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Introduction
Although medications indicated for major depressive disorder 
(MDD), including selective serotonin reuptake inhibitors 
(SSRIs), effectively reduce the depressive symptoms of MDD 
(Arroll et al., 2005; Cipriani et al., 2009), more than 60% of 
individuals with MDD do not experience full remission with 
monotherapy or second-step augmentation (Rush et al., 2006; 
Trivedi et al., 2006a; Trivedi et al., 2006b), which highlights the 
need for novel treatment approaches. For instance, in the 
Sequenced Treatment Alternatives to Relieve Depression 
(STAR*D) trial, remission rates with citalopram monotherapy 
were only 27.5% (as measured by total scores ⩽7 on the 17-item 
Hamilton Depression Rating Scale) and 32.9% (as measured by 
total scores ⩽5 on the 16-item Quick Inventory of Depressive 

Symptomatology self-report) (Trivedi et al., 2006b). In addition, 
only 29.7–39.0% of those receiving second-step augmentation 
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with sustained-release bupropion or with buspirone achieved 
remission (Trivedi et al., 2006a).

Stimulants have long been considered possible treatment 
options for MDD, in part because of the role of dopamine in the 
pathophysiology of depression and its associated symptoms, 
such as anhedonia and lethargy (Dunlop and Nemeroff, 2007). 
Methylphenidate was first investigated for the treatment of MDD 
as early as the 1950s (Robin and Wiseberg, 1958). In addition, 
meta-analyses identified multiple trials from 2003 onward that 
investigated stimulants or modafinil as adjuncts for antidepres-
sants (Candy et al., 2008; Fleurence et al., 2009).

Lisdexamfetamine dimesylate (LDX), a d-amphetamine pro-
drug (Pennick, 2010), is approved in the USA and in other coun-
tries for use in individuals aged six years and older with 
attention-deficit/hyperactivity disorder (ADHD) and in adults 
with moderate to severe binge eating disorder in the USA and 
Canada (Vyvanse® Product Monograph, 2016; Vyvanse® Product 
Monograph, 2017). The effects of LDX augmentation therapy on 
depressive symptoms in individuals with MDD have been exam-
ined in two small phase 2, randomized, double-blind, placebo-
controlled, proof-of-concept studies (Madhoo et al., 2014; Trivedi 
et al., 2013) and in two large phase 3 randomized, double-blind, 
placebo-controlled studies (Richards et al., 2016). In the first 
phase 2 study, LDX augmentation of escitalopram oxalate (ESC) 
monotherapy met predefined signal-detection criteria (prespeci-
fied critical α=0.10) for significant reductions in Montgomery-
Åsberg Depression Rating Scale (MADRS) total score versus 
placebo in patients whose depression had not remitted with escit-
alopram monotherapy (Trivedi et al., 2013). The second phase 2 
study focused on executive dysfunction in participants with par-
tially to fully remitted MDD (MADRS total score ⩽18) and found 
that LDX augmentation of SSRI monotherapy produced signifi-
cant MADRS total score reductions versus placebo (Madhoo 
et al., 2014). In contrast, LDX augmentation was not superior to 
placebo in reducing depressive symptoms in individuals with 
MDD exhibiting inadequate responses to antidepressant mono-
therapy in either of the phase 3 studies (Richards et al., 2016).

As the published LDX studies of augmentation therapy for 
MDD used flexible-dose designs, analyses of dose-response 
relationships for efficacy, safety, or tolerability were not per-
formed. The primary objective of this study was to assess the 
efficacy dose-response relationship of LDX when used as aug-
mentation therapy for MDD in individuals who exhibited inad-
equate MADRS total score responses to an eight-week course 
of antidepressant monotherapy. Secondary objectives included 
the evaluation of LDX dose-response relationships on systolic 
blood pressure (SBP), diastolic blood pressure (DBP), and 
pulse, and the assessment of the safety and tolerability of LDX 
based on the occurrence of treatment-emergent adverse events 
(TEAEs), responses to the Columbia-Suicide Severity Rating 
Scale (C-SSRS), clinical laboratory tests, and electrocardio-
gram (ECG) results.

Materials and methods

Participants

Eligible participants were men or nonpregnant/nonnursing 
women (18–65 years) with a primary diagnosis of nonpsychotic 
MDD, as defined by the Structured Clinical Interview for DSM 

Disorders–Clinical Trial version (SCID-CT), that had lasted for 
at least eight weeks before screening and who had a lead-in base-
line MADRS total score ⩾24. All eligible participants also had to 
be able to provide written informed consent before completing 
any study-related procedures and be willing and able to fully 
comply with study procedures.

Key exclusion criteria included nonresponse (⩾6 weeks of 
treatment at the maximum tolerated adult dose approved for 
MDD) to the current MDD episode with two or more antidepres-
sant monotherapies or to an approved augmentation treatment; 
and a lifetime history of treatment-resistant depression, defined 
as having not responded to adequate treatment (⩾8 weeks of 
treatment at the maximum tolerated dose within the dose range 
approved for adults with MDD) with two or more treatment  
regimens, including distinct classes of approved antidepressant  
monotherapies and augmentation treatments. Participants were 
excluded if they had a history of treatment-resistant depression 
because the objective of the study was to assess the efficacy of 
LDX as augmentation therapy in participants with a minimal  
history of previous failed antidepressant treatments, and not to 
assess LDX as a possible therapy for treatment-resistant depres-
sion. As such, the inclusion of individuals with treatment- 
resistant depression was considered to have an unfavorable risk-
benefit balance.

