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Objective: The purpose of this study was
to compare the effectiveness and tolera-
bility of tranylcypromine and combina-
tion treatment with extended-release ven-
lafaxine and mirtazapine in patients with
treatment-resistant major depression
whose current depressive episode had not
responded adequately to treatment in
three prior prospective medication trials.

Method: Adult outpatients with nonpsy-
chotic major depressive disorder who had
not achieved remission or had withdrawn
from treatment because of intolerance in
three previous prospective medication tri-
als were randomly assigned to receive
open-label treatment with either tranyl-
cypromine (N=58) or extended-release
venlafaxine plus mirtazapine (N=51). The
primary outcome measure was whether
patients achieved remission, which was
defined as a score ≤7 at exit on the 17-
item Hamilton Depression Rating Scale
(HAM-D). The HAM-D was administered by

telephone by raters to whom treatment
was masked.

Results: Remission rates were not signifi-
cantly different between the two treat-
ment groups (6.9% for the tranylcypro-
mine group and 13.7% for the venlafaxine
plus mirtazapine group). The mean daily
dose at exit for tranylcypromine was 36.9
mg (SD=18.5); for venlafaxine, 210.3 mg
(SD=95.2); and for mirtazapine, 35.7 mg
(SD=17.6). Tranylcypromine was associ-
ated with significantly less symptom re-
duction and greater attrition due to intol-
erance.

Conclusions: Remission rates were mod-
est for both the tranylcypromine group
and the extended-release venlafaxine
plus mirtazapine group, and the rates
were not statistically different between
groups. The lower side effect burden, lack
of dietary restrictions, and ease of use of
venlafaxine and mirtazapine suggest that
this combination may be preferred over
tranylcypromine for patients with highly
treatment-resistant depression who have
not benefited adequately from several
prior treatments.

(Am J Psychiatry 2006; 163:1531–1541)

Major depressive disorder is typically recurrent,
chronic, and disabling, with high direct and indirect costs
to society (1). Current estimates for lifetime prevalence
range from 16.6% to 17.9%, making it one of the most
prevalent (2) and disabling (3) psychiatric disorders.

The treatment of depression that has not responded to
multiple treatment trials has rarely been systematically
studied. ECT has long been considered the primary option
for treatment-resistant depression, but high rates of re-
lapse, cognitive side effects, and poor acceptability make
this option problematic (4). Monoamine oxidase inhibi-
tors (MAOIs), such as phenelzine and tranylcypromine,
have been used as an alternative to ECT for treatment-re-
sistant depression. Tranylcypromine has been more
widely studied than other MAOIs, and six studies, includ-
ing four randomized controlled trials, have examined its

efficacy in patients with treatment-resistant depression,
reporting a median response rate of 50% (range=29%–
75%) (5–10). Two open-label clinical trials reported better
efficacy with tranylcypromine when used in doses of 70–
120 mg/day, well beyond the maximum of 60 mg/day ap-
proved by the Food and Drug Administration (FDA) (8, 9);
neither of these studies reported remission rates, however.
The current expert consensus is that remission, defined as
a virtually complete resolution of symptoms, should be
the goal of antidepressant pharmacotherapy (11), because
patients who remit function better (12) and have a better
longer-term prognosis than those whose depression re-
sponds without remission (13).

Treatment with a combination of antidepressants with
different pharmacologic profiles has been proposed, un-
der the supposition that such combinations may have ad-
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ditive or synergistic effects (14). The coadministration of
venlafaxine, which is a dual reuptake inhibitor of seroto-
nin and norepinephrine, and mirtazapine, which blocks
inhibitory α2-adrenoceptors on both norepinephrine and
serotonin neurons, enhances both norepinephrine and
serotonin neurotransmission (14, 15).

The multicenter Sequenced Treatment Alternatives to
Relieve Depression (STAR*D) study included a series of pro-
spectively conducted randomized clinical trials designed to
evaluate the relative effectiveness of antidepressant treat-
ments for adults with nonpsychotic major depressive disor-
der who did not experience symptom remission with, or
were intolerant of, an initial adequate trial of pharmaco-
therapy (11, 16). Results of the first three treatment steps,
Level 1 (17), Level 2 (18, 19), and Level 3 (20; see also Nier-
enberg et al., in this issue) have already been reported. Par-
ticipants who did not achieve remission with, or were intol-
erant of, citalopram and at  least two subsequent
medication treatments went on to Level 4, in which they
underwent randomized assignment to treatment with ei-
ther tranylcypromine or a combination of extended-release
venlafaxine and mirtazapine.

The purpose of this study was to compare the effective-
ness and tolerability of tranylcypromine versus combina-
tion treatment with extended-release venlafaxine and
mirtazapine in patients with highly treatment-resistant
major depression.

