background—Initial studies have provided a mixed perspective of the efficacy of d-cycloserine
(DCS) for augmenting the efficacy of exposure-based cognitive behavioral therapy (CBT) for
panic disorder. In this multicenter trial, we examine the magnitude of DCS augmentation effects
for an ultra-brief program of CBT.

Methods—We conducted a double-blind, controlled trial at three treatment sites, randomizing
180 adults with a primary diagnosis of panic disorder to 5 sessions of treatment, with study pill
(50 mg DCS or matching placebo) administered 1 hour prior to the final 3 sessions. Two booster
sessions were subsequently provided, and outcome was assessed at post-treatment and 1-month, 2-
month, and 6-month follow-up assessments. The primary outcome was the degree of reduction in
the Panic Disorder Severity Scale. Additional analyses examined the role of severity and current
antidepressant or benzodiazepine use as moderators of DCS augmentation effects.

Results—DCS augmentation resulted in significant benefit only early in the trial, with no
beneficial effects of DCS augmentation evident at follow-up evaluations. We did not find that
baseline severity or antidepressant or benzodiazepine use moderated DCS efficacy, but
benzodiazepine use was associated with lower efficacy of CBT regardless of augmentation
condition.
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Conclusions—Consistent with other recent multicenter trials, the benefit of DCS was less than
indicated by pilot study and reflected an acceleration of treatment response evident at treatment
endpoint, but no advantage in response over follow-up evaluation. Our results did not support
severity or concomitant medication moderators observed in previous trials of DCS augmentation.

Clinical Trials Registry Name—Exposure, D-Cycloserine Enhancement, and Genetic
Modulators in Panic Disorder (DCSPanic)

Clinical Trials URL—https://clinicaltrials.gov/ct2/show/NCT00790868

Clinical Trials Registry Number—NCT00790868
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Introduction

Comparative trials! and meta-analytic comparisons? show that cognitive behavioral therapy
(CBT) is at least as effective as pharmacotherapy for treatment of panic disorder; and also
offers strong treatment acceptance and tolerability: 3, improvement in comorbid
conditions?, and maintenance of treatment gains and strong cost-efficacy®: 6. Despite these
strengths, many patients fail to respond adequately to CBT’. The addition of
benzodiazepines or antidepressants to CBT is a readily available augmentation strategy, but
meta-analyses indicate that the benefits of these strategies are modest and quickly lost
during follow-up intervals when medication use is not maintained®: °. Further, animal
studies, clinical observation, and randomized trial data suggest that traditional antidepressant
and anxiolytic medications may interfere with extinction learning10-12, attenuating the
magnitude of benefits that otherwise might be afforded by the combination of two active
treatments. Accordingly, there is a clear need for alternative augmentation strategies to
enhance outcomes for panic disorder.

The development of d-cycloserine (DCS) as an augmentation strategy for exposure-based
CBT has been noted to be one of the particular achievements of translational researchl3.
Since the first report of clinical application of DCS by Ressler and associates!4, DCS
augmentation of exposure-based CBT has been examined in over a dozen randomized trials
in the anxiety and trauma-related disorders®: 16, For our pilot study in panic disorder, DCS
was administered prior to the final three sessions of a five session protocol; significant
advantages, reflecting large effect sizes, were seen relative to placebo augmentation at
treatment endpoint and 1-month follow-up’. Subsequently, Siegmund and colleagues'8
examined DCS augmentation of CBT for panic disorder in an 11-session protocol. They
reported strong overall treatment effects, but no randomized treatment differences between
DCS and placebo-augmented patients. Nonetheless, they found an interaction (reflecting a
large effect size) indicating a faster treatment response among more severely ill patients
receiving DCS. These results are consistent with studies of other anxiety disorders that have
shown an acceleration of treatment response with DCS augmentation, observed in the
absence of an endpoint advantage when longer protocols of treatment are used% 20, In
contrast, endpoint advantages for DCS are more consistently observed when especially brief
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treatments are used, in line with the hypothesis that endpoint advantages are primarily seen
when the placebo-augmented group does not have additional exposure sessions to allow
them to catch up, in terms of response, to the DCS-augmented group?®.

