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Abstract

Introduction: Posttraumatic stress disorder (PTSD) is a common and serious psychiatric illness. Exposure therapy
is a type of cognitive behavioral therapy that is considered a first-line treatment option for PTSD. D-cycloserine
(DCS) enhances fear extinction/exposure therapy in patients with various anxiety disorders, presumably via its N-
methyl-D-aspartate receptor partial agonist effects. The aim of this paper is to review the published literature
regarding the efficacy of DCS in the treatment of PTSD.

Methods: A literature search for placebo-controlled trials assessing the use of DCS as the primary study drug in
PTSD was conducted for trials published before June 2015 using PubMed, Ovid International Pharmaceutical
Abstracts, and www.clinicaltrials.gov. The search terms were variations of “cycloserine” and “posttraumatic stress
disorder.”

Results: Seven clinical trials were analyzed, including 2 trials comparing DCS with placebo as add-on treatment
to ongoing stable pharmacotherapy and 5 trials that compared DCS with placebo given prior to exposure
therapy. D-cycloserine as adjunctive therapy showed no benefit in 1 trial and limited benefit in the other. As an
enhancement of exposure therapy, DCS showed beneficial effects in 1 trial, detrimental effects in 1 trial, and
inconclusive effects in 3 trials.

Discussion: Current literature does not adequately support the use of DCS as adjunctive therapy without
psychotherapy, but limitations of the 2 studies that exist make firm conclusions unfeasible. D-cycloserine might
have a role in augmentation of exposure therapy. Future studies should consider receptor selectivity, administration
time with respect to peak cerebrospinal fluid concentrations, number of exposure therapy sessions, and dose.
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quite common, as 12-month and lifetime prevalence rates
in the United States are 3.5% and 8.7%, respectively.
First-line treatment options in PTSD include pharmaco-
therapy or psychotherapy. Well-established pharmaco-
therapeutic options include selective serotonin reuptake
inhibitors (eg, paroxetine, sertraline) and venlafaxine.*3
Effective psychological treatments include trauma-fo-
cused cognitive behavioral therapy (CBT) and eye
movement desensitization and reprocessing.*> Exposure
therapy is a particularly effective type of CBT. Exposure
therapy is designed to reduce the patient’s distress
through gradual confrontation of memories, emotions,
and situations associated with the traumatic event.*®
During therapy, exposure to the traumatic event can be
accomplished through thoughts (imaginal exposure),
actual situations (in vivo exposure), or computer-generat-
ed environments (virtual reality exposure).*®

N-methyl-D-aspartate (NMDA) receptors are a subclass of
glutamate receptors that are important in controlling
synaptic plasticity and regulating memory.® As such,
NMDA receptor dysfunction has been implicated in the
pathophysiology of a number of psychiatric and neuro-
logic disease states.° One important role for NMDA
receptors is modulation of the fear extinction response.” It
has been demonstrated in animal models that blocking
the NMDA receptor impairs extinction retention whereas
enhancing the functioning of the NMDA receptor
facilitates fear extinction.” Enhancement of NMDA activity
might therefore augment the effects of psychotherapy in
various anxiety states as fear extinction is a key
component of many types of psychotherapy.”

D-cycloserine (DCS) is an antibiotic that is approved for
treatment of tuberculosis and urinary tract infections. DCS
is a full agonist at GIuN2C and a partial agonist at GIuN2A,
GluN2B, and GluN2D NMDA receptor subtypes.® These
NMDA receptor subtypes are differentially distributed
throughout the central nervous system and play roles in
both the formation and reinforcement of fear responses
as well as fear extinction.®*® D-cycloserine enhances fear
extinction/exposure therapy in both animal models and
humans with anxiety although its effects appear to
decrease over repeated sessions.™* D-cycloserine has been
used successfully in combination with CBT to treat
patients with phobias, obsessive-compulsive disorder,
and panic disorder.” The aim of this article is to review
the published literature regarding the efficacy of DCS in
the treatment of PTSD.

Methods

Eligible study designs included English language placebo-
controlled trials of DCS as the primary study drug in the
treatment of posttraumatic stress disorder. A PubMed

search was performed using MeSH terms “stress disor-
ders, posttraumatic” and “cycloserine” and limited to
“clinical trials” and a free text search “cycloserine and
posttraumatic stress disorder.” An Ovid International
Pharmaceutical Abstracts search was performed using
search terms “cycloserine and posttraumatic stress
disorder.” A search was performed at www.clinicaltrials.
gov using search terms “posttraumatic stress disorder”
and “cycloserine.”

