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Abstract

Objective: The purpose of this article was to systematically review the literature on stimulant and atomoxetine combination
therapy, in particular: 1) Characteristics of patients with attention-deficit/hyperactivity disorder (ADHD) given combination
therapy, 2) treatment strategies used, 3) efficacy and effectiveness, and 4) safety and tolerability.

Methods: Literature databases (MEDLINE®, EMBASE, Cochrane Central Register of Controlled Trials, Science Citation
Index Expanded, and SciVerse Scopus) were systematically searched using prespecified criteria. Publications describing
stimulant and atomoxetine combination therapy in patients with ADHD or healthy volunteers were selected for review.
Exclusion criteria were comorbid psychosis, bipolar disorder, epilepsy, or other psychiatric/neurologic diseases that could
confound ADHD symptom assessment, or other concomitant medication(s) to treat ADHD symptoms.

Results: Of the 16 publications included for review, 14 reported findings from 3 prospective studies (4 publications), 7
retrospective studies, and 3 narrative reviews/medication algorithms of patients with ADHD. The other two publications
reported findings from two prospective studies of healthy volunteers. The main reason for prescribing combination therapy
was inadequate response to previous treatment. In the studies of patients with ADHD, if reported, 1) most patients were
children/adolescents and male, and had a combined ADHD subtype; 2) methylphenidate was most often used in combination
with atomoxetine for treatment augmentation or switch; 3) ADHD symptom control was improved in some, but not all,
patients; and 4) there were no serious adverse events.

Conclusions: Published evidence of the off-label use of stimulant and atomoxetine combination therapy is limited because of
the small number of publications, heterogeneous study designs (there was only one prospective, randomized controlled trial),
small sample sizes, and geographic bias. Existing evidence suggests, but does not confirm, that this drug combination may
benefit some, but not all, patients who have tried several ADHD medications without success.

Introduction worldwide-pooled prevalence of ADHD for children and adoles-
cents was estimated to be 5.29%, with significant variability

ATTENTION-DEFICIT/HYPERACTIVITY DISORDER (ADHD) is a  (Polanczyk et al. 2007). Characterized by the core symptoms of
chronic and common childhood neurobehavioral disorder that  hyperactivity, impulsivity, and inattention (National Institute for

can persist into adolescence and adulthood (Kessler et al. 2005;  Health and Clinical Excellence 2008), ADHD has a diverse clinical
Wolraich et al. 2005). In a recent meta-regression analysis, the presentation because of its heterogeneous origins, the effect of
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confounding psychiatric comorbidities on core symptoms, and the
changes in ADHD symptoms that occur with age (Steinhausen
2009; Geissler and Lesch 2011). Given the diverse clinical pre-
sentation of ADHD, optimizing treatment for patients with ADHD
is a key clinical concern for physicians.

Psychopharmacological treatment for ADHD includes stimulant
or, if warranted, nonstimulant (e.g., atomoxetine, bupropion, clo-
nidine, guanfacine) medications (Pliszka et al. 2006; National
Institute for Health and Clinical Excellence 2008; Seixas et al.
2012). In addition to psychopharmacological treatment, non-
psychopharmacological interventions (e.g., behavior modification)
are also required in most cases because of the complexity of ADHD
symptoms and their diverse presentation (Hodgson et al. 2012).
Both stimulants and atomoxetine have been shown to be effective
as monotherapy for the treatment of ADHD (Faraone et al. 2006;
Cheng et al. 2007; Mészaros et al. 2009; Faraone and Buitelaar
2010; Hanwella et al. 2011). Although proven to be effective
treatments, stimulant or atomoxetine monotherapy does not pro-
vide adequate coverage of symptoms in a small subset of patients
(Spencer et al. 1996; Newcorn et al. 2008; Hazell et al. 2011).
Because their presumed mechanisms of action differ (Wilens
2006), stimulants and atomoxetine are sometimes given in com-
bination in clinical practice to help improve patient outcomes
(Waxmonsky 2005; Pliszka et al. 2006; Prasad and Steer 2008).
Although not approved for use in combination in the United States
(Strattera Prescribing Information 2012), stimulant and atomox-
etine combination therapy in clinical practice includes add-on or
adjunct therapy to previous monotherapy, or a short-term combi-
nation phase during the switch from one medication to another.
However, despite the use of stimulant and atomoxetine combina-
tion therapy in clinical practice, collation and analysis of the evi-
dence for this drug combination is lacking.

Because of the potential clinical relevance of combination
therapy, the objective of this systematic review is to examine the
current literature on stimulant and atomoxetine combination ther-
apy. Publications describing both patients with ADHD and healthy
volunteers were considered in our review, because of our interest in
reporting safety and tolerability findings for this drug combination.
Specifically, this review will focus on 1) characteristics of patients
with ADHD given stimulant and atomoxetine combination therapy,
2) stimulant and atomoxetine combination therapy strategies used,
3) efficacy in controlled studies and effectiveness in open-label
studies of stimulant and atomoxetine combination therapy, and 4)
safety and tolerability of stimulant and atomoxetine combination
therapy.

Materials and Methods
Database search strategy

The following databases were searched on March 15, 2012:
MEDLINE® via PubMed, EMBASE, Cochrane Central Register
of Controlled Trials, Science Citation Index Expanded via Web of
Science, and SciVerse Scopus. Search terms from 2 categories were
used: 1) Stimulants (including stimulant, stimulants, dexmethyl-
phenidate [EMTREE], dextromethylphenidate, Focalin, *‘d am-
phetamine”’, d-amphetamine, dexamfetamine, “dex
amphetamine”’, dex-amphetamine, dexamphetamine [EMTREE],
Dexedrine, ‘‘dextro amphetamine’’, dextro-amphetamine, dextro-
amphetamine [MeSH], DextroStat, lisdexamfetamine [MeSH,
EMTREE], “lis dexamfetamine’’, lis-dexamfetamine, NRP104,
NRP-104, Vyvanse, Concerta, Daytrana, Metadate, Methylin,
methylphenidate [MeSH, EMTREE], phenidylate, Ritalin,
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amphetamine [MeSH, EMTREE], Adderall) and 2) atomoxetine
(including atomoxetine [MeSH, EMTREE], LY 139603, Strattera,
tomoxetine). Search terms within each category were separated by
the Boolean operator OR, and categories were separated by the
operator AND. All database searches were restricted to publica-
tions published from 1990 onwards. There were no restrictions on
publication language.