The purpose of the present study is to examine DCS augmentation of exposure-based CBT
for panic disorder in an adequately-powered, double-blind, clinical trial. Unlike other
multicenter DCS trials that studied medication-free patients29, we allowed patients taking
antidepressant or benzodiazepine medications, ensuring that we were evaluating DCS under
the conditions by which it is likely to be applied clinically, including patients who have
failed to respond to pharmacotherapy. We hypothesized that DCS-augmentation of brief
exposure-based CBT would enhance treatment outcome relative to augmentation with pill
placebo, and that these advantages would be maintained over follow-up. Given the findings
suggesting moderation of DCS effects by disorder severity!® and antidepressant?! or
benzodiazepinel2 medication, emergent since the design of this trial, we also evaluated
potential moderator effects for disorder severity and concomitant medication as additions to
our planned analysis.

Materials and Methods

Participants

Participants were recruited and enrolled at Boston University (BU; n = 68), the Institute of
Living in Hartford, Connecticut (IOL; n = 59), and a combined site of Massachusetts
General Hospital/Rush (MGH/Rush; n = 53), as the second author (MHP) changed
institutions during the study. All study procedures were approved by the Institutional Review
Boards of each of these sites and was performed in compliance with the Code of Ethics of
the World Medical Association (Declaration of Helsinki). Interested participants were
screened by phone and, if eligible, were invited for in-person informed consent and
diagnostic and severity evaluations with masters- or doctoral-level clinicians. To be
considered for the study patients had to be 18 years or older and have a primary (disorder of
greatest distress/disability) DSM-IV diagnosis of panic disorder, with current Clinical
Global Impression-Severity (CGI-S) score of greater than 4. Diagnostic exclusion criteria
included a lifetime history of a psychotic disorder, bipolar disorder, or a developmental
disorder; posttraumatic stress disorder, substance use disorder, eating disorder, or organic
mental disorder within the past 6 months; agoraphobia sufficiently severe as to limit the
patient’s ability to travel to and participate in weekly sessions; suicidal ideation or suicidal
behaviors within the past 6 months; and personality dysfunction likely to interfere with
study participation.

Medical exclusion factors included serious medical illness or instability for which
hospitalization may be likely within the next year; current or past history of seizures (other
than febrile seizures in childhood); pregnant women, lactating women, and women of
childbearing potential who were not using medically accepted forms of contraception;
history of head trauma causing loss of consciousness, seizure, or ongoing cognitive
impairment; current use of isoniazid. Furthermore, patients participating in concurrent
psychotherapy initiated within three months of baseline as well as those with past CBT for
panic disorder that emphasized interoceptive exposure were ineligible for the study. Finally,
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eligible individuals were either free of concurrent psychotropic medication for at least two
weeks prior to initiation of randomized treatment or were on eight weeks of stable dosages
of medication.

Participants were enrolled in the study between July 2008 and January 2013 with follow-up
assessments completed by August 2013. Participant flow throughout the study is
summarized in Figure 1. Participants were considered randomized when they took their first
study pill; the study was considered completed when follow-up sample size targets were
met. A total of 180 adults were randomized to DCS or placebo augmentation. A total of 171
completed treatment, and 18 of these participants were lost to follow-up prior to the final
follow-up assessment.

Assessments

Core assessment windows were baseline, prior to session 4, one week following session 5
(treatment endpoint), and follow-up assessments at 1, 2, 3, and 6 months after completion of
the acute treatment. Clinicians also completed the CGI prior to every treatment visit as
further specified below. Panic disorder and psychiatric comorbidities were evaluated by the
Structured Clinical Interview for DSM-1VZ22. Agreement for a between-clinician assessment
of the primary diagnosis of panic disorder was 100% in a subsample of 52 participants re-
evaluated at one site, using a different structured interview (the Anxiety Disorders Interview
Schedule for DSM-1V:23).

