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Negative symptoms of schizophrenia (NSS), related to hypodopaminergic activity in the mesocortical pathway and prefrontal cortex, are
predictive of poor outcomes and have no effective treatment. Use of dopamine-enhancing drugs (eg, psychostimulants) has been limited
by potential adverse effects. This multicenter study examined lisdexamfetamine dimesylate (LDX), a d-amphetamine prodrug, as
adjunctive therapy to antipsychotics in adults with clinically stable schizophrenia and predominant NSS. Outpatients with stable
schizophrenia, predominant NSS, limited positive symptoms, and maintained on stable atypical antipsychotic therapy underwent a
3-week screening, 10-week open-label adjunctive LDX (20-70 mg/day), and 4-week, double-blind, randomized, placebo-controlled
withdrawal. Efficacy measures included a modified Scale for the Assessment of Negative Symptoms (SANS-18) and Positive and
Negative Syndrome Scale (PANSS) total and subscale scores. Ninety-two participants received open-label LDX; 69 received double-
blind therapy with placebo (n=35) or LDX (n=34). At week 10 (last observation carried forward; last open-label visit), mean (95%
confidence interval) change in SANS-18 scores was — 129 (— 150, —10.8; P<0.000l). At week 10, 52.9% of participants
demonstrated a minimum of 20% reduction from baseline in SANS-18 score. Open-label LDX was also associated with significant
improvement in PANSS total and subscale scores. During the double-blind/randomized-withdrawal phase, no significant differences
(change from randomization baseline) were found between placebo and LDX in SANS-18 or PANSS subscale scores. In adults with
clinically stable schizophrenia, open-label LDX appeared to be associated with significant improvements in negative symptoms without
positive symptom worsening. Abrupt LDX discontinuation was not associated with positive or negative symptom worsening.

Confirmation with larger controlled trials is warranted.

INTRODUCTION

A substantial segment of patients with schizophrenia
demonstrates persistent negative symptoms of schizophre-
nia (NSS): blunted affect, alogia, asociality, avolition/
amotivation, anergia, and anhedonia (Foussias and
Remington, 2010; Stahl and Buckley, 2007). Negative
symptoms are predictive of poor outcomes and associated
with impaired psychosocial functioning, decreased cogni-
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tive performance, reduced quality of life, and deficits in
social, recreational, and work abilities (Milev et al, 2005).
While hyperactivity of dopamine transmission via
D,-receptors in subcortical regions, including the meso-
limbic pathway and nucleus accumbens, is believed to
contribute to positive symptoms (Toda and Abi-Dargham,
2007), deficits in transmission at D;-receptors, particularly
in the mesocortical pathway and prefrontal cortex, may
contribute to negative symptoms and cognitive impair-
ments (Guillin et al, 2007).

Antipsychotic agents have very limited effectiveness in
reducing persistent NSS; none demonstrate consistent,
clinically significant improvements (Buckley and Stahl,
2007). The unmet need for effective NSS treatments is well
recognized (Kirkpatrick et al, 2006; Laughren and Levin,
2011). Given the proposed role of dopamine hypoactivity,
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dopamine-enhancing compounds that directly or indirectly
activate D;-receptors have been hypothesized to improve
NSS (Tamminga, 2006). Early case series and open-label
studies of amphetamines suggested the potential for
improvement in NSS using dopamine-enhancing drugs
(Angrist et al, 1982; Cesarec and Nyman, 1985; Desai
et al, 1984). Subsequently, such pharmacological interven-
tions were largely abandoned because of their potential
psychotogenic effects (Laruelle et al, 2005). The occurrence
of psychotogenic effects, however, following administration
of dopamine-enhancing drugs, varies greatly across studies.
These effects may be moderated by a number of factors
including the patient’s clinical state (acute vs chronic),
antipsychotic treatment status (drug-free vs effective anti-
psychotic medication treatment), symptomatic presentation
(predominantly positive vs predominantly negative symp-
toms), and type of psychostimulant administered (Curran
et al, 2004; Lieberman et al, 1987). Taking advantage of
such attenuating factors provides the rationale for use
of adjunctive psychostimulant treatment of patients with
predominant NSS.

Lisdexamfetamine dimesylate (LDX), a prodrug of
d-amphetamine, is approved for treatment of attention-
deficit/hyperactivity disorder (ADHD) in both children and
adults (Vyvanse package insert, 2012). After oral ingestion,
LDX is converted to l-lysine and active d-amphetamine.
Given the effects of d-amphetamine on dopamine transmis-
sion, we hypothesized a potential therapeutic role for LDX
in NSS treatment. The present pilot study was designed to
explore the efficacy and safety of LDX as an adjunctive
therapy to a stable dose of atypical antipsychotic medica-
tion in adults with clinically stable schizophrenia and
predominant negative symptoms.

