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ABSTRACT

Objective: Current pharmacologic treatments for posttraumatic stress disorder
(PTSD) have shown limited efficacy, prompting a call to investigate new classes
of medications. The current study investigated the efficacy of glutamate
modulation with riluzole augmentation for combat-related PTSD symptoms
resistant to treatment with selective serotonin reuptake inhibitors (SSRIs) or
serotonin-norepinephrine reuptake inhibitors (SNRIs).

Methods: A randomized, double-blind, placebo-controlled, parallel trial was
conducted at Walter Reed National Military Medical Center and Syracuse VA
Medical Center between December 2013 and November 2017. Veterans and
active duty service members with combat-related PTSD (per the Clinician
Administered PTSD Scale [CAPS]) who were not responsive to SSRI or SNRI
pharmacotherapy were randomized to 8-week augmentation with a starting
dose of 100 mg/d of riluzole (n=36) or placebo (n=38) and assessed weekly for
PTSD symptoms, anxiety, depression, disability, and side effects.

Results: Intent-to-treat analyses (N=74) of the primary outcome (CAPS for
DSM-1V) showed no significant between-group difference in change in overall
PTSD symptoms (F=0.64, P=.422), with a small effect size (d=0.25). There was
clinically significant within-group improvement in overall PTSD symptoms in
both groups, with a greater mean (SD) decrease in CAPS score in the riluzole
group (—21.1[18.9]) than in the placebo group (—16.7 [17.2]). Exploratory
analyses of PTSD symptom clusters showed significantly greater improvement
on hyperarousal symptoms in the riluzole group as measured by the PTSD
Checklist-Specific-Subscale D (d=0.48) and near-significant findings on the
CAPS Subscale D. Riluzole augmentation was not superior to placebo on change
in depression, anxiety, or disability severity.

Conclusions: Although preliminary, the exploratory findings of this study offer
some evidence that riluzole augmentation of an SSRI or SNRI may selectively
improve PTSD hyperarousal symptoms without changes in overall PTSD
symptoms, depression, anxiety, or disability. Additional investigation of the
mechanism of the efficacy of riluzole for hyperarousal symptoms is warranted.
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P osttraumatic stress disorder (PTSD) is
a trauma- and stressor-related disorder
characterized by intrusive symptoms, avoidance
of stimuli, negative alterations in mood and
thought, and increased arousal and reactivity.
Current pharmacologic treatments are
suboptimal, leaving many patients with refractory
symptoms.' Selective serotonin reuptake
inhibitors (SSRIs) and serotonin-norepinephrine
reuptake inhibitors (SNRIs) are the only
pharmacologic treatments recommended for
PTSD and, with variable efficacy and low-
to-moderate effect sizes,*® are considered
second-line treatments.” SSRI-augmentation
trials of anticonvulsants,®® antipsychotics,!0-12
and cholinesterase inhibitors'* have not
consistently demonstrated efficacy. Hence,
investigating novel pharmacologic approaches
to treating PTSD remains a priority.

One potential approach is through modulation
of the glutamatergic system. A recent review'*
summarized findings that implicated glutamate
dysregulation in the pathophysiology of PTSD.
Glutamate excitotoxicity is believed to lead to
overactivation of N-methyl-p-aspartate (NMDA)
receptors, which is detrimental over time.
Plasticity is believed to be mediated by a-amino-
3-hydroxy-5-methyl-4-isoxazolepropionic acid
and metabotropic receptors on both neurons and
glial cells."® Chronic stress leads to dysregulation
of glutamatergic neurons with subsequent
hyperinflammatory states and impaired synaptic
plasticity.'* Drugs that regulate brain glutamate
concentrations may be an effective treatment
strategy for PTSD. One initially promising drug,
ketamine, is an NMDA receptor antagonist that
has been found to improve PTSD symptoms. 617
However, subanesthetic antidepressant
doses of ketamine have been associated with
psychotomimetic side effects and abuse liability.
Another glutamate modulator, p-cycloserine
(DCA), a partial NMDA agonist, has shown
limited efficacy. A recent systematic review!s
found that prior studies did not support the use
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Clinical Points

B Currently recommended medications for posttraumatic
stress disorder (PTSD) leave many patients with residual
symptoms.