Participants were also excluded due to hospitalization within 
the last 12 months for the current MDD episode, having received 
electroshock therapy for the current depressive episode within 
three months of lead-in baseline or the need to initiate or modify 
the frequency of psychotherapy or to continue or initiate other 
treatments for depression; a current comorbid psychiatric disor-
der (established by a psychiatric interview that included the 
SCID-CT) either controlled with prohibited medications or 
uncontrolled and associated with significant symptoms; any 
symptom that contraindicated LDX treatment or could confound 
clinical assessments at screening; a current or lifetime history of 
ADHD; a first-degree relative with bipolar I disorder; a chronic 
or acute illness or unstable medical condition that could con-
found safety assessments or lead to increased risk to the partici-
pant or difficulty complying with study procedures; and being 
considered a suicide risk by the investigator, having attempted 
suicide within the past three years, or currently demonstrating 
active suicidal ideations (individuals with intermittent passive 
suicidal ideation were not necessarily excluded). Participants 
were also excluded if they had a history of symptomatic cardio-
vascular disease, advanced atherosclerosis, a cardiac abnormal-
ity, cardiomyopathy, serious heart rhythm abnormalities, 
coronary artery disease, or any condition affecting cardiac per-
formance; a history of moderate to severe hypertension or resting 
average sitting SBP >139 mm Hg or average DBP >89 mm Hg at 
screening or lead-in baseline; a clinically significant ECG or 
laboratory abnormality at screening; family history of sudden 
cardiac death or ventricular arrhythmia; a history of seizures 
(excluding infantile febrile seizures), tic disorders, or a current 
diagnosis and/or family history of Tourette syndrome; a history 
(⩽6 months) of suspected abuse or dependence disorder (exclud-
ing nicotine); a lifetime history of amphetamine, cocaine, or 
other stimulant abuse and/or dependence; had used within 30 
days of screening any other medication (including ADHD medi-
cation and over-the-counter herbal or homoeopathic prepara-
tions) with central nervous system effects that could affect the 
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condition being studied or the action, absorption, or disposition 
of LDX or the clinical laboratory assessments; or a known or 
suspected intolerance, hypersensitivity, or contraindication to 
LDX or the assigned antidepressant.

Study design and treatment

This randomized, placebo-controlled, double-blind, forced-dose 
titration, dose-finding study (ClinicalTrials.gov identifier: 
NCT01435759) was conducted at 76 sites across five countries 
(USA, Argentina, Chile, Australia, and the UK) between 31 May 
2011–17 January 2014. The study included a screening and 
washout phase (1–4 weeks), an eight-week single-blind antide-
pressant lead-in phase, an eight-week double-blind treatment 
phase (three weeks of forced-dose titration followed by five 
weeks of dose maintenance), and a one-week follow-up phase 
(Figure 1 ).

During the lead-in antidepressant phase, which was 
designed to prospectively identify inadequate responders, 
investigators assigned unblinded antidepressant therapy (ESC 
or venlafaxine extended-release (VXR)) along with single-
blind LDX-matching placebo to participants. Antidepressant 
treatment, which was based on investigator assessment of clin-
ical factors (including prior antidepressant use, response, and 
tolerability), was initiated at the lowest dose allowed on the 
morning following the lead-in baseline visit if the participant 
was not already receiving the assigned antidepressant. If the 
participant was already taking one of the two background anti-
depressants (ESC or VXR) at study entry, the treatment regi-
men was maintained. Treatment assignment was monitored to 
ensure an adequate representation of each type of antidepres-
sant in the overall study population. Participants already taking 

the assigned antidepressant started this phase at their current 
dose. Doses were subsequently titrated to the maximum toler-
ated dose over four weeks, after which time dose adjustments 
were not permitted. If a participant required a dose decrease or 
needed to be discontinued from treatment, the dose was tapered 
according to labeled guidelines. Assessments of vital signs, 
adverse events (AEs), and C-SSRS responses were made in 
conjunction with dose decreases.

At the end of the antidepressant lead-in phase (week 8; aug-
mentation baseline), participants were randomized to augmenta-
tion with LDX or placebo if they met all of the following 
randomization criteria: (a) MADRS total score ⩾18 at augmenta-
tion baseline, (b) an improvement (reduction) in MADRS total 
score of less than 50% from week 0 (lead-in baseline) to augmen-
tation baseline, and (c) no changes since lead-in baseline in  
physical examination, clinical laboratory parameters, ECG, or 
vital signs that would preclude LDX treatment. Participants 
whose depressive symptoms improved but who did not meet the  
randomization criteria were allocated to the nonrandomized 
study arm and continued to receive single-blind placebo in  
conjunction with their assigned antidepressant therapy on a  
modified visit schedule (i.e. weeks 10, 12, and 16). Participants 
not demonstrating improved depressive symptoms (defined as  
no change or a worsening of MADRS total score from the lead-in 
baseline) were discontinued from the study.

During the double-blind treatment phase, participants meet-
ing all of the randomization criteria were randomized 1:1:1:1:1 to 
eight weeks of augmentation therapy with LDX (10, 30, 50, or 70 
mg) or LDX-matching placebo (0 mg); all participants main-
tained their assigned antidepressant therapy. The LDX doses 
selected for use in this study were chosen based on two previ-
ously published phase 2 studies (Madhoo et al., 2014; Trivedi 
et al., 2013). Those studies reported that dose-optimized LDX 

Figure 1. Study timeline and dose adjustment schedule for (a) randomized and (b) nonrandomized participants.
LDX: lisdexamfetamine dimesylate; V: visit; Wk: week.
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(over ranges of 20–50 mg and 20–70 mg, respectively) signifi-
cantly improved depressive symptoms when used as an augmen-
tation strategy in adults on antidepressant monotherapy. 
Treatment regimens for LDX or placebo were assigned using an 
interactive voice/web response system. A stratified randomiza-
tion schedule was used, with each participant being assigned a 
randomization number. The stratified randomization schedule 
facilitated the balance between sex and the assigned background 
antidepressant. All treatments were administered completely at 
random within strata. The LDX capsule was over-encapsulated 
and appeared identical to the matching placebo.

During the forced-dose titration portion of double-blind treat-
ment, doses were increased for participants randomized to LDX, 
and participants in the placebo group continued treatment as in 
the antidepressant lead-in phase. Participants randomized to 10 
or 30 mg LDX started at 10 or 30 mg LDX, respectively, at week 
8 and maintained these doses during weeks 9 and 10. Participants 
randomized to 50 mg LDX started at 30 mg at week 8 and 
increased to 50 mg during week 9. Participants randomized to 70 
mg LDX started at 30 mg at week 8 and increased to 50 mg and 
70 mg LDX during weeks 9 and 10, respectively. During the 
dose-maintenance portion of double-blind treatment, participants 
continued to receive the target doses being taken during week 10. 
Regardless of treatment group or treatment phase, LDX or pla-
cebo was taken once daily (at approximately 07:00 ±2 h) in con-
junction with their assigned antidepressant.

One down-titration was permitted during double-blind treat-
ment to manage increases in blood pressure or pulse; assessments 
of vital signs, AEs, MADRS scores, and C-SSRS responses were 
made in conjunction with any down-titration. Participants whose 
doses were decreased were permitted to continue the study at the 
lower dose; those requiring >1 dose reduction were discontinued 
from the study.