PARTICIPANTS AND METHODS

This multicenter, open-label treatment and double-blind
placebo-controlled randomized-withdrawal study of LDX
enrolled outpatients at 28 US sites from September 2009
to January 2011. In recognition of the potential for
d-amphetamine to exacerbate psychosis, as noted in the
Introduction, the study incorporated features that are
described in detail here in the Methods section to ensure
the safe administration of LDX. Briefly, these included
careful selection of participants who were in a stable phase
of illness with low levels of positive symptoms and who
could be monitored by a close informant outside the clinic;
an open-label treatment phase to ensure that any potential
emerging safety concerns would be promptly recog-
nized and addressed; and a randomized-withdrawal phase
to assess any safety concerns with abrupt withdrawal
of amphetamine treatment. The 4-week randomized-
withdrawal phase was also designed to serve as a pilot
assessment of an efficacy signal for planning future large,
controlled clinical trials. The study protocol was conducted
in accordance with current applicable regulations, Interna-
tional Conference on Harmonization, Good Clinical Practice
guidelines, and local ethical/legal requirements. Signed,
informed consent was required from participants or their
legally authorized representative after complete explanation
of the study and before entry. Approval from the

Lisdexamfetamine for negative symptoms schizophrenia
RA Lasser et al

@

institutional review board/independent ethics committee
at study sites was obtained.

Participants

The study was restricted to outpatients (18-55 years) with
clinically stable Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition, Text Revision (American Psychi-
atric Association, 2000) schizophrenia, minimal positive
symptoms, and predominant NSS who adhered to an
established treatment with antipsychotic medication and
had a stable relationship with an acceptable informant
throughout the study. Participants had a primary diagnosis
of schizophrenia for >2 years before screening and a score
=55 on the Scale for the Assessment of Negative Symptoms
(Andreasen, 1984) (SANS) sum of items: 1-6, 8-12, 14-16,
and 18-21 (SANS-18). At least moderate scores (=3) on >2
SANS global items (affective flattening, alogia, avolition-
apathy, or anhedonia-asociality) were required. Only
clinically stable participants in the nonacute phase of illness
for >12 weeks could enroll; maintenance on monotherapy
with long-acting risperidone injection or oral risperidone,
paliperidone, quetiapine, aripiprazole, or olanzapine for
>12 weeks with no dose change >10% within 1 month of
screening was required.

Exclusion criteria were intended to prevent enrollment of
participants with notable positive symptoms or at greatest
risk of adverse events (AEs). Participants with Positive and
Negative Syndrome Scale (Kay et al, 1987) (PANSS)-positive
subscale score >20 or score >4 on positive subscale items
for delusions (P1), hallucinatory behavior (P3), or suspi-
ciousness/persecution (P6) were excluded. To minimize
possible confounds of negative symptoms with depressive
and bradykinesia symptoms, participants with baseline
score =9 on the Calgary Depression Scale for Schizo-
phrenia (Addington et al, 1990) (CDSS) at baseline or
Simpson Angus Scale (Simpson and Angus, 1970) (SAS)
akinesia score (items 1-7) >2 were excluded.

Participants considered treatment-refractory were ex-
cluded as were those considered at-risk for suicide. Owing
to concerns of potential prolonged QTc¢ interval, patients on
ziprasidone were excluded from the trial (Geodon package
insert, 2010). Other key exclusion criteria included history
of ADHD or seizures, cardiovascular disease that may
increase vulnerability to sympathomimetic effects of LDX,
recent (<6 months) history of substance abuse or
dependence (excluding nicotine), and use of psychotropic
drugs other than permitted antipsychotic medication.

Study Design

For retrospective and prospective confirmation of clinical
stability and predominant NSS, the study included a 3-week
screening phase with weekly visits. Throughout screening,
inclusion and exclusion criteria were reviewed, including
assessment of positive and negative symptomatology via
PANSS and SANS rating scales. Participants continuing to
meet entry criteria entered a 10-week open-label phase
comprising 7-week, adjunctive LDX dose-optimization and
3-week dose-maintenance periods, each with weekly visits.
Participants initiated therapy at 20 mg/day LDX for 2 weeks.
Thereafter, LDX could be increased in 10 mg/week increments
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(up to 70mg/day) based on investigator’s assessment
of the participant’s overall clinical condition. For reference,
LDX 20mg and 70mg capsules contain d-amphetamine
content of 5.9 and 20.8 mg, respectively. LDX was adminis-
tered upon awakening; antipsychotic medications remained
unchanged from screening. During dose optimization and
maintenance, one 10-mg dose reduction was permitted.
Participants were maintained at optimized dose during the
3-week, dose-maintenance period.