Method

Participants

The study protocol was approved and monitored by the institu-
tional review boards of the National Coordinating Center (Univer-
sity of Texas Southwestern Medical Center in Dallas), the Data
Coordinating Center (University of Pittsburgh), each regional
center and relevant clinical site, and the Data Safety and Monitor-
ing Board of the National Institute of Mental Health (Bethesda,
Md.). All participants provided written informed consent prior to
initial enrollment in the study and prior to enrollment in each
subsequent treatment level.

The study enrolled outpatients who had a primary diagnosis of
nonpsychotic major depressive disorder by DSM-IV criteria, es-
tablished by routine clinical assessment and confirmed with a
checklist completed by the clinical research coordinator. The re-
cruitment of treatment-seeking outpatients and the use of broad
inclusion and minimal exclusion criteria were intended to ensure
that the study sample was representative of outpatients with ma-
jor depression typical of those seen in clinical practice. Between
July 2001 and April 2004, a total of 4,041 outpatients 18 to 75 years
of age were enrolled from 18 primary care and 21 psychiatric care
practice settings.

Participants entering this study (STAR*D treatment Level 4) did
not achieve remission with, or were intolerant of, each of the first
three levels of pharmacotherapy treatment. A subset of this group
had also not adequately benefited from cognitive therapy, either
alone or combined with citalopram, in addition to three pharma-
cotherapy trials. As in previous levels, treatment assignment was
not masked to patients or treating clinicians.

Symptom remission for clinical decision making was defined
as a score ≤5 on the 16-item Quick Inventory of Depressive Symp-
tomatology—Clinician-Rated (QIDS-C) (21, 22). The primary out-

come measure was whether participants achieved symptom re-
mission, in this case defined as a total Hamilton Depression
Rating Scale (HAM-D) (23) score ≤7 at exit. The HAM-D was ad-
ministered in structured telephone interviews at entry and exit
from each treatment level by independent, trained, certified re-
search outcomes assessors to whom treatment was masked. For
secondary outcome measures, the Quick Inventory of Depressive
Symptomatology—Self-Report (QIDS-SR) was given at Level 4
baseline and at each subsequent clinic visit to assess whether
participants remitted (defined as score ≤5) or responded (defined
as a reduction of ≥50% from baseline score).

When participants were enrolled in the first STAR*D treatment
step, demographic information was collected and various instru-
ments were administered to collect clinical information. Current
general medical conditions were assessed with the Cumulative
Illness Rating Scale (24, 25). The presence of 11 potential concur-
rent axis I disorders was assessed with the Psychiatric Diagnostic
Screening Questionnaire (26, 27). The presence of atypical (28)
and melancholic features (29) was determined with the 30-item
Inventory of Depressive Symptomatology—Clinician-Rated (30)
in a telephone interview conducted by a research outcomes as-
sessor, and anxious features were assessed by the anxiety sub-
scale of the HAM-D (31). Measures of functioning and quality of
life, collected through a telephone-based interactive voice re-
sponse system (32, 33), included the 16-item Quality of Life En-
joyment and Satisfaction Questionnaire (34), the mental and
physical subscales of the 12-item Short-Form Health Survey (35),
and the Work and Social Adjustment Scale (36).

Protocol Treatment

A clinical procedures manual (37) recommended starting
doses and dose changes for each medication treatment based on
symptom and side effect ratings obtained at each clinic visit in or-
der to deliver measurement-based care (17). Depressive symp-
tom severity over the previous week was assessed using the QIDS-
SR and the QIDS-C, which rate the nine diagnostic symptom do-
mains of major depression (21, 22). Side effects were assessed at
each visit with self-report measures of side effect frequency, in-
tensity, and burden (11). Didactic instruction, clinical research
coordinator support, and a centralized monitoring system (38)
with feedback were used to ensure that timely dose increases
were made as long as symptom reduction was inadequate and
side effects were acceptable.

The aim of treatment was defined a priori as symptom remis-
sion (a QIDS-C score ≤5). The protocol recommended that clinic
visits take place at baseline and at weeks 2, 4, 6, 9, and 12, with
additional visits scheduled if clinically indicated. The planned
duration of each treatment trial was 12 weeks. However, partici-
pants could leave a trial early if intolerable side effects occurred,
if a remission was sustained for at least 2 weeks, or if minimal
symptom reduction (QIDS-C total score >9) had occurred after 6
weeks at maximally tolerated doses. Participants who experi-
enced at least a response to treatment (a reduction ≥50% in
QIDS-C score at 12 weeks) could continue the treatment for up to
2 additional weeks to determine whether remission would occur
with the additional time.