During the follow-up visit, which occurred 7–9 days after the 
last dose of study drug, participants returned to the study site for 
a final evaluation.

This study was conducted in accordance with International 
Conference on Harmonisation Good Clinical Practice and the 
principles of the Declaration of Helsinki. The protocol was 
approved by ethics committees and institutional review boards at 
each study site before study initiation.

Endpoints

Efficacy. The primary efficacy endpoint was change in MADRS 
(Montgomery and Asberg, 1979) total score from augmentation 
baseline at week 16 or early termination (ET), with assessments 
determined by central raters who were experienced clinicians and 
who were blinded to study visit and entry criteria. The central 
raters were trained on administration of the MADRS and were 
continuously calibrated to maintain the fidelity of ratings.

Exploratory efficacy endpoints included the Sheehan 
Disability Scale (SDS), a validated measure of functional impair-
ments in work, family, and social life (Leon et al., 1997), and the 
EuroQoL 5-Dimension 5-Level Questionnaire (EQ-5D-5L), a 
validated measure of general health and quality of life (Shaw 
et al., 2005). On the SDS (assessed at lead-in and augmentation 
baseline and weeks 10, 12, 14, and 16/ET in randomized partici-
pants), participants rated the impact of their illness on work/
school, social life, and family life/home responsibilities using an 

11-point scale (0 (no impairment) to 10 (most severe)); total 
scores range from 0–30 (Sheehan and Sheehan, 2008). On 
EQ-5D-5L (assessed at lead-in and augmentation baseline and 
week 16/ET in randomized participants), participants designated 
their overall health status on a visual analog scale from 0 (“worst 
imaginable health status”) to 100 (“best imaginable health sta-
tus”) (Shaw et al., 2005).

Safety and tolerability. Safety and tolerability examinations 
included assessment of AEs, vital signs, clinical laboratory and 
ECG results, and C-SSRS responses. Collection of AEs occurred 
at screening, every study visit during the antidepressant lead-in 
and double-blind phases, and at follow-up. All AEs were catego-
rized based on severity and relatedness to study drug based on the 
opinion of investigators. TEAEs were defined as AEs that started 
or deteriorated on or after the date of the first randomized dose 
and no later than three days after the last dose of study drug. In 
addition, AEs defined a priori as being of special interest to this 
study included psychiatric events of aggression and violent 
behavior, psychosis/mania, suicidal ideation and behavior, and 
certain weight-related clinical laboratory or vital sign AEs.

Vital sign measures, including sitting SBP and DBP and 
pulse, were assessed in triplicate (⩾2 min between each assess-
ment) at every study visit using automated machines. During the 
double-blind augmentation phase, blood pressure and pulse were 
collected at two time points (>1 hour separating each time point) 
at augmentation baseline, weeks 10 and 12, and week 16/ET in 
randomized participants only; the average of each set of three 
measurements was used to determine continued study participa-
tion. The 12-lead ECGs were assessed in triplicate at screening, 
augmentation baseline, and week 16/ET; if more than 30 days 
elapsed between screening and lead-in baseline, an ECG assess-
ment was performed at lead-in baseline. Nonfasting, clinical 
laboratory evaluations were assessed at screening, augmentation 
baseline, week 12, and week 16/ET; if more than 30 days elapsed 
between screening and lead-in baseline, an ECG assessment was 
performed at lead-in baseline. Physical examinations were per-
formed at screening, augmentation baseline, and week 16/ET; if 
more than 30 days had elapsed between screening and lead-in 
baseline, an abbreviated physical examination was performed at 
lead-in baseline. Height (screening and lead-in baseline) and 
weight (screening, every study visit during the antidepressant 
lead-in phase and double-blind treatment phase, and at follow-
up) were also recorded. The C-SSRS, a semistructured interview 
assessing suicide-related thoughts and behaviors (Posner et al., 
2009), was assessed at screening and every study visit.

Statistical methods and sample size

Dose-response relationships for the primary efficacy endpoint 
(change in MADRS total score from augmentation baseline to 
week 16/ET) and for vital signs (SBP, DBP, and pulse) were 
assessed using the multiple comparisons procedure with  
modeling (MCP-Mod) approach (Bretz et al., 2005; Pinheiro et al., 
2006). Briefly, the MCP-Mod technique starts with a set of pre-
specified candidate dose-response curves and uses a multiple-com-
parisons technique to test whether any of these curves fit the data 
significantly better than does a flat line (indicative of no dose 
response). If at least one of the pre-specified candidate models is 
significant, then this is indicative of a dose response. Any 
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significant curves are then used to develop inferences on adequate 
treatment doses and for estimating the minimum effective dose 
(Bretz et al., 2005). This method has been adopted by the 
Committee for Medicinal Products for Human Use of the European 
Medicines Agency as an efficient statistical methodology for the 
analysis of phase 2 dose-finding studies under dose-response 
uncertainty (European Medicines Agency Committee for 
Medicinal Products for Human Use, 2014). The pre-specified 
dose-response curves tested for MADRS total score change (Emax, 
logistic, linear, and betaMod) are depicted in Figure 2; dose-
response curves tested for vital signs were Emax, exponential, 
linear, logistic 1, logistic 2. Placebo was considered 0 mg LDX.

The MADRS dose-response was assessed in the dose-
response evaluable set (DRES), which included all randomized 
participants having ⩾1 primary efficacy assessment during the 
dose-maintenance portion of double-blind treatment (i.e. after the 
three-week forced-titration phase). The most recent MADRS 
score was carried forward for missing scores during the dose-
maintenance phase. As such, a last observation carried forward 
analysis was effectively performed for the primary analysis. The 
results of the primary analysis, which used the dose-response 
evaluable set, were verified in the full analysis set using a mixed-
effects model for repeated measures (MMRM) as a sensitivity 
analysis. Vital sign dose-responses were assessed based on the 
average of the three repeated vital sign measurements per visit in 
the vital signs evaluable set, which included all randomized par-
ticipants having ⩾1 vital sign measurement during the dose-
maintenance portion of double-blind treatment.