Participants exhibiting any reduction in week-10 SANS-18
score and without changes in physical examination, vital
signs, laboratory assessments, or electrocardiograms
(ECGs), that would preclude further LDX treatment, were
eligible to participate in the 4-week double-blind/rando-
mized-withdrawal phase. Suitability to continue the study
was assessed at all visits. Along with investigator’s clinical
judgment, prespecified discontinuation criteria included
>25% increase in PANSS total score, >2-point increase
from baseline on PANSS-positive items assessing delusions
(P1), hallucinatory behavior (P3), or suspiciousness/perse-
cution (P6) at two consecutive visits, or increase in suicidal
ideation or nonsuicidal, self-injurious behavior. Partici-
pants meeting randomization criteria at week 10 were
allocated to placebo (abrupt discontinuation of adjunctive
LDX) or continued optimal dose of LDX in a 1:1 ratio by
computer-generated randomization schedule. An interac-
tive voice-/web-response system was used for randomiza-
tion assignment, and to dispense and manage LDX or
matching placebo. Randomization was stratified by re-
sponse status, with responders defined as participants with
>20% reduction in SANS-18 score and partial responders
with a reduction <20% but >0%. Dose adjustments were
prohibited during the double-blind/randomized-withdrawal
phase, which ended at week 14 or at an early termination
(ET) visit. Double-blind treatment was provided as over-
encapsulated, indistinguishable capsules of LDX or match-
ing placebo.

Efficacy and Safety Measures

At all study visits, negative symptoms were assessed with
the SANS. The SANS-18 score (primary efficacy variable)
was the sum of all nonglobal item ratings of affective
flattening, inappropriate affect, alogia, avolition/apathy, and
anhedonia/asociality. Items are scored from 0 (not at all) to
5 (severe). This modified SANS score excluded attention
domain and global items to reduce potential bias in favor of
LDX related to its known effects on attention and to focus
on individual core negative symptom items. A cutoff of >55
on the SANS-18 total score for inclusion ensured a
population with moderate-to-severe NSS. This score is
comparable to an average score of 3 across all SANS-18
items. A SANS-25 total score of 75 is also comparable to an
average score of 3 (eg, moderate severity) across all items
(Storosum et al, 2002). Although the SANS is a widely
accepted, validated standard measure of treatment outcome,
additional psychometric testing has not validated the SANS-
18. The full SANS scale (SANS-25) was administered at all
visits. The SANS-25 total score and modified SANS-18 total
score were calculated for all visits.

The PANSS was completed at all visits to assess safety
(potential emergence of positive symptoms) and efficacy
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(impact of treatment on negative symptoms). Trained raters,
assessing the SANS and PANSS at multiple visits, were
blinded to study protocol and hypothesis, and visit status.

AEs, collected at all visits, were coded using the Medical
Dictionary for Regulatory Activities Version 11.1. Events
starting or worsening on or after the date of the first dose
and no later than 3 days following the last dose of study
medication were treatment-emergent (TEAEs). AEs were
categorized as being from the open-label or double-blind/
randomized-withdrawal phase based on start date. Systolic
(SBP) and diastolic (DBP) blood pressure were assessed at
all study visits. Additionally, 12-lead ECGs were performed
at screening, baseline, randomization (week 10), and study
end (week 14/ET).

Additional safety measures assessed effects of LDX on
depressive and EPS. The CDSS, a 9-item measure of
depressive symptoms in people with schizophrenia, was
administered throughout the screening period, at baseline,
and weeks 3, 7, 10, and 14/ET. The 10-item SAS measured
EPS. Other assessments of EPS included Barnes Akathisia
Scale (BAS), (1989), a measure of akathisia associated with
antipsychotic medication, and Abnormal Involuntary
Movement Scale (Guy, 1976) (AIMS). EPS measures were
assessed at weeks 0, 10, and 14/ET. The Amphetamine
Cessation Symptom Assessment (McGregor et al, 2008)
(ACSA), a self-reported scale of withdrawal symptoms
(16 symptoms rated on a 5-point scale ([0 =not at all to
4 =extremely]) was administered at baseline and weeks
10-14/ET). Compliance with study treatment was mon-
itored using medication return and drug-accountability
logs; participants taking 80-120% of study treatments were
reported as compliant.

