
© 2013 COPYRIGHT PHYSICIANS POSTGRADUATE PRESS, INC. NOT FOR DISTRIBUTION, DISPLAY, OR COMMERCIAL PURPOSES.     e1Prim Care Companion CNS Disord 
2013;15(5):doi:10.4088/PCC.13r01515

Review Article

Reducing the Burden of Difficult-to-Treat Major Depressive 
Disorder: Revisiting Monoamine Oxidase Inhibitor Therapy
Larry Culpepper, MD, MPH

ABSTRACT
Objective: Difficult-to-treat depression (eg, 
depression with atypical or anxious symptoms, 
treatment-resistant depression, or depression with 
frequent recurrence) is a challenging real-world 
health issue. This critical review of the literature 
focuses on monoamine oxidase inhibitor (MAOI) 
therapy and difficult-to-treat forms of depression.

Data Sources: A PubMed literature search was 
performed in November 2012 and refreshed 
through January 2013 with no date restrictions 
using key search terms including MAO inhibitor 
therapy or MAOI and depression and anxiety, atypical, 
treatment-resistant, recurrent, relapse, or refractory. 

Study Selection: Articles were selected to 
summarize the current needs in difficult-to-treat 
depression as well as the use of MAOI therapies in 
this area.

Results: Two strategies have fallen out of favor in 
the care of patients with major depressive disorder. 
The first is the use of MAOI therapy and the second 
is the proactive recognition of difficult-to-treat 
depression that may not respond as well to more 
frequently used antidepressants. The infrequent use 
of MAOIs stems from the perception that other oral 
therapies for depression are safer and easier to use 
than oral MAOIs; however, transdermal delivery is 
one potential strategy to improve the safety of this 
class of agents. Although food-related interactions 
with transdermal delivery of MAOI therapy can be 
lessened, clinicians still need to be vigilant for drug-
drug interactions and serotonin syndrome.

Conclusions: Clinicians should consider MAOIs for 
patients who have had several unsuccessful trials of 
antidepressants. Guidelines generally reserve MAOIs 
as third- and fourth-line treatments due to concerns 
over safety and tolerability; however, transdermal 
delivery of an MAOI may allay some of the safety 
and tolerability concerns. Patients should be 
provided education about MAOIs and their risks. 
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S igns of depression may include frequent headaches, backaches, 
and other pain; lost sense of self-worth and lack of drive; difficulty 

concentrating; and changes in physical activity, eating habits, and 
interaction with family. Clinicians in primary care settings are uniquely 
positioned to help ensure that patients with these types of symptoms, in the 
absence of other confirmed diagnoses, are screened for major depressive 
disorder (MDD) and then adequately treated.1 Despite the availability 
of many new treatments, a number of patients with MDD experience 
inadequate symptom relief.2 More than half of all patients with depression 
fail to achieve remission after first-line antidepressant therapy.3,4 This 
outcome may be especially true for patients with anxious or atypical 
symptoms or patients who experience recurrent episodes or treatment 
resistance. Inadequate response to therapy is serious since residual 
symptoms increase the risk of relapse and recurrence of MDD.3 Risk 
factors contributing to inadequate response are misdiagnosis, presence 
of depressive subtypes, and medical and psychiatric comorbidities. 
Inadequate response may also be the result of medication nonadherence, 
which may require additional education.5 There is much we can do in 
primary care to enhance identification and treatment of patients with 
difficult-to-treat depression.

This article reviews the utility of monoamine oxidase inhibitors 
(MAOIs) for difficult-to-treat MDD and, in particular, a newer transdermal 
formulation, which may be a safe and better-tolerated option than oral 
MAOIs.2

METHOD
This critical review of the literature focused on MAOI therapy and 

difficult-to-treat forms of depression. A PubMed literature search was 
performed in November 2012 and refreshed through January 2013 with 
no date restrictions using key search terms including MAO inhibitor 
therapy or MAOI and depression and anxiety, atypical, treatment-resistant, 
recurrent, relapse, or refractory. Articles were selected to summarize the 
current needs in difficult-to-treat depression as well as the use of MAOI 
therapies in this area.