Results

|12

The search strategy yielded 8 published trials, but 1 tria
was excluded from the review because DCS was
administered along with another experimental medica-
tion, mifepristone. Thus, there were 7 published trials,
including 2 studies that utilized DCS as adjunctive
therapy™** and 5 studies that included DCS as augmen-
tation of exposure therapy.™™® These 7 studies are
outlined in the Table.

Adjunctive Therapy

Two published studies examined DCS as adjunctive
therapy. In the first study,™ 7 of 11 patients received
ongoing stable psychotropic medication therapy whereas
the other patients received no psychotropic medications.
In the second study,™ all patients received ongoing stable
psychotropic medication therapy, and 14 patients received
marital therapy, family therapy, or individual cognitive
therapy. Heresco-Levy et al*®* found no statistically
significant differences in treatment effects between DCS
and placebo in terms of PTSD symptomatology, depres-
sion, anxiety, or neurocognitive parameters. Attari et al*
used a similar study design, but they focused on outcomes
specifically relating to avoidance and numbing symptoms
of PTSD. D-cycloserine treatment did not significantly
influence the total number of symptoms or the frequency
of symptoms although there was a nonsignificant trend in
favor of DCS versus placebo (P=.083) as concerns the
total number of symptoms. D-cycloserine treatment
demonstrated a significant decrease versus placebo
(P=.008) in regards to intensity of symptoms, but the
analysis had to be limited to the first intervention period
due to a significant carryover effect. Reported adverse
effects were headache and nausea, and these did not
differ significantly from placebo. DCS treatment was well
tolerated in both trials, and there were no dropouts due to
adverse effects.

Augmentation of Exposure Therapy

DeKleine et al** did not find an overall enhancement
effect for DCS. There were no statistically significant
differences in treatment effects between DCS and placebo
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on clinician- or self-measures of PTSD, depression,
anxiety, or general psychopathology. However, patients
who received DCS were more likely to achieve response
(ie, Clinician-Administered PTSD Scale [CAPS] reduction
>10 points) in both intent-to-treat analysis (63.6% versus
38.2%, %%, =4.32, P=.04) and completers analysis (87.5%
versus 61.9%, y°,=3.97, P=.05) with the latter effect
being maintained at 3-month follow-up (P=.04). There
was no difference between treatments with respect to
remission rate (ie, CAPS <20). A session-by-session
analysis revealed that DCS treatment resulted in greater
reduction in self-reported PTSD symptoms versus placebo
treatment in patients with more severe pretreatment
symptoms who required more sessions (ie, 8-10 sessions
versus fewer than 8 sessions).

Litz et al*® found detrimental effects of DCS compared to
placebo. Placebo was superior to DCS on the CAPS
(P <.os); PTSD Checklist, Military Version (P <.o1); and
Beck Depression Inventory Il (BDI-Il; P <.os). Posttreat-
ment, responder status was attained by 70% in the
placebo group versus 30% in the DCS group, but this did
not reach statistical significance. Three participants in the
DCS group experienced clinically significant worsening of
symptoms (ie, CAPS increase >10 points).

Difede et al”’ found no significant differences between
patients treated with DCS and placebo on measures of
PTSD, depression, and anxiety at posttreatment except
that the remission (ie, CAPS <20 and minimal/no
impairment in functioning) rate was significantly greater
in DCS-treated patients (46% versus 8%). However, the
CAPS (P=.01), CAPS subscales (P <.og), BDI-II
(P <.oo01), State-Trait Anger Expression Inventory 2
(P=.009), and PTSD Checklist (P=.008) were all im-
proved with DCS treatment versus placebo at the 6-
month follow-up assessment. Furthermore, the remission
rates at 6-month follow-up were 69% versus 17% in DCS
and placebo arms, respectively.