Statistical Analysis

Because of the exploratory nature of the primary assessment
in the open-label phase, formal power calculation was not
performed. Target sample size was based on power
calculations for the double-blind/randomized-withdrawal
phase. To detect an effect size of 0.6 for LDX (vs placebo) on
change in SANS-18 score from randomization baseline to
double-blind/randomized-withdrawal phase endpoint with
a two-sided two-sample t-test at a significance level of 5%
and a power of 60%, a sample size of 29 per group was
needed. In a study that assessed the effects of treatment on
NSS in patients with chronic schizophrenia and predomi-
nant NSS, response (>20% decrease in symptom scores)
rates with ziprasidone or amisulpride, respectively, were 56
and 62% in the intention-to-treat populations and 62 and
74% in evaluable participants (Olie et al, 2006). Assuming
similar response, 66 enrollees would be responders or
partial responders (any reduction in SANS-18 score) at
week 10 and have available efficacy data after randomiza-
tion. So, target enrollment was 88 adults.

Open-label safety and efficacy data were assessed in the
safety analysis set (all enrolled participants who took >1
dose of LDX and had one postbaseline safety assessment)
and full analysis set (FAS, all enrolled participants who took
>1 dose of LDX and had one postbaseline efficacy
assessment). Effects of LDX (or placebo) in the double-
blind/randomized-withdrawal phase were assessed in the
randomized safety analysis set and randomized FAS



(participants who took >1 dose of randomized treatment
and had >1 safety/efficacy measure in the double-blind phase).
Efficacy data from the double-blind/randomized-withdrawal
phase were also evaluated in the randomized evaluable set (RES,
all randomized participants who were responders at week 10
and had SANS-18 total scores at week 14/ET).

Change in SANS-18 score from baseline to open-label
endpoint was the primary efficacy endpoint. The SANS-18
score was summarized by visit for the FAS, using both the
last observation carried forward (LOCF) approach and
observed cases. A two-sided paired ¢-test was performed for
change at each visit. Changes in SANS-18 scores were also
validated in the double-blind/randomized-withdrawal phase
(RES and randomized FAS) using analysis of covariance
model with treatment group as a factor, and randomization
baseline SANS-18 score as a covariate. Similar analyses were
employed for secondary efficacy measures. In a post hoc
analysis, change in SANS-18 was also assessed using a
mixed-effects model for repeated measures (MMRM)
including fixed factors for visit, a covariate of open-label
baseline, and the interaction of the baseline covariate and
visit. To examine the potential for differential site effects,
change in SANS-18 total score was also compared post hoc
for sites with high (>10) vs low (<10) participant
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enrollment. The proportion of treatment responders was
descriptively summarized during the open-label phase. The
proportion of participants meeting response criteria during
the double-blind/randomized-withdrawal phase was com-
pared between treatment groups using the Fisher’s Exact
Test for the RES and Cochran-Mantel-Haenszel test for the
randomized FAS. Throughout the study, safety assessments
were descriptively summarized. No adjustment for multiple
comparisons was made in this study.

RESULTS

Enrollment and disposition of participants are illustrated in
Figure 1. Overall, 23 (25.0%) participants did not complete
the 10-week open-label phase, including 5 (5.4%) who met
prespecified withdrawal criteria. During the double-blind/
randomized-withdrawal phase, 13 participants (18.8%)
withdrew, including 2 (2.9%), 1 from each group, who
met prespecified withdrawal criteria. At the beginning of the
dose-maintenance period (week 7), median daily LDX dose
was 50mg; 65.8% of participants were receiving > 50 mg/
day. Overall, 93.5% of participants met criteria for
compliance to open-label LDX.

Screened
N=179

v

Open-label treatment phase
Enrolled, n=92
(Safety analysis and full analysis sets)?

Y

Y

Discontinued n=23 (25.0%)
Withdrawal by participant n=11 (12.0%)
AEs n=5 (5.4%)

Met withdrawal criteria n=5 (5.4%)
Failure to meet randomization criteria n=1 (1.1%)
Protocol violation n=1 (1.1%)

Double-blind, randomized withdrawal phase

Figure |

postbaseline safety/efficacy assessment in the open-label phase. AEs, adverse events; LDX, lisdexamfetamine dimesylate.