The null hypothesis was that the mean LDX response at each 
dose was the same as the placebo response. Dose-response curves 

were tested using appropriate contrast t statistics. If at least one 
candidate dose-response relationship reached a two-sided signifi-
cance value of 0.10, proof of an LDX dose-response would be 
considered to have been established. Dose-response models 
included sex and antidepressant type as explanatory categorical 
variables; augmentation baseline MADRS total score or vital 
signs were included as explanatory continuous variables for their 
respective analyses.

Sample size was determined based on estimates of a 40% screen-
ing failure rate, 25% withdrawal from the antidepressant lead-in 
phase, 50% attrition due to participants not meeting randomization 
criteria, and 20% withdrawal of randomized participants during 
double-blind augmentation. Therefore, an estimated 1890 screened 
individuals were expected to yield 1134 enrolled participants, of 
which 425 (85 per treatment arm) would be randomized and 340 (68 
per treatment arm) would complete the study. Assuming a 
mean±standard deviation (SD) maximum effect of 3.0±8.1 for 
MADRS total score change from augmentation baseline for each 
candidate dose-response curve, 68 participants per treatment arm 
would provide 80% power. Similarly, assuming mean±SD peak 
responses of 7±10 mm Hg, 5±10 mm Hg, and 10±10 bpm for SBP, 
DBP, and pulse, respectively, the power for identifying a dose-
response relationships was approximately >95% for SBP and pulse 
and 62% for DBP. Due to a lower than anticipated drop-out rate, the 
number of randomized participants needed to obtain the necessary 
number of study completers was lower than expected. As a result, 
adequate statistical power was maintained when a lower number of 
participants were randomized.

In addition to MCP-Mod analyses, inferential and descriptive 
analyses were conducted. MADRS total score change from  

Figure 2. Prespecified candidate dose-response curves used for multiple comparisons procedure with modeling (MCP-Mod) assessment of 
Montgomery-Åsberg Depression Rating Scale (MADRS) total score.
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augmentation baseline was analyzed in the DRES and the full-
analysis set (FAS; all participants who took ⩾1 randomized 
study drug dose, had ⩾1 postaugmentation safety assessment, 
and had ⩾1 valid postaugmentation MADRS total score assess-
ment) with MMRM using both double-blind augmentation 
phases. All MADRS data from the double-blind augmentation 
phase, including those taken after LDX down-titration, were 
included in the FAS analysis; DRES analyses did not include 
MADRS data collected after down-titration. Analyses were per-
formed with treatment group, sex, antidepressant type, visit, and 
the interaction between treatment group and visit as fixed factors 
and augmentation baseline MADRS total score as a covariate; 
analyses also adjusted for the interaction between augmentation 
baseline score and visit. Least squares (LS) mean changes from 
augmentation baseline on the MADRS total score were calcu-
lated for each treatment group at each visit during the double-
blind augmentation phase; treatment differences were estimated 
with two-sided 95% confidence intervals.

Safety and tolerability endpoints were assessed using descrip-
tive statistics in the safety analysis set (all participants who took 
⩾1 randomized study drug dose and had ⩾1 postaugmentation 
safety assessment).

Results

Participant disposition and demographics

Participant disposition is reported in Figure 3; most participants 
completed the study. Demographic and clinical characteristics 
are summarized in Table 1. Most participants in the safety analy-
sis set were white (72.2% (281/389)), female (67.9% (264/389)), 
and allocated to receive ESC during the antidepressant lead-in 
phase (62.7% (244/389)). Mean±SD age and body mass index 
(BMI), respectively, were 42.3±11.61 years and 28.7±5.49 kg/m2. 
Mean±SD MADRS total scores at lead-in and augmentation 
baseline were 33.9±4.89 and 25.7±5.12, respectively.

Figure 3. Participant disposition.
aSustained elevations in average sitting systolic blood pressure (SBP) (increases of ⩾10 mm Hg from antidepressant lead-in baseline and an average value ⩾140 mm Hg 
on two consecutive visits), average sitting diastolic blood pressure (DBP) (increases of ⩾10 mm Hg from antidepressant lead-in baseline and an average value ⩾90 mm Hg 
on two consecutive visits), or average pulse (increase of ⩾20 bpm from antidepressant lead-in baseline and an average value ⩾100 bpm on two consecutive visits).
bParticipants whose depressive symptoms improved but did not meet the randomization criteria; allocated to single-blind placebo in conjunction with the antidepressant 
therapy assigned during the antidepressant lead-in phase.
BP: blood pressure; DRES: dose-response evaluable set; LDX: lisdexamfetamine dimesylate; VSES: vital signs evaluable set.
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Prior and concomitant medication use

Before the study, 52.7% (164/311) of the safety analysis set reported 
any use of antidepressant medications (placebo, 52.6% (41/78);  
10 mg LDX, 53.2% (41/77); 30 mg LDX, 53.9% (41/76); 50 mg 
LDX, 50.0% (39/78); 70 mg LDX, 53.8% (43/80)). Antidepressant 
medications taken by ⩾5% of participants randomized to placebo 
or any LDX dose (placebo; LDX) were fluoxetine (15.4% (12/78); 
15.8% (49/311)), sertraline (17.9% (14/78); 15.4% (48/311)), escit-
alopram (9.0% (7/78); 13.8% (43/311)), citalopram (11.5% (9/78); 
11.9% (37/311)), venlafaxine (5.1% (4/78); 9.6% (30/311)), bupro-
pion (9.0% (7/78); 8.0% (25/311)), paroxetine (3.8% (3/78); 7.4% 
(23/311)), or duloxetine (5.1% (4/78); 1.9% (6/311)).

During the study, most participants randomized to placebo or 
LDX reported concomitant medication use (placebo, 59.0% 
(46/78); 10 mg LDX, 64.9% (50/77); 30 mg LDX, 56.6% (43/76); 
50 mg LDX, 47.4% (37/78); 70 mg LDX, 63.8% (51/80)).

Drug exposure

Final ESC or VXR doses at the end of the lead-in antidepressant 
phase in each treatment group are summarized in Table 1. All 

participants randomized to 10 and 30 mg LDX received those 
doses as the maximum dose during double-blind treatment. Four 
participants randomized to 50 mg LDX were down-titrated to 30 
mg LDX; among participants randomized to 70 mg LDX, five 
were down-titrated to 50 mg LDX, and four were down-titrated 
to 30 mg LDX. The mean±SD daily LDX dose was 9.7±1.37 for 
10 mg LDX, 29.4±2.72 for 30 mg LDX, 42.9±8.58 for 50 mg 
LDX, and 57.3±12.19 for 70 mg LDX. The mean±SD duration of 
exposure (in days) was 53.5±10.30 for placebo, 53.8±10.04 for 
10 mg LDX, 52.2±11.86 for 30 mg LDX, 53.9±10.47 for 50 mg 
LDX, and 52.5±11.14 for 70 mg LDX.