Study selection

Publications retrieved by the database searches were collated
and duplicate publications were discarded. One author ( Dr. Monk)
screened the title and abstracts for possible full text review, using
prespecified inclusion and exclusion criteria. These criteria were
also applied during the review of the full text in selected publica-
tions. Publications describing stimulant and atomoxetine combi-
nation therapy in patients with ADHD or healthy volunteers and the
following outcome measures — patient characteristics; treatment
strategies; efficacy, effectiveness, safety, and tolerability measures;
medical resource use; and pharmacodynamic or pharmacokinetic
data — were included for review. Stimulant and atomoxetine com-
bination therapy included stimulant add-on or adjunct therapy
to atomoxetine monotherapy, and atomoxetine add-on or adjunct
therapy to stimulant monotherapy or during a treatment switch or
crossover. Publications were excluded if patients with ADHD had
comorbid psychosis, bipolar disorder, epilepsy, or other psychiat-
ric/neurologic diseases that could confound the assessment of their
ADHD symptoms, or if they were receiving concomitant medica-
tion(s) other than stimulants and atomoxetine to treat ADHD
symptoms. The bibliographies of relevant publications were sear-
ched for any additional publications that should be assessed.

Data extraction and analysis

We developed a spreadsheet for data collection, which was re-
fined as data were extracted. Data were extracted by one author
(Dr. Monk), reviewed by all authors, and validated by an inde-
pendent reviewer (non-author). The data that were collected in-
cluded publication and study information (type, design, treatment,
duration, location), patient/healthy volunteer information (number,
age, sex, ethnicity, ADHD/healthy volunteer, ADHD subtype,
other ADHD characteristics, comorbidities), treatment (previous
treatment history, combination therapy strategy, ADHD medica-
tion dose, duration), efficacy and effectiveness findings (symptom
control measures, other measures, other findings), and safety and
tolerability findings (study discontinuations, adverse events, vital
signs, electrocardiogram [ECG] parameters, other findings). To
compare the ADHD medication doses, we calculated the dose
equivalents (eq) using the defined daily doses (DDD) for each
ADHD medication dose and the following formulas: DDDeq=
dose mg/DDD mg or DDDeq = (dose mg/kgx70kg) / DDD mg
(World Health Organization 2009). The DDDs were 30 mg for
methylphenidate, 80 mg for atomoxetine, 15 mg for amphetamine,
and 15mg for dextroamphetamine (www.whocc.no/atcddd). To
succinctly summarize all publications included in this review, not
all data that were collected in the spreadsheet are reported.

Results

Literature search results

A total of 4237 abstracts were retrieved by the combined data-
base searches (Fig. 1). After the duplicate publications were dis-
carded, 1864 abstracts were screened and 21 publications were



STIMULANT AND ATOMOXETINE COMBINATION THERAPY

PubMed EMBASE Cochrane SCI
n= 449 n—1714 n—39 n =471

Total No. retrleved
N = 4,237

181

SciVerse
n= 1,564

Excluded (n = 4,216)

Duplicates, 2,373
——»| Not atomoxetine or stimulants, 314
Not ADHD, 420

Not combination therapy, 1,107
Book chapters, 2

Y
[ No. of publications identified for further ]

screening and review
n=21

Excluded (n = 5)
Conference abstracts of included publications,
Excluded comorbidity, 1

Excluded concomitant medication, 1
Narrative review of previous findings, 1

Y
Included publications
n=16

FIG.1. Flow diagram of literature search results. Databases were MEDLINE® via PubMed, EMBASE, Cochrane Central Register of
Controlled Trials, Science Citation Index (SCI) Expanded via the Web of Science, and SciVerse Scopus. Searches were limited to
articles published from 1990 onwards and were not limited to English language articles. ADHD, attention-deficit/hyperactivity disorder.

selected for full text review. Of the 21 publications reviewed, 5
were excluded because they were conference abstracts of included
publications (}.’122) ((?arlson et al. 2006; Wilefns et al. 2008), case Publication and study characteristics
reports of patients with an excluded comorbidity (n=1) (Jawor-

owski et al. 2006) and an excluded concomitant medication (n=1)
(Bond et al. 2007), and a narrative review that summarized findings
for stimulant and atomoxetine combination therapy reported in

other studies (n=1) (Prasad and Steer 2008). The remaining 16
publications were included for review.

Of the 16 publications, 14 were of patients with ADHD and 2
were of healthy volunteers (Fig. 2). One publication (Lehmkuhl
et al. 2007) was written in German. The 14 publications of
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FIG. 2. Overview of articles retrieved from the systematic literature search. ADHD, attention-deficit/hyperactivity disorder. “Wilens
reports the efficacy outcomes and Hammerness reports the safety outcomes from the same study. PConference abstract. “Letter to the Editor.
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patients with ADHD reported findings from 3 prospective studies
(4 publications), 7 retrospective studies, and 3 narrative reviews/
medication algorithms. The three prospective studies were one
double-blind, randomized, placebo-controlled, two phase (acute
and combination) trial (Carlson et al. 2007), and two non-controlled
studies: One open, two phase trial reported in two publications
(Hammerness et al. 2009; Wilens et al. 2009); and one switch trial
(Quintana et al. 2007). The seven retrospective studies were four
observational studies: One ongoing (Adler et al. 2006) and one
complete (Scott et al. 2010) chart review, and two claims/
medication database analyses (Pohl et al. 2009; Hodgkins et al.
2011); and three case reports (Brown 2004; Agarwal and Sitholey
2008; Niederhofer 2009). Findings from the ongoing chart review
were published in a conference abstract (Adler et al. 2006) and
findings from two of the three case reports were published in letters
to the editors (Agarwal and Sitholey 2008; Niederhofer 2009).
Patient numbers in these studies ranged from 1 to 18,609; however,
only a small proportion of patients in the complete chart review
(Scott et al. 2010) and the two claims/medication database analyses
(Pohl et al. 2009; Hodgkins et al. 2011) received combination
therapy (Table 1).