Randomized, n=69
(Randomized safety analysis and
full analysis sets)

S

Placebo LDX
n=35 n=34
Discontinued n=6 Discontinued n=7
Other n=2 Lost to follow-up n=2
AEs n=1 l—| > Other n=2
Lost to follow-up n=1 AEs n=1
Met withdrawal criteria n=1 Met withdrawal criteria n=1
Withdrawal by participant n=1 Withdrawal by participant n=1
Y Y
Completed Completed
n=29 n=27

Participant disposition. *Safety analysis and full analysis sets included all enrolled participants who took =1 dose of LDX and had one
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Table I Demographic and Baseline Characteristics

Characteristics

Randomized safety analysis set (n=69)

Safety analysis set (N=92) Placebo (n=35) LDX (n=34)
N % n % n %
Sex
Male 62 674 26 74.3 23 67.6
Female 30 326 9 25.7 Il 324
Race
White 31 337 Il 314 14 41.2
Non-white 6l 66.3 24 68.6 20 58.8
Ethnicity
Hispanic or Latino 13 14.1 5 14.3 6 17.6
Not Hispanic or Latino 79 859 30 85.7 28 824
Current antipsychotic medication
Risperidone 30 326 Il 314 14 41.2
Quetiapine 21 239 10 28.6 6 17.6
Aripiprazole 13 [4.1 5 14.3 4 1.8
Olanzapine 19 19.6 5 14.3 8 235
Paliperidone 9 9.8 4 1.4 2 59
Living situation
Living alone Il 12.0
With family/friend 49 533
In a group home 32 348
Education
Some high school 33 359
High school graduate 33 359
Some college 23 250
College graduate 3 33
Mean SD Mean SD Mean SD
Age (years) 423 9.11 413 10.19 424 825
Weight (kg) 8747 16.132 85.81 15.794 87.71 18.571
Body mass index (kg/m?) 29.21 5511 28.82 5239 29.02 6451
Years since onset of first schizophrenia episode 19.14 9.716
Prior hospitalizations 4.7 549
SANS-18 score at week O 60.2 4.36
SANS-25 score at week 0 833 6.89

Abreviation: SANS, Scale for the Assessment of Negative Symptoms.

Baseline and demographic characteristics during open-
label and randomized-withdrawal phases are shown in
Table 1. These characteristics were similar between the
placebo and LDX treatment groups in the randomized-
withdrawal phase. At the start of open-label maintenance,
2.9, 15.7, 17.1, 10.0, 22.9, and 32.9% of participants received
20, 30, 40, 50, 60, and 70 mg/day LDX, respectively. One
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participant was unblinded during the study (to medical staff
only) after exacerbation of schizophrenia requiring hospi-
talization during weeks 12-13. Median dose of concurrent
atypical antipsychotic medication was 3.0, 350.0, 15.0, 20.0,
and 6.0mg/day for participants receiving risperidone,
quetiapine, aripiprazole, olanzapine, and paliperidone,
respectively.



SANS

During open-label LDX, significant reductions from base-
line in SANS-18 total scores were observed from weeks 1-10
(Figure 2a; P<0.0001; LOCF). At week 10, participants
demonstrated a mean (SD; 95% CI) change from baseline in
SANS-18 scores of —12.9 (10.04; —15.0, —10.8)
(P<0.0001; LOCF; primary endpoint). An alternative
post hoc statistical analysis (ie, MMRM) of change from
baseline at week 10 demonstrated a LS mean (95% CI) of
—14.5 (—16.70, —12.22; P<0.0001). Comparison of mean
difference (95% CI) in change from baseline for high- vs
low-enrolling sites (0.44 [—4.395, 5.265]) revealed no
significant difference (P=0.8585). During the double-
blind/randomized-withdrawal phase, no significant differ-
ences in change from weeks 10-14/ET were seen between
placebo and LDX groups in the randomized FAS
(Figure 2b); similar results were seen in the RES.

The proportion of responders (=>20% reduction in SANS-
18 total score) generally increased throughout the open-
label phase with 52.9% responders at week 10. The
proportion of responders during the double-blind/
randomized-withdrawal phase was similar between the
placebo and LDX groups in the randomized FAS and RES
(P=NS).