RESULTS
Difficult-to-Treat MDD

Recurrent MDD. Most patients with MDD will experience a recurrence 
following recovery from a depressive episode.6 In one study of 279 patients 
who recovered but eventually experienced a recurrence, several factors 
were shown to predict recurrence.6 Women were 43% more likely to 
experience a recurrence (odds ratio = 1.43) than men. Also, individuals 
who had never married were 55% more likely to experience a recurrence 
(odds ratio = 1.55).6 Longer duration of depressive episodes is reported 
to be associated with a higher risk for recurrence (11% greater likelihood 
of recurrence for each additional year of depression).6 There is also an 
18% increase in risk of recurrence for each additional depressive episode 
experienced. Overall, the cumulative proportion of recurrence at 15 years 
of patient follow-up can be up to 85%, despite long periods of wellness.6 
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Treatment-resistant MDD. It has been estimated that 
60%–70% of patients with MDD may have treatment-resistant 
depression.7 Treatment-resistant depression is unresponsive 
to adequate standard treatments and is associated with 
greater severity and longer duration, higher risk of 
recurrence, and greater likelihood of comorbid conditions. 
Treatment-resistant depression complicates patient care and 
increases health care burden.3,8 Although there is no agreed-
upon clinical definition for treatment-resistant depression, 
the working definition is an inadequate response to at least 
2 antidepressant trials, with agents of differing classes of 
adequate dose and duration and treatment adherence.3 
Table 1 describes in greater detail a system of staging 
treatment-resistant depression.9 The primary diagnosis of 
MDD should be confirmed in patients who appear to have 
treatment-resistant depression. Confounding factors, such 
as untreated primary medical conditions, medication side 
effects, bipolar disorder, and substance abuse problems, 
should be considered.3

Depression with anxious or atypical symptoms. 
Clinically relevant subtypes of depression include psychotic 
depression, severe depression, chronic depression, anxious 
depression, and atypical depression.3 Psychotic depression 
is relatively common and is quite likely to be associated 
with severe depression and longer time to recovery. While 
it can be difficult, it is important to determine the presence 
of psychotic symptoms because antidepressant therapy may 
exacerbate psychotic symptoms and an antipsychotic therapy 
may be required.3,10 Severe depression is very difficult to 
treat and is defined by severely intense depressive symptoms, 
the presence of diagnostic subtypes of MDD, and a severely 
dysfunctional state. Additional factors in the assessment 
of severe depression include thoughts of suicidality and 
inpatient status.3,8,11 Severe depression is associated with a 
greater number of comorbidities, a longer time to treatment 
response, greater risk of recurrence, and greater likelihood 
of suicide.3,8 Chronic depression, defined as depression in 
which patients are symptomatic more days than not over 
a 2-year period, is associated with a high rate of treatment 
resistance.3,11

Patients with MDD are often affected by anxiety symptoms. 
In the large Sequenced Treatment Alternatives to Relieve 

Depression (STAR*D) project,12 53.2% of patients had 
anxious depression. This finding is consistent with previous 
outpatient reports of patients with MDD.13,14 These patients 
tend to experience greater severity of depression and longer 
duration of illness, are slower and less likely to respond to 
therapy, and have increased risk for suicide.15–19

Atypical depression is the most common depression 
subtype among depressed outpatients, accounting for 
29%–42% of cases.20 Atypical depression is characterized 
by nonmelancholic, reverse vegetative signs—such as 
oversleeping, overeating, rejection sensitivity, and reactive 
mood. It is also believed that age at onset, duration and 
frequency of episodes, ability to achieve complete remission, 
and recurrence may differentiate patients with atypical 
depression from other depressed patients. Patients with 
atypical depression are also significantly more likely to be 
obese, which is of relevance in antidepressant treatment 
selection.21 Levitan et al21 showed that, in comparison to 
patients with classic depression, patients with atypical 
depression were 2 times (past history of depression) and 
3 times (current history of depression) more likely to be 
obese.

Biology of MDD: Elevated MAO-A Levels in the Brain
While the monoamine theory of depression suggests 

that monoamine levels are lowered in depression, it does 
not explain how monoamine lowering takes place.22 Because 
the enzyme MAO-A metabolizes and regulates serotonin, 
norepinephrine, and dopamine in the brain, it is a logical 
contributor to the pathophysiology of depression.22,23 Meyer 
et al22 studied 17 healthy individuals and 17 individuals 
with MDD to determine if MAO-A levels in the brain are 
elevated during episodes of untreated depression. They 
found that the specific distribution volume of MAO-A was 
significantly (P = .001) elevated in every region of the brain, 
including the prefrontal cortex, anterior cingulate cortex, 
posterior cingulate cortex, caudate, putamen, thalamus, 
anterior temporal cortex, midbrain, hippocampus, and 
parahippocampus. Furthermore, the specific volume of 
distribution of MAO-A was elevated an average of 34% 
throughout the brain during major depression.22 The 
magnitude of this finding, together with the absence of any 
other compelling explanation for monoamine loss during 
major depressive episodes, led the investigators to conclude 
that elevated MAO-A was in fact the primary cause of 
monoamine lowering during major depression.22
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Clinicians are advised to consider monoamine oxidase  ■
inhibitors (MAOIs) for patients who have had several 
unsuccessful trials of antidepressants or for patients with 
anxious or atypical symptoms.

Clinicians should provide education to their patients  ■
about MAOIs and their risks, monitor for adverse effects, 
and safeguard against hypertensive crisis and serotonin 
syndrome, which can occur with certain foods and when co-
administered with adrenergic and serotonergic medications.

Guidelines generally reserve MAOIs as third- and fourth-line  ■
treatments due to concerns over safety and tolerability, but 
transdermal delivery may allay some of those concerns.