Efficacy endpoints

Primary efficacy endpoint. No significant dose-response rela-
tionships were detected for the MADRS total score change from 
augmentation baseline for any of the candidate dose-response 
curves (Table 2).

Other efficacy analyses. Table 3 summarizes the descriptive 
and inferential analyses of MADRS total scores at augmentation 

Table 1. Demographics and baseline clinical characteristics, safety analysis set (n=389).

Placebo (n=78) LDX

 10 mg (n=77) 30 mg (n=76) 50 mg (n=78) 70 mg (n=80)

Mean±SD age, years 43.7±10.48 39.1±11.83 43.4±12.06 43.8±12.40 41.5±10.81
Sex, n (%)
 Male 25 (32.1) 24 (31.2) 24 (31.6) 25 (32.1) 27 (33.8)
 Female 53 (67.9) 53 (68.8) 52 (68.4) 53 (67.9) 53 (66.3)
Ethnicity, n (%)
 Hispanic or Latino 10 (12.8) 21 (27.3) 20 (26.3) 21 (26.9) 22 (27.5)
 Not Hispanic or Latino 68 (87.2) 56 (72.7) 56 (73.7) 57 (73.1) 58 (72.5)
Race, n (%)
 White 52 (66.7) 58 (75.3) 57 (75.0) 58 (74.4) 56 (70.0)
 Black/African American 24 (30.8) 16 (20.8) 16 (21.1) 16 (20.5) 21 (26.3)
 Asian 1 (1.3) 2 (2.6) 2 (2.6) 4 (5.1) 2 (2.5)
 American Indian/Alaska Native 1 (1.3) 1 (1.3) 1 (1.3) 0 0
Other 0 0 0 0 1 (1.3)
Mean±SD weight, kg 82.1±20.78 83.5±20.38 80.9±18.39 81.8±19.20 81.9±19.62
Mean±SD BMI, kg/m2 28.2±5.57 29.1±5.68 28.3±4.74 29.0±5.64 28.7±5.82
Mean±SD MADRS total score
Antidepressant lead-in baseline 33.8±4.90 32.9±4.79 34.2±4.86 34.3±5.02 34.3±4.85
Double-blind augmentation baseline 25.4±5.03 25.2±5.08 26.3±5.27 25.5±4.92 25.9±5.32
Antidepressant type, n (%)
 Escitalopram oxalate 49 (62.8) 48 (62.3) 48 (63.2) 50 (64.1) 49 (61.3)
 Venlafaxine extended-release 29 (37.2) 29 (37.7) 28 (36.8) 28 (35.9) 31 (38.8)
Final antidepressant dose, n (%)
 Escitalopram oxalate, mg
 10 9 (11.5) 8 (10.4) 9 (11.8) 5 (6.4) 5 (6.3)
 20 40 (51.3) 40 (51.9) 39 (51.3) 45 (57.7) 44 (55.0)
 Venlafaxine extended-release, mg
 75 6 (7.7) 2 (2.6) 10 (13.2) 4 (5.1) 6 (7.5)
 150 8 (10.3) 7 (9.1) 7 (9.2) 13 (16.7) 12 (15.0)
 225 15 (19.2) 20 (26.0) 11 (14.5) 11 (14.1) 13 (16.3)

BMI: body mass index; LDX: lisdexamfetamine dimesylate; MADRS: Montgomery-Åsberg Depression Rating Scale; SD: standard deviation.
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baseline at week 16. Consistent with the MCP-Mod analysis, LS 
mean treatment differences between placebo and LDX were not 
statistically significant for the DRES or FAS. Mean MADRS 
total score changes from augmentation baseline at week 16 
among the randomized treatment groups were similar regardless 
of antidepressant type or sex in the DRES, with no evidence of a 
dose response (data not shown).

Across treatment groups in the FAS, mean±SD SDS augmen-
tation baseline total scores were 15.3±6.14 with placebo, 
13.5±6.25 with 10 mg LDX, 16.6±6.04 with 30 mg LDX, 
13.2±6.76 with 50 mg LDX, and 15.8±6.40 with 70 mg LDX. 
Mean±SD changes in SDS total score from augmentation base-
line to week 16 were −3.9±7.01 with placebo,−3.3±5.54 with  
10 mg LDX, −4.2±7.23 with 30 mg LDX, −4.6±6.42 with 50 mg 
LDX, and −4.2±8.00 with 70 mg LDX.

Across treatment groups in the FAS, mean±SD EQ-5D-5L aug-
mentation baseline scores were 67.8±16.39 with placebo, 69.2±17.35 

with 10 mg LDX, 62.0±18.39 with 30 mg LDX, 67.9±18.96 with  
50 mg LDX, and 67.1±15.25 with 70 mg LDX. Mean±SD changes 
from augmentation baseline at week 16 were 2.3±17.09 with pla-
cebo, 2.5±15.41 with 10 mg LDX, 6.7±20.98 with 30 mg LDX, 
4.5±15.72 with 50 mg LDX, and 6.7±15.09 with 70 mg LDX.

Safety and tolerability endpoints

MCP-Mod vital signs analyses. Statistically significant dose-
response relationships between LDX dose and change from aug-
mentation baseline in SBP, DBP, and pulse were observed (Table 2, 
Figure 4). All three vital sign parameters tended to increase as LDX 
dose increased; a linear relationship provided the best fit of the data.

Descriptive safety and tolerability analyses. Greater percent-
ages of participants randomized to LDX than to placebo reported 

Table 2. Dose-response relationship for change in Montgomery-Åsberg Depression Rating Scale (MADRS) (dose-response evaluable set) and in vital 
signs (vital signs evaluable set) from augmentation baseline to week 16 using multiple comparisons procedure with modeling (MCP-Mod).