The three narrative reviews/medication algorithms briefly dis-
cussed possible scenarios and treatment strategies for stimulant and
atomoxetine combination therapy (Waxmonsky 2005; Pliszka et al.
2006; Lehmkuhl et al. 2007). The two publications including
healthy volunteers reported findings from two randomized, placebo-
controlled, crossover trials (Kelly et al. 2005; Sofuoglu et al. 2009).
These publications reported safety and tolerability outcomes only.

Patient characteristics and reasons for trying
stimulant and atomoxetine combination therapy

The characteristics of patients with ADHD were reported in the
three prospective studies and the seven retrospective studies (Table
1). In the prospective studies (Carlson et al. 2007; Quintana et al.
2007; Hammerness et al. 2009; Wilens et al. 2009), patients with
ADHD were children or adolescents, predominantly male (76—
83%), had the combined ADHD subtype (54-79%), and had
oppositional defiant disorder as the predominant comorbidity (26—
50%). In two of the prospective studies, the severity of patients’
ADHD symptoms were moderate or greater as measured by the
Clinical Global Impressions Scale-Severity survey (Carlson et al.
2007) or the ADHD Rating Scale-IV-Parent-Reported Investigator-
Rated survey (ADHD-RS-IV-Parent:Inv) (Quintana et al. 2007). In
addition, the patients’ ADHD-RS-IV-Parent:Inv rating were 1.5
standard deviations (SD) (Carlson et al. 2007) or 2.4 SD (Quintana
et al. 2007) above age and gender norms.

The characteristics of patients with ADHD in the three retro-
spective case reports (Brown 2004; Agarwal and Sitholey 2008;
Niederhofer 2009) were similar to those in the prospective studies
(e.g., children/adolescents, predominantly male, and predomi-
nantly combined ADHD subtype; Table 1). Patients with ADHD
in the four remaining retrospective studies (Adler et al. 2006;
Pohl et al. 2009; Scott et al. 2010; Hodgkins et al. 2011) were
children, adolescents, or adults, and were predominantly male
(54-82%).

Reasons for trying stimulant and atomoxetine combination
therapy were reported in the three prospective studies, three of the
seven retrospective studies, and the three narrative reviews/
medication algorithms (Table 1). These reasons included partial
or inadequate response or coverage of symptoms with stimulant
monotherapy (Brown 2004; Waxmonsky 2005; Pliszka et al.
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2006; Carlson et al. 2007; Quintana et al. 2007), inadequate re-
sponse or coverage of symptoms with atomoxetine monotherapy
(Brown 2004; Pliszka et al. 2006; Lehmkuhl et al. 2007; Nie-
derhofer 2009), intolerable side effects with stimulant mono-
therapy (Brown 2004; Waxmonsky 2005; Lehmkuhl et al. 2007;
Niederhofer 2009), or tolerance to stimulant monotherapy
(Agarwal and Sitholey 2008). In one study (Hammerness et al.
2009; Wilens et al. 2009), patients received atomoxetine and
stimulant combination therapy if they were considered to be
partial responders to atomoxetine monotherapy after a 4 week
acute atomoxetine treatment phase.

Stimulant and atomoxetine combination
therapy strategies

Stimulant and atomoxetine combination therapy strategies for
treating patients with ADHD were reported in the three prospective
studies, five of the seven retrospective studies, and the three nar-
rative reviews/medication algorithms (Table 2). This drug combi-
nation was recommended or implemented to augment stimulant
monotherapy (Brown 2004; Waxmonsky 2005; Pliszka et al. 2006
Hodgkins et al. 2011), to augment atomoxetine monotherapy
(Brown 2004; Adler et al. 2006; Pliszka et al. 2006; Carlson et al.
2007; Hammerness et al. 2009; Niederhofer 2009; Wilens et al.
2009; Hodgkins et al. 2011), or during a treatment switch from
stimulant to atomoxetine monotherapy (Lehmkuhl et al. 2007;
Quintana et al. 2007; Agarwal and Sitholey 2008). When specified,
methylphenidate (particularly OROS methylphenidate) was most
often used in combination with atomoxetine (Brown 2004; Carlson
et al. 2007; Quintana et al. 2007; Agarwal and Sitholey 2008;
Hammerness et al. 2009; Niederhofer 2009; Wilens et al. 2009;
Hodgkins et al. 2011;). The other stimulant used was amphetamine
(Brown 2004; Quintana et al. 2007).

The DDDegs of stimulants and atomoxetine when given in
combination differed among the studies (Table 2). In the aug-
mentation studies, the DDDeqs for stimulants and atomoxetine
were mostly >1 in the prospective studies (Carlson et al. 2007;
Wilens et al. 2009) but <1 in the retrospective studies (Brown
2004; Adler et al. 2006; Niederhofer 2009). However, in the switch
studies, the DDDeqs for atomoxetine (0.44 increased to 1.05) were
similar for the prospective study (Quintana et al. 2007) and retro-
spective study (Agarwal and Sitholey 2008). Only three studies
specified the timing of the atomoxetine dose (e.g., morning [Brown
2004], morning and afternoon [Hammerness et al. 2009; Wilens
et al. 2009], or afternoon [Pliska et al. 2006]) or the timing of the
stimulant dose (e.g., morning [Brown 2004]).