Table 1. A Staging System for Antidepressant Resistancea

Stage 1 Failure of an adequate trial of 1 antidepressant
Stage 2 Failure of adequate trials of 2 antidepressant therapies from 

different classes
Stage 3 Stage 2 + failure of an adequate trial of a third class of therapy, 

including a tricyclic antidepressant
Stage 4 Stage 3 + failure of an adequate trial of a monoamine oxidase 

inhibitor
Stage 5 Stage 4 + failure of an adequate course of electroconvulsive 

therapy
aBased on Thase and Rush.9



© 2013 COPYRIGHT PHYSICIANS POSTGRADUATE PRESS, INC. NOT FOR DISTRIBUTION, DISPLAY, OR COMMERCIAL PURPOSES.     e3Prim Care Companion CNS Disord 
2013;15(5):doi:10.4088/PCC.13r01515

MAOIs for Difficult-to-Treat Depression

Mechanism of MAO Inhibition
The MAOIs were first developed in the 1950s. Monoamine 

oxidase is an enzyme that catalyzes the oxidation and 
inactivation of the monoamine neurotransmitters. The 
enzyme is found in the brain, gut, and liver in addition 
to other tissues. There are 2 MAO enzyme isomers, each 
with different substrates: MAO-A is found primarily in the 
intestine and in those regions of the brain that have serotonin, 
norepinephrine, dopamine, and tyramine substrates; MAO-B 
is found primarily in platelets and in those regions of the brain 
that are rich in dopaminergic neurons.24 The MAOIs can be 
selective for either one isomer or the other or nonselective, 
inhibiting both MAO-A and MAO-B. It is believed, however, 
that inhibition of MAO-A is necessary for antidepressant 
effects.24,25 The mechanism of available therapies for MDD 
is based on the principle of increasing synaptic availability 
of serotonin, norepinephrine, and/or dopamine—the 
monoamine neurotransmitters.26,27 The MAOIs inhibit the 
MAO enzyme, thereby allowing serotonin, norepinephrine, 
and dopamine to accumulate in the synapse.27,28

The MAO-A isoenzyme metabolizes serotonin, 
norepinephrine, and dopamine, while MAO-B primarily 
metabolizes dopamine. While the inhibition of MAO-A in 
the brain is necessary for an antidepressant effect, inhibition 
of both MAO-A and MAO-B provides a greater increase in 
serotonin, norepinephrine, and dopamine than inhibition 
of either MAOI isomer alone (Figure 1A and B).27,29 
Theoretically, inhibition of both MAO-A and MAO-B can 
lead to greater increases of each neurotransmitter compared 
with inhibition of either isoenzyme alone.

MAOIs Available in the United States 
for the Treatment of Depression

There are currently 3 oral MAOIs and 1 transdermal 
MAOI available in the United States for the treatment 
of MDD. These include isocarboxazid, phenelzine, and 
tranylcypromine and the selegiline transdermal system 
(STS), respectively (Table 2).29 Isocarboxazid, phenelzine, 
and tranylcypromine, the classic oral MAOIs approved for 
use as antidepressants, are all nonselective and inhibit both 
MAO isoenzymes. The transdermal formulation of selegiline 
is the only transdermal antidepressant approved to treat 
MDD. All MAOIs approved for use in the United States for 
the treatment of depression bind irreversibly to the MAO for 
the life of the enzyme. A washout of 7 to 10 days is required 
for a new MAO to be generated and enzymatic catalysis of 
monoamine neurotransmitters to resume.27,28

Guideline Recommendations for MAOIs
While these agents are no longer recommended by 

depression treatment guidelines as first-line agents, they 
are, however, recommended in certain situations.24 For the 
most part, current guidelines from the American Psychiatric 
Association reserve MAOIs for third- or fourth-line treatment 
due to concerns over tolerability and safety, the most serious 
of which are hypertensive crisis and serotonin syndrome.24,30 
The American Psychiatric Association guidelines note in 

particular the efficacy of this class for patients with atypical 
depression. The guidelines also point out their appropriate 
use in patients who were successfully treated previously with 
an MAOI and would like to resume therapy.30 Among the 
preferred uses of the classical MAOIs are the treatment of 
atypical depression, treatment-refractory patients, patients 
without compliance problems, and those with associated 
panic attacks.31 The MAOIs should be started at a low dose 
and titrated upward to the usual daily dosage (Table 3).24,30

Minimizing Safety and Tolerability Concerns
Use of oral MAOIs is most commonly associated with 

early side effects such as insomnia, sedation, orthostatic 
hypotension, dizziness, and nausea, while later side effects 
often include weight gain, edema, muscle pain, myoclonus, 
paresthesia, and sexual dysfunction.24,32 Hypertensive crisis 
and serotonin syndrome (commonly related to medication 
nonadherence, dietary violations, or unwanted drug-drug 
interactions), both of which can occur as a result of the 
mechanism of action of MAOIs, are much more serious.24,29