Estimate±SE T statistic Adjusted p value

MADRS total scorea

 betaMod −0.11±1.07 0.10 1.000
 Emax 0.43±1.06 0.41 0.942
 Linear 0.21±1.06 0.20 0.995
 Logistic −0.32±1.07 0.30 0.978
Systolic blood pressure,b mm Hg
 Emax 3.16±1.01 3.14 0.004
 Exponential 2.50±1.01 2.48 0.032
 Linear 3.28±1.01 3.26 0.003
 Logistic1 2.91±1.01 2.88 0.010
 Logistic2 3.15±1.01 3.12 0.005
Diastolic blood pressure,c mm Hg
 Emax 2.16±0.75 2.86 0.011
 Exponential 1.95±0.75 2.59 0.023
 Linear 2.47±0.75 3.28 0.003
 Logistic1 2.22±0.76 2.93 0.009
 Logistic2 2.37±0.76 3.13 0.005
Pulse rate,d bpm
 Emax 4.45±1.05 4.24 <0.001
 Exponential 3.52±1.05 3.36 0.002
 Linear 4.30±1.05 4.10 <0.001
 Logistic1 4.63±1.05 4.39 <0.001
 Logistic2 4.63±1.05 4.39 <0.001

SE: standard error.

aMADRS total score change candidate dose-response curves: betaMod [ f d
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TEAEs (Table 4); most TEAEs in each treatment group were 
mild or moderate in severity. The most frequently reported 
TEAEs with LDX (reported by ⩾5% of participants and at twice 
the rate of placebo for any one LDX dose) are summarized in 
Table 4.

Severe TEAEs were reported in 18 participants randomized to 
LDX, with the frequency of severe TEAEs being higher with  
70 mg LDX than all other LDX doses. There was no apparent 
dose response observed for any specific severe TEAE. Severe 
TEAEs reported by ⩾2 participants were insomnia (n=4; one for 
each LDX dose), anxiety (n=1 each with 30 and 50 mg), and 
lethargy and nephrolithiasis (n=1 each with 50 and 70 mg LDX). 
TEAEs led to discontinuation in five participants randomized to 
LDX (vomiting, n=1 with 30 mg LDX; blood pressure increased, 
n=1 each with 50 and 70 mg LDX; suicidal ideation and tachy-
phrenia (i.e. racing thoughts), n=1 each with 70 mg). There were 
no deaths during the trial. One serious treatment-emergent AE 
was reported. A case of cholecystitis was reported by a partici-
pant in the 70 mg LDX group. It occurred on day 29 of the dou-
ble-blind augmentation phase (onset dose, 70 mg), resolved three 
days after onset, and was considered by the investigator not to be 
related to the study medication.

TEAEs of special interest (defined as aggression and violent 
behavior; psychosis/mania; suicidal ideation and behavior; and 
weight-related, clinical laboratory, or vital sign AEs) were 
reported by seven participants (9.0%) randomized to placebo 
and 77 (24.8%) randomized to LDX. TEAEs of special interest 
showed a dose-response relationship for LDX, with the fre-
quency being lower with 10 mg LDX (15 (19.5%)) and 30 mg 
LDX (13 (17.1%)) than with 50 mg LDX (19 (24.4%)) and  
70 mg LDX (30 (37.5%)). There were no instances of psycho-
sis/mania. There was one suicidal ideation (nonlethal) in a male 
participant (onset at 10 mg LDX; considered related to study 
drug) and one instance of aggression event in a female partici-
pant (onset at 30 mg; not considered related to study drug); both 
participants had been randomized to 70 mg LDX. Non-
psychiatric TEAEs of special interest for which an apparent 
dose response was observed were increased blood pressure  
(10 mg, one (1.3%); 30 mg, none; 50 mg, three (3.8%); 70 mg, 
four (5.0%)) and decreased weight (10 mg, none; 30 mg, none; 
50 mg, one (1.3%); 70 mg, three (3.8%)).

Table 5 summarizes vital sign and physical examination 
changes from augmentation baseline at week 16/ET for the safety 
analysis population. At week 16/ET, mean increases in SBP and 

Table 3. Summary of descriptive and inferential analyses of Montgomery-Åsberg Depression Rating Scale (MADRS) total scores at augmentation 
baseline and week 16.

Placebo LDX

 10 mg 30 mg 50 mg 70 mg

Dose-response evaluable set
Augmentation baseline
 n 72 71 69 66 71
 Mean±SD MADRS total score 25.3±5.14 25.2±5.13 26.1±5.19 25.2±4.81 25.9±5.40
Week 16
 n 67 68 65 51 63
 Mean±SD MADRS total score 20.0±10.62 18.7±10.02 20.5±10.31 19.6±9.88 19.5±8.28
  LS mean (90% CI) change from 

augmentation baseline
−5.4 (−7.2, −3.5) −6.7 (−8.6, −4.9) −5.3 (−7.1, −3.4) −6.1 (−8.1, −4.1) −6.3 (−8.2, −4.4)

  LS mean (90% CI) treatment dif-
ference vs placeboa

— −1.4 (−3.9,1.2) 0.1 (−2.5,2.7) −0.7 (−3.4,2.0) −0.9 (−3.5,1.6)

 p valueb — 0.375 0.940 0.652 0.551
Full analysis set
Augmentation baseline
 n 78 77 76 78 80
 Mean±SD MADRS total score 25.4±5.03 25.2±5.08 26.3±5.27 25.5±4.92 25.9±5.32
Week 16
 n 71 71 69 70 72
 Mean±SD MADRS total score 19.8±10.37 18.3±9.96 20.6±10.41 18.6±10.09 18.8±8.84
  LS mean (90% CI) change from 

augmentation baseline
−5.5 (−7.2, −3.7) −7.1 (−8.8, −5.3) −5.3 (−7.1, −3.5) −6.6 (−8.3, −4.8) −6.7 (−8.4, −5.0)

  LS mean (90% CI) treatment dif-
ference vs placeboa

— −1.6 (−4.1,0.9) 0.1 (−2.4,2.6) −1.1 (−3.6,1.4) −1.2 (−3.7,1.2)

 p valueb — 0.288 0.923 0.468 0.410

CI: confidence interval; LDX: lisdexamfetamine dimesylate; LS: least squares; MADRS: Montgomery-Åsberg Depression Rating Scale; SD: standard deviation.
aDifference is LDX minus placebo.
bBased on mixed-effects model for repeated measures analysis over all postrandomization visits, with the change from augmentation baseline in MADRS total score as the 
outcome, treatment group, visit, their interaction, sex, and antidepressant type as factors; augmentation baseline MADRS total score was a covariate and its interaction 
with visit adjusted in the model. The model is based on the residual maximum likelihood method of estimation, with Kenward-Roger method for estimating degrees of 
freedom and an unstructured covariance matrix.
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DBP were observed with all LDX doses except the 30 mg dose, 
whereas decreases were observed with placebo; mean pulse 
increased more with all LDX doses than with placebo.