B For patients with PTSD and persisting hyperarousal
despite treatment with a selective serotonin reuptake
inhibitor or serotonin-norepinephrine reuptake inhibitor,
augmentation with riluzole may be considered to target
these symptoms.

of DCA as adjunctive treatment. Finally, N-acetylcysteine
(NAC), a glutamate modulator that has been investigated as
a treatment for substance use disorders, was recently tested
in a randomized clinical pilot trial for comorbid PTSD and
substance use disorders.!® Results indicated a greater decrease
in PTSD symptoms in the NAC group than with placebo;
however, the between-group difference was not significant.
Taken together, results of these investigations indicate a
need for further research on the role that glutamatergic
modulators may play in treating PTSD.

Riluzole, a glutamatergic modulator approved for
treating amyotrophic lateral sclerosis, has been suggested
as a novel PTSD treatment approach.'* Riluzole exerts a
neuroprotective effect by increasing neuronal and glial
reuptake of glutamate, decreasing presynaptic release, and
modulating postsynaptic voltage-gated sodium channels.?
Up-regulation of glial reuptake results in decreased
extrasynaptic glutamate concentrations and release from
tonic inhibition of these neurons by activating presynaptic
metabotropic glutamate receptors 2 and 3.21>2 These findings
may offer an explanation of how riluzole induces trophic
factors, including brain-derived neurotrophic factor.”>** In
addition, preclinical evidence suggests that riluzole facilitates
fear extinction in rats,”>?° and a recent preliminary meta-
analysis of clinical trials?” showed that riluzole had small
positive effects on depression and obsessive-compulsive
disorder symptoms, which have some commonality with
PTSD symptoms. These findings suggest that riluzole may be
an effective pharmacologic agent in the treatment of PTSD.

The primary objective of the current study was to test the
efficacy of riluzole augmentation in Iraq and Afghanistan
combat veterans with PTSD symptoms resistant to SSRI or
SNRI monotherapy. We hypothesized that participants who
were randomized to riluzole would have significantly greater
baseline-to-posttreatment improvement in PTSD symptoms
compared to those randomized to placebo. Our secondary
hypothesis was that those who received riluzole would have
significantly greater baseline-to-posttreatment improvement
in depression, anxiety, and disability than those who received
placebo.

METHODS

Design
This study was a 2-phase, randomized (1:1), double-blind,
placebo-controlled, parallel trial conducted at Walter Reed

National Military Medical Center (WRNMMC; Bethesda,
Maryland) and Syracuse Veterans Administration Medical
Center (SVAMC; Syracuse, New York). Institutional review
board approval was obtained from Uniformed Services
University, WRNMMC, and SVAMC. The study was
registered at ClinicalTrials.gov (identifier: NCT02155829).

Participants

Potential participants were contacted through face-to-
face recruiting at WRNMMC and targeted mailings and
provider referral at SVAMC. Informed consent was obtained
after participants were fully apprised of study procedures,
risks, and potential benefits. Inclusion criteria required
participants to be active duty military service members or
veterans 18 to 65 years old with trauma sustained during
combat in Afghanistan or Iraq, as assessed with the Life
Events Checklist.?® Participants had to have a diagnosis of
PTSD by clinical history and sustained symptom severity as
confirmed by a Clinician Administered PTSD Scale (CAPS)?
score =40 despite a minimum of 8 weeks’ treatment with
a stable minimum therapeutic dose of an SSRI or SNRI
Minimum therapeutic dose was based on study psychiatrist
clinical judgment. To capture a sample that was partially
responsive to SSRI/SNRI treatment, participants did not
have to meet DSM-IV criteria for PTSD diagnosis at baseline.
Exclusion criteria assessed with the Mini-International
Neuropsychiatric Interview for DSM-IV, version 5.0,%
included bipolar disorder, psychotic disorder, recent (past 90
days) alcohol or substance use disorder, and suicide ideation
with planning. In addition, participants could not be taking
benzodiazepines, monoamine oxidase inhibitors, tricyclic
antidepressants, mood stabilizers (including lamotrigine),
or antipsychotic medications; have serious unstable medical
illness; have liver enzymes greater than 3 times the upper
limit of normal (ULN) range; be pregnant or breastfeeding;
or be in current evidence-based psychotherapy for PTSD.
Participants received compensation for completing study
visits.

Randomization and Blinding

Randomization was stratified by site, with each site’s
research pharmacy using the randomization generator
http://www.jerrydallal.com/RANDOM/assign.htm to
allocate participants 1:1 to riluzole or placebo. The research
pharmacists maintained allocation records; participants,
assessors, and study physicians were blinded to allocation.
Participants could request their randomization status after
completing all study visits.

