ATOMOXETINE

(STRATTERA™ (Eli Lilly & Co.)

CLASSIFICATION:  Selective Norepinephrine Reuptake Inhibitor 

INDICATIONS:  Atomoxetine is FDA approved for use in the treatment of attention deficit hyperactivity disorder (ADHD).1,2
PHARMACOLOGY:  The mechanism of action of atomoxetine is unknown.  Atomoxetine is a presynaptic selective norepinephrine reuptake inhibitor.2-5 

In an animal model, atomoxetine produced a dose-dependent increase in extracellular norepinephrine and dopamine in the prefrontal cortex, as are also observed with methylphenidate and are believed to be responsible for the therapeutic effects of these agents in ADHD. Unlike methylphenidate, extracellular dopamine levels were not increased in the striatum or nucleus accumbens suggesting atomoxetine should be less likely to have motor effects or drug abuse liability.5
PHARMACOKINETICS: 

Absorption:
Absorbed following oral administration. Peak plasma concentrations following oral administration are reached within 1 to 2 hours.2,6 The absolute oral bioavailability of atomoxetine is 63% in extensive metabolizers and 94% in poor metabolizers. Food has a minimal effect on the oral absorption (peak plasma concentrations were decreased by 9% and the time-to-peak concentration was delayed), so it can be administered with or without food.2
Distribution:
The volume of distribution of atomoxetine is 0.85 L/kg.2 It is also highly bound to plasma proteins (98%), primarily albumin.2
Metabolism:
Primarily metabolized via cytochrome P450 2D6.2,4,7,8 The half-life in healthy volunteers is 4.3 to 4.6 hours.6 The half-life is approximately 4 hours in CYP 2D6 extensive metabolizers and 19 to 21.6 hours in CYP 2D6 poor metabolizers.2,4,6,9 Poor metabolizers have a higher area under the curve (AUC) and peak plasma concentrations compared to patients who are not deficient in the CYP 2D6 isozyme. The prevalence of poor metabolizers of CYP 2D6 is about 7% in Caucasians and 2% in African Americans in the United States.2
The metabolism of atomoxetine in pediatric and adolescent patients is similar to adults. Also, gender and ethnic origin have no effect on atomoxetine metabolism, except that poor metabolizers are more common in Caucasians. There is inadequate information on the elimination of atomoxetine in elderly patients.2
Excretion:
Metabolized to 4-hydroxyatomoxetine, an active metabolite, which is then glucuronidated and excreted in the urine.4,8 Other P450 enzymes are also capable of forming 4-hydroxyatomoxetine when CYP 2D6 is not expressed, although these enzymes are not as efficient as CYP 2D6.8 A minor alternative pathway of N-desmethylation via CYP 2C19 produces N-desmethylatomoxetine. In CYP 2D6 poor metabolizers, the importance of this pathway is increased.6,8
EFFICACY:  A multicenter, placebo-controlled, dose-response study was conducted to evaluate the safety and efficacy of atomoxetine in the treatment of ADHD. This study enrolled 297 (212 boys and 85 girls) children and adolescents who were 8 to 18 years of age and had ADHD as defined by the DSM-IV. Approximately 70% of the enrolled patients had previously received stimulant therapy for their ADHD. All patients were required to complete a 12- to 18-day washout period prior to the start of the study medication. Patients were then randomized to therapy with placebo or atomoxetine 0.5 mg/kg/day, 1.2 mg/kg/day, or 1.8 mg/kg/day for 8 weeks. All patients in the atomoxetine group were started on 0.5 mg/kg/day and then those who were assigned to the higher doses were titrated to 0.8 mg/kg/day, 1.2 mg/kg/day, and 1.8 mg/kg/day at 1-week intervals up to their assigned dose. Doses were administrated twice daily, in the morning and late afternoon. The atomoxetine 1.2 mg/kg/day and 1.8 mg/kg/day doses were both more effective than placebo in reducing ADHD symptoms. The 0.5 mg/kg/day dose was associated with intermediate efficacy between the higher doses and placebo.  Both the 1.2 mg/kg/day and 1.8 mg/kg/day doses of atomoxetine were associated with a greater improvement in the ADHD Rating Scale total score than placebo, as well as the inattentive and hyperactivity/impulsivity subscores. A 1-year extension of this study is currently ongoing.4
Two additional double-blind, placebo-controlled studies enrolled 147 patients and 144 patients with ADHD (DSM-IV) to evaluate the safety and efficacy of atomoxetine in children 7 to 13 years of age. Stimulant-naïve patients were randomized to receive atomoxetine, methylphenidate, or placebo for 9 weeks. Patients with a history of stimulant use were randomized to receive atomoxetine or placebo for 9 weeks. Atomoxetine was titrated to 1.8 mg/kg/day. Atomoxetine reduced ADHD scores of hyperactivity/impulsivity and inattention compared with placebo. In one study the ADHD Rating Scale score was reduced 15.6 points in the atomoxetine group compared to a reduction of 5.5 points in the placebo group (P<0.001). In the other study, the ADHD Rating Scale score was reduced 14.4 points in the atomoxetine group and 5.9 points in the placebo group (P<0.001). No difference between atomoxetine and methylphenidate was observed.12,13
The product labeling contains the results of two identical, 10-week, randomized, double-blind, placebo-controlled trials that were conducted in adults with a diagnosis of ADHD. A total of 536 adults were enrolled in these two trials. The dose of atomoxetine was 60 to 120 mg/day, given in divided doses in the early morning and late afternoon/early evening. The average dose was 95 mg/day at the end of 10 weeks. The atomoxetine therapy was associated with better improvements in ADHD symptoms and ADHD symptom scores from the CAARS scale.2
DOSING:  The initial dose of atomoxetine is determined by the weight of the patient. The dose can be increased after a minimum of 3 days to the target total daily dose of atomoxetine.2
Dosing Recommendations for Atomoxetine in the Treatment of ADHD:2
Patient Characteristics
Initial Dose
Target Dose
Maximum Dose
Dosing Frequency