The primary treatment outcome measure was the Panic Disorder Severity Scale (PDSS;24), a
widely applied measure of panic disorder severity that has good inter-rater reliability24 and
an alpha of 0.71 in the context of the present study. Raters completed training and ongoing
calibration across sites using recorded severity evaluations. Other clinician-rated outcome
measures included the Clinician Global Impression-Severity Scale (CGI-S;2%) with use of
specific rating anchor points, the Montgomery-Asberg Depression Rating Scale (MADRS;
26) the Hamilton Anxiety Rating Scale- structured interview version (SIGH-A;27), and the
Range of Impaired Functioning Tool (LIFE-RIFT;28). The CGI-S was used in determining
whether patients met the “CGI-S of 1 or 2” component of the “remission status” criteria (i.e.,
zero panic attacks and CGI-S of 1 or 2 at endpoint). Self-report secondary outcome
measures included the Anxiety Sensitivity Index (ASI;2%) and the Quality of Life Enjoyment
and Satisfaction Questionnaire (Q-LES-Q;30).

Randomized Intervention

Patients were randomized to receive either adjunctive DCS or placebo, which were
administered as a 50-mg pill one-hour prior to the exposure procedures on three study visits
(i.e., sessions 3-5 of exposure treatment). Randomization was stratified by site and symptom
severity (i.e., CGI severity score of = 5). Within each stratum, we used block randomization
with varying block sizes. Randomization assignments were developed by the statistical team
at Yale University, were generated prior to allocating participants, and were concealed until
the end of the study. All study staff involved in patient care, evaluation, or supervision were
blind to group assignment until the end of the study. Adverse events were monitored and
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elicited by open questioning of the study clinician, assessing adverse events occurring over
the last hour as well as during the week following the last dose of DCS.

The core treatment for augmentation was a 5-session, manualized protocol of CBT with
weekly sessions3L. The first session (60 min) provided patients with a model of panic
disorder and its treatment with CBT, and included initial monitoring assignments (cognitions
around panic attacks). In the second session (60 min), patients were introduced to
interoceptive exposure (exposure to somatic sensations of anxiety; e.g., hyperventilation to
induce dizziness, paresthesias, flushes, etc.) and more active experiences evaluating and
changing their thoughts associated with anxiety and panic (cognitive restructuring). The next
three sessions were devoted to more intensive interoceptive exposure, delivered in a 90-min
format, and preceded by use of the blinded study medication. Sessions 4 and 5 continued
this program and also included interoceptive exposure practice outside the office (in order to
provide patients with practice with sensations in situations that may motivate agoraphobic
avoidance). Home practice assignments were assigned after each session. Participants were
also provided with a booster session of CBT following the one- and two-month follow-up
assessments. Study therapists were doctoral and graduate-student level providers who first
viewed videotaped presentation of all core interventions, and then supervision by the first
author in monthly cross-site phone calls in addition to weekly supervision provided on site.

Data Analysis

Power calculations were informed by pilot data indicating a large effect size for DCS
augmentationl’, but we used a more conservative estimate of = 0.6 to select power for this
multicenter trial. A 6-month follow-up sample size of 130 provided more than 90% power to
detect an effect of that size assuming two-sided alpha level of 0.05.

Generalized linear mixed effects models (GLMM) were used to account for the longitudinal
nature of the data and to use all available data for each subject. The primary outcome
measure was percent change from baseline on the PDSS. Secondary outcomes measures
included: (a) remission status and (b) percent change from baseline on anxiety sensitivity,
quality of life satisfaction, degree of impairment, depression symptoms, and non-panic
anxiety symptoms. We used likelihood-based estimation methods that provide valid results
under missing-at-random assumptions. Comparison of dropout rates by treatment group was
performed using a XZ test. In sensitivity analysis of remission rates, dropouts were counted
as non-remitted.

We conducted separate analyses for the primary outcome measure (continuous PDSS score)
and for the secondary continuous outcome measures with treatment group as a between-
subject factor, time as a within-subject factor and the interaction between treatment and
time. We also controlled for site effects by including site (BU, IOL or MGH/Rush) and its
interactions with treatment and time in the models. The best fitting variance-covariance
structure for the linear mixed effects models was selected based on Bayesian Information
Criterion32, For the binary outcome variable remission, we used a GLMM approach with
logit link and random subject effects. Effects in the analysis of the primary outcome measure
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(PDSS) were considered significant at the p < 0.05 level; whereas, effects in the analysis of
the secondary outcome measures were considered significant at the Bonferroni-adjusted p <
0.01 significance levels. In addition, we assessed whether baseline disorder severity,
antidepressant use, or benzodiazepine use moderated augmentation effects from DCS. These
variables were examined alone and in interaction with the randomized treatment conditions
in the context of the GLMM models described above. Adverse events were examined
separately using Fisher's Exact Tests when the number of events was greater than 0.

