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ABSTRACT
Objective: To examine clinical response and 

symptomatic remission in two studies of lisdex-

amfetamine dimesylate (LDX) in children with 

attention-deficit/hyperactivity disorder (ADHD). 

Methods: In a 4-week, placebo-controlled, 

double-blind trial, children 6–12 years of age 

with ADHD received LDX (30–70 mg/day) or 

placebo. In an open-label trial, children from 

previous studies were titrated to optimal dose 

over 4 weeks and maintained up to 1 year. 

Primary and secondary efficacy assessments 

were the ADHD Rating Scale IV (ADHD-RS-IV) 

and Clinical Global Impressions-Improvement 

(CGI-I) scale, respectively. Clinical response 
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FOCUS POINTS
•  Response to treatment with lisdexamfetamine 

dimesylate (LDX) was evaluated in children 
with attention-deficit/hyperactivity disorder 
utilizing criteria for clinical response and 
symptomatic remission.

•  The majority of subjects receiving LDX achieved 
clinical response and symptomatic remission in 
both a short-term randomized controlled trial 
with forced dose-titration, and a long-term, open-
label trial with a dose-optimized trial design.

•  For nearly half the subjects in the long-term trial, 
symptomatic remission was maintained through-
out the study with continued treatment with LDX.

was defined as ≥30% reduction in ADHD-RS-IV 

total score with a CGI-I rating of 1 or 2; symp-

tomatic remission was defined by ADHD-RS-IV 

total score ≤18. 
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Results: In the 4-week study (N=285), at any 

postdose assessment, 79.3% achieved response 

(median 13 days) and 67.1% achieved remission 

(median 22 days) with LDX versus 29.2% and 23.6% 

with placebo. In the long-term study (N=251), at 

any postdose assessment, 96.0% responded and 

62.7% maintained response; 88.8% achieved remis-

sion and 46.4% maintained remission. 

Conclusion: Most children treated with LDX 

achieved clinical response and symptomatic 

remission at one time point; once achieved, 

almost half maintained remission. 

CNS Spectr. 2010;15(9):559-568.

INTRODUCTION 
Attention-deficit/hyperactivity disorder (ADHD) 

is among the most commonly diagnosed and 
treated neurobehavioral disorders in children, 
with studies indicating that it affects ~4% to 12% 
of school-aged youths.1,2 Most ADHD clinical tri-
als evaluate treatment efficacy by comparing 
change in the mean score of an active medica-
tion group with that of a placebo group using a 
continuous rating scale, such as the ADHD Rating 
Scale IV (ADHD-RS-IV)3 or the Swanson, Nolan, 
and Pelham rating scale (SNAP-IV).4,5 While mean 
score change is useful for making comparisons 
across groups, it provides limited information on 
clinical response at the individual or subject level. 
Although ADHD rating scales may be a valuable 
approach for researchers, for clinicians it may be 
more meaningful to describe efficacy in terms of 
the proportion of subjects showing a clinically 
meaningful response.

Relatively few studies have assessed ADHD 
clinical trial data using formal criteria for clinical 
response and symptomatic remission.6 Clinical 
response is defined as improvement in symptoms 
as a result of treatment that is recognizable to cli-
nicians and patients, but subjects may continue to 
have symptoms of the disorder.6,7 Remission, in its 
narrowest sense, has been defined as “sufficient 
improvement such that the patient no longer dis-
plays the diagnostic criteria of the disorder and 
is virtually asymptomatic.”7 Remission has been 
associated with decreased relapse rates, restora-
tion of social and occupational functioning, and 
potentially lower healthcare costs.6,8-10

From the simple definition of response above, 
other more elaborate definitions have been pro-
posed, mostly in other psychiatric disorders. An 
early exercise in establishing consensus definitions 
for major depression posited that response was 
the treatment-related improvement of sufficient 
magnitude and the individual was no longer fully 
symptomatic but continued to have evidence of 
more than minimal symptoms.7  This concept has 
since been operationalized as a reduction of ≥50% 
on a variety of symptom rating scales including the 
Hamilton Rating Scale for Depression (HAM-D) or 
the Montgomery-Åsberg Depression Rating Scale 
(MADRS).11 Another recent analysis by Leucht and 
colleagues12 suggested that response could be 
defined for schizophrenia as a ≥50% reduction in 
symptoms for acutely ill nonrefractory patients, but 
a 25% reduction in symptoms was more appropri-
ate for refractory patients. For bipolar disorder, 
response has been further parsed to differentiate 
bipolar depression and mania and, within each, 
symptomatic response versus the more expan-
sive and more rigorous syndromal response 
(≥50% improvement in all core symptoms).11 In 
this scheme, symptomatic response can be graded 
from <25% improvement to 75% to 100% improve-
ment on the HAM-D or MADRS.11 Because these 
other psychiatric disorders are generally episodic 
in nature, the application of these definitions and 
criteria to ADHD, which is a persistent condition, 
are not clear-cut. In studies of ADHD, the concept 
of response has been operationalized as improve-
ment from baseline of 25% to 30% in rating scales 
such as the ADHD-RS-IV or SNAP-IV.6