[
5
o

=

-9.0

7.33) %

7.83) -11.2
( )(8.66) 122 425 431 -129
(9:15) (9.21) (9.71) (10.04)

Change in SANS-18 Total Score
Mean (95% Cl)
=
1

-20-

b Placebo (Randomized FAS; n=35) —&— LDX (Randomized FAS; n=34)
57 25 2.1 2.0
44 2.0
1.1
3 -
0.4 0.1 -0.3
5 oy
14 |J.
0 1 T T E T 1

LS Mean (95% Cl)

Change in SANS-18 Total Score

-5- 11 12 13
Week

14/ET

Figure 2 (a) Mean (95% Cl) change from baseline in Scale for the
Assessment of Negative Symptoms (SANS-18) total score: open-label
phase (last observation carried forward; N =92). Data labels represent
mean (SD). *P<0.0001 vs baseline. (b) LS mean (95% Cl) change from
randomization baseline (week 10) in SANS-18 total score: double-blind/
randomized-withdrawal phase (randomized FAS; terminal observation
carried forward; n = 69). Data labels represent mean. P>0.2086 placebo vs
LDX for all. ET, end of treatment.
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At week 10, participants demonstrated a mean (SD; 95%
CI) change from baseline in SANS-25 scores of —17.0
(13.31; —19.8, —14.3) (P<0.0001; LOCF). Placebo and
LDX groups did not demonstrate significant differences
in change from randomization baseline SANS-25 score at
any week during the double-blind/randomized-withdrawal
phase (P=NS for FAS and RES for weeks 11-14).

PANSS

Participants also demonstrated statistically significant
decreases in PANSS total and all three subscale scores
during open-label treatment (weeks 0-10; P<0.0001 for all;
LOCEF; Figure 3a). No significant differences were observed
between placebo and LDX groups in PANSS total and
subscale score changes from weeks 10-14/ET in the
randomized FAS during the double-blind/randomized-
withdrawal phase (Figure 3b); similar results were seen in
the RES.

Depressive Symptoms

At week 10, open-label LDX treatment was associated with a
minimal mean (SD) CDSS total score change from baseline
of —0.7 (2.11). At week 14/ET, mean (SD) CDSS total score
changes from week 0 were — 0.7 (2.30) and — 0.1 (2.34) for
those receiving placebo and LDX, respectively.

Extrapyramidal Symptoms

LDX treatment was associated with minimal-to-no changes
in EPS as assessed by the SAS, BAS, and AIMS.

Adverse Events

During open-label treatment, 56 participants (60.9%)
reported TEAEs. During the double-blind/randomized-
withdrawal phase, new or worsening TEAEs were reported
by 7 participants (20.0%) receiving placebo and 11 (32.4%)
receiving LDX. Table 2 summarizes TEAEs with a
prevalence >5% in either phase. In the open-label phase,
38.0 and 19.6% of 92 participants experienced TEAEs that
were considered mild and moderate in intensity, respec-
tively. During the double-blind/randomized-withdrawal
phase, 14.3 and 2.9% of 35 participants receiving placebo
had mild and moderate TEAEs; 23.5 and 5.9% of 34
participants receiving LDX had mild and moderate TEAEs,
respectively. Five severe TEAEs were reported by 3 of 92
(3.3%) participants during the open-label phase: eye
swelling, eye pain, erythematous rash (n=1), decreased
weight (n=1), and trismus (n=1). During the double-
blind/randomized-withdrawal phase, one participant (2.9%)
in each treatment group experienced a severe TEAE (ie,
exacerbation of schizophrenia).

Six participants experienced serious AEs during the trial.
During the open-label phase, three participants reported
serious TEAEs: chest pain (n=1), schizophrenia exacerba-
tion (n=1), and hallucination and major depression
(n=1). During the double-blind/randomized-withdrawal
phase, serious TEAEs were reported by two participants
receiving placebo (dyspepsia and exacerbation of schizo-
phrenia each reported by one participant) and one
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2.3
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Total Positive Negative General
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Figure 3

(a) Positive and Negative Syndrome Scale (PANSS) total and subscale scores at baseline and open-label endpoint (week 10 using a last

observation carried forward approach; N=92). Data labels represent mean. *P<0.000| vs baseline. (b) PANSS total and subscale scores at week 10
randomization baseline and week [4/ET of the double-blind/randomized-withdrawal phase (randomized FAS; using a terminal observation carried forward
approach; placebo, n=35; LDX, n=34). Data labels represent mean or LS mean values as appropriate for each bar. P=0.0680 placebo vs LDX for all.

ET, end of treatment.

participant receiving LDX (exacerbation of schizophrenia).
Overall, seven participants discontinued the study owing to
TEAEs. During the open-label phase, five participants had
seven TEAEs that led to discontinuation: elevated BP
(n=1), exacerbation of schizophrenia (n=1), increased
hallucinations (n=1), depression (n = 1), major depression
(n=1), trismus (n = 1), and somnolence (n =1). During the
double-blind/randomized-withdrawal phase, two partici-
pants (one in each treatment group) discontinued as a
result of exacerbation of schizophrenia.