Hypertensive crisis. The MAOI-A isoenzyme metabolizes 
not only serotonin, norepinephrine, and dopamine, but also 
tyramine found in the gut and liver. This action restricts 
the uptake of tyramine into the circulatory system during 
digestion. When high levels of tyramine enter the bloodstream 
as a result of oral MAOI use, this can lead to the release of 
norepinephrine, which can cause a rapid increase in blood 
pressure. This “hypertensive crisis” can result in stroke or 
death from cerebral hemorrhage.24 For this reason, patients 
taking oral MAOIs must limit their intake of dietary tyramine 
and therefore avoid aged cheeses; cured or aged meats; 
meats, fish, or poultry that might be spoiled; broad bean 
pods (such as fava bean pods); concentrated yeast extract; 
sauerkraut;  tofu; soy bean condiments including soy sauce; 
and tap beer.24,33 Concomitant use of MAOIs with adrenergic 
medications—including amphetamines, sympathomimetic 
vasoconstrictors, and over-the-counter decongestants—is 
also believed to increase the risk of hypertensive crisis.

Serotonin syndrome. This rare but potentially fatal 
syndrome can occur as the result of an interaction between 
MAOIs and drugs that have strong serotonergic effects, 
for example, other antidepressants, synthetic opioids, and 
some triptan migraine medications.24,34 To avoid serotonin 
syndrome, contraindicated medications should not be taken 
for 1 to 2 weeks before initiating therapy with the MAOI or 
for 2 weeks after stopping MAOI therapy. An exception is the 
SSRI fluoxetine, which, because of its long half-life, requires 
a 5-week washout period or longer (eg, if significant liver 
impairment is present, up to 2–3 months is prudent) prior to 
initiating an MAOI.24,30

Responsiveness to MAOIs  
in Difficult-to-Treat Depression

Evidence of responsiveness to MAOIs in treatment-
resistant depression. There is mixed evidence about the 
utility of MAOIs in cases of treatment-resistant depression. A 
review of the literature identified a few strategies with MAOIs, 
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Figure 1. Mechanism of Monoamine Oxidase (MAO) Inhibition

a

A. Under Normal Circumstances, and in Depression, MAO-A and MAO-B Enzymatically Degrade Serotonin, 
Norepinephrine, and Dopaminea

b

B. Inhibition of Both MAO-A and MAO-B May Provide Greater Antidepressant Activity as a Result of Increased 
Concentrations of Serotonin, Norepinephrine, and Dopamine in the Brainb
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some successful and others not. Some evidence suggests that 
MAOI therapy may be effective in patients with early-stage 
treatment-resistant depression (up to 3 prior antidepressant 
trials).35 In elderly patients with treatment-resistant 
depression who had failed tricyclic antidepressant (TCA) or 
venlafaxine extended-release treatment, a population with 
many comorbid conditions, remission was not achieved in 
any patient switched to phenelzine but was achieved by one-
third of patients augmented with lithium.36 Tolerance of both 
treatments was very good considering the patients’ health 
status and demands for other medications. An analysis of 
STAR*D showed that treatment with either tranylcypromine 
or extended-release venlafaxine plus mirtazapine yielded 
modest remission rates that were not statistically different 
between the 2 treatment groups.37 Although both treatment 
groups were similar in quality of response, the lower side 
effect profile, lack of dietary restrictions, and ease of use of 
venlafaxine and mirtazapine suggest that the combination 
may be preferred over the oral MAOI tranylcypromine for 
patients with treatment-resistant depression.

Evidence of responsiveness to MAOIs in subtypes of 
MDD. There is evidence that atypical depression is a distinct 
biological entity.20,38,39 Gold and associates38 suggested 
that, unlike melancholic depression, atypical depression 
is characterized by hypersomnolence, hyperphagia, and 
fatigue. From a clinical perspective, researchers at Columbia 
University (New York, New York) considered mood 
reactivity, the ability to feel at least 50% better when exposed 
to a positive event, to be a crucial defining feature of atypical 
depression.20,40 In addition to mood reactivity, the Columbia 
criteria required patients to have at least 2 of the recognized 
symptoms of atypical depression. The results of almost 20 
years of study by the Columbia group confirmed what they 
described as the pharmacologic dissection of depressive 
subtypes: that is, that while patients with typical melancholic 
depression respond to a range of antidepressant agents, those 
with atypical depression respond preferentially to MAOIs 
and fail to respond to TCAs.20,40,41 Since then, other studies 
have shown that patients with atypical depression appear to 
be more likely to respond to MAOIs.40,42–44