In the two studies of healthy volunteers, atomoxetine was given
in combination with methylphenidate (2.00 DDDeq) (Kelly et al.
2005) or dextroamphetamine (1.34 DDDeq) (Sofuoglu et al. 2009).
The DDDeqgs for atomoxetine in these studies were 1.50 (Kelly
et al. 2005) and 0.50 (Sofuoglu et al. 2009).

Efficacy and effectiveness of stimulant and
atomoxetine combination therapy

Efficacy and effectiveness findings of stimulant and atomoxetine
combination therapy were reported in the three prospective studies
and four of the seven retrospective studies of patients with ADHD
(Table 3). Improvements in ADHD symptom control with this drug
combination were reported in most of these studies except the
prospective double-blind, randomized controlled trial. In this study,
adding OROS methylphenidate to the treatment regimen after
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TABLE 2. REPORTED ATOMOXETINE AND STIMULANT COMBINATION THERAPY STRATEGY, DOSAGE, AND DURATION

Regimen
Article Strategy Duration Dosage DDDeg"
Patients with ADHD — prospective studies
Carlson, 2007 Acute phase: ATMX +PB 4 weeks ATMX: Titrated to 1.2 mg/kg 1.05 (1.23)
daily (max. 1.4 mg/kg)
Augmentation: ATMX+OROS 6 weeks ATMX: Titrated to 1.2 mg/kg 1.05 (1.23)
MPH (n=9), ATMX +PB daily (max. 1.4 mg/kg)
(n=8) OROS MPH: Titrated to 2.52 (2.80)
1.08 mg/kg daily (max.
1.2 mg/kg)
Quintana, 2007 Switch: stimulant (MPH or 2 weeks Week 1 Stimulant: Full dose® NC
amphetamine) to ATMX Week 1 ATMX: 0.5 mg/kg daily 0.44
Week 2 Stimulant: Half dose” NC
Week 2 ATMX: 1.2mg/kg daily 1.05
Wilens, 2009 Acute phase: ATMX 4 weeks Weeks 1-2 ATMX: 0.5 mg/kg 0.44
& Hammerness, daily
2009 Weeks 3-4 ATMX: 1.4 mg/kg 1.23 (1.25)
daily (max. 100 mg)®
Augmentation phase: 3 weeks ATMX: 1.4 mg/kg daily (max. 1.23 (1.25)
ATMX +OROS MPH 100 mg)©
OROS MPH: Titrated openly in 0.60-1.80
18 mg increments weekly to
54 mg
Patients with ADHD — retrospective studies
Adler, 2006 Augmentation: NR ATMX mean=SD starting dose: 0.22
ATMX + stimulant 17.2+£4.3 mg daily
Stimulant (MPH equivalents): 1.38
mean+ SD final dose
41.4+33.6 mg daily
Pohl, 2009 NSY ATMX +LA stimulants, 6.7%, 4.7%, NR NC
ATMX + SA stimulants, 1.0%
ATMX +1A stimulants months
Hodgkins, 2011 Augmentation: IR NR NR NC
MPH+ATMX (n=4), LA
MPH+ATMX (n=1),
ATMX+IR MPH (n=3),
ATMX+LA MPH (n=1)
Brown, 2004 Case 1, Augmentation: 4 months OROS MPH: 27 mg q. 7:00 am 0.90
OROS MPH + ATMX ATMX: 18 mg q. am increased 0.23-0.45
to 36 mg q. am end of week 1
Case 2, Augmentation: 5 months Amphetamine-XR: 20 mg q. 6:30 am 1.33
Amphetamine-XR + ATMX ATMX: 18 mg q. am increased 0.23-0.50
to 40mg q. am
Case 3, Augmentation: 4 months ATMX: 40 mg bid 0.1
ATMX+OROS MPH OROS MPH: 18 mg q. am 0.60-0.90
increased to 27 mg q. am
Case 4, Augmentation: 3 months ATMX: 36 mg q. am (changed to 0.45
ATMX + amphetamine-XR 18 mg bid)
Amphetamine-XR: 5mg q. am 0.33
Agarwal, 2008 Switch: IR MPH to ATMX 3 weeks IR MPH: 50 mg daily (3—4 1.67
divided doses) tapered off
ATMX: 0.5 mg/kg daily increased 0.44-1.05
to 1.2 mg/kg daily
Niederhofer, 2009  Augmentation: ATMX+MPH 3 months ATMX: 40 mg daily 0.50
MPH: 10 mg daily 0.33
Patients with ADHD — medication algorithms/narrative reviews
Pliszka, 2006 Augmentation: NR ATMX: 0.5-1.0mg/kg q. 0.44-0.88
stimulant + ATMX afternoon
Stimulant: NR NC
Waxmonsky, 2005 Augmentation: NR AMTX: NR NC
stimulant + ATMX Stimulant: Reduction in dose NC

requirement possible

(continued)
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TABLE 2. (CONTINUED)

Regimen
Article Strategy Duration Dosage DDDeg"
Lehmkuhl, 2007 Switch: Stimulant to ATMX 4 weeks 14 kg child : Weeks 1-2, MPH: 0.83
25mg
Weeks 1-2, ATMX:18 mg 0.23
Weeks 3-4, MPH: 12.5mg 0.42
Weeks 3-4, ATMX: 40 mg 0.50
Healthy volunteers
Kelly, 2005 Monotherapy: ATMX, MPH, or 2 days ATMX: 60 mg bid 1.50
PB MPH: 60 mg daily 2.00
Combination: ATMX + MPH, 3 days ATMX: 60 mg bid 1.50
ATMX +PB, MPH + ATMX, MPH: 60 mg daily 2.00
MPH +PB, PB+ATMX,
PB + MPH, PB +PB
Sofuoglu, 2009 Monotherapy: ATMX or PB 3 days ATMX: 40 mg daily 0.50
Combination: ATMX + 1 day ATMX: 40 mg daily 0.50
dextroamphetamine, Dextroamphetamine: 20 mg/70 kg 1.33
PB +dextroamphetamine

“DDDegs were calculated using the DDD for each ADHD medication dose and the following formulas: DDDeq=dose mg/DDD mg or DDDeq = (dose
mg/kg x70kg)/DDD mg (World Health Organization 2009). The DDDs were 30mg for methylphenidate, 80 mg for atomoxetine, 15mg for
amphetamine, and 15 mg for dextroamphetamine (see www.whocc.no/atcddd).