Intervention

During phase 1 of the trial, participants continued on
their current SSRI or SNRI for an additional 2 to 4 weeks to
ensure blood level stabilization and that no other changes
were made to medications prior to randomization. In phase
2, participants continued on their SSRI/SNRI and were
randomized to riluzole or placebo for 8 weeks. Study drug
was administered via identical capsules. Dosage was initiated
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Figure 1. CONSORT Diagram
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symptoms? (n = 18)
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¥

+ Medical illness or abnormal lab (n = 9)

+  Withdrew prior to randomization (n = 9)
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+ Exclusionary medications (n = 6)

- Not on stable dose of SSRI/SNRI (n = 5)
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« Did not receive allocated
intervention (n=0)
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Allocated to riluzole (n = 37)
+ Received allocated intervention
(n=37)
« Did not receive allocated
intervention (n = 0)

Did not complete intervention (n = 3)
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« Family/work demands (n = 2)

v Analysis

Did not complete intervention (n = 5)
« Clinical deterioration (n=1)

+ Changed treatment plan (n = 1)

+ Family/work demands (n = 2)

+ Moved outof area (n=1)

Analyzed (n =38)
« Excluded from analysis (n = 0)

Analyzed (n = 36)
+ Excluded from analysis (n=1;
baseline CAPS score <40)

#Psychiatric diagnoses/symptoms included substance use disorder or suicidality/homicidality within 90
days, schizophrenia, schizoaffective disorder, bipolar disorder, dementia, or psychotic symptoms.

b ogistical reasons for ineligibility included moving out of the area and scheduling and work conflicts.

Abbreviations: CAPS =Clinician Administered PTSD Scale, lab =Ilaboratory test result, PTSD = posttraumatic
stress disorder, SNRI=serotonin-norepinephrine reuptake inhibitor, SSRI=selective serotonin reuptake

inhibitor.

at 50 mg twice daily and increased to 100 mg twice daily
at 2 weeks unless participants’ PTSD Checklist-Specific
(PCL-S) score decreased by 10 or more. Dosing was based
on prior studies®'~*¢ using doses from 50 mg to 100 mg
twice daily. Participants could be kept at 100 mg/d based
on study psychiatrists’ consideration of self-reported side
effects and liver function test results. Treatment adherence
was monitored with a daily self-report medication tracker.

Outcome Measures

The primary outcome variable, baseline-to-posttreatment
change in PTSD symptom severity, was assessed with the
CAPS, which was administered at screening, baseline,
midtreatment, and posttreatment. Secondary outcome
measures included the PCL-S*” and Montgomery-Asberg
Depression Rating Scale (MADRS),*® which were given
weekly, and the Hamilton Anxiety Rating Scale (HARS)*
and Sheehan Disability Scale (SDS),* which were completed
at baseline, midtreatment, and posttreatment.

Safety Measures

Given the increased risk of hepatotoxicity with
riluzole,*1-%¢ safety measures included weekly monitoring
of vital signs and serum aminotransferases (aspartate
aminotransferase [AST] and alanine aminotransferase
[ALT]). To maintain assessor blinding, blood draws for
liver function testing were taken after psychometric
assessment, and results were monitored and reported
to study psychiatrists. If serum aminotransferase levels
exceeded 3 times the ULN range, participants were retested.
If confirmatory test results remained greater than 3 times
ULN, participants were either had their dose reduced or
were removed from the study.

Side effects were assessed weekly with the UKU Side
Effects Rating Scale-Patient Version (UKU-SERS-Pat).*!
If participants endorsed a side effect on the UKU-SERS-
Pat, assessors followed up to determine severity, potential
relationship to study drug, and interference with daily
functioning.

For reprints or permissions, contact permissions@psychiatrist.com. ¢ © 2020 Copyright Physicians Postgraduate Press, Inc.

J Clin Psychiatry 81:6, November/December 2020

PSYCHIATRIST.COM [E e3



Spangler et al

Table 1. Participant Characteristics by Group?