Children/adolescents up to 70 kg body weight
0.5 mg/kg/day
1.2 mg/kg/day
1.4 mg/kg/day or 100 mg/day
Once daily in the morning
OR
Evenly divided doses in the morning and late afternoon/early evening

Children/adolescents over 70 kg body weight OR adults
40 mg/day
80 mg/day
100 mg/day
Once daily in the morning
OR
Evenly divided doses in the morning and late afternoon/early evening

The safety and efficacy of atomoxetine in pediatric patients less than 6 years of age and in geriatric patients are unknown. The efficacy of atomoxetine after 9 weeks and the safety of atomoxetine beyond 1 year have not been systematically evaluated.2
The dose of atomoxetine should be decreased by 50% in patients with moderate hepatic impairment (Child-Pugh Class B). If the patient has severe hepatic impairment (Child-Pugh Class C), the dose should be decreased by 75%.2
If the patient is receiving a strong CYP 2D6 inhibitor, the same initial and target doses are recommended, but the adjustments in dose should occur at 2 weeks in children and adolescents up to 70 kg, and at 4 weeks in heavier children and adolescents and adults.2
In patients with hepatic impairment, the time-to-peak concentration was increased to 3 to 6 hours and the AUC was increased approximately 2- to 4-fold. The alternate metabolic pathway is active in patients with hepatic impairment. The N-desmethyl metabolite was detected in these patients.2,7
No changes in dose are necessary in patients with renal dysfunction.2

WARNINGS AND PRECAUTIONS: Allergic reactions (eg, angioneurotic edema, urticaria, rash) have been reported, but are uncommon.2  Atomoxetine may decrease weight and growth in some patients. The average weight loss is 0.4 kg with atomoxetine and gain is 1.5 kg with placebo therapy. The average growth rate was 0.9 cm with atomoxetine and 1.1 cm with placebo in the 9 weeks studied. The impact of long-term administration is unknown. The changes in weight and height from the open-label studies of 12 and 18 months were similar to normal growth curves, but there was a trend to a decrease in percentile score for both weight and height with the atomoxetine therapy.2  

Postural changes in blood pressure can occur with atomoxetine therapy. The incidence of orthostatic hypotension was 1.8% with atomoxetine and 0.5% with placebo in the short-term studies with children and adolescent patients.2 

Urinary retention and urinary hesitation can occur in adults. The incidence of urinary retention was 3% with atomoxetine and 0% with placebo therapy, and urinary hesitation was 3% with atomoxetine and 0% with placebo therapy.2
Atomoxetine is classified as Pregnancy Category C.  In rabbits, there was a decrease in live fetuses and an increase in early resorption. There was a slight increase in the incidence of atypical origin of the carotid artery and absent subclavian artery. Rats had a decrease in pup weight and pup survival, and an increase in incomplete ossification of the vertebral arch.2  Nursing should be done with caution since it is unknown if atomoxetine is excreted in breast milk.2
ADVERSE REACTIONS: Adverse effects have included anorexia, headache, rhinitis, abdominal pain, vomiting, nausea, dyspepsia, cough, somnolence, nervousness, dizziness, rash, infection, pruritus, fever, pain, and asthenia.3,4,11,12,14  Adverse effects occurring more commonly in atomoxetine-treated patients than placebo-treated patients include decreased appetite, vomiting, nausea, asthenia, and dyspepsia.  Mania has been reported in a single patient.20
Treatment-Emergent Adverse Reactions Reported in the Placebo-Controlled Acute Treatment Trials in Children and Adolescent Patients:2
Adverse Reaction
Twice-Daily Administration
Once-Daily Administration