Rothbaum et al*® found no statistically significant
differences in treatment effects between DCS and placebo
on clinician- or self-rated PTSD symptoms at posttreat-
ment or follow-up. However, an association between
extinction learning and posttreatment scores on the CAPS
(b=-2.19, confidence interval: —3.44 to —0.94, P=.001)
and PTSD Symptom Scale-Self-Report (b=-0.82, confi-
dence interval: —1.19 to 0.45, P=.001) was seen for the
DCS group but not for the placebo group. D-cycloserine
treatment resulted in improvement in two neurobiological
biomarkers of PTSD. Salivary cortisol levels decreased (ie,
from before to 15 minutes after scene presentation) more
in the DCS group after treatment than in the placebo
group (P < .os5). Startle responses, which were measured
via electromyography of the orbicularis oculi muscle

contraction, were significantly reduced over time in the
DCS group (P=.001) but not the placebo group.

Scheeringa and Weems™ published the only PTSD trial
that examined the efficacy of DCS as augmentation of
exposure therapy in pediatric patients. They found no
significant treatment effects of DCS compared to placebo
on symptoms relating to PTSD, depression, anxiety,
hyperactivity, or oppositional defiant disorder. Completer
analysis revealed that responder status (>50% reduction
on the Child PTSD Symptom Scale [CPSS]) was attained
by 75% in the placebo group versus 52% in the DCS group,
but this did not reach statistical significance. On the other
hand, there were a few positive results for DCS, including
a significant drug-by-time effect on inattention symptoms
(P <.o5) and a statistical trend (P=.056) toward a more
rapid symptom recovery based on weekly CPSS ratings.
Adverse effects included drowsiness, dizziness, irritability,
headache, and dry mouth, but these did not differ
significantly from placebo.

Discussion

D-cycloserine as adjunctive therapy to current, stable
therapy with psychotropic medication showed no benefit
in 1 trial® and only limited benefit in a second trial.**
Given that the proposed mechanism of DCS is to enhance
fear extinction,*®** it is perhaps unsurprising that DCS in
the absence of psychotherapy would yield these results.
However, there are several important points that need to
be made in this regard. First, this approach has been
inadequately studied. The trial by Heresco-Levy et al*® had
a very limited sample size, and the trial by Attari et al**
only examined outcomes on avoidance and numbing
symptoms. Second, the trial by Attari et al** did
demonstrate at least some favorable findings in a cluster
of symptoms that has characteristically been considered
more difficult to treat. Third, the use of twice-daily dosing
in both trials may have attenuated the effects of DCS. In
animal models, tachyphylaxis for cognitive effects devel-
ops rapidly with repeated dosing of DCS, and once-weekly
administration in patients with schizophrenia has demon-
strated benefit for negative symptoms and memory
consolidation.?* Thus, although current literature does
not support the use of DCS in this manner, larger trials
with broader outcome measures and use of intermittent
dosing could clarify the role of DCS as adjunctive therapy.

As an enhancement of exposure therapy, DCS showed
beneficial effects in 1 trial,*” detrimental effects in 1 trial,*®
and inconclusive effects in 3 trials.*>*%29 Therefore, DCS
might have a role in augmentation of exposure therapy.
Due to the varied results seen in these trials, a closer
examination of their features could provide several
opportunities for design optimization in future trials.
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TABLE: Placebo-controlled trials involving D-cycloserine in the treatment of posttraumatic stress disorder

Study, y

Study Design
(Duration)

Patient Population
(Sample Size;
% Men)

Intervention

Comments/Results

As adjunctive therapy
Heresco-Levy et

al,™

Attari et al,**

2014

2002

Crossover trial (22-wk
total; 2-wk
assessment, 4-wk
treatment, 2-wk
washout, 4-wk
crossover treatment)

Crossover trial (21-wk
total; 1-wk run-in, 4-
wk treatment, 2-wk
washout, 4-wk
crossover treatment)

As augmentation of exposure therapy

de Kleine et

al,*®

Litz et
2012

Difede et al,*’

2014

Rothbaum et

a|,18

2012

a|,16

2014

Randomized controlled
trial (8-10 weekly
sessions with imaginal
exposure starting at
session 2; also
included follow-up
assessment at 3 mo)

Randomized controlled
trial (6 sessions with
imaginal exposure
occurring in sessions 2
through 5; also
included follow-up
assessments at 3 and
6 mo)

Randomized controlled
trial (12 weekly
sessions with virtual
reality exposure
occurring in sessions 2
through 11; also
included follow-up
assessment at 6 mo)

Randomized controlled
trial (6 weekly sessions
with virtual reality
exposure occurring in
sessions 2 through 6;
also included follow-
up assessments at 3,
6, and 12 mo)