Group
All Riluzole Placebo Difference
Characteristic (N=74) (n=36) (n=38) Statistic P
Age, mean (SD), y 37.8(8.5) 37.4(8.9) 38.1(8.2) 0.31 761
Sex
Male 63 (85.1) 31(86.1) 32(84.2) 0.05 818
Female 11(14.9) 5(13.9) 6(15.8)
Race
White 47 (63.5) 22 (61.1) 25 (65.8) 017 676
Non-White 27 (36.5) 14 (38.9) 13 (34.2)
Education, y
<12 19 (25.6) 12(33.3) 7(18.4) 2.58 275
13-16 41 (55.4) 18 (50.0) 23 (6
>16 14 (18.9) 6(16.7) 8(21.1)
Employment status
Full-time 47 (63.5) 23 (63.9) 24 (63.2) 0.00 948
Others 27 (36.5) 13(36.1) )

Marital status
Currently married 25 (69.
Not currently married 24 (32.4) 11 (30.6)

Pay grade (rank)

Enlisted 63 (85.1 30(83.3 33(86.8) 0.18 672
Officer 11(14.9) 6(16.7) 5(13.2)
Active duty (current)
Yes 38(51.4) 19(52.8) 19 (50.0) 0.13 714
No 36 (48.6) 17 (47.2) 19 (50.0)
Baseline CAPS score, 706(19.8) 624(16.9) -1.92 .058
mean (SD)
DSM-IV diagnosis 50 (67.5) 26 (72.2) 24 (63.2) 0.693 405

2Values are shown as n (%) unless otherwise noted. t Test was used to test
group differences for continuous variables, and x? test was used to test group
differences for categorical variables.

Abbreviation: CAPS =Clinician Administered PTSD Scale, PTSD = posttraumatic
stress disorder.

Statistical Analysis

To detect a 9-point change in CAPS score (a difference
previously used to indicate minimally clinically significant
change!!) in subjects receiving riluzole augmentation versus
placebo, assuming a 2-tailed test, a=.05, and standard deviation
of 15, power analyses indicated that n=>50 per treatment group
would yield a power of 0.844.!142-4¢ Blinded interim analyses
showed a mean CAPS score reduction of 15 points for the first
27 participants, and the required sample size was decreased from
50 per group to 35 per group.

Missing data were addressed with multiple imputation using
the Markov Chain Monte Carlo (MCMC) algorithm in the PROC
MI procedure in SAS for all of the study outcomes. Each variable
with missing data was individually imputed, and the imputed
variable was then used as a predictor for the next variable using
treatment group, study site, age, education, and baseline scores
as predictors. Five imputed datasets were created for each of the
study outcomes. The mean of the point estimates was computed
for each of the imputed outcomes, and the results were combined
in a MERGE statement in SAS.

Participant characteristics were analyzed using independent-
sample ¢ tests for continuous variables and x* tests for categorical
variables. All outcome analyses were intent-to-treat (ITT). The
primary outcome, between-group difference in baseline-to-
posttreatment change in CAPS score, was analyzed using 1-way
analysis of covariance (ANCOVA), with site as a covariate.
ANCOVA was also used for the planned secondary analyses:
baseline-to-posttreatment change in depression (MADRS),

anxiety (HARS), disability (SDS), and self-reported
PTSD (PCL-S). Exploratory analyses included ANCOVA
of baseline-to-posttreatment change in PTSD symptom
clusters (CAPS and PCL-S subscales). Given that the
subscale analyses were exploratory, no correction for
multiple analyses was applied.*’ A factorial analysis of
variance (ANOVA) was used to compare the main effects
of treatment group and dose level and the interaction
effect between treatment group and dose level on
change in PCL-S score from week 2 to posttreatment.
Independent-sample ¢ tests were used to test between-
group differences in change in mean side effect intensity
and change in AST and ALT levels. All statistical tests
were 2-sided with a significance level of .05. Analyses
were carried out using SAS version 9.4.%8

RESULTS

Participants were enrolled at WRNMMC and
SVAMC between December 2013 and November 2017.
Initial contact (n="764) yielded 150 in-person screening
assessments (see Figure 1). Of the 150 screened, 75
were excluded (66 ineligible, 8 declined, and 1 moved
prior to randomization) and 75 were randomized. One
participant who met inclusion criteria at screening
returned at baseline with a CAPS score of 26, which was
below the minimum 40 points required for inclusion.
The participant’s failure to meet inclusion criteria was
discovered at study completion, and a determination was
made to exclude these data from analysis. Seventy-four
participants were included in ITT analyses (riluzole:
n=36, placebo: n=38). Fifty participants (67.5%) met
criteria for PTSD diagnosis (riluzole: n=26, placebo:
n=24). The between-group difference in diagnosable
participants was not significant, (x>, =0.693; n=74),
P=.405. Five participants (13.9%) dropped out of
treatment in the riluzole group, and 3 participants (7.9%)
dropped out of the placebo group. The between-group
difference in dropouts was not significant (x>, =0.689,
P=.407; n=74). Dropout was associated with younger
age, lower education, and less than full-time employment.
Study dropouts did not differ from completers on any
other outcome measures.