Three distinct types of remission have been 
proposed13 for ADHD: syndromatic, symptomatic, 
and functional. Syndromatic remission—the loss 
of full diagnostic status—has been operationalized 
for ADHD as “failing to meet the full diagnostic cri-
teria for ADHD”. Symptomatic remission—defined 
as the loss of partial diagnostic status—has been 
described for ADHD as having “fewer than the 
number of symptoms required for a subthresh-
old diagnosis”. It may be thought of as treatment 
response that is associated with symptom levels 
within or near the normal range; in clinical prac-
tice, this might represent successful treatment.5 
Finally, functional remission is “the loss of partial 
diagnostic status plus functional recovery”. 13 While 
there are no widely accepted operational criteria 
for clinically meaningful response and symptom-
atic remission, recent studies have sought to test 
the applicability of scale-based cutoff criteria. In 
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the Multimodal Treatment Study of Children with 
ADHD (MTA), this approach defined success or 
excellent response as a mean per-item score ≤1 
(from a composite of parent and teacher ratings 
on the SNAP-IV) indicating a severity level below 
symptomatic ADHD.5 Similarly, an ADHD-RS-IV 
total score of ≤18 has been proposed as indicat-
ing normalization for subjects with combined-
type ADHD.14

In this study, efficacy data from two clinical tri-
als of lisdexamfetamine dimesylate (LDX) were 
reassessed. In a short-term (4-week), randomized, 
placebo-controlled clinical trial, LDX significantly 
reduced symptoms of ADHD compared with pla-
cebo and maintained efficacy throughout the day 
as measured by parent and clinician ratings.15 
In a 12-month open-label treatment extension 
with subjects who previously participated in ran-
domized controlled studies of LDX,15,16 ongoing 
treatment was also associated with a significant 
reduction in ADHD symptom scores.16-18 In this 
post hoc analysis, the time to clinical response 
and symptomatic remission in the short-term, 
parallel-group, randomized, placebo-controlled 
trial as well as ratings of response and remis-
sion by visit in the year-long open-label extension 
study were examined. Furthermore, the mainte-
nance of response and symptomatic remission 
during open-label treatment were observed. 

METHODS
The methodology of the original clinical trials 

has been previously described,15,18 but is briefly 
summarized here.

Methods Common to Both Clinical Trials
The studies were performed in accordance with 

the principles of the International Conference on 
Harmonization Good Clinical Practice, 18th World 
Medical Assembly (Helsinki, 1964), and amend-
ments of the 29th (Tokyo, 1975), the 35th (Venice, 
1983), the 41st (Hong Kong, 1989), and the 48th 
(South Africa, 1996) World Medical Assemblies. 
After receiving thorough verbal and written 
descriptions of all study requirements, and prior 
to initiation of the study protocol, all subjects and 
parents/guardians provided written assent/consent 
following procedures approved by the Institutional 
Review Board at each participating site.

Both studies enrolled children aged 6–12 years 
with a primary diagnosis of ADHD,15,18 based on 

the Diagnostic and Statistical Manual of Mental 
Disorders, Fourth Edition, Text Revision (DSM-IV-
TR) criteria for the combined or predominantly 
hyperactive/impulsive subtypes.19 The primary 
outcome was the change in ADHD-RS-IV total 
score from baseline to endpoint.15,18 The ADHD-
RS-IV contains 18 items corresponding to the 
criteria for an ADHD diagnosis described in the 
DSM-IV-TR.3,18,19 Each item is scored according to 
its frequency: 0 (never or rarely), 1 (sometimes), 2 
(often), and 3 (very often).3 Secondary measures 
included the Clinical Global Impressions-Severity 
(CGI-S) at baseline and CGI-Improvement (CGI-
I) scales at subsequent visits.15,18,20 The CGI-S 
is used to rate the severity of symptoms on a  
7-point scale ranging from 1 (no symptoms) to 
7 (very severe symptoms). At each postbaseline 
visit, symptom improvement was assessed by 
the clinician on the CGI-I using a 7-point scale 
ranging from 1 (very much improved) to 7 (very 
much worse).20 Safety assessments for both stud-
ies included open-ended elicitation of adverse 
events (AEs), vital signs, electrocardiogram, rou-
tine clinical laboratory monitoring, and physical 
examinations (eg, height and weight) as previ-
ously reported.15,18

Short-Term Placebo-Controlled Study
In a 4-week, placebo-controlled, multicenter, 

double-blind, parallel-group, forced dose-esca-
lation trial, subjects were randomly assigned in 
a 1:1:1:1 ratio to receive oral LDX (30, 50, or 70 
mg/day) or placebo capsules.15 Subjects assigned 
the higher doses initiated treatment with 30 mg/
day, and the dose was increased, as assigned, at 
weekly intervals to 50 mg/day and then 70 mg/
day. Inclusion and exclusion criteria were previ-
ously reported15 and exclusion criteria included 
comorbid psychiatric disorders, any current medi-
cal condition or history of a medical condition, or 
current medication use that might confound the 
results of the study or increase risk to the subject.