Liebowitz et al40 conducted the largest of these trials in 119 
patients with depression, mood reactivity, and at least 2 other 
symptoms suggestive of atypical depression (eg, overeating, 
oversleeping, extreme fatigue while depressed, oversensitivity 
to rejection). Patients who showed no response to 10 days of 

placebo treatment were randomized in a double-blind fashion 
to receive an MAOI (phenelzine), a TCA (imipramine), or 
placebo for 6 weeks. Response rates were 71% for the MAOI, 
50% for the TCA, and 28% for placebo. Both active treatments 
were significantly more effective than placebo (P < .05) and, 
while the difference between the 2 active drugs did not reach 
statistical significance, the MAOI did exhibit a trend for 
better efficacy over the TCA. The investigators concluded 
that their findings supported the idea that responsiveness to 
MAOI therapy was a factor that differentiated atypical from 
melancholic depression.40

Quitkin et al45 conducted a study of identical design in 
90 patients with probable atypical depression. At 6 weeks, 
response rates were 83% for phenelzine, 50% for imipramine, 
and 19% for placebo. Both active treatments were significantly 
superior to placebo (P < .001), and the MAOI was significantly 
superior to the TCA (P = .005). In addition, the MAOI was 
shown to be significantly superior to the TCA as measured 
by the Hamilton Depression Rating Scale (HDRS), the 90-
item Hopkins Symptom Checklist, and the Clinical Global 
Impressions scale.45

STS: Efficacy of a Transdermal MAOI
The transdermal form of selegiline was developed with 

pharmacokinetic and pharmacodynamic properties that 
would allow inhibition of MAO-A and MAO-B in the 
central nervous system while largely avoiding inhibition of 
MAO-A in the liver and intestine.46 The bioavailability of 
selegiline is approximately 75% following administration of 
the transdermal formulation compared with 4.4% after oral 
administration. This difference is due to absorption of drug 
from the patch directly into the systemic circulatory system, 
while orally administered preparations are absorbed into the 
gastrointestinal and portal circulatory system and exposed 
to first-pass metabolism before entry into the systemic 
circulatory system and becoming available in the central 
nervous system (Figure 2).47 Subsequently, STS results in 
higher and more sustained steady-state levels of selegiline 
compared with the oral formulation. The transdermal system 
allows for the administration of much lower doses than oral 
therapy to achieve therapeutic levels in the brain and also 
reduces the risk of the tyramine reaction and hypertensive 
crisis.24,48,49 A summary of 4 randomized clinical trials and 1 
meta-analysis of STS is presented in Table 4.50–53

Meta-analysis on the efficacy of STS in short-term studies. 
Robinson et al54 conducted a meta-analysis of short-term, 

Table 3. Starting Dose and Usual Daily Dosage of 
Monoamine Oxidase Inhibitors (MAOIs)a

MAOI Starting Dose (mg/24 h)b Usual Dose (mg/24 h)
Phenelzine 15 45–90
Tranylcypromine 10 30–60
Isocarboxazid 10–20 30–60
Transdermal selegiline 6 6–12
aBased on American Psychiatric Association.30
bLower starting doses are recommended for elderly patients and for 

patients with panic disorder, significant anxiety, or hepatic disease and 
concurrent general medical conditions.

Table 2. Monoamine Oxidase Inhibitors (MAOIs) Approved 
for the Treatment of Depression in the United Statesa

Generic Name
Brand 
Name

Dosage 
Form

Inhibition 
of MAO-A

Inhibition 
of MAO-B

Phenelzine Nardil Oral + +
Tranylcypromine Parnate Oral + +
Isocarboxazid Marplan Oral + +
Selegiline EMSAM Transdermal Brain: +

Gut: +/−
+
+

aBased on Stahl and Felker.29

Symbols: + = significant, +/− = indicates negligible inhibition at low dose 
(6 mg transdermal dose) not requiring dietary restriction; at higher 
doses, inhibition remains minimal, but dietary restriction is advised.
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Figure 2. Rationale for Transdermal Drug Delivery of a Monoamine Oxidase Inhibitor (MAOI)a,b

aReproduced with permission from Patkar et al.47
bBased on preclinical data. 
Abbreviation: STS = selegiline transdermal system.   

Table 4. Summary of 4 Randomized, Placebo-Controlled Studies of Selegiline Transdermal System (STS) for Patients With a 
DSM-IV Diagnosis of Major Depressive Disorder
Study Duration Patients Dose Results (end of study, STS vs placebo)
Bodkin and Amsterdam, 

200250,a
6 wk N = 177b

(89 STS, 88 placebo) 
6 mg/24 h Improved HDRS-17 score (P = .01)

Improved HDRS-28 score (P = .004)
Improved MADRS score (P = .005)

Amsterdam, 200351 8 wk N = 289
(145 STS, 144 placebo) 

6 mg/24 h Improved MADRS score (P = .001)
Improved HDRS-28 score (P = .039)
No difference in HDRS-17 (NS)

Feiger et al, 200652 8 wk N = 265
(132 STS, 133 placebo)