Participant Characteristics

Participant characteristics are shown in Table 1.
The majority of participants were male (85%), White/
Caucasian (64%), married (68%), employed full-time
(64%), enlisted (current or veteran) (85%), and active
duty (51%) and had completed from 13 to 16 years of
education (55%). The mean (SD) age for the sample was
37.8(8.5) years. Treatment groups were not significantly
different on any demographic variable.

Primary Outcome
ITT analysis (N =74) of the primary outcome (CAPS)
showed no significant between-group difference in
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Table 2. Treatment Efficacy Outcomes for PTSD, Depression, Anxiety, Disability Scales and PTSD Subscales

Riluzole (n=36)

Placebo (n=38)

Within- Within- . b
Group Group Between-Group Difference
Outcome? Mean (SD) 95% Cl, Mean ES,d Mean (SD) 95% Cl, Mean ES, d F P ES, d 95% Cl
Primary
CAPS score
Baseline 70.6 (19.8) 64.2t077.1 62.4(16.9) 56.8 t0 68.0
Change -21.1(189) -28.1to-142 1.09 -16.7(17.2) -228t0o-106 0979 0.64 422 0.246  —0.193t0 0.685
Secondary
PCL-S score
Baseline 55.9(14.3) 51.3t060.6 51.2(12.3) 47.1t055.2
Change -154(13.5) -204t0o-104 1.01 -145(114) -184t010.6 1.14 0.00 994 0.071 -0.378t00.519
MADRS score
Baseline 22.4(7.3) 20.1t024.8 21.8(9.1) 18.8t024.8
Change -7.9(7.6) -109to—4.8 0.88 -8.2(9.6) -11.6t0o—4.8 0.951 0.17 .684 0.042 -0.413t00.498
HARS score
Baseline 23.0(8.0) 204to025.6 22.3(7.7) 19.7t024.8
Change -7.8(7.4) -10.4to -5.1 0.975 —6.7 (6.9) -9.1t0-4.3 0954  0.012 913 0.148  —0.296 to 0.592
SDS score
Baseline 18.9 (6.9) 16.6 to 21.1 17.5(7.5) 15.0t0 20.0
Change —6.3(6.8) -8.7to-4.0 0.825 -5.7 (5.9) -7.7to-3.7 0.781 0.102 .746 0.099 -0.349to 0.546
Exploratory Outcomes
PTSD re-experiencing
CAPS-B score
Baseline 18.8 (8.8) 15.9t021.6 15.7 (7.5) 13.2t0 18.2
Change —4.4(7.1) -74t0-13 0.478 -3.6(8.6) -6.6to -0.5 0.455 0.10 755 0.101  —-0.352to0 0.555
PCL-B score
Baseline 16.1 (6.4) 14.0t0 18.2 14.3 (4.2) 129to0 15.7
Change -4.1(5.4) -6.2t0-1.9 0.692 -4.3(3.8) -5.6t0-3.0 1.01 0.04 .844 0.054 -0.408t00.517
PTSD avoidance
CAPS-C score
Baseline 27.5(8.3) 24.8t030.2 23.6(9.5) 20.5t026.7
Change -9.2(10.1) -13.2to-5.1 0.853 -8.9(9.6) -12.2t0-5.6 0.848  0.01 932 0.029 -0.429t00.486
PCL-C score
Baseline 22.7 (6.3) 20.6 to 24.7 20.5 (6.4) 18.4t022.6
Change -6.3(5.9) -8.7t0 -39 0.862 —-6.8 (4.8) -8.6to-5.0 1.05 0.12 730 0.097 -0.368100.561
PTSD hyperarousal
CAPS-D score
Baseline 24.3(6.6) 22.2t026.5 23.1(5.8) 21.2t025.0
Change -6.8(8.2) -10.2to-34 0.861 -3.7(7.3) -6.6to0-0.7 0.515 3.648 .057 0400 -0.0361t00.835
PCL-D score
Baseline 18.2 (6.1) 16.2t020.3 16.6 (3.9) 153t017.8
Change -5.9(5.6) -8.1t0-3.7 1.001 -34(4.9) -5.1t0-1.7 0.731 3.881 .0496 0.477  -0.046 to —0.908

aChange is the difference between baseline and posttreatment (8 weeks).
PANCOVA covariates included site.