®Dose as prescribed by the patient’s physician, who was not associated with the study.

“1.4mg/kg daily taken as either one dose q. am or bid q. am & pm.

9Data analyzed as patient months of treatment on any given class of medication.

ADHD, attention-deficit/hyperactivity disorder; ATMX, atomoxetine; bid, twice a day; DDDeq, defined daily dose equivalents; IA, immediate acting;
IR, immediate release; LA, long acting; max., maximum; MPH, methylphenidate; NC, not calculated; NR, not reported; NS, not stated; OROS, Osmotic-
controlled Release Oral delivery System; PB, placebo; q., every; SA, short acting; SD, standard deviation; XR, extended release.

4 weeks of atomoxetine monotherapy did not enhance the efficacy
of atomoxetine at the end of 6 weeks of combination therapy
(Carlson et al. 2007). In the prospective non-controlled study,
however, adding OROS methylphenidate to the treatment regimen
after 4 weeks of atomoxetine monotherapy did result in statistically
significant improvements in ADHD symptom control and severity,
and behavior control at the end of 3 weeks of combination therapy
(Wilens et al. 2009) (Table 3). In the retrospective chart review, of
patients treated with atomoxetine (Scott et al. 2010), a higher pro-
portion of patients classified as treatment success than of those
classified as treatment failure had received add-on stimulant therapy.
In the retrospective augmentation case reports, adding atomoxetine
therapy to stimulant monotherapy extended medication coverage,
particularly in the late afternoon and early evening when the effects
of stimulant monotherapy had dissipated (Brown 2004), whereas
adding methylphenidate therapy to atomoxetine monotherapy im-
proved ADHD symptomatology and the ability to focus and re-
member (Brown 2004; Niederhofer 2009). From the beginning to the
end of the cross-taper phase during a treatment switch from stimulant
to atomoxetine monotherapy, improvement in ADHD symptom
control (ADHD-RS scores) was statistically significant in one pro-
spective study (Quintana et al. 2007) and substantial in one retro-
spective study (Agarwal and Sitholey 2008) (Table 3).

Safety and tolerability of stimulant
and atomoxetine combination therapy

Safety and tolerability outcomes for stimulant and atomoxetine
combination therapy were reported in the three prospective studies
and three of the seven retrospective studies of patients with ADHD
(Table 4). Safety and tolerability outcomes reported in the pro-
spective studies were adverse events, changes in blood pressure and
pulse and heart rates (Carlson et al. 2007; Quintana et al. 2007;

Hammerness et al. 2009). Findings on ECG parameters (Quintana
et al. 2007, Hammerness et al. 2009) and blood chemistry
(Hammerness et al. 2009) were also reported in some of these
studies. No serious adverse events were reported in these studies;
however, 10 patients discontinued because of treatment-related
adverse events (Carlson et al. 2007; Quintana et al. 2007; Ham-
merness et al. 2009) (Table 4). Other findings of note in these
studies were a mean decrease in weight with combination therapy
(0.89 kg [Carlson et al. 2007], 0.82 kg [Hammerness et al. 2009])
and higher rates of insomnia, appetite loss, and irritability, but a
lower rate of fatigue, (Hammerness et al. 2009) (Table 4) with
combination therapy than with atomoxetine monotherapy. In
addition, mean diastolic blood pressure was significantly in-
creased after 3 weeks of stimulant therapy added to atomoxetine
(Hammerness et al. 2009) and mean diastolic blood pressure and
heart rate were significantly increased after 2 weeks of combination
therapy during a switch from stimulant monotherapy to atomox-
etine monotherapy (Quintana et al. 2007) (Table 4). There were
also two clinically significant changes in ECG parameters (RR
interval [Qunitana et al. 2007] and PR [Hammerness et al. 2009])
(Table 4). In the retrospective studies, the safety and tolerability
outcomes reported were adverse events (Brown 2004) and de-
scriptive statements (Adler et al. 2006; Agarwal and Sitholey 2008)
(Table 4). In the ongoing chart review, 75.9% of patients tolerated
and elected to continue with stimulant and atomoxetine combina-
tion therapy (Adler et al. 2006).

Safety and tolerability outcomes for stimulant and atomoxetine
combination therapy were reported in two studies of healthy vol-
unteers (Table 4). Adverse events were reported in one study (Kelly
et al. 2005). In this study, the frequency of adverse events was no
greater for combination therapy than for methylphenidate mono-
therapy, and one patient discontinued because of treatment-related
adverse events. Significant changes in blood pressure with this drug
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TABLE 4. REPORTED SAFETY AND TOLERABILITY OF STIMULANT AND ATOMOXETINE COMBINATION THERAPY

AEs, n

Article n AEs

Discontinuations

Other safety and tolerability

Serious findings

Patients with ADHD — prospective studies
Carlson, 2007 6 (cardiac SE, GI discomfort,
9 initial insomnia, rash,
toothache, vomiting)

Quintana, 2007 32 (22%: nausea, 5; fatigue,
61 3; headache, 3)

Wilens,2009 & NR (insomnia, 26; loss of
Hammerness, appetite, 22; GI, 20;
2009 irritability, 16;