Flexible dose 6, 9, 
12 mg/24 h

Improved HDRS-28 score (P ≤ .03)
Improved MADRS score (P ≤ .02)
Improved IDS-SR score (P ≤ .03)

Amsterdam and Bodkin, 
200653

52-wk relapse 
prevention trialc

N = 322
(159 STS, 163 placebo)

6 mg/24 h Relapse in 16.8% of STS-treated patients vs 30.7% 
placebo-treated patients (P = .0025)

Significantly longer time to relapse in STS-treated patients 
vs placebo-treated patients (P = .0048)

Robinson et al, 200754 Meta-analysis N = 1,289 6, 9, or 12 mg/24 h Significantly better than placebo on HDRS-28 (including 
Bech-6d) and the MADRS (8 of 10 categories)

aPivotal trials.
bPatients followed tyramine-restricted diet in this trial.
cRelapse was considered to occur when, on 2 consecutive visits, a patient exhibited a score ≥ 14 on the HDRS-17, a score ≥ 3 with a 2-point increase from 

baseline on the CGI-S, and the DSM-IV criteria for major depressive episode.
dBech-6 = core symptoms of depression evaluated on the HDRS including depressed mood, guilt, work and activities, retardation, psychic anxiety, and 

general somatic symptoms.
Abbreviations: HDRS = Hamilton Depression Rating Scale, IDS-SR = Inventory for Depressive Symptomatology–Self-Rated, MADRS = Montgomery-

Asberg Depression Rating Scale, NS = not significant.
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placebo-controlled efficacy trials of STS in the treatment of 
MDD. The sample included 1,289 patients with a mean ± SD 
age of 42 ± 11.3 years. The majority were women (62%), were 
white (85%), and had recurrent depression (64%). Mean 
HDRS-28 and Montgomery-Asberg Depression Rating Scale 
(MADRS) scores at baseline were 29 and 28, respectively.54 
Transdermal selegiline was broadly effective for depressive 
symptoms on the basis of HDRS item analysis, including all 
Bech-6 core depression symptoms of depressed mood; guilt; 
work and activities; slowed thought, speech, or motor activity 
(retardation); psychic anxiety; and general somatic symptoms 
such as fatigue and aches. The effects of treatment with STS 
were also significant for HDRS ratings for suicidality, reverse 
vegetative symptoms such as hypersomnia and overeating, 
motor retardation, and decreased libido (in women). Of all 
the treatment effects of STS, the most prominent were related 
to interest and motivation in work and activities. Treatment 
effects of STS were also significant for 8 of 10 MADRS symptom 
categories with improvement in lassitude and concentration 
and in reverse vegetative symptoms, fatigue, and retardation, 
which suggests a utility for STS in minimizing common 
residual symptoms in depressed patients.54

Safety and Tolerability of STS
Robinson and Amsterdam55 conducted a similar review 

of the key safety and tolerability data accrued during all 
clinical trials of STS in patients with MDD.55 Controlled and 
uncontrolled studies included 2,036 patients treated with 
STS and 668 who had received placebo patches. Subjects 
averaged 44.4 years of age, with a range of 17 to 95 years, 
and the majority of patients were female and white. Dosing 
ranged from 3 mg/24 hours to 12 mg/24 hours. The maximum 
STS dose group of STS 9 mg/24 hours and STS 12 mg/24 
hours included more elderly patients because the open-label 
flexible-dose study had no upper age limit and because the 
dose was titrated up to the maximum dose tolerated in the 
trial. Exposure to STS was up to 12 weeks for 1,238 patients, 12 
to 14 weeks for 538 patients, 24 to 48 weeks for 205 patients, 
and over 48 weeks for 55 patients.55

The investigators reported on adverse events with an 
incidence ≥ 5% in placebo-controlled efficacy trials.55 A 
total of 72% of patients who had received placebo and 76% 
of patients treated with STS experienced at least 1 adverse 
event. In patients in the placebo-controlled studies of STS 
6 mg/24 hours, the only adverse event with an incidence of 
twice that of the placebo group was application site reaction.55 
In higher-dose studies (9 mg/24 hours or 12 mg/24 hours), 
adverse events with an incidence of at least twice that of 
placebo included insomnia (32% vs 7%), dry mouth (13% vs 
6%), dizziness (14% vs 5%), nervousness (10% vs 4%), and 
abnormal dreams (5% vs 2%).55 Most adverse events were 
considered mild or moderate. In placebo-controlled studies, 
only 0.6% of patients treated with STS and 0.1% of patients 
treated with placebo had adverse events rated as severe. Most 
of these adverse events occurred at higher 9 mg/24 hours or 
12 mg/24 hours doses. Severe insomnia was seen in 2.2% of 
patients treated with STS and 4.0% of patients treated with 

placebo.55 Except for the very first study conducted with 
STS,50 patients were not required to follow a tyramine-
restricted diet. Still, no hypertensive crises occurred during 
STS therapy. While on STS therapy, 63 of 2,867 patients 
(2.2%) had reports of elevated blood pressure, most of whom 
had preexisting hypertension. Blood pressure elevation was 
judged to be unrelated to STS therapy.55