Abbreviations: ANCOVA = analysis of covariance; CAPS =Clinician Administered PTSD Scale; CAPS-B, CAPS-C, and CAPS-D = CAPS Criterion B, Criterion C, and
Criterion D; ES, d=effect size for Cohen d; HARS =Hamilton Anxiety Rating Scale; MADRS = Montgomery-Asberg Depression Scale; PCL-S=PTSD Checklist-
Specific; PCL-B, PCL-C, and PCL-D =PCL-S Re-experiencing, Avoidance, and Hyperarousal subscales; PTSD = posttraumatic stress disorder; SDS = Sheehan

Disability Scale.

change in overall PTSD symptoms (F=0.64, P=.422), with
a small effect size (d=0.25) (Table 2). There was clinically
significant within-group improvement in overall PTSD
symptoms in both groups, with a greater mean (SD) decrease
in CAPS score in the riluzole group (-21.1 [18.9]) than in
the placebo group (-16.7 [17.2]).

Secondary Outcomes

ITT analysis of change in self-reported PTSD symptoms
as measured on the PCL-S indicated no significant difference
between treatment groups (F=0.00, P=.994). Mean (SD)
baseline-to-posttreatment change in score on the PCL-S
was —15.4 (13.5) for the riluzole group and —14.5 (11.4) for
the placebo group (Table 2), with large effect sizes in both
(d=1.01 for riluzole and d=1.14 for placebo).

As shown in Table 2, the riluzole and placebo treatment
groups did not differ significantly on change in depression

(F=0.17, P=.684), anxiety (F=0.01, P=.913), or disability
(F=0.10, P=.746). Mean (SD) baseline-to-posttreatment
change in depression (MADRS score) was —-7.9 (7.6)
(d=0.88) for the riluzole group and —8.2 (9.6) (d=0.95) for
the placebo group. Mean (SD) change in anxiety (HARS
score) was —7.8 (7.4) (d=0.98) for the riluzole group and
-6.7 (6.9) (d=0.95) for the placebo group. Finally, the
mean (SD) change in disability (SDS score) was —6.3 (6.8)
(d=0.83) for the riluzole group and —5.7 (5.9) (d=0.78) for
the placebo group.

PTSD Subscales

As an exploratory analysis, ANCOVA results for baseline-
to-posttreatment change in PTSD subscale scores (Table
2) indicated the riluzole group had significantly greater
improvement than placebo on the PCL-S D subscale (PCL-D;
F=3.88, P=.050) and near-significant greater improvement
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Table 3. Significant and Nearly Significant Between-Group Differences in Change in Mean

Intensity of UKU-SERS-Pat Side Effects From Week 1 to Week 82

Riluzole (n=36) Placebo (n=38) Group Difference
Adverse Event  Mean 95% Cl SD Mean 95% Cl SD ES,d t P
Difficulty 0.222 -0.035t00.479 0760 -0.158 -0.406t00.09 0.754 0.502 -2.16 .034
concentrating
Fatigue 0.306 -0.045t00.656 1.037 -0.132 —-0.448t00.185 0.963 0437 -1.88 .064
Sleepiness 0.250 -0.087t00.587 0996 -0.132 -0419t00.156 0.875 0407 -1.75 .084

@Multiple imputation was used to impute missing side effects data across all treatment weeks.
Abbreviations: ES, d=effect size, Cohen d; UKU-SERS-Pat = UKU Side Effects Rating Scale-Patient Version.

on CAPS Criterion D (F=3.65, P=. 057). The mean (SD)
decrease in PCL-D score from baseline to posttreatment
was —5.9 (5.6) for riluzole and —3.4 (4.9) for placebo, with
a small between-group effect size (d=0.48). The (SD) mean
decrease in CAPS D was —6.8 (8.2) for riluzole and -3.7
(7.3) for placebo, also with a small between-group effect
size (d=0.40).