 
Atomoxetine (n=340)
Placebo(n=207)
Atomoxetine(n=85)
Placebo(n=85)

Abdominal pain upper
20%
16%
16%
9%

Vomiting
11%
9%
15%
1%

Nausea
7%
8%
12%
2%

Dyspepsia
4%
2%
8%
0%

Fatigue
4%
5%
9%
1%

Constipation
3%
1%
0%
0%

Diarrhea
3%
6%
4%
1%

Mood swings
2%
0%
5%
2%

Dry mouth
1%
2%
4%
1%

Increasing doses of atomoxetine were associated with small increases in diastolic blood pressure and pulse, and reductions in weight.4,15 Heart rate increased by approximately 6 to 9 beats per minute. Diastolic blood pressure increased by about 3 to 4 mm Hg, although a mean increase of 10.9 mm Hg was observed in a dose-ranging study. Systolic pressure has been reported to increase by 2 mm Hg. No increase in QT interval was observed in clinical trials.3,10,11,14,15,18,21 Changes in heart rate and diastolic and systolic blood pressure were similar in one study comparing atomoxetine and methylphenidate.10
Anorexia is a common adverse effect associated with atomoxetine use. Patients lost a mean of 0.9 kg during 6 weeks of atomoxetine therapy in one study.11  Over 9 weeks of therapy, patients lost a mean of 0.5 kg in another study. Most lost weight was regained within 1 week of discontinuation of atomoxetine.18,21 In another study, atomoxetine-treated patients lost 0.63 kg (P<0.001) over 10 weeks, while the mean weight loss in the methylphenidate group was 0.13 kg (NS).10 Change in height was similar with atomoxetine and placebo in one 6-week study (0.9 cm with atomoxetine and 0.8 cm with placebo).11
The abuse liability of atomoxetine has been assessed in a comparative study with methylphenidate enrolling 16 non-dependent healthy volunteers with a history of recreational drug use. Subjects received placebo, atomoxetine 20 mg, 45 mg, and 90 mg, and methylphenidate 20 mg and 40 mg on separate days. Methylphenidate was associated with greater mean scores than placebo on the stimulant subscales of the visual analog scale and Addiction Research Center Inventory, as well as the amphetamine and euphoria subscales of the Addiction Research Center Inventory. Atomoxetine scores did not differ from placebo on any of those measures. Atomoxetine 90 mg was associated with increases on the sick and bad subscales of the visual analog scale and the sedative subscales of the Addiction Research Center Inventory compared with placebo. Both atomoxetine 40 mg and methylphenidate 90 mg were different from placebo on the (LSD) dysphoria subscale of the Addiction Research Center Inventory.22,23
INTERACTIONS: Atomoxetine is likely to interact with CYP 2D6 inhibitors and inducers. Inhibitors of CYP 2D6 (eg, paroxetine, fluoxetine, quinidine) can result in higher levels of atomoxetine and slower elimination. In extensive metabolizers, the inhibition of the CYP 2D6 can result in changes in pharmacokinetics similar to those seen in poor metabolizers.2 

Heart rate and blood pressure may be increased by albuterol and other pressor agents.2 MAOI therapy may increase the risk of serious cardiovascular and central nervous system adverse reactions, thus concurrent therapy is not recommended.2
Atomoxetine may increase the AUC of midazolam by 15%. However, no adjustments in dose of either agent are recommended.2
No protein binding interactions were observed with warfarin, acetylsalicylic acid, phenytoin, or diazepam.2
No drug interactions were reported when atomoxetine was used in combination with alcohol, desipramine, methylphenidate, magnesium hydroxide/aluminum hydroxide, and omeprazole.2
COSTS and MONITORING: In addition to clinical response, heart rate, blood pressure, weight, and height should also be monitored throughout atomoxetine therapy, especially during the first few weeks of therapy.

Comparative Dose
Cost Per Tablet

Atomoxetine 40mg
$2.45

Adderal 10mg
$1.24

Concerta 18mg
$1.99

PRODUCT AVAILABILITY: Atomoxetine was approved in November 2002. It is available as 10, 18, 25, 40, and 60 mg capsules in bottles of 30. 2
CONCLUSION: Atomoxetine is a new type of drug approved for the treatment of ADHD. It has a different mechanism of action from the stimulant medications and does not appear to have a potential for abuse. Atomoxetine is an alternative to stimulant medications, which are controlled substances. Additional studies directly comparing atomoxetine with stimulant medications are necessary, although the results of one open-label study suggest atomoxetine may have activity similar to methylphenidate. Further studies exploring the cardiovascular safety of atomoxetine are also necessary. Side effects in general appear similar to the stimulant medications, with the exception of dependence. Atomoxetine is not a controlled substance and is less likely to be a candidate for abuse by patients like some of the other medications used to treat ADHD.

RECOMMENDATION:  Add to formulary
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