Vital Signs and ECGs

Open-label treatment with LDX was associated with small
mean increases in BP and pulse. At week 10, the mean (SD)
changes from baseline in SBP, DBP, and pulse were 2.6
(8.13)mmHg, 2.3 (7.12)mmHg, and 5.1 (11.74) bpm,
respectively. As assessed by ECG, participants demonstrated
a mean (SD) increase in heart rate of 4.5 (12.8) bpm from
baseline at week 10. Mean changes in QT interval, as
corrected by Bazett and Fridericia formulas, were 3.9 (14.80)
and 0.0 (10.92) ms, respectively. Participants demonstrated
a mean (SD) decrease in body weight of 0.46 (4.21) kg from
baseline at week 10.

Neuropsychopharmacology

Amphetamine Withdrawal

Mean (SD) ACSA total scores were 13.7 (12.00) and 11.7
(11.28) at open-label baseline and mean (SD) changes from
open-label baseline at week 14 were — 3.8 (9.70) and — 1.6
(9.73) for the randomized safety analysis set placebo and
LDX groups, respectively. For placebo and LDX groups,
respectively, mean (SD) ACSA anxiety and mood subscale
scores were 10.0 (9.34) and 8.3 (8.87) at open-label baseline,
and changes at week 14 were — 3.0 (7.21) and — 1.0 (8.58);
mean (SD) ACSA fatigue subscale scores were 3.5 (2.97) and
3.2 (2.55) at open-label baseline, and changes at week 14
were —1.0 (3.18) and —0.4 (2.65); mean (SD) ACSA
craving subscale scores were 0.2 (0.76) and 0.2 (0.99) at
open-label baseline, and changes at week 14 were 0.2 (1.14)
and — 0.2 (1.00).

DISCUSSION

This study represents the first systematic examination of the
therapeutic potential of prolonged NSS treatment with
amphetamine among outpatients with schizophrenia stabi-
lized on atypical antipsychotic therapy. Our findings
suggest negative symptoms can be safely reduced with
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Table 2 Treatment-Emergent Adverse Events With Incidence >5% During the Open-Label and Double-Blind/Randomized-Withdrawal

Phases®

TEAE (MedDRA 11.1 preferred term)

Safety analysis set (n=92)

n %
Any TEAE during open-label phase 56 60.9
Headache I3 4.1
Insomnia 10 10.9
Decreased appetite 10 109
Dizziness 8 8.7
Dry mouth 6 6.5
Diarrhea 5 54

Randomized safety analysis set (n=69)

Placebo (n=35) LDX (n=34)
n % n %
Any TEAE during double-blind/randomized-withdrawal phase 7 20.0 I 324
Headache 2 57 2 59
Fatigue I 29 2 59
Nausea I 29 2 59

Abbreviations: MedDRA, Medical Dictionary for Regulatory Activities; TEAEs, treatment-emergent adverse events.
“TEAEs during the double-blind/randomized-withdrawal phase represent those events that started or deteriorated on or after the first day of double-blind treatment

and no later than 3 days following the last dose of study medication.

adjunctive LDX therapy as long as positive symptoms are
stable with antipsychotic therapy. LDX was associated with
significant improvements in negative symptoms; 53% of
participants exhibited 20% or greater decrease in NSS
without worsening of positive symptoms.

LDX effects on NSS do not appear to be mediated by
improvement in depressive symptoms or EPS, both of
which were low at baseline; no meaningful changes were
seen throughout the study. These findings suggest that
effects of LDX on NSS were likely direct and specific, rather
than through improvement of associated symptoms or
secondary negative symptoms. Although positive symptoms
were slightly improved with open-label LDX, the greater
magnitude of improvement in negative symptoms observed
suggests that effects of LDX may be predominantly on NSS.
A recent post hoc PANSS factors analysis (Dirks et al, 2012),
based on an analysis by Marder et al (1997), demonstrated
that LDX effects on negative factor analysis paralleled
LDX effects on SANS-18 scores, thus providing addi-
tional support for effects on NSS. In addition, partici-
pants with previous diagnosis of ADHD were excluded.
Attention items were excluded from the primary efficacy
measure, the SANS-18 score, to ensure that observed
effects on NSS were not primarily the result of improved
attention.