Long-Term Open-Label Study
The long-term (12-month), open-label, single-

arm study enrolled children aged 6–12 years with 
ADHD, who were enrolled subsequent to the par-
ticipation in the short-term trial described above,15 
enrolled in a separate (analog classroom) study,16 
or not enrolled in a previous LDX trial. Inclusion 
and exclusion criteria were similar to the short-term 
study and were previously reported.18 After a 1-week 
washout (optional for those enrolling directly from 

CNS Spectr 15:9 © MBL Communications Inc.      September 2010

Original Research

561

https://doi.org/10.1017/S1092852900000535 Published online by Cambridge University Press

https://doi.org/10.1017/S1092852900000535


the short-term study), all subjects were titrated to 
an optimal dose as previously reported.18 Treatment 
was maintained for up to 11 months, during which 
time the dose could be adjusted to maintain opti-
mal effectiveness and tolerability.

Clinical Response and Symptomatic 
Remission Analyses

Post hoc analysis criteria for clinical response 
and symptomatic remission were established 
based on previous reports,5,6 and are presented 
along with other pertinent definitions in Table 1. 
For symptomatic remission, the mean score on 
items on the ADHD-RS-IV would be equivalent to 
an average rating of sometimes (1) or rarely or 
never (0) on each item; such a score would repre-
sent a loss of ADHD symptoms.3,6 Loss of clinical 
response or symptomatic remission was defined 
as failure to meet the criteria for response or 
remission at a later visit after previously achieving 
that status among the actively enrolled subjects. 
Once having failed to meet remission criteria, 
those subjects were not considered further. In the 
long-term trial, maintenance of clinical response 
or symptomatic remission was evaluated among 

subjects who met response/remission criteria and 
completed the 4-week dose-optimization phase 
(optimal dose groups).

Statistical Analysis
Differences among all LDX dose groups in the 

4-week study and long-term study for time to 
clinical response or symptomatic remission were 
analyzed with a log-rank statistic test. For these 
analyses, the null hypothesis that there is no dif-
ference in events’ distribution across the study 
time among the optimal dose groups was tested; 
this was a global test of the doses. 

RESULTS 
The predefined outcome measures from 

the two clinical trials have been previously 
reported.15,18 Data from the current post hoc anal-
ysis are reported herein.

Short-Term Study 
Of the 297 subjects enrolled in the short-term 

double-blind study, 290 were randomized, effi-
cacy was assessed in 285 subjects (72 received 
placebo, 213 received LDX), and 230 completed 
the study (54 received placebo, 176 received 
LDX).15 Across the four treatment groups, sub-
jects had a mean age range of 8.7–9.4 years at 
baseline. Males comprised approximately two-
thirds of the sample population and >77% of 
subjects were identified as Caucasian or African 
American. Moreover, ~96% of the subjects were 
diagnosed with combined-subtype ADHD.

Among subjects who responded to LDX treat-
ment and completed the study (n=158), 135 
(85.4%) continued to meet criteria for clinical 
response at all subsequent study visits. Similarly, 
of the patients who achieved symptomatic remis-
sion with LDX treatment and completed the study 
(n=121), 100 (82.6%) continued to meet criteria for 
symptomatic remission at all subsequent visits. 
Table 2 summarizes the proportion of subjects 
who met criteria for clinical response and symp-
tomatic remission at any time during the study 
and the median clinical response time and median 
symptomatic remission time from baseline (also 
depicted in the Kaplan-Meier analyses). Time to 
median clinical response or median symptomatic 
remission was when half the population is consid-
ered to have had the event in question. 

Of the 213 subjects treated with LDX, 169 
(79.3%) responded to treatment and 143 (67.1%) 
achieved remission, compared with 21 (29.2%) 
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TABLE 1.
Definitions/Criteria for Clinical Response 
and Symptomatic Remission5,6

Clinical response ≥30% reduction in ADHD-RS-IV 
total score* and CGI-I score 1 or 2

Symptomatic 
remission

ADHD-RS-IV total score ≤18  
(average per-item score ≤1)

Time to median 
response/remission

Time by which half the original 
sample achieves criteria for 
response/remission

Loss of response/
remission status

Failure to meet criteria for response/
remission after having achieved that 
status at a previous visit

Maintenance of 
response/remission 
at endpoint

4-week trial: Subjects meeting 
criteria for response/remission at 
postbaseline visits, enrolled at end-
point, and meeting criteria without 
interruption
Long-term trial: Subjects meeting 
criteria for response/remission at 
postbaseline visits and meeting the 
criteria without interruption up to 
endpoint

*Relative to baseline ADHD-RS-IV total score in the 4-week trial.

ADHD-RS-IV=ADHD Rating Scale, Version IV; CGI-I=Clinical Global Impressions-
Improvement.

Findling RL, Adeyi B, Chen G, et al. CNS Spectr. Vol 15, No 9. 2010.
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and 17 (23.6%) of the 72 subjects in the placebo 
group, respectively (Table 2). In the Kaplan-Meier 
analysis, time to median clinical response was 
13 days and to median symptomatic remission 
was 22 days for all LDX groups combined (Table 
2; Figures 1 and 2). For these global analyses, the 
null hypothesis of events’ distribution across the 
study time among the optimal dose groups was 
statistically significant but no pairwise compari-
sons were tested among the optimal doses. 