Mean body weight and BMI increased with placebo and 
decreased with LDX at week 16/ET, except for the 10 mg LDX 
group. Body weight decreases of ⩾7% from augmentation 

Figure 4. Dose-response relationship between the lisdexamfetamine dimesylate (LDX) dose test (10–70 mg/d) for (a) systolic blood pressure,  
(b) diastolic blood pressure, and (c) pulse rate.
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baseline were observed in three (3.9%) participants randomized 
to 50 mg LDX and 6 (7.5%) participants randomized to 70 mg 
LDX and in no participants randomized to placebo, 10 mg LDX, 
or 30 mg LDX.

Mean ECG changes from augmentation baseline were gener-
ally small, except for the RR interval, which decreased more with 
LDX (10 mg, −27.2±97.80 ms; 30 mg, −56.6±92.22 ms; 50 mg, 
−65.1±92.76 ms; 70 mg, −56.6±130.13 ms) than with placebo 
(−6.7±117.88 ms). No participant in any treatment group had a 
shift from a normal ECG at augmentation baseline to a clinically 
significant ECG at week 16/ET. Mean changes from augmenta-
tion baseline week 16/ET for clinical laboratory parameters were 
generally small in magnitude, similar between placebo and LDX, 
and not considered clinically meaningful.

During double-blind augmentation, ⩾1 positive suicidal 
ideation occurred in 11 (14.1%) participants in the placebo 
group and 30 (9.6%) participants across LDX groups (10 mg, 
seven (9.1%); 30 mg, six (7.9%); 50 mg, eight (10.3%); 70 
mg, nine (11.3%)). No suicidal attempts were reported with 
placebo during double-blind augmentation; one (0.3%) sui-
cide attempt was reported in a participant from the 70 mg 
LDX treatment group.

Discussion
In this phase 2 dose-ranging study, LDX augmentation of ESC or 
VXR was not statistically superior to placebo augmentation in 
adults with MDD who exhibited inadequate response to 

Table 4. Summary of treatment-emergent adverse events (TEAEs), safety analysis set.

Placebo
(n=78)

LDX

 10 mg
(n=77)

30 mg
(n=76)

50 mg
(n=78)

70 mg
(n=80)

All LDX
(n=311)

Any TEAE, n (%) 35 (44.9) 45 (58.4) 42 (55.3) 48 (61.5) 62 (77.5) 197 (63.3)
 Serious TEAEs  0  0  0  0 1 (1.3)a 1 (0.3)
 TEAEs related to study drug 11 (14.1) 18 (23.4) 26 (34.2) 31 (39.7) 39 (48.8) 114 (36.7)
 Severe TEAEs  0 3 (3.9) 2 (2.6) 4 (5.1) 9 (11.3) 18 (5.8)
 TEAEs leading to discontinuation  0  0 1 (1.3) 1 (1.3) 3 (3.8) 5 (1.6)
TEAEs in ⩾5% of participants in any treatment group and twice the rate of placebo (for any one LDX dose), n (%)
 Insomnia 2 (2.6) 7 (9.1) 2 (2.6) 8 (10.3) 9 (11.3) 26 (8.4)
 Dry mouth 1 (1.3) 2 (2.6) 2 (2.6) 10 (12.8) 10 (12.5) 24 (7.7)
 Decreased appetite 1 (1.3) 4 (5.2) 5 (6.6) 5 (6.4) 4 (5.0) 18 (5.8)
 Nausea 1 (1.3) 5 (6.5) 6 (7.9) 1 (1.3) 6 (7.5) 18 (5.8)
 Nasopharyngitis  0 5 (6.5) 4 (5.3) 2 (2.6) 7 (8.8) 18 (5.8)
 Upper respiratory tract infection  0 3 (3.9) 3 (3.9) 4 (5.1) 3 (3.8) 13 (4.2)
 Bruxism 1 (1.3)  0 1 (1.3) 4 (5.1) 6 (7.5) 11 (3.5)
 Influenza 2 (2.6) 1 (1.3) 4 (5.3) 4 (5.1) 1 (1.3) 10 (3.2)
 Dizziness 2 (2.6) 2 (2.6) 2 (2.6) 5 (6.4) 1 (1.3) 10 (3.2)
 Hyperhidrosis 1 (1.3) 4 (5.2)  0 1 (1.3) 3 (3.8) 8 (2.6)
 Blood pressure increased  0 1 (1.3)  0 3 (3.8) 4 (5.0) 8 (2.6)
 Fatigue 1 (1.3)  0 2 (2.6) 1 (1.3) 4 (5.0) 7 (2.3)

LDX: lisdexamfetamine dimesylate.
aCholecystitis was reported by a participant in the 70 mg LDX group and occurred on day 29 of the double-blind augmentation phase (onset dose, 70 mg); it resolved 
three days after onset and was considered by the investigator not to be related to LDX.

Table 5. Change from augmentation baseline in vital signs and physical examinations at Week 16/ early termination (ET), safety analysis set.

Placebo (n=78) LDX

 10 mg
(n=77)

30 mg
(n=76)

50 mg
(n=78)

70 mg
(n=80)

All LDX
(n=311)

Vital signs, mean±SD
 SBP, mm Hg −0.7±9.90 1.2±9.01 −0.1±8.98 3.4±8.85 3.0±10.62 1.9±9.47
 DBP, mm Hg −0.3±7.24 −0.5±6.65 −0.5±7.58 2.4±7.11 1.6±7.88 0.8±7.40
 Pulse, bpm 0.2±10.57 1.1±7.51 4.6±8.14 3.4±9.67 5.0±12.44 3.6±9.74
Physical examinations, mean±SD
 Weight, kg 0.5±1.84 0.2±1.84 −0.3±1.85 −1.0±2.25 −1.5±2.90 −0.7±2.34
 BMI, kg/m2 0.2±0.61 0.1±0.63 −0.1±0.64 −0.4±0.79 −0.5±1.04 −0.2±0.83

BMI: body mass index; DBP: diastolic blood pressure; LDX: lisdexamfetamine dimesylate; SBP: systolic blood pressure; SD: standard deviation.
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antidepressant monotherapy, and no dose-response relationship 
for efficacy was identified. In contrast, changes in SBP, DBP, and 
pulse from augmentation baseline to week 16/ET exhibited sig-
nificant dose-response relationships across the dose range stud-
ied. All vital sign endpoints tended to increase as LDX dose 
increased, with a linear relationship providing the best fit.