Medication Dose

The mean (SD) dose of study medication was 125.65
(37.01) mg/d in the riluzole group and 133.50 (39.39) mg/d
in the placebo group. Two-way ANOVA results showed no
significant main effects for the influence of treatment group
or dose level on change in PCL-S score and no significant
interaction of these 2 factors on PCL-S score change,
indicating that dose level, regardless of treatment group,
did not affect change in PTSD symptoms. Result for the
main effect for treatment group on change in PCL-S score
was F) ¢9=2.53, P=.12 and for the main effect for dose level
on change in PCL-S was F, 59=3.90, P=.052. Result for the
interaction effect of treatment group and dose increase on
change in PCL-S was F, 59=0.37, P=.54.

Side Effects and Adverse Events

Table 3 shows significant group differences in mean
change in side effect intensity as assessed on the UKU-
SERS-Pat across all study visits. Of 43 possible side effects
for men and 45 for women, 1 side effect was significantly
different between treatment groups: participants in the
riluzole group reported significantly greater increase in
difficulty concentrating (P=.034). In addition, there were
near-significant differences for greater fatigue (P=.064) and
sleepiness (P=.084).

Pre- to posttreatment changes in transaminase levels were
significantly different between treatment groups: the riluzole
group had increases and the placebo group had decreases
in ALT and AST. Mean (SD) change in ALT values was
10.03 (30.12) U/L for the riluzole group and —4.91 (13.55)
U/L for placebo (P=.009). Mean (SD) change in AST level
was 7.34 (17.80) for the riluzole group and —1.63 (2.06) for
placebo (P=.016). In addition, 19 (52.8%) of 36 participants
in the riluzole group and 14 (36.8%) of 38 participants in
the placebo group had ALT values that exceeded ULN (41
U/L) at any point in the study. Fifteen participants (41.7%) in
the riluzole group and 8 participants (21.1%) in the placebo
group had AST values that exceeded ULN (40 U/L) at any
point.

Two adverse events were reported that may have been
study related. One participant reported gastrointestinal
symptoms and was put on a lower dose of study drug, and 1
participant reported gastrointestinal symptoms that required
emergency medical care. Both of these participants were on
treatment with active drug. In addition, 1 participant in the
active drug group had LFTs greater than 3 times ULN in the
seventh week of phase 2. On retest, the values were less than 3
times ULN, and the participant was retained and completed
the study. No patients exhibited symptoms of hepatic toxicity.

DISCUSSION

This randomized controlled trial is the frst to investigate
the efficacy of riluzole augmentation for antidepressant-
resistant symptoms in military personnel and veterans with
combat-related PTSD. Although the results are preliminary
and should be interpreted cautiously, our finding of superior
improvement in hyperarousal symptoms is supported by
results on two measures: significance on the PCL-S and
near significance on the CAPS. Previous studies**~>? have
demonstrated the prominent role that persistent hyperarousal
plays in PTSD illness trajectory. A recent review™ suggested
that treatments effectively targeting hyperarousal may
significantly alter illness trajectory and reduce disease
morbidity.

In addition, the findings in the current study may be
an indicator of how specific PTSD symptom profiles may
relate to variable response to pharmacologic treatments,
which may have implications both for treatment strategies
and for future research. Prior trials have shown, for example,
that risperidone adjunctive treatment had no significant
effect on overall PTSD symptoms but was associated
with improvements in re-experiencing and hyperarousal
symptoms.!! In their post hoc subscale analysis, which
showed modest decrease in intrusive and hyperarousal (but
not avoidance) subscales, Krystal and colleagues!! postulated
that these potential benefits were mediated through 5-HT,,
and a;-adrenergic blockade, citing the widespread use of
trazodone (an a,-adrenergic blocker) for sleep disturbance
in PTSD as anecdotal evidence of potential efficacy through
such a mechanism. Riluzole modulates glutamatergic
transmission. As glutamate is the most ubiquitous excitatory
neurotransmitter in the brain, it seems reasonable that
reduction of excitatory signaling in the amygdala might
reduce the subsequent brainstem reactivation thought to be
responsible for hyperarousal in PTSD.!*
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Other studies’found significant treatment effects for
topiramate augmentation on re-experiencing symptoms
but not on avoidance or hyperarousal symptoms® and
for rivastigmine augmentation on re-experiencing and
avoidance but not hyperarousal.'® Thus, some symptom
clusters may be differentially responsive to SSRI/SNRI
augmentation.