Two cases of serotonin syndrome were reported in 
patients treated with STS in clinical studies.55 The first 
involved a patient who experienced 2 acute episodes of 
severe akathisia 1 month apart. The first case occurred 
1 week after discontinuing STS, immediately following 
ingestion of a single dose of venlafaxine. A similar event 
occurred a month later within an hour of a rechallenge with 
venlafaxine. Both events required medical intervention 
to treat symptoms. The final assessment of these serious 
adverse events described them as “akathisia secondary to 
venlafaxine treatment” and not serotonin syndrome.55 The 
second case was a patient who was hospitalized for “drug 
overdose” while receiving STS in an open-label extension 
study following double-blind therapy.55 The patient had 
been taking several contraindicated medications, including 
nortriptyline, bupropion, and a sympathomimetic agent for 
weight loss, and was wearing 2 STS patches simultaneously 
(12 mg/24 hours each). The patient recovered uneventfully.

Effect on weight. In short-term, placebo-controlled 
trials, patients who had received treatment with STS had a 
mean weight loss of 1.2 lb compared to a gain of 0.3 lb in 
patients who had received the placebo patch.55 A total of 
2.1% of patients treated with STS and 2.4% of patients on 
placebo experienced a clinically significant (≥ 5%) weight 
gain during therapy; 5.0% of patients on STS and 2.8% of 
patients on placebo experienced clinically significant (≥ 5%) 
weight loss. In 676 patients who had received longer-term 
treatment (≥ 3 months) with STS, there was a mean weight 
loss of 1.6 lb from baseline.55

Sexual functioning. The incidence of adverse events 
related to sexual function across all trials was 2.7% (55/2,036) 

Table 5. Reported Adverse Events in 1,516 Patients Exposed 
to Selegiline Transdermal System  Between 2006 and 2010a

Adverse Event No. of Reports
% of Total 

Reactions (3,155)
Total adverse events 3,155 100
General adverse events 1,037 33.0

Application site reactions 577 18.3
Central nervous system–related 

adverse events
574 18.2

Insomnia 144 4.6
Manic/hypomanic episodes 16 0.5

Cardiovascular 127 4.0
Palpitation 28 0.9
Hypotension 25 0.8
Possible hypertensive crisisb 13 0.4

Serious adverse events 266 8.4
Central nervous system related 71 2.3
Cardiovascular related 44 1.4

aBased on Pae et al.57
bFive (4% of cardiovascular adverse events or 0.16% of total reported 

adverse events) of the 13 possible hypertensive cases fit the definition of 
hypertensive crisis.
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in patients treated with STS and 0.8% (7/831) in patients 
who received placebo.55 Clayton et al56 used a patient-rated 
questionnaire to examine the impact of treatment with STS 
6 mg/24 hours on sexual function in patients with MDD. 
In this meta-analysis of four 6- to 8-week randomized, 
double-blind, placebo-controlled studies, the Medex Sexual 
Dysfunction Subscale (MED-D-SD) was used to assess 
sexual interest, arousal, maintenance of interest, orgasm, and 
satisfaction (n = 389, STS; n = 400, placebo).56 The analysis 
suggests that STS does not induce sexual dysfunction or lack 
of sexual satisfaction in female or male patients based on 
the results from the MED-D-SD questionnaire.56 Additional 
data from this analysis suggest that STS may improve sexual 
satisfaction based on improvements in interest, maintaining 
interest, and satisfaction reported in female patients.

STS: postmarketing safety. A postmarketing safety 
analysis of adverse events reported with the use of STS in the 
real world was recently published.57 In this analysis, a total of 
29,141 patients were exposed to STS between 2006 and 2010. 
A total of 3,155 adverse events in 1,516 of 29,141 (5.2%) 
patients were reported, regardless of cause. Those most 
frequently reported adverse events are captured in Table 5. 
The adverse event profile for STS in the real world appears 
to be consistent with safety data on STS from randomized, 
placebo-controlled clinical trials. Therapeutic doses of STS 
appear to be tolerable in routine clinical practice.

Recommended Dietary Modifications  
and Contraindications With STS

The transdermal formulation of selegiline delivers the 
MAOI directly into the circulation and leaves the MAO-A 
in the gut largely unaffected.5 At the lowest dose of STS, 6 
mg/24 hours, dietary restrictions are not required. This lack 
of restrictions may improve the likelihood of adherence to 
therapy. It should be noted, however, that dietary restrictions 
are still required with higher doses due to the lack of sufficient 
safety data and that, just as with any MAOI, precautions 
against drug interactions must be observed with STS at 

all doses. Certain foods and beverages should be avoided 
beginning on the first day of therapy with STS 9 mg/24 
hours or 12 mg/24 hours and should continue to be avoided 
for 2 weeks after a dose reduction to STS 6 mg/24 hours or 
following the discontinuation of STS 9 mg/24 hours or 12 
mg/24 hours (Table 6).58

Transdermal selegiline is contraindicated with 
dextromethorphan and other sympathomimetic amines, 
including amphetamines as well as cold products and weight-
reducing preparations that contain vasoconstrictors (eg, 
pseudoephedrine, phenylephrine, phenylpropanolamine, 
and ephedrine). In primary care, it is common for patients 
to use over-the-counter medications in these classes, and 
patients should question their use and be provided with 
adequate cautionary education by any clinician prior to and 
during administration of MAOI therapy.