50 headache,11; rhinitis, 11;
fatigue, 5; other”, 15)

Patients with ADHD — retrospective studies

Adler, 2006 NR
29
Brown, 2004 2 (initial somnolence, 2;
4 minor GI complaint, 1;
difficulty falling asleep, 1)
Agarwal, 2008 NR
1

1 (cardiac SE)

1 (fatigue)

8 (insomnia, GI upset,
appetite loss, changes in
mood after 1 week of
treatment, 6)

NR

NA

NA

0 Categoric increases
BP: n=2 (diastolic; diastolic
and systolic); HR: n=1

Change from start to end of

treatment, ATMX+ OROS
MPH vs ATMX + PB,
mean=*SD
Systolic BP: 2.1+£11.2 vs
0.25+10.0mm Hg; Diastolic
BP: 3.0£8.5 vs 1.83+7.5mm
Hg; HR: 5.0+12.6 vs
—-2.0+12.3bpm

0 Change from start to end of
combination therapy,
mean+ SD
Systolic BP: n.s.; Diastolic
BP: +2.8+8.0mm Hg*; HR:
+6.2+£10.4bpm***; ECG RR
interval: —58.3+114.1 ms***;
no other clinically significant
changes for ECG parameters
reported

0 AE OR (95% CI) ATMX vs
ATMX+ OROS MPH®
Fatigue: 0 (0-0.36)***;
insomnia: 7.33 (2.20-
38.27)***; irritability: 5.0
(1.10-46.93)*; loss of
appetite: 6.0 (1.75-31.80)***

Start vs end of combination

therapy, mean+SD
Systolic BP: 104.5+9.4 vs
104.8 £10.6 mm Hg; Diastolic
BP: 64.5+9.2 vs
67.3+7.8mm Hg*, HR:
93.3+12.7 vs
95.0+14.2bpm; ECG PR:
132.7+19.7 vs
129.3 £18.0 ms*; no
significant changes for all
other ECG parameters tested
(QRS, QT, and QTc) or liver
function & hematology
parameters tested (SGOT,
WBC, HCT, HGB)

NR n=22 reported acceptable

tolerability
NR NR
NR Improvement in decreased

appetite and delayed onset of
sleep associated with MPH
use with ATMX+MPH
combination therapy; no
additional side effects were
reported

(continued)
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TABLE 4. (CONTINUED)

AEs, n

Other safety and tolerability

Article n AEs

Discontinuations

Serious findings

Healthy volunteers
Kelly, 2005 NR (most common:
12 tachycardia, dry mouth,
thirst)
Frequency was no greater for
MPH + ATMX than MPH
monotherapy

Sofuoglu, 2009 NR 0

10

1 (ATMX +MPH:
palpitations, postural drop
in BP, and postural
tachycardia)

NR Change from baseline
Mean systolic BP 1 to 4 hours
after dosing,
MPH +ATMX: + 13 mm Hg
vs PB: NR*; max. mean HR,
MPH + ATMX: 26 bpm vs
PB: 10* at 1.5 to 6 hours; no
significant effects for SVR
were reported

Baseline vs 4 hours after dosing,
MPH+ATMX
Epinephrine: 147 vs 344 pmol/
L; no significant effects for
norepinephrine were reported

Change from max. post to pre
dextroamphetamine dose
score, PB or ATMX, treatment
effect
Systolic BP (F [1, 18]): 8.8%%*;
diastolic BP (F [1, 18]):
610.6**; cortisol (F [1, 62]):
4.4%; POMS: n.s.; DEQ
“stimulated”” (F [1, 9]): 5.9%;
DEQ “high” (F [1, 9]): 5.4%;
DEQ ““good drug effects” (F
[1, 9]): 5.3*

NR

*p<0.05, **p<0.01, ***p<0.001.

“Includes enuresis (1=3), talking fast /on edge (n=2), nosebleed (1= 1), itchy eyes/dilated pupils (11=2), anxiety (1= 1), mouth pain (1= 1), irregular
mood/decreased personality (1=2), dry mouth (1=2), arm pain (n=1), and urinary (n=1).

Only those ORs that were statistically significant are reported in this table.

ADHD, attention-deficit/hyperactivity disorder; AE, adverse event; ATMX, atomoxetine; BP, blood pressure; bpm, beats per minute; CI, confidence
interval; DEQ, Drug Effects Questionnaire; ECG, electrocardiogram; GI, gastrointestinal; HCT, hematocrit; HGB, hemoglobulin; HR, heart rate; max.,
maximum; MPH, methylphenidate; ms, millisecond; NA, not applicable; NR, not reported; n.s. not significant; OR, odds ratio; OROS, Osmotic-
controlled Release Oral delivery System; PB, placebo; POMS, Profile of Mood States; SD, standard deviation; SE, supraventricular extrasystoles; SGOT,
serum glutamic oxaloacetic transaminase; SVR, systemic vascular resistance; WBC, white blood cells; vs, versus.

combination were reported in both studies. Blood pressure
was significantly higher 1-4 hours after dosing in patients co-
administered atomoxetine and methylphenidate than in those given
placebo (Kelly et al. 2005). In addition, co-administration of ato-
moxetine and dextroamphetamine was found to attenuate increases
in blood pressure resulting from dextroamphetamine monotherapy
(Sofuoglu et al. 2009). The effect of combination therapy on heart
rate was similar to that of methylphenidate monotherapy. Heart rate
increased from 1.5 to 6 hours after dosing, with combination
therapy having a significant (p <0.05) mean maximum heart rate
increase of 26 beats per minute compared with placebo (Kelly et al.
2005). Another treatment effect of combination therapy was in-
creased cortisol concentrations compared with dextroamphetamine
monotherapy (Sofuoglu et al. 2009).