Participants and Pre-treatment Comparability

The randomized sample consisted of 107 women (59%) and 73 men, with a mean age of
35.4 (SD = 12.1) years. The majority of the participants were white (83%). Almost half the
sample (51%) was taking psychiatric medications at study entry, with 34 (18.9%) taking a
combination of antidepressant and benzodiazepine medication, 30 (16.7%) taking an
antidepressant alone, and 28 (15.6%) taking a benzodiazepine alone. Consistent with the
inclusion criteria, all participants on concomitant medication were on a stable dosage for a
minimum of eight weeks prior to study entry and agreed to maintain this stable dosage
throughout the trial.

As shown in Table 1, the randomized treatment groups were comparable at baseline on all
outcome measures (all gs > 0.05). Likewise, there were no significant differences between
randomized treatment groups in benzodiazepine use (37.0% for placebo and 31.8% for DCS,
Xz (1)=0.53, p=0.47) and in antidepressant use (37.0% for placebo and 34.1% for DCS, XZ
(1)=0.16, p=0.69). There was a statistically significant association between antidepressant
and benzodiazepine use at baseline (X2 (1)=15.3, p<0.0001); participants who were taking
one of these medications were more likely to be using the second medication as well.

Site Differences

Sites differed in participant severity at baseline. ANOVA with follow-up pairwise
comparisons indicated that participants at IOL were less severe than MGH/Rush on the
PDSS at baseline (p <.001), with severity scores for BU midway between the other two
sites. Covariation of PDSS severity at baseline did not eliminate the site effects at
posttreatment described below. Sites also differed on secondary severity variables at
baseline. For example, BU differed from the other two sites by having participants with
lower depression severity as assessed by the MADRS (p-values < .009), and younger
participants with higher role functioning than the IOL site (p<.01). IOL participants also had
lower quality of life and higher anxiety sensitivity than the other sites (p<.04). Consideration
of these site differences in secondary severity variables did not eliminate site main effects on
PDSS described below.

Dropout and Adverse Events

Eighteen subjects out of 92 (5 during treatment and 13 during follow-up, 20% total) in the
control group compared to 9 out of 88 (4 during treatment and 5 during follow-up, 10%
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total) in the DCS group dropped out. These differences were not statistically significant (XZ
(1) =3.08, p=0.21).

As shown in Table 2, the rate of adverse events was low in both groups. Eleven DCS patients
(12.5%) endorsed fatigue, compared to 3 (3.3%) placebo patients (p = 0.03). No other
adverse events differed significantly between the groups.

Additional Treatment during Follow-up

At the 3-month follow-up assessment, 3 participants reported additional treatment during the
period since the post-treatment assessment: 1 started new psychotherapy, and 3 started a
self-help program. Between the 3- and 6-month follow-up, 3 reported starting new
psychotherapy and 2 reported starting a self-help program. The use of alternative treatment
was not significantly different across the randomized treatment conditions (Fishers exact
test, p=.41)

Primary Outcomes

Panic Disorder Severity Scale (PDSS)—For the primary continuous outcome (percent
change in PDSS score), treatment by time interaction was significant (/5 792 = 2.30, p=
0.04). The treatment main effect (£ 792 = 0.26, p = 0.61) was not significant, but the main
effect of time was significant (/5 792 = 51.24, p < 0.0001). Both treatment groups improved
significantly. The pre-specified comparison at the end of treatment was significant (£ 797 =
4.78, p=0.03) and reflected a small-to-medium effect size (¢'= 0.3), with the DCS group
showing more improvement on average (see Figure 2). The site main effect and the site by
treatment interaction were significant (/792 = 6.52, p=0.002 and £ 797 = 4.25, p=0.01,
respectively). Responsivity to DCS augmentation was significantly higher at the BU and
MGH/Rush sites than at the IOL site, with mean scores reflecting greater benefit for DCS
only at the former two sites. Additionally, greater overall reduction in PDSS scores,
regardless of randomization condition, occurred at the IOL and MGH sites relative to the BU
site (p <.01).