Mixed trauma; mainly
work or traffic
accidents (N = 11;
82%)

Combat-related
trauma (N = 76;
100%)

Mixed trauma; mainly
sexual and violent
nonsexual assault
(N = 67; 19%)

Combat-related
trauma (N = 26;
100%)

World Trade Center
attack-related
trauma (N = 25;
76%6)

Military trauma (N
= 156; 95%)

25 mg DCS twice

daily or placebo
twice daily

25 mg DCS twice

daily or placebo
twice daily

50 mg DCS or

placebo 60 min
prior to
exposure
therapy

50 mg DCS or

placebo 30 min
prior to session,
which was 5o
min prior to
imaginal
exposure

100 mg DCS or

placebo 9o min
prior to
exposure
sessions

50 mg DCS, o.25

mg alprazolam,
or placebo 30
min prior to
virtual reality
exposure
therapy

* DCS similar to placebo:
CAPS total, CAPS-B, CAPS-
C, CAPS-D, MISS, HAM-D,
HAM-A, WCST, AVLT, BVRT

* DCS better than placebo:
CAPS-C intensity of
symptoms

* DCS similar to placebo:
CAPS-C number of
symptoms, CAPS-C
frequency of symptoms

* DCS better than placebo:
CAPS response rate
(maintained at 3-mo follow-
up in completers only)

* DCS similar to placebo:
CAPS, CAPS remission rate,
PSS-SR, BDI, STAI, SCLgo

* Placebo better than DCS:
CAPS, PCL-M, BDI-II

* DCS similar to placebo:
CAPS response and
remission rates

* No significant effects of time
or condition by time from
posttreatment to 6-mo
follow-up

* DCS better than placebo:
CAPS (6-mo follow-up),
CAPS remission rate
(posttreatment and 6-mo
follow-up), CAPS-B, CAPS-C,
and CAPS-D (6-mo follow-
up), BDI-II (6-mo follow-up),
STAXI-2 (6-mo follow-up),
PCL (6-mo follow-up)

* DCS similar to placebo:
CAPS (posttreatment), CAPS-
B, CAPS-C, and CAPS-D
(posttreatment), BDI-II
(posttreatment), STAXI-2
(posttreatment), PCL
(posttreatment)

* DCS better than placebo:
reduction in cortisol levels,
reduction in startle responses

* DCS similar to placebo:
CAPS, PSS-SR
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TABLE: Placebo-controlled trials involving D-cycloserine in the treatment of posttraumatic stress disorder (continued)

Patient Population

Study Design

(Sample Size;

Study, y (Duration) % Men) Intervention Comments/Results
Scheeringa and Randomized controlled Mixed trauma; mainly 50 mg DCS or * DCS better than placebo:
Weems,*? trial (22 sessions, with domestic violence placebo 60 min SNAP inattention items,
2014 randomization and sexual (N = 57; prior to rapidity of response on CPSS
occurring after session 44,96) cognitive (trend only)
4 and medication behavioral * DCS similar to placebo:
administration therapy CPSS, CPSS response rate,

occurring in sessions 5
through 11; also
included follow-up
assessment at 3 mo)

CDI, SCARED, SNAP ODD
items, SNAP hyperactivity
items

AVLT = Auditory Verbal Learning Test; BDI = Beck Depression Inventory; BDI-Il = Beck Depression Inventory Il; BVRT = Benton Visual Retention Test;
CAPS = Clinician-Administered PTSD Scale; CAPS-B = re-experiencing subscale; CAPS-C = avoidance/numbing subscale; CAPS-D = hyperarousal
subscale; CDI = Child Depression Inventory; CPSS = Child PTSD Symptom Scale; DCS = D-cycloserine; HAM-A = Hamilton Anxiety Rating Scale; HAM-D
= Hamilton Depression Rating Scale; MISS = Mississippi Scale for Combat-Related PTSD, civilian version; ODD = oppositional defiant disorder; PCL-M =
PTSD Checklist, Military Version; PSS-SR = PTSD Symptom Scale-Self-Report; SCARED = Screen for Child Anxiety Related Disorders; SCLgo =
Symptom Checklist go; SNAP = Swanson, Nolan and Pelham Questionnaire; STAl = State-Trait Anxiety Inventory; STAXI-2 = State-Trait Anger

Expression Inventory 2; WCST = Wisconsin Card Sorting Test.