Long-Term Open-Label Study
The long-term open-label study enrolled 274 

children: 272 subjects received LDX treatment and 
2 subjects discontinued the study prior to receiv-
ing treatment. Effectiveness was assessed in 270 

subjects and 147 completed the study. Of the 274 
enrolled subjects, 273 participated in one of two 
prior short-term studies of LDX,15,16 and one had 
not previously participated in a study of LDX.

Of the 270 children assessed for effective-
ness, 195 (72.2%) met protocol-defined criteria 
for prior LDX exposure (ie, were randomized to 
and received LDX treatment in the short-term 
study) while 75 (27.8%) did not. However, a com-
plicating factor was the inclusion of an optional 
washout period prior to initiating participation in 
the long-term study, resulting in variable initial 
treatment conditions at the outset of the optimi-
zation period of the long-term study. Since base-
line measures were not obtained in the long-term 
study, it was not possible to determine whether 
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FIGURE 1.
Kaplan-Meier plot time to clinical 
response from baseline in the short-
term study by LDX treatment group 
(N=285)

 

Statistically significant differences globally among the doses – not specifical-
ly tested between any particular doses; LDX=lisdexamfetamine dimesylate. 
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FIGURE 2.
Kaplan-Meier plot time to symptomatic 
remission from baseline in the short-
term study by LDX treatment group 
(N=285)

 

Statistically significant differences globally among the doses – not specifical-
ly tested between any particular doses; LDX=lisdexamfetamine dimesylate. 
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TABLE 2.
Clinical Response and Symptomatic Remission Outcomes in the Short-Term Study by 
Treatment Group (N=285)

Placebo 30 mg/day LDX 50 mg/day LDX 70 mg/day LDX All LDX Doses

Clinical response, n (%) 21 (29.2) 54 (78.3) 55 (77.5) 60 (82.2) 169 (79.3)

Time to median clinical 
response (days)

9.0 14.0 15.0 13.0

Symptomatic remission, n (%) 17 (23.6) 43 (62.3) 48 (67.6) 52 (71.2) 143 (67.1)

Time to median symptomatic 
remission (days)

23.0 22.0 21.0 22.0

LDX=lisdexamfetamine dimesylate.
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FIGURE 3.
Percentage of subjects that achieved 
clinical response and maintained clini-
cal response and Kaplan-Meier time-
course (inset) of attainment (A) and loss 
(B) of clinical response from baseline in 
the long-term study for all lisdexamfet-
amine dimesylate treatment groups

 

No day 0 for time to clinical response analysis was defined since response 
status at the start of the long-term study was not determined. Day 0 for time 
to loss of clinical response analysis was the beginning of the maintenance 
phase after the dose-optimization period. 
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FIGURE 4.
Percentage of subjects that achieved 
symptomatic remission and maintained 
symptomatic remission and Kaplan-
Meier time-course (inset) of attainment 
(A) and loss (B) of symptomatic remission 
in the long-term study for all lisdexamfe-
tamine dimesylate treatment groups

No day 0 for time to symptomatic remission analysis was defined since 
remission status at the start of the long-term study was not determined. Day 
0 for time to loss of symptomatic remission analysis was the beginning of the 
maintenance phase after the dose-optimization period. 
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TABLE 3.
Clinical Response and Symptomatic Remission Outcomes in the Long-Term Study 
Among Subjects Who Completed Dose Optimization by Optimized Dose (n=251)

30 mg/day LDX 50 mg/day LDX 70 mg/day LDX All LDX Doses

Clinical response, n (%) 67 (98.5) 99 (98.0) 75 (91.5) 241 (96.0*)

Symptomatic remission, n (%) 62 (91.2) 92 (91.1) 69 (84.1) 223 (88.8†)
* See Figure 3. 

† See Figure 4. 

LDX=lisdexamfetamine dimesylate.
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enrolling subjects had already achieved clinical 
response or symptomatic remission prior to ini-
tiating treatment. Therefore, because the effect of 
prior LDX exposure on time to clinical response 
or symptomatic remission in the long-term study 
could not be determined, time to median clinical 
response and symptomatic remission was not 
determined and Kaplan-Meier graphic represen-
tation for the long-term study begins with the 
week 1 assessment.

Of the 270 subjects assessed in the open-
label study, 253 (93.7%) met criteria for clinical 
response at one or more contiguous time points 
during the study. Moreover, 230 (85.2%) subjects 
met criteria for remission at one or more contigu-
ous study visits. Of the 251 subjects who com-
pleted the 4-week dose-optimization phase, 241 
(96.0%) met criteria for clinical response (Table 
3 and Figure 3) at one or more contiguous time 
points during participation in the open-label trial. 
Of these 241 subjects who responded to treat-
ment, 151 subjects (62.7%) once having achieved 
response remained responders at each subse-
quent visit (Figure 3). 