Remission Status—Examination of remission rates found no significant main effect of
treatment and no treatment by time interaction. There was a significant main effect of time
(F5,792 = 29.16, p < 0.0001). The main effect for site was not significant at the Bonferroni-
adjusted level of 0.01 (5, 792 = 3.66, p= 0.03). The percentage of remitted subjects (based
on the completer sample) increased steadily over time (from 6.7% at session 4 to 26.9% at
session 6, and then up to 64.3% at 6 month follow-up, see Figure 3). Sensitivity analysis
when counting dropouts as non-remitted showed the same substantive results.

Dimensional Secondary Outcomes

No significant differences between DCS versus placebo augmentation were evident, but
there was consistent evidence of improvement for both treatment groups, with significant
improvement over time for anxiety sensitivity (ASI: /4611 =17.84, p<0.0001), role
functioning (LIFE-RIFT. £4 624 = 5.97, p=0.0001), and quality of life (QLESQ: F4 622 =
3.45, p=0.008). Improvement in non-panic anxiety was limited to the IOL and MGH/Rush
sites, and was not seen for depression (MADRS: £ 575 = 0.55, p= 0.70). Other site
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differences include a greater percent improvement in ASI and Q-LES-Q at the IOL site than
at the MGH/Rush site or at the BU site (¢s < 0.01), and a greater change in LIFE-RIFT
scores at the IOL and MGH/Rush sites than at the BU site (p=0.002 and p < 0.0001,
respectively).

Moderator Analyses

Severity—Consideration of baseline severity alone (£ 792 = 0.01, p=0.993) and in
interaction (£ 792 = 0.84, p = 0.36) with randomized treatment revealed no significant
effects or trends.

Benzodiazepine and Antidepressant Use—Of the main and interactive effects of
adjunctive pharmacotherapy, only the main effect of benzodiazepine use at baseline was
significant. Those who used benzodiazepines at baseline had lower percent change in PDSS
than those who did not take these medications (£ 792 = 5.33, p=0.02). Likewise,
benzodiazepine use at baseline was associated with lower odds for remission across time
points and treatments (X2 (1) = 8.44, p=0.004). Among individuals using benzodiazepines
on a daily basis (n=45), total daily dose (expressed in alprazolam equivalents; M(SD) =
4.63(13.90)) was not related to percent change in PDSS.

Discussion

There is increasing evidence that DCS augmentation has a primary action of speeding
treatment responsel®. The current study fits this pattern. We found a benefit of DCS
augmentation on our primary outcome measure (percent change in PDSS) at the conclusion
of five sessions of treatment, but advantages for DCS were not maintained by the one-month
follow-up assessment and beyond. Also, the magnitude of this endpoint benefit was well
below the effect sizes observed in our pilot study’. Accordingly, the strong response
observed for the treatment of panic disorder after just five sessions in both treatment arms,
combined with the increasing response observed over booster sessions and the follow-up
period (with the number of participants meeting the criteria for treatment response rising
from 26.9% at posttreatment to 64.3% at 6-month follow-up), and the physician effort
needed for a pharmacologic augmentation strategy, leads us away from routinely
recommending DCS augmentation of panic disorder. Our data suggest that the brief, focused
CBT provided across five sessions of treatment provided the essential therapeutic learning
that could be consolidated across the booster session and follow-up period, and that DCS did
not offer benefit beyond this process.