Some factors that should be considered include the effect
of receptor subtypes on treatment response, the phar-
macokinetic parameters that govern cerebrospinal fluid
concentrations, number of therapy sessions, and dose.
Another consideration is that recent studies in anxiety
states suggest that the quality of exposure therapy
session is crucial in the success of DCS as evidenced by
improvement with successful exposure therapy plus DCS
and detriment with unsuccessful exposure therapy plus
DCS.2324

N-methyl-D-aspartate receptors are tetrameric, mixed ion
channels (ie, Ca2+, Na+, and K+) that are comprised of 2
glycine binding subunits referred to as GIuN1 and two
glutamate binding subunits, referred to as GluN2. Both
the glycine subunits and glutamate subunits need to be
occupied by the agonist in order for the channel to be
activated. There are multiple splice variants of the glycine
binding subunits and 4 gene products of the glutamate
subunits referred to as GIuN2A, GluN2B, GluN2C, and
GIuN2D. D-cycloserine binds to all of the glycine subunits
but can convey different receptor conformations in that it
displays full agonist activity at receptors containing
GIluN2C and partial agonism at GIuN2A, GIuN2B, and
GluN2D subtypes.® Importantly, these NMDA receptor
subtypes are differentially distributed throughout the
central nervous system and play different roles in
acquisition and extinction of fear responses. The GluN2A
receptor may be involved in the initial formation and
stabilization of the fear response whereas the GIuN2B and
GIuN2C receptors are both involved in extinction of fear
responses. N-methyl-D-aspartate receptors require the
coagonists of glycine and glutamate to be fully activated,
suggesting that DCS may interact with different receptors
at different times depending upon when glutamate is

released in various brain regions. Better pharmacological
tools may soon be on the way to better differentiate the
roles of various NMDA receptors in PTSD. A group has
recently reported the synthesis and activity of a series of
compounds that are selective allosteric modulators of the
GIuN2C receptor that has been implicated in extinguishing
fear responses.?® This may be a novel new drug class for
use in PTSD and other anxiety disorders.

One key difference in the PTSD trials was the adminis-
tration time with respect to exposure therapy. The peak
cerebrospinal fluid concentration is reported to be 2 hours
after administration,?” and in the trial that showed benefit
of DCS," the drug was administered 9o minutes prior to
exposure therapy. Therefore, the drug concentration
would peak in the middle of the 1-hour exposure therapy
session. Alternatively, when DCS was administered 30 to
60 minutes prior to exposure therapy,™>*®*% the peak
concentrations were not being reached until after the
exposure therapy session was completed. Another impor-
tant pharmacokinetic consideration is that the time to
peak concentration can be prolonged by high-fat meals,®
which was not addressed by any of the trials that were
analyzed. These differences in administration may be
relevant in this situation, considering the peak cerebro-
spinal fluid concentration would ideally match the time of
the exposure therapy session.

Therapeutic outcomes may have been affected by the
number of exposure therapy sessions. Addition of DCS
was expected to speed improvement based on past trials
with social anxiety disorder®® and obsessive compulsive
disorder33*; however, instead of speeding the response to
therapy, DCS might strengthen the response over time in
PTSD. The positive trial used 10 sessions with DCS,* the

Ment Health Clin [Internet]. 2017;7(2):88-94. DOI: 10.9740/mhc.2017.03.088 92



negative trial used only 4 sessions with DCS,*® and the
inconclusive trials used 5 to g sessions with DCS.*5*89

The last major difference between these trials was dosing.
Four of the trials*>***39 ysed a dose of 50 mg DCS prior
to exposure therapy, which was consistent with the dose
that has been commonly used in trials for social anxiety
disorder, panic disorder, and agoraphobia.*®3*3* The trial
that showed the clearest benefit”” used a dose of 100 mg.
The higher dosing of DCS showed no significant increase
in adverse effects, so it may be reasonable to try this dose
in future trials.

By analyzing the data and knowledge that we have,
perhaps the scope can be narrowed for future research.
Major considerations for future research include receptor
specificity, timing of DCS administration, number of
exposure therapy sessions, and dose. Ideally, future trials
would administer DCS to ensure the peak cerebrospinal
fluid concentration peaks during exposure therapy,
provide 10 or more exposure therapy sessions with DCS,
and use a dose of 100 mg.
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