Criteria for symptomatic remission were met 
by 223 (88.8%) of the 251 subjects completing 
dose optimization (Table 3 and Figure 4) at one or 
more contiguous study visits. Of these 223 sub-
jects, 220 met criteria for symptomatic remission 
and continued participation into the maintenance 
phase (month 2 through month 12 visits). Of 
these, 102 (46.4%) of the 220 continued to meet 
criteria for symptomatic remission at each subse-
quent visit of the 12-month study (Figure 4). 

Nineteen subjects were excluded from the time 
to events analysis in the maintenance phase due 
to discontinuations before the first maintenance 
phase visit: 5 withdrew due to adverse events, 
7 were lost to follow-up, 5 withdrew consent, 1 
withdrew due to lack of efficacy, and 1 did not 
meet inclusion/exclusion criteria. Time of expo-
sure for these subjects was: 1 week for 1 subject, 
2 weeks for 3 subjects, 3 weeks for 8 subjects, 4 
weeks for 4 subjects, 5 weeks for 1 subject, and 
6 weeks for 2 subjects. Before discontinuing, 6 
of the 19 met criteria for clinical response only, 
1 subject met criteria for symptomatic remission 
only, and 6 met criteria for both clinical response 
and symptomatic remission. 

DISCUSSION
These analyses of data from a short-term 

study and a long-term study of LDX in children 

with ADHD have shown that, in the 4-week study, 
a majority of subjects met post hoc criteria for 
clinical response and symptomatic remission 
during the trial; in the 12-month study, nearly all 
optimized subjects (96.0%) met criteria for clini-
cal response and almost as many (88.8%) met 
criteria for symptomatic remission at least once 
during the trial. Of the subjects who met clinical 
response criteria, 62.7% continued to meet cri-
teria at every subsequent visit and of those who 
met symptomatic remission criteria, almost half 
(46.4%) continued to meet remission criteria at 
every subsequent visit. 

Time to clinical response and symptomatic 
remission informs clinicians of the time after 
which they could expect to see substantial thera-
peutic effects in their patients. This information 
may be helpful for clinicians to provide better care 
for their patients, so that they may better man-
age dose changes or switching to other medica-
tions to achieve the desired therapeutic effect. 
The two studies in this post hoc analysis of clini-
cal response and symptomatic remission were 
included to provide a balanced appraisal of time 
to onset of response or remission and persis-
tence over a long-term period. The short-term 
study allowed assessment of the time to response 
or remission in a placebo-controlled fashion. 
However, that trial had insufficient duration to ade-
quately assess the maintenance of initial response. 
The long-term trial, then, provided data on the per-
sistence of response with continuing treatment. In 
the short-term study, time to clinical response with 
LDX was achieved in ~2 weeks when subjects ran-
domized to receive 50 mg/day or 70 mg/day were 
receiving the intermediate dose (50 mg/day) while 
those randomized to receive 30 mg/day remained 
at this lowest dose. It is possible in clinical prac-
tice that both achieving optimal dose and time on 
treatment are important factors in time to clinical 
response and symptomatic remission. However, 
due to the design limitations of these studies (dis-
cussed below), it is not possible to differentiate the 
relative contributions of dose level versus time on 
treatment in determining the time to achievement 
of clinical response or symptomatic remission. 
Overall, based on time to median clinical response 
in the short-term study, the majority of subjects 
responded either by the time of the 50-mg/day 
dose (for those randomized to 50 or 70 mg/day of 
LDX) or by 2 weeks of treatment (for those ran-
domized to continue on 30 mg/day). Similarly, half 
the subject group achieved symptomatic remis-
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sion by 3 weeks of treatment in the short-term 
study, irrespective of the actual dose received.

Some prior studies have reported response 
rates and remission rates for stimulant and non-
stimulant pharmacotherapy in children with ADHD. 
Typically, clinical response has been defined either 
as a 25% to 30% decline from baseline in symp-
tom scores on the ADHD-RS-IV or other measures 
of symptom severity or as a global rating, such as 
CGI-I of very much improved or much improved 
at endpoint14,21-27; symptomatic remission is some-
times reported as well.5,6,14,27-29 However, these 
studies vary widely in design, outcome measures, 
medication dosage and use, as well as study 
length. Due to these between-study differences, it 
may not be surprising that differences in response 
and remission rates have been reported.5,6,14,21-33 
As such, because few of these studies investigate 
medications head-to-head (none compares long-
acting stimulants with each other) and because 
of the diverse methodological approaches, mean-
ingful comparisons between medications are not 
possible. However, this does not preclude the 
usefulness of these data on clinical response and 
symptomatic remission rates as a further indica-
tion of efficacy data expression.