Other investigators have suggested that no antidepressant use2l: 33 and baseline severity8
may help identify patients who are likely to respond better to DCS augmentation. However,
we were not able to support either of these emergent findings in the current study. We did
find that CBT may be less effective in individuals taking benzodiazepines, consistent with
clinical trial and observation datall: 12: 34 As such, prior to considering augmentation of
CBT with these patients, strategies for treatment in the context of benzodiazepine
discontinuation should be considered3°.
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A number of limitations of our study deserve note. Our study targeted response in a brief
trial, in a generally-selected sample of treatment-seeking adults with panic disorder,
including patients failing to respond adequately to pharmacotherapy. It remains an open
question whether DCS augmentation can rescue treatment response in individuals who have
failed previous trials of exposure-based CBT, but there are initial indications that this might
be the case36: 37, Also, in both animal models and clinical trials3®: 39, the degree of low fear
achieved at the conclusion of an exposure session appears to moderate DCS augmentation
response. In the current study, we did not systematically collect fear estimates across
exposure, and hence we are not able to examine this factor as a moderator. Additionally,
unexpected site effects were observed for several of our outcome variables. Notably, patients
at the IOL site demonstrated greater impairment and greater improvements in ASl and Q-
LES-Q scores over time than those at the BU or MGH/Rush sites despite evidence of less
augmentation offered by the study drug in the primary outcome measure (i.e., PDSS) at IOL.
Hence, the greater improvement in both study conditions on primary and secondary
variables of interest at the IOL site may have obscured potential augmentation effects.
Statistically accounting for site differences in ASI and Q-LES-Q scores did not eliminate
site main effects on the PDSS outcome measure.

Conclusion

This study adds to the growing literature on DCS suggesting that it accelerates response
early in treatment, but that this relative advantage is attenuated over time. Our data further
suggest that an ultra-brief CBT program for panic disorder demonstrates efficiency and
efficacy31, and warrants consideration for further application in clinical practice.
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Figure2.
Least squares means and standard errors of reductions on the Panic Disorder Severity Scale

for patients receiving cognitive behavioral therapy plus d-cycloserine (DCS) or cognitive
behavioral therapy plus placebo (PBO).
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Figure 3.
Proportion of patients meeting remission criteria following cognitive behavioral therapy plus

d-cycloserine (DCS) or cognitive behavioral therapy plus placebo (PBO).
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Table 1
Sample characteristics at the baseline assessment.
DCS PBO P
Age 35.75(11.59) 35.18 (12.84) 0.76
Number (percent) female 49 (55.7%) 58 (63.0%) 0.36
Number (percent) nonwhite ™ 12 (13.8%) 18 (19.8%)  0.32
PDSS 13.30 (4.50)  13.37(3.39) 0.90
MADRS 11.43(8.47)  11.42(8.78) 1.00
SIGH-A 14.32(9.49)  13.63(8.36) 0.60
LIFE-RIFT 9.65 (3.49) 9.78 (3.01) 0.78
Q-LES-Q 4724 (9.26)  47.05(9.87) 0.89
ASI 32.88 (11.50) 34.02(12.23) 051

Page 16

Note: PDSS: Panic Disorder Severity Scale, MADRS: Montgomery-Asberg Depression Rating Scale, SIGH-A: Hamilton Anxiety Rating Scale-

structured interview version, LIFE-RIFT: Range of Impaired Functioning Tool, Q-LES-Q Quality of Life Enjoyment and Satisfaction

Questionnaire, and ASI: Anxiety Sensitivity Index

*
178 subjects provided complete ethnic and racial
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Adverse events by treatment group.

DCS PBO
Nausea/vomiting 6.8%  7.6%
Gastrointestinal distress 2.3% 3.3%
Headache 4.6% 3.3%
Fatigue 12.5% 3304 *
Sedation 5.7% 3.3%
Jitteriness/tremor 3.4% 1.1%
Agitation/restlessness 2.3% 0.0%
Dizziness/lightheadedness  5.7% 10.9%
Anxiety/panic 2.3% 0.0%
Impaired concentration 1.1% 1.1%
Dry mouth 4.5% 1.1%
Blurred vision 1.1% 1.1%
Tachycardia 2.3% 0.0%
Paresthesias 1.1% 4.4%
Shortness of breath 4.6% 2.2%
Itching 2.3% 0.0%
Chills 11%  0.0%
Derealization 1.1% 1.1%
Menstrual irregularity 1.1% 1.1%

*
p<.05
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