There were no significant amphetamine withdrawal
symptoms noted after LDX discontinuation. Amphetamine
withdrawal has not been well studied; however, animal
studies suggest behavioral manifestations become promi-
nent within the first 2 days after discontinuation and can
persist up to 4 weeks (Paulson et al, 1991). No meaningful
differences in response between placebo and LDX were

observed on key efficacy measures during the double-blind/
randomized-withdrawal phase. However, 4 weeks might not
be long enough for assessment of LDX offset. It is also
possible that LDX dose was not fully optimized for some
participants during the open-label phase. The decision to
limit LDX dose to 70 mg/day was based on approved and
effective dosing and established safety profile of LDX for
ADHD (Vyvanse package insert, 2012). Future trials may
explore additional dosing options in patients with schizo-
phrenia.

The safety profile of LDX throughout the study was
largely consistent with that observed in a prior LDX clinical
trial in adults with ADHD (Adler et al, 2008). Furthermore,
lack of potential withdrawal or rebound symptoms follow-
ing abrupt LDX discontinuation is consistent with data
from the ADHD population (Brams et al, 2011). Overall, 3 of
92 participants experienced exacerbation of schizophrenia;
1 participant reported hallucinations and depression. These
results are consistent with a relapse rate of ~15% annually
among patients maintained on atypical antipsychotics
(Leucht et al, 2003), and support the notion that, in
carefully selected and stable patients, amphetamines may
not have psychotogenic effects.

Limiting enrollment to participants with stable illness
may reduce risk for exacerbation of schizophrenia and
increase in positive symptoms. A previous systematic
review suggested individuals with schizophrenia were less
likely to exhibit increased psychotic symptoms following
psychostimulants if symptoms were in remission vs active
psychosis (28.3 vs 51.4%) (Curran et al, 2004). Such clinical
distinctions may be related to neurochemical differences
associated with the phase of illness. Assessment of
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D,-receptor occupancy following amphetamine challenge
demonstrated similar findings between controls and parti-
cipants with schizophrenia in remission (Laruelle et al,
1999). Another difference from prior psychostimulant
studies was use of the prodrug LDX instead of an
immediate-release amphetamine formulation. LDX has
demonstrated low interpatient variability in pharmaco-
kinetic variables in healthy adults (Ermer et al, 2010).
Preliminary data also suggest that striatal dopamine release
exhibits a delayed peak and more prolonged time course
with LDX vs immediate-release d-amphetamine in rodent
models (Rowley et al, 2011). The equivalent dose of
d-amphetamine in the present study (5.9-20.8mg) also
differs from the doses investigated in prior studies (most
studies reported doses of 10-40 mg/day, isolated studies up
to 100 mg/day) (Chiarello and Cole, 1987). The effects of
LDX were based on a 14-week study, which may have
limited the risk exposure; longer studies will be needed to
ascertain long-term safety of amphetamines in this patient
population.

The design of the present study has a number of
strengths. The prospective screening phase ensured dis-
ease-state stability, the presence of enduring negative
symptoms, and minimal or mild positive symptoms as
measured by PANSS prospectively and established by
retrospective review. In addition, the results should be
viewed in light of several limitations. Despite being blinded
to the study protocol and details of study progress, as well
as the status of an individual participant’s progress through
the study, the potential for bias among raters cannot be
excluded during the open-label phase. Similarly, expecta-
tion bias/placebo effects by participants may have con-
tributed to observed treatment effects during the open-label
phase. Although the current study design cannot eliminate
this possibility, the extended screening phase, the relative
length of the open-label phase (10 weeks), and the
observation that efficacy increased over time provide some
evidence to support the contention that the observed
response is related to LDX therapy and not to rater bias.
No formal power calculation was performed for the primary
efficacy analysis. The limited sample size, especially in the
double-blind/randomized-withdrawal phase, may have af-
fected study results. The results may have been further
influenced by inclusion of partial responders in the double-
blind/randomized-withdrawal phase. The relatively short
randomized-withdrawal (4 weeks) may have contributed to
the lack of separation between treatment groups. It is
possible that a longer time is needed to observe the
worsening of negative symptoms following LDX withdrawal.
In addition, based on consideration of the number of
participants enrolled in the randomized-withdrawal phase
and expected differences, it is not possible to rule out the
potential for false-negative findings.

The present results challenge earlier beliefs that patients
with schizophrenia should not be exposed to psychostimu-
lants. In carefully selected patients with clinically stable
schizophrenia and enduring negative symptoms, adjunctive
LDX treatment appeared to be effective in reducing negative
symptoms without notable worsening of positive symptoms
when given in conjunction with atypical antipsychotic
agents. Confirmation of these results with larger, double-
blind, and placebo-controlled trials is needed.
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