There are no established guidelines or con-
sensus for appropriate criteria to operational-
ize proposed definitions of clinical response or 
symptomatic remission. Definitions of response 
typically rely on a single measure.6,22-26,33 The 
choice of a cutoff value for clinical response is 
somewhat arbitrary, but others have proposed a 
25% or 30% reduction in the ADHD-RS-IV score 
and/or a CGI-I rating of 1 or 2.6,24 The criteria 
for clinical response used in the current study 
were conservative, requiring improvement as 
assessed by ADHD-RS-IV and CGI. Several fac-
tors argue against a single cutoff criterion. First, 
a percentage reduction in ADHD-RS-IV alone is 
not sufficient as a standard because a reduction 
in the ADHD-RS-IV total score of that size may 
leave the most severely ill with significant symp-
toms. Second, depending on the level of baseline 
severity, a 30% change will have different mean-
ing to those who are severely ill compared with 
those who are mildly ill; thus, a composite score 
is required to ascribe further meaning to percent-
age improvement. Finally, the findings in a recent 
study using the equipercentile linking technique 
showed34 that a percent change from baseline to 
endpoint in ADHD-RS-IV score of ~25% to 30% 
or an absolute change of ~10–15 points both cor-

responded to a change of 1 level in CGI-I ratings 
at endpoint. This suggests that robust improve-
ments (eg, achieving a CGI-I rating of very much 
or much improved) would require a larger mag-
nitude (or percentage) of change in ADHD-RS-IV 
score. With regard to the criteria for symptom-
atic remission applied in the current study, the 
definition of symptomatic remission, which indi-
cates improvement to the point that the subject is 
virtually asymptomatic, is consistent with some 
definitions previously proposed for symptomatic 
remission5,14,28 and represents a treatment-associ-
ated loss of symptoms sufficient for a diagnosis 
of ADHD. This should be considered an additional 
strength of the design.

There were several general limitations in these 
studies and analyses. First, the long-term study 
or extension phase was open-label, in which both 
the clinician and the subject knew what treatment 
subjects were receiving. It also has to be taken 
into consideration that study populations were 
different from those seen in clinical practice, so it 
may not be possible to generalize results. Also, dif-
ferent criteria for defining response and remission 
could lead to different results. Of particular note, 
this publication is derived from post hoc analyses 
rather than predefined study endpoints and, as 
such, these studies were not powered for rigorous 
analysis of response and remission endpoints.

It is also important to point out other more 
specific limitations of these studies related to 
the analysis of time to clinical response and 
symptomatic remission. While the dose-opti-
mizing design of the long-term study for analy-
sis of time to response or remission may relate 
more closely to real-world clinical practice, this 
long-term study presents other limitations in this 
respect. The entry conditions of the long-term 
study were variable with some subjects enter-
ing from a short-term classroom analog study 
where all subjects were treated with two differ-
ent long-acting stimulants and also were alter-
nately receiving LDX and placebo treatment,16 
and other subjects entering from a short-term 
longitudinal study and variably received LDX or 
placebo treatment.15 In addition, most subjects 
entering the long-term study did not undergo the 
optional washout period. The long-term study did 
not include a baseline assessment of ADHD-RS-
IV scores. Since it is not possible to determine 
whether subjects entered the long-term study 
having already achieved response or remission 
due to carryover effects from prior LDX treatment 
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in the short-term studies, the impact of such prior 
treatment with LDX on time to response or remis-
sion in the long-term study is unclear. 

It should be stressed that these analyses 
focused on response and remission of ADHD 
symptoms and did not address effects on func-
tional impairments. Additionally, these analyses 
assessed impact of treatment on symptoms over 
a 1-year period; it is unknown whether response 
or remission would continue over longer peri-
ods. It is not clear whether the long-term ben-
efits of pharmacotherapy on symptom reduction 
are paralleled by similar lasting benefits on func-
tional impairments. While recent analyses of data 
from the MTA35 and from a year-long study of 
children in community-practice settings36 suggest 
that long-term symptom reduction and functional 
improvements may not be closely linked, other 
evidence suggests distinct benefits in terms of 
comorbid psychiatric disorders and academic 
achievement into adolescence with continued 
stimulant treatment.37 

Most children achieved significant improve-
ment in ADHD symptoms, clinical response, and 
symptomatic remission with short- and long-term 
treatment with LDX. Almost half the treated sub-
jects maintained continuous symptomatic remis-
sion during the 11-month follow-up. Assessments 
of clinical response and symptomatic remission 
provide clinicians with additional measures of 
treatment efficacy that are more closely related 
to clinical approaches than assessments of group 
average scores.5 Further studies are required 
to validate this concept of symptomatic remis-
sion—what does it predict in the future and how 
does it impact functionality. Additionally, further 
carefully designed prospective studies should be 
able to provide insight into the relative impact of 
optimal dose achievement versus time on treat-
ment in determining at what point clinicians and 
patients might expect to see measureable clinical 
response and symptomatic remission.

CONCLUSION
The post hoc analysis used in these two stud-

ies applied previously proposed criteria for 
ADHD symptom response (reduction in ADHD-
RS-IV total score of ≥30% and a CGI-I rating of 1 
or 2) and symptomatic remission (ADHD-RS-IV 
total score of ≤18) to evaluate clinically mean-
ingful symptom improvement among children 
with ADHD who received LDX treatment.5,6,14 The 
majority of subjects receiving LDX achieved clini-

cal response and symptomatic remission in both 
the short-term randomized controlled trial with 
forced-dose titration and the long-term open-
label trial with a dose-optimized trial design. For 
approximately half of those in the long-term trial, 
symptomatic remission was maintained during 
continued treatment with LDX. Further study 
using prospective evaluation of response and 
remission endpoints is needed to confirm these 
results. CNS  

REFERENCES
1.    Froehlich TE, Lanphear BP, Epstein JN, Barbaresi WJ, Katusic SK, Kahn RS. Prevalence, 

recognition, and treatment of attention-deficit/hyperactivity disorder in a national sample of 
US children. Arch Pediatr Adolesc Med. 2007;161(9):857-864.