The recommended dosing protocol for tranylcypromine was
10 mg/day for the first 2 weeks, followed by weekly increases of
10 mg/day until a maximum of 60 mg/day was reached. A 2-week
washout period after Level 3 was required for participants who
were assigned to the tranylcypromine group. For the combina-
tion treatment, the dosage of extended-release venlafaxine was
37.5 mg/day for the first week, 75 mg/day for the second week,
150 mg/day for weeks 3–5, 225 mg/day for weeks 6–8, and 300
mg/day thereafter. Mirtazapine was started at 15 mg/day for the
first 3 weeks, 30 mg/day for the following 8 weeks, and then 45
mg/day thereafter.
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Statistical Methods

For summary statistics, means and standard deviations were
computed for continuous variables, and counts and percentages
for discrete variables. Student’s t tests, Wilcoxon tests, and chi-
square tests were used to compare baseline clinical and demo-
graphic features, treatment features, side effects measures, and
rates of serious adverse events across treatments and for the en-
tire sample.

All analyses included all participants who underwent random-
ized assignment. Remission was defined as a HAM-D score ≤7 and
a QIDS-SR score ≤5 at exit from treatment. The remission thresh-
old of ≤5 for the QIDS-SR was established using item response the-
ory analysis and was chosen because it corresponds to a score of
≤7 on the HAM-D (22). Logistic regression models were used to
compare the remission and response rates after adjusting for the
effect of baseline clinical and demographic factors that were not
balanced across treatment groups (medication treatment received
in Level 3 and whether a participant exited Level 3 because of in-
tolerance). Additional exploratory logistic regression analyses
were conducted to determine whether there was a treatment ef-
fect after excluding participants who exited the study during the
tranylcypromine washout period and whether there was a differ-
ential treatment effect in various Level 3 treatment subgroups
(e.g., those intolerant to their Level 3 treatment). The time to first
remission was defined as the first clinic visit with a QIDS-SR score
≤5, and time to first response was defined as the first clinic visit
with a reduction ≥50% from the baseline QIDS-SR score. Log-rank
tests were used to compare the cumulative proportions of partici-
pants who remitted and who responded across the two treatment
groups. An additional exploratory analysis was conducted to de-
termine whether presentation of major depressive disorder with
atypical features was associated with remission.

Participants whose exit HAM-D scores were missing were as-
sumed not to have achieved remission. Sensitivity analyses were
conducted to determine whether this method of addressing the
missing data had an impact on the results of the study. An addi-
tional method of addressing these missing data used an imputed
value generated from an item response theory analysis of the re-
lationship between the HAM-D and the QIDS-SR.

Results

Participant Disposition

Figure 1 illustrates the flow of participants through the
STAR*D study. Of 4,041 participants enrolled in the
STAR*D trial, 109 entered Level 4, 58 of whom were as-
signed to receive tranylcypromine and 51 to receive com-
bination treatment with extended-release venlafaxine and
mirtazapine.

Demographic and Clinical Characteristics

Table 1 summarizes the demographic and clinical char-
acteristics of Level 4 participants. About half were female,
over 40% had their first major depressive episode before
age 18, and three-quarters had recurrent major depressive
disorder. The average HAM-D score at entry to Level 4 was
nearly 20, indicating moderate to severe depression; this
score represented minimal improvement from when these
participants entered Level 1 (mean=23.4, SD=5.9). The du-
ration of the current major depressive episode was fairly

long, with a median of 9.1 months, and for about 30% of

participants, it had lasted 2 or more years.

Comorbidity was substantial. Scores on the Quality of

Life Enjoyment and Satisfaction Questionnaire, the men-

tal and physical subscales of the Short-Form Health Sur-

vey, and the Work and Social Adjustment Scale indicated

substantial reductions in quality of life. According to the

Cumulative Illness Rating Scale, 64.2% had at least one

general medical condition at baseline. The Psychiatric Di-

agnostic Screening Questionnaire indicated that 76% had

at least one additional axis I comorbid disorder, and over

19% had at least four disorders.

The two treatment groups did not differ on most vari-

ables (Table 1), including rates of comorbidity (data not

shown). Significant differences were observed in treat-

FIGURE 1. Participant Flow (CONSORT Chart) for the STAR*D
Studya

a In Level 1, all participants received citalopram. In Level 2, partici-
pants could be assigned to treatment switch, in which case citalo-
pram was stopped and participants could receive sustained-release
bupropion, sertraline, extended-release venlafaxine, or cognitive
therapy, or they could be assigned to one of three augmentation
treatments, in which case citalopram was continued and sustained-
release bupropion, buspirone, or cognitive therapy was added. In
Level 2A, which was available only to Level 2 participants who had
received either cognitive therapy alone or cognitive therapy plus
citalopram, participants switched either to sustained-release bu-
propion or to extended-release venlafaxine. In Level 3, participants
either switched to nortriptyline or mirtazapine or received aug-
mentation treatment with lithium or T3.
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TABLE 1. Demographic and Clinical Characteristics of Outpatients With Major Depressive Disorder Receiving Either Tranyl-
cypromine or Venlafaxine (Extended-Release) and Mirtazapine in STAR*D Level 4, by Treatmenta