Discussion

This is the first systematic review of literature describing the use
of stimulant and atomoxetine combination therapy. Although stim-
ulants and atomoxetine are not approved for use in combination in
the United States (Strattera Prescribing Information 2012), this drug
combination is prescribed (Pohl et al. 2009; Hodgkins et al. 2011)

and widely used in clinical practice (Brown 2004; Adler et al. 2006;
Pliszka et al. 2006; Scott et al. 2010; Fernandez and Rojas 2012).
Findings from our review showed that there are few studies that
describe factors that typify the use of stimulant and atomoxetine
combination therapy or that analyze its efficacy, effectiveness,
safety, or tolerability. In particular, the strength of evidence for the
included studies was limited because of the heterogeneous study
designs, small sample sizes, and geographic bias; there was only one
prospective, randomized controlled trial of this drug combination.
When reported, stimulant and atomoxetine combination therapy was
used to maximize treatment effectiveness in patients classified as
partial responders to stimulant or atomoxetine monotherapy or to
minimize intolerable side effects in patients requiring a reduction in
stimulant dose because of intolerable side effects. The findings
suggested, but did not confirm, that combination therapy, if used
appropriately, may benefit some, but not all, patients who have tried
several ADHD medications without success. However, special care
and close monitoring of stimulant and atomoxetine combination
therapy are required because this drug combination has not been
assessed in randomized, controlled, long-term clinical trials.
Current evidence suggests that some patients may respond dif-
ferently to the various ADHD medications. In a double-blind study
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of patients with ADHD treated with methylphenidate monotherapy
then atomoxetine monotherapy, 43% responded to atomoxetine but
not methylphenidate, whereas 42% responded to methylphenidate
but not atomoxetine (Newcorn et al. 2008). In the publications
retrieved from our systematic review, most patients were given
stimulant and atomoxetine combination therapy because of an in-
adequate response to previous stimulant or atomoxetine mono-
therapy. Stimulant combination therapy with other nonstimulant
medications (e.g., extended-release clonidine [Kollins et al. 2011]
and extended-release guanfacine [Sallee et al. 2009; Spencer et al.
2009; Wilens et al. 2012]) has been shown to be effective in patients
with an inadequate response to stimulant therapy. A patient’s
ADHD medication regimen is often developed on a case-by-case
basis at the discretion of the patient’s physician. Some patients may
try several ADHD medications before they experience adequate
and tolerable symptom relief (Pliszka et al. 2006; Prasad and Steer
2008), as was the case for some patients who were given stimulant
and atomoxetine combination therapy (Brown 2004). This is be-
cause current guidelines recommend full monotherapy trials of
stimulants and atomoxetine for ADHD treatment (Pliszka et al.
2006; National Institute for Health and Clinical Excellence 2008;
Seixas et al. 2012). In addition, identifying patient characteristics or
factors that may help physicians tailor treatment regimens has, to
date, been mostly unsuccessful (Quintana et al. 2007). In the pub-
lications retrieved from our systematic review, the predominant
demographic (e.g., male children) and disease characteristics (e.g.,
combined ADHD subtype), and comorbidities (e.g., oppositional
defiant disorder) identified may simply reflect those of the broader
ADHD population (Polanczyk et al. 2007; Lee et al. 2008; Weiss
etal. 2011). Although we did not exclude studies of adult patients
with ADHD from our systematic review, only two studies included
adult patients (Adler et al. 2006; Pohl et al. 2009), despite evidence
supporting pharmacotherapy for adults with ADHD (Weisler and
Childress 2011).

The combination strategies used in the publications included in
this review represent a polypharmacy approach that was rational-
ized by the authors of the publications but not endorsed by the
drugs’ labels. Stimulant and atomoxetine combination therapy was
used to augment previous stimulant or atomoxetine monotherapy to
improve ADHD symptom control (e.g., atomoxetine was given to
extend ADHD symptom control when the effects of the stimulant
medication had dissipated [Brown 2004]) or during a switch from
stimulant to atomoxetine monotherapy to maintain adequate
symptom control while atomoxetine took effect (Lehmkuhl et al.
2007; Qunitana et al. 2007). In addition to these reasons, physicians
may have justified the use of this drug combination because the
presumed mechanisms of action for stimulants and atomoxetine
differ (Wilens 2006), because it was seen as a ‘“‘last resort’” for
treatment success by physicians discouraged by their patient’s
treatment resistance, or because it improved a wider range of
ADHD symptoms than either medication given as monotherapy
(Brown 2004). Further understanding of why physicians administer
stimulant and atomoxetine combination therapy is required. In most
of the reviewed studies, atomoxetine was co-administered with
methylphenidate, the stimulant most often recommended as first-
line treatment for ADHD (Seixas et al. 2012). The differences in the
DDDegs calculated for stimulant and atomoxetine doses used in
the augmentation studies may reflect the different study designs in
the included publications. DDDeqs >1 are more likely in the pro-
spective studies because these studies are clinical trials designed to
identify the most effective and tolerable medication doses. In
contrast, DDDeqs <1 are more likely in retrospective studies be-
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cause these studies were reports from clinical practice, where a
conservative approach is often used to determine medication doses.