2.    Faraone SV, Sergeant J, Gillberg C, Biederman J. The worldwide prevalence of ADHD: is it 
an American condition? World Psychiatry. 2003;2(2):104-113.

3.    DuPaul GJ, Power TJ, Anastopoulos AD, Reid R. ADHD Rating Scale-IV: Checklists, Norms, 
and Clinical Interpretation. New York, NY: Guilford Press. 1998.

4.    Swanson J, Lerner M, March J, Gresham FM. Assessment and intervention for attention-
deficit/hyperactivity disorder in the schools. Lessons from the MTA study. Pediatr Clin North 
Am. 1999;46(5):993-1009.

5.    Swanson JM, Kraemer HC, Hinshaw SP, et al. Clinical relevance of the primary findings of 
the MTA: success rates based on severity of ADHD and ODD symptoms at the end of treat-
ment. J Am Acad Child Adolesc Psychiatry. 2001;40(2):168-179.

6.    Steele M, Jensen PS, Quinn DMP. Remission versus response as the goal of therapy in 
ADHD: a new standard for the field? Clin Ther. 2006;28(11):1892-1908.

7.    Frank E, Prien RF, Jarrett RB, et al. Conceptualization and rationale for consensus definitions 
of terms in major depressive disorder. Remission, recovery, relapse, and recurrence. Arch 
Gen Psychiatry. 1991;48(9):851-855.

8.    Paykel ES, Ramana R, Cooper Z, Hayhurst H, Kerr J, Barocka A. Residual symptoms after 
partial remission: an important outcome in depression. Psychol Med. 1995;25(6):1171-1180.

9.    Miller IW, Keitner GI, Schatzberg AF, et al. The treatment of chronic depression, part 3: 
psychosocial functioning before and after treatment with sertraline or imipramine. J Clin 
Psychiatry. 1998;59(11):608-619.

10.  Simon GE, Revicki D, Heiligenstein J, et al. Recovery from depression, work productivity, and 
health care costs among primary care patients. Gen Hosp Psychiatry. 2000;22(3):153-162.

11.  Tohen M, Frank E, Bowden CL, et al. The International Society for Bipolar Disorders (ISBD) 
Task Force report on the nomenclature of course and outcome in bipolar disorders. Bipolar 
Disord. 2009;11(5):453-473.

12.  Leucht S, Davis JM, Engel RR, Kissling W, Kane JM. Definitions of response and remission 
in schizophrenia: recommendations for their use and their presentation. Acta Psychiatr 
Scand Suppl. 2009;119(suppl 438):7-14.

13.  Biederman J, Mick E, Faraone SV. Age-dependent decline of symptoms of attention deficit 
hyperactivity disorder: impact of remission definition and symptom type. Am J Psychiatry. 
2000;157(5):816-818.

14.  Stein MA, Sarampote CS, Waldman ID, et al. A dose-response study of OROS methylpheni-
date in children with attention-deficit/hyperactivity disorder. Pediatrics. 2003;112(5):e404.

15.  Biederman J, Krishnan S, Zhang Y, McGough JJ, Findling RL. Efficacy and tolerability of 
lisdexamfetamine dimesylate (NRP-104) in children with attention-deficit/hyperactivity dis-
order: a phase III, multicenter, randomized, double-blind, forced-dose, parallel-group study. 
Clin Ther. 2007;29(3):450-463.

16.  Biederman J, Boellner SW, Childress A, Lopez FA, Krishnan S, Zhang Y. Lisdexamfetamine 
dimesylate and mixed amphetamine salts extended-release in children with ADHD: a 
double-blind, placebo-controlled, crossover analog classroom study. Biol Psychiatry. 
2007;62(9):970-976.

17.  Wigal SB, Kollins SH, Childress AC, Squires L, for the 311 Study Group. A 13-hour laboratory 
school study of lisdexamfetamine dimesylate in school-aged children with attention-deficit/
hyperactivity disorder. Child Adolesc Psychiatry Mentl Health. 2009;3(1):17.

18.  Findling RL, Childress AC, Krishnan S, McGough JJ. Long-term effectiveness and safety of 
lisdexamfetamine dimesylate in school-aged children with attention-deficit/hyperactivity 
disorder. CNS Spectr. 2008;13(7):614-620.

19.  Attention-deficit and disruptive behavior disorders. In: Diagnostic and Statistical Manual 
of Mental Disorders. 4th ed. Text Rev. Washington, DC: American Psychiatric Association; 
2000:85-93. 

20.  Guy W. Clinical global impressions. In: ECDEU Assessment Manual for Psychopharmacology. 
Rockville, MD: US Department of Health, Education, and Welfare; Public Health Service, 
Alcohol, Drug Abuse and Mental Health Administration, NIMH Psychopharmacology 
Research Branch; 1976;218-222. 