CONCLUSION
The long-term goals of treatment for depression are 

to achieve disease remission and restore functioning and 
quality of life to our patients.7,59 However, a substantial 
number of patients with MDD do not achieve these goals 
even with repeated courses of long-term therapy. Difficult-
to-treat MDD can be found in patients with residual 
depressive symptoms, atypical or anxious symptoms, 
chronic depression, and multiple recurrent episodes. Given 
the significant number of patients who do not completely 
respond to first-line therapy, it makes good clinical sense 
to revisit other strategies that have be shown to be effective 
but that may not necessarily be used as frequently as they 
were in the past. In fact, the best documented treatments 
such as lithium augmentation, switching to an MAOI, and 
electroconvulsive therapy are among the least utilized.60

Some evidence suggests that patients with atypical 
depression or treatment-resistant depression seem to 
respond well to MAOI therapy. The unique therapeutic 
benefits of MAOIs across different domains of mood and 
anxiety disorders may be the result of their modulating 

Table 6. Recommendations for Foods and Beverages That Are Acceptable or Are to Be Avoided While Receiving Selegiline 
Transdermal Systema

Class of Food 
and Beverage Tyramine-Rich Foods and Beverages to Avoid

Acceptable Foods and Drinks  
Containing No or Little Tyramine

Meat, poultry, 
and fish

Air-dried, aged, and fermented meats, sausages, and salamis (including 
cacciatore, hard salami, and mortadella); pickled herring; and any 
spoiled or improperly stored meat, poultry, and fish (eg, foods that have 
undergone changes in coloration or odor or have become moldy); spoiled 
or improperly stored animal livers

Fresh meat, poultry, and fish, including fresh processed 
meats (eg, lunch meat, hot dogs, breakfast sausage, and 
cooked sliced ham)

Vegetables Broad bean pods (fava bean pods) All other vegetables
Dairy Aged cheeses Processed cheeses, mozzarella, ricotta cheese, cottage 

cheese, and yogurt
Beverages All varieties of tap beer and beers that have not been pasteurized so as to 

allow for ongoing fermentation
As with other antidepressants, concomitant use of 

alcohol with selegiline transdermal system is not 
recommended (bottled and canned beers and wines 
contain little or no tyramine)

Miscellaneous Concentrated yeast extract (eg, Marmite), sauerkraut, most soybean 
products (including soy sauce and tofu), over-the-counter supplements 
containing tyramine

Brewer’s yeast, baker’s yeast, soy milk, commercial 
chain restaurant pizzas prepared with cheeses low in 
tyramine

aBased on EMSAM (selegiline transdermal system) package insert.58
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effects on all 3 monoamine neurotransmitters involved in the 
pathophysiology of depression (ie, serotonin, norepinephrine, 
and dopamine). The lack of effect on dopamine transmission 
with other types of antidepressants may be a possible 
cause of residual symptoms such as impaired motivation, 
concentration, and pleasure, even in patients who initially 
respond to other antidepressants.

Misinformation about MAOIs and the understanding on 
how to avoid potential dietary and drug-drug interactions 
has limited their use. A transdermal formulation of an MAOI 
may provide a treatment option that may mitigate some of the 
risks associated with oral MAOIs, including certain adverse 
events as well as dietary interactions. Clinicians in primary 
care settings may choose to reconsider MAOI therapy, 
particularly STS, as an option for patients with difficult-to-
treat MDD. However, before prescribing an MAOI, clinicians 
must be mindful of drug-drug interactions that can occur 
with other medications their patients may be taking. Selegiline 
transdermal system may also provide clinicians with an 
option for patients who have experienced intolerable side 
effects such as weight gain or sexual dysfunction with other 
antidepressant therapies. With the appropriate education 
and vigilant use, clinicians can extend a valuable treatment 
option to patients with difficult-to-treat MDD.29

Drug names: bupropion (Wellbutrin, Aplenzin, and others), fluoxetine 
(Prozac and others), imipramine (Tofranil and others), isocarboxazid 
(Marplan), lithium (Lithobid and others), mirtazapine (Remeron and 
others), nortriptyline (Pamelor, Aventyl, and others), phenelzine (Nardil), 
selegiline transdermal system (EMSAM), tranylcypromine (Parnate and 
others), venlafaxine (Effexor and others).
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