The efficacy and effectiveness findings for ADHD symptom
control and severity in this systematic review suggested that
stimulant and atomoxetine combination therapy was of benefit for
some, but not all, patients (Brown 2004; Carlson et al. 2007;
Quintana et al. 2007; Agarwal and Sitholey 2008; Wilens et al.
2009). Both stimulants and atomoxetine as monotherapy are ef-
fective for the treatment of ADHD (Faraone et al. 2006; Cheng
et al. 2007; Mészaros et al. 2009; Faraone and Buitelaar 2010;
Hanwella et al. 2011), and combination therapy may be more ef-
fective than stimulants as shown in studies of stimulants co-
administered with clonidine (Kollins et al. 2011) and guanfacine
(Wilens et al. 2012). In this systematic review, OROS methyl-
phenidate and atomoxetine combination therapy for ADHD
symptom control and severity did not enhance the efficacy of ato-
moxetine monotherapy in one prospective randomized controlled
study (Carlson et al. 2007), but did enhance the effectiveness of
atomoxetine monotherapy in one prospective non-controlled study
(Wilens et al. 2009). In the prospective non-controlled study, im-
provements in executive function for combination therapy ex-
ceeded those for atomoxetine monotherapy and were within 0.5 SD
of normalization (Wilens et al. 2009). During a switch from stim-
ulant to atomoxetine monotherapy, lower scores for the ADHD-RS
were recorded for combination therapy than for either medication
alone (Quintana et al. 2007; Agarwal and Sitholey 2008). Although
quality of life and functioning were not assessed in most of the
reviewed studies, anecdotal improvements (e.g., resumed part-time
employment after school) were reported for some patients (Brown
2004). These efficacy and effectiveness findings require validation
and further exploration in subsequent studies of stimulant and
atomoxetine combination therapy.

The safety and tolerability findings in the publications included
in this review suggested that there were no additional safety con-
cerns when stimulants and atomoxetine were co-administered for
up to 6 weeks. However, the long-term safety and tolerability of this
drug combination has not been tested in controlled clinical trials.
Because patient safety is as important as, if not more important
than, an improved symptom profile, rigorous monitoring is required
when combining stimulants and atomoxetine, even though anec-
dotal evidence from case reports suggests it is safe and tolerable for
up to 5 months of use (Brown 2004). In the prospective augmen-
tation studies, treatment-emergent adverse event rates for methyl-
phenidate and atomoxetine combination therapy compared with
atomoxetine were greater in Hammerness et al. (2009) but lower in
Carlson et al. (2007). These findings are difficult to interpret,
however, because of differing study designs and the small number
of patients included in these two studies. In Hammerness et al.
(2009), the treatment-emergent adverse events (e.g., weight loss,
insomnia, appetite loss, irritability) that were observed more fre-
quently with stimulant and atomoxetine combination therapy than
with atomoxetine monotherapy are known stimulant side effects
(Vaughan et al. 2012). However, whether combination therapy
using stimulant doses lower than those tested in Hammerness et al.
(2009) reduces the frequency of these side effects needs to be
tested. Both atomoxetine (Wernicke et al. 2003) and stimulants
(Wilens et al. 2004) have known long-term cardiovascular effects.
In general, the included studies showed that there were no clinically
significant differences in cardiovascular parameters for stimulants
and atomoxetine coadministered for 1-3 days to healthy volunteers
(Kelly et al. 2005; Sofuoglu et al. 2009) and for 2-6 weeks to
patients with ADHD (Carlson et al. 2007; Quintana et al. 2007;
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Hammerness et al. 2009) compared with stimulant or atomoxetine
monotherapy. Nevertheless, these findings were limited by the
small number of patients in these studies. Although the included
studies in our review showed that there were no clinically signifi-
cant differences in cardiovascular parameters for stimulants and
atomoxetine when co-administered, more controlled research data
are needed over a longer time frame to monitor any potential car-
diovascular effects and, therefore, clinicians should consider
monitoring blood pressure and pulse when using combination
therapy.

Limitations

There were several limitations with our study. First, we may
have inadvertently excluded relevant publications, even though the
literature search was comprehensive and included publications
written in languages other than English. Second, although we
considered all levels of evidence (e.g., from randomized controlled
trials to case reports) in our review, the strength of evidence for the
included studies was limited because 1) of their heterogeneous
methods, trial design, and outcome measures; 2) there was only one
randomized controlled trial of atomoxetine and stimulant combi-
nation therapy in patients with ADHD; 3) patient numbers in the
prospective studies were low (n<100); and 4) of the potential for
geographic bias, as most studies were conducted in, or included
data from, the United States and Europe. Third, we excluded
studies of patients receiving concomitant medication(s) other than
stimulants and atomoxetine to treat ADHD symptoms, which may
have omitted some findings for difficult-to-treat patients. Fourth,
although combination therapy in clinical practice has been ad-
ministered for up to 5-6 months at a time (Brown 2004; Pohl et al.
2009), most studies assessed combination therapy for only 2-6
weeks (Carlson et al. 2007; Quintana et al. 2007; Agarwal and
Sitholey 2008; Hammerness et al. 2009; Wilens et al. 2009) and did
not assess adherence or compliance. Last, findings from this sys-
tematic review need to be applied with caution and clinical criteria
to the broader ADHD population, because most patients given
combination therapy were partial responders to or did not tolerate
various ADHD medications.

Conclusions

Findings from this systematic review indicate that the published
evidence for the off-label combination of atomoxetine and stimu-
lants is limited by the number of publications and the strength of
evidence. The existing evidence suggests, but does not confirm, that
this drug combination may be of benefit for some, but not all,
patients with ADHD classified as partial responders to stimulant or
atomoxetine monotherapy, or who experience intolerable side ef-
fects with stimulant monotherapy. Further analysis of stimulant and
atomoxetine combination therapy will better inform and clarify the
validity and benefit of using this drug combination for patients with
ADHD.

Clinical Significance

In the clinic, physicians should consider the patient’s treatment
history, including previous response to ADHD medications and
preferences, when choosing treatment strategies for ADHD. The
data analyzed in this systematic review suggest that stimulant and
atomoxetine combination therapy may be of benefit for those
patients with ADHD who have not attained adequate symptom
control with either stimulant or atomoxetine monotherapy or who
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are unable to tolerate late afternoon or evening doses of stimulant
medications for 24 hour coverage of symptoms. However, because
stimulant and atomoxetine combination therapy has not been as-
sessed in randomized, controlled, long-term clinical trials, special
care and close monitoring are required with this drug combination.
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