21.  Michelson D, Allen AJ, Busner J, et al. Once-daily atomoxetine treatment for children and 
adolescents with attention deficit hyperactivity disorder: a randomized, placebo-controlled 
study. Am J Psychiatry. 2002;159(11):1896-1901.

22.  Kelsey DK, Sumner CR, Casat CD, et al. Once-daily atomoxetine treatment for children with 

CNS Spectr 15:9 © MBL Communications Inc.      September 2010

Original Research

567

https://doi.org/10.1017/S1092852900000535 Published online by Cambridge University Press

https://doi.org/10.1017/S1092852900000535


attention-deficit/hyperactivity disorder, including an assessment of evening and morning 
behavior: a double-blind, placebo-controlled trial. Pediatrics. 2004;114(1):e1-e8.

23.  Spencer T, Heiligenstein JH, Biederman J, et al. Results from 2 proof-of-concept, placebo-
controlled studies of atomoxetine in children with attention-deficit/hyperactivity disorder. J 
Clin Psychiatry. 2002;63(12):1140-1147.

24.  Spencer T, Biederman J, Wilens T, et al. Efficacy of a mixed amphetamine salts compound in 
adults with attention-deficit/hyperactivity disorder. Arch Gen Psychiatry. 2001;58(8):775-782.

25.  Kemner JE, Starr HL, Ciccone PE, Hooper-Wood CG, Crockett RS. Outcomes of OROS® 
methylphenidate compared with atomoxetine in children with ADHD: a multicenter, ran-
domized prospective study. Adv Ther. 2005;22(5):498-512.

26.  Wigal SB, McGough JJ, McCracken JT, et al. A laboratory school comparison of mixed 
amphetamine salts extended release (Adderall XR®) and atomoxetine (Strattera®) in school-
aged children with attention deficit/hyperactivity disorder. J Atten Disord. 2005;9(1):275-289.

27.  Greenhill L, Wan G, Cooper K. Remission of ADHD symptoms with stimulant therapy. Poster 
presented at: the 157th Annual Meeting of the American Psychiatric Association; May 1-6, 
2004; Washington DC. 

28.  Steele M, Weiss M, Swanson J, Wang J, Prinzo RS, Binder CE. A randomized, controlled 
effectiveness trial of OROS-methylphenidate compared to usual care with immediate-
release methylphenidate in attention deficit-hyperactivity disorder. Can J Clin Pharmacol. 
2006;13(1):e50-e62.

29.  MTA Cooperative Group. A 14-month randomized clinical trial of treatment strategies 
for attention-deficit/hyperactivity disorder. Multimodal Treatment Study of Children with 
ADHD. Arch Gen Psychiatry. 1999;56(12):1073-1086.

30.  Pelham WE, Gnagy EM, Burrows-Maclean L, et al. Once-a-day Concerta® methylphenidate 

versus three-times-daily methylphenidate in laboratory and natural settings. Pediatrics. 
2001;107(6):E105.

31.  Efron D, Jarman F, Barker M. Methylphenidate versus dexamphetamine in children with 
attention deficit hyperactivity disorder: a double-blind, crossover trial. Pediatrics. 
1997;100(6):E6.

32.  Ahmann PA, Theye FW, Berg R, Linquist AJ, Van Erem AJ, Campbell LR. Placebo-controlled 
evaluation of amphetamine mixture—dextroamphetamine salts and amphetamine salts 
(Adderall): efficacy rate and side effects. Pediatrics. 2001;107(1):E10.

33.  Weiss M, Tannock R, Kratochvil C, et al. A randomized, placebo-controlled study of once-
daily atomoxetine in the school setting in children with ADHD. J Am Acad Child Adolesc 
Psychiatry. 2005;44(7):647-655.

34.  Goodman D, Faraone SV, Adler LA, Dirks B, Hamdani M, Weisler R. Interpreting ADHD Rating 
Scale scores: linking ADHD rating scale scores and CGI levels in two randomized controlled 
trials of lisdexamfetamine dimesylate in ADHD. Primary Psychiatry. 2010;17(3):44-52.

35.  Molina BS, Hinshaw SP, Swanson JM, et al. The MTA at 8 years: prospective follow-up of 
children treated for combined-type ADHD in a multisite study. J Am Acad Child Adolesc 
Psychiatry. 2009;48(5):484-500.

36.  Epstein JN, Langberg JM, Lichtenstein PK, et al. Attention-deficit/hyperactivity disorder 
outcomes for children treated in community-based pediatric settings. Arch Pediatr Adolesc 
Med. 2010;164(2):160-165.

37.  Biederman J, Monuteaux MC, Spencer T, Wilens TE, Faraone SV. Do stimulants protect 
against psychiatric disorders in youth with ADHD? A 10-year follow-up study. Pediatrics. 
2009;124(1):71-78.

CNS Spectr 15:9 © MBL Communications Inc.      September 2010

Original Research

568

https://doi.org/10.1017/S1092852900000535 Published online by Cambridge University Press

https://doi.org/10.1017/S1092852900000535