The lack of efficacy in the current study is consistent with the 
published literature describing the effects of stimulant augmenta-
tion for MDD in general (Candy et al., 2008; Fleurence et al., 
2009; Patkar et al., 2006; Postolache et al., 1999; Ravindran 
et al., 2008) and with the phase 3 studies of LDX augmentation 
for MDD (Richards et al., 2016). Although individual studies 
provided some support for the efficacy of stimulant augmenta-
tion versus placebo for some aspects of depressive symptomatol-
ogy (Madhoo et al., 2014; Trivedi et al., 2013), the weight of 
evidence based on meta-analyses suggests there is limited evi-
dence for additional clinical benefit with stimulant augmentation 
of antidepressant monotherapy (Candy et al., 2008; Fleurence 
et al., 2009). Although these results are not consistent with previ-
ously reported findings of the phase 2 clinical trials of LDX aug-
mentation in adults with MDD (Madhoo et al., 2014; Trivedi 
et al., 2013), it is important to note that these studies differed in 
important ways. This phase 2 study, and the published phase 3 
studies (Trivedi et al., 2013), required that participants have 
MADRS total scores ⩾18 at augmentation baseline and MADRS 
total score reductions <50% from the antidepressant lead-in base-
line to augmentation baseline. In contrast, the previously pub-
lished phase 2 studies had different inclusion criteria, using 
participants with 17-item Hamilton Depression Rating Scale 
scores ⩾4 (Trivedi et al., 2013) or with executive dysfunction 
and MADRS total scores ⩽18 (Madhoo et al., 2014). 
Additionally, one of the phase 2 studies used predefined signal-
detection criteria with a critical α of 0.10 (Trivedi et al., 2013). 
The aforementioned two studies were also small proof-of-con-
cept studies, which makes comparisons to the present larger 
dose-finding study difficult. It has been suggested that using 
small, underpowered proof-of-concept studies in the design of 
larger, randomized clinical trials may be problematic because 
small studies may provide inaccurate effect size estimates 
(Kraemer and Kupfer, 2006).

Significant dose-response relationships were observed for 
LDX on SBP, DBP, and pulse, with greater increases generally 
being observed at higher LDX doses. These findings of increased 
SBP, DBP, and pulse and decreased weight are consistent with 
previously published LDX augmentation studies for MDD 
(Madhoo et al., 2014; Trivedi et al., 2013) and with studies of 
LDX in adults diagnosed with ADHD (Adler et al., 2008) or 
binge eating disorder (McElroy et al., 2015a; McElroy et al., 
2015b). These findings also align with the cardiovascular effects 
of stimulants in general (Duong et al., 2012; Santosh et al., 2011). 
When considered in light of the cardiovascular safety concerns 
associated with stimulant use (Panagiotou et al., 2011; Westover 
and Halm, 2012), these findings support the importance of regu-
lar cardiovascular monitoring when using stimulants in adults.

The overall TEAE profile of LDX in the current study is con-
sistent with previously published studies of LDX augmentation 
for MDD (Madhoo et al., 2014; Richards et al., 2016; Trivedi 
et al., 2013). As in these previous studies, the most frequently 
reported TEAEs with LDX included insomnia, dry mouth, head-
ache, decreased appetite, and nasopharyngitis (Madhoo et al., 

2014; Trivedi et al., 2013). There were no clinically important 
mean changes in clinical laboratory parameters (Richards et al., 
2016; Trivedi et al., 2013) or ECG (Madhoo et al., 2014; Trivedi 
et al., 2013) reported in previously published studies.

Potential limitations of these data related to the placebo effect 
and the use of the MADRS as the primary efficacy assessment 
instrument should be considered. Regarding the placebo effect, it 
has been reported that a greater probability of receiving placebo 
(based on the lower number of treatment arms and randomization 
schedule) is associated with greater separation between antide-
pressant treatment and placebo (Papakostas and Fava, 2009). 
This suggests that the probability of observing LDX treatment 
effects in the smaller two-arm dose-optimization studies (Madhoo 
et al., 2014; Trivedi et al., 2013) may have been higher than in 
this five-arm dose-ranging study in which there was only a 20% 
chance of being assigned to placebo.

In regard to the MADRS, it is possible that the benefits of 
stimulant augmentation are specifically related to improvement 
in symptoms associated with atypical depression, such as leth-
argy (Fava et al., 2007), or for cognitive symptoms (Madhoo 
et al., 2014). Improvement in these domains would not be dis-
criminated using MADRS total score, but may be more ade-
quately addressed on an instrument such as the Massachusetts 
General Hospital Cognitive and Physical Functioning 
Questionnaire (Fava et al., 2009). Although an item analysis of 
the MADRS could provide insight into issues related to specific 
MADRS items or item clusters such as lassitude, concentration, 
or anhedonia, the current study was not powered to assess 
changes in individual MADRS items. It should also be noted that 
the MADRS assesses appetite as a separate item and that stimu-
lant effects on appetite could confound the assessment of MDD 
symptoms. Future studies are needed to determine if the tradi-
tional outcomes used to measure depressive symptoms in the cur-
rent study are adequate in terms of their specificity and sensitivity 
for assessing the efficacy of stimulant augmentation of antide-
pressant therapy in MDD. Additionally, it is possible that the use 
of a self-report scale, such as the 16-item Quick Inventory of 
Depressive Symptomatology-Self-Report, would provide benefit 
beyond that of the MADRS by capturing the individual’s own 
perception of changes in their depressive symptoms. Finally, it 
should also be noted that in this study the MADRS was assessed 
using remote telephone interviews by a small number of trained 
raters to reduce the potential for inter-rater variability. However, 
inter-rater reliability was not assessed and this limitation should 
be considered when interpreting these data.

In conclusion, no significant dose response was detected for 
MADRS total score change from augmentation baseline using 
MCP-Mod analysis. LDX augmentation up to 70 mg did not pro-
vide clinical benefit over placebo based on the efficacy measures 
used in this study in adults with inadequate responses to antide-
pressant monotherapy.
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