Both treatment groups in the current study had clinically
significant improvement on overall PTSD symptoms, and,
although there was a small between-group effect size
(d=0.246) for change in CAPS score, the between-group
difference was not significant. Similarly, the riluzole group
showed a greater decrease in self-reported PTSD, anxiety,
and disability, but the differences were not significant. One
factor contributing to these negative findings may be that
the sample exclusively comprised combat veterans; results
of 2 meta-analyses®*> indicate that pharmacotherapy may
be less effective for military-related PTSD. Another factor
may have been higher symptom severity in the riluzole
group. A prior study®® showed that higher symptom severity,
particularly re-experiencing and avoidance, was related to
nonresponse to SSRI/SNRI augmentation in a sample of
military veterans.

Our dose-increase criterion was implemented to
determine optimal dose level while minimizing side effects.
The results indicating no significant influence of treatment
group, dose increase, or the interaction of these factors on
change in PCL-S scores were contrary to our supposition
that participants on high-dose riluzole treatment would
have greater symptom improvement. These results are
consistent with those of 2 prior controlled trials of riluzole
for depression,*>” which found no effect of dose level on
response. In addition, our nonsignificant findings may be
partially explained by inconsistent implementation of the
dose-increase criterion. Ten participants (13.5%) who met
criteria for dose increase after 2 weeks did not receive a high
dose based on study psychiatrists’ assessment of elevated
liver enzymes at enrollment, increase in liver enzymes
during the study, and participant-reported side effects.
In future studies, adherence to high-dose levels might be
controlled for by excluding individuals whose liver enzymes
are even slightly elevated at baseline.

Treatment with riluzole was generally well-tolerated
and did not appear to cause any clinically meaningful
harm. Asymptomatic elevations in liver enzymes occurred
more frequently in participants treated with riluzole,
but no participants had to be removed from the study
due to elevations above the 3 x ULN range, which was a
comparatively conservative criterion. Prior psychiatric
trials of riluzole*>*” have used the FDA criterion of up to
5% ULN. On side effects reported on the UKU-SERS-Pat
(43 items for men and 45 items for women), participants
in the riluzole group reported significantly greater change
in intensity on just one—difficulty concentrating, which
has not been previously reported for riluzole. Participants
in the riluzole group also reported increased intensity in
fatigue and sleepiness. Although these 2 side effects were

Riluzole for Antidepressant-Resistant PTSD

not significantly ditferent between groups, they may have
been due to the effects of riluzole, which would be consistent
with prior studies® investigating riluzole for psychiatric use
and with adverse effects listed in the manufacturer’s package
insert.”

The current study had several limitations. Symptom
improvement in both groups may have been due to in
part to continued effects of their SSRI/SNRI beyond their
start of their study treatment. Prior studies® have shown
continued improvement in PTSD symptoms beyond 10
weeks. Participants entering the study on treatment with
drugs such as citalopram, which has been shown to be less
effective for PTSD,> may not have been truly treatment
resistant but rather were on an ineffective treatment.

Another possible limitation was variability in assessments.
All assessors were trained in CAPS administration, but their
experience level ranged from novice assessors to certified
assessors with hundreds of hours of experience. This
difference potentially introduced variability in the primary
outcome measure. Reducing the sample size from 50 per
group to 35 per group after interim analyses showed a mean
CAPS reduction of 15 points in the first 27 participants quite
likely reduced power to detect a between-group difference.
In addition, the clinically significant improvement in both
groups may have been due to increased attention given to
participants during assessments. Finally, the current study
focused exclusively on combat-related PTSD in active-duty
and veteran populations, and results may not generalize to
other populations or trauma types.

CONCLUSIONS

The results of this first published randomized controlled
trial of riluzole augmentation for antidepressant-resistant
PTSD provides evidence that may help further understanding
of heterogeneity of treatment response. While these findings
should be interpreted with caution, they indicate that riluzole
may reduce hyperarousal symptoms in combat veterans
whose PTSD symptoms did not remit with SSRI/SNRI
monotherapy. Despite the limitations of the current study,
its results suggest that riluzole may have the potential to play
such a role in treating combat-related PTSD. Further study
of riluzole (and other glutamatergic modulators) will help
clarify the role for such agents in treating PTSD unrelated
to military combat.
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