Characteristic
Total 

(N=109)

Treatment

Tranylcypromine 
(N=58)

Venlafaxine and 
Mirtazapine (N=51)

Mean SD Mean SD Mean SD
Age (years) 46.0 11.1 46.6 11.6 45.3 10.6
Age at onset of first episode (years) 25.0 14.1 27.3 15.3 22.4 12.2
Number of episodes 9.0 15.7 7.1 10.4 11.0 20.0
Duration of current episode (months) 43.5 80.4 33.1 67.9 55.7 92.2

N % N % N %
Female gender 56 51.4 33 56.9 23 45.1
Race

White 89 81.7 46 79.3 43 84.3
Black 17 15.6 10 17.2 7 13.7
Other 3 2.8 2 3.4 1 2.0

Hispanic 17 15.6 8 13.8 9 17.6
Employment status

Employed 52 47.7 26 44.8 26 51.0
Unemployed 53 48.6 30 51.7 23 45.1
Retired 4 3.7 2 3.4 2 3.9

Medical insurance
Private 44 41.1 23 40.4 21 42.0
Public 14 13.1 5 8.8 9 18.0
None 49 45.8 29 50.9 20 40.0

Marital status
Never (single) 22 20.2 12 20.7 10 19.6
Married or cohabiting 48 44.0 22 37.9 26 51.0
Divorced or separated 33 30.3 19 32.8 14 27.5
Widowed 6 5.5 5 8.6 1 2.0

Psychiatric care setting 65 59.6 34 58.6 31 60.8
Age <18 years at onset of first episode 45 41.7 22 38.6 23 45.1
At least one prior episode 73 74.5 38 73.1 35 76.1
Family history of depression 57 52.3 32 55.2 25 49.0
Ever attempted suicide 24 22.0 11 19.0 13 25.5
Duration of current episode ≥2 years 33 30.8 15 25.9 18 36.7

Mean SD Mean SD Mean SD
Quality of Life and Enjoyment Satisfaction Questionnaire 36.4 15.3 36.8 15.9 36.1 14.9
Short-Form Health Survey, mental subscale 28.6 9.1 29.6 10.0 27.7 8.3
Short-Form Health Survey, physical subscale 43.0 12.2 43.0 12.0 43.1 12.4
Work and Social Adjustment Scale 27.8 7.9 28.2 8.2 27.4 7.6
Hamilton Depression Rating Scale 19.6 6.7 19.6 7.6 19.7 5.5
Inventory of Depressive Symptomatology—Clinician-

Rated 37.4 12.2 37.7 13.2 37.0 11.0
Quick Inventory of Depressive Symptomatology—

Clinician-Rated 14.4 4.3 14.1 4.7 14.8 3.9
Quick Inventory of Depressive Symptomatology—

Self-Report 14.2 4.7 13.6 5.1 14.9 4.1
Percentage change in Quick Inventory of Depressive 

Symptomatology—Self-Report score during Level 3 1.8 33.2 3.1 37.9 0.3 27.3

N % N % N %
Anxious features 49 49.5 28 51.9 21 46.7
Atypical features 21 21.2 13 24.1 8 17.8
Melancholic features 24 24.0 14 25.5 10 22.2
Level 3 treatmentb

Mirtazapine 31 28.4 10 17.2 21 41.2
Nortriptyline 40 36.7 26 44.8 14 27.5
Lithium augmentation 22 20.2 13 22.4 9 17.6
T3 augmentation 16 14.7 9 15.5 7 13.7

Exited Level 3 because of intolerance of treatmentb 35 32.1 24 41.4 11 21.6

Mean SD Mean SD Mean SD
Level 3 treatment duration (weeks) 10.0 4.3 9.4 4.6 10.5 3.9
a Sums do not always equal N because of missing data; percentages are based on number of subjects for whom data were available.
b Difference between treatment groups, p<0.05.
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ment received in Level 3 (more of the participants in the
group receiving combination treatment with extended-re-
lease venlafaxine and mirtazapine had received mirtaza-
pine in Level 3) and the proportion who exited Level 3 be-
cause of intolerable side effects (more of those assigned to
the tranylcypromine group experienced intolerable side
effects in Level 3). There was no difference between the
two treatment groups in the proportion who had received
venlafaxine or venlafaxine plus either lithium or T3 aug-
mentation in Level 3.

Treatment Characteristics

While both groups received Level 4 treatment for a sub-
stantial time (mean=9.4 weeks, SD=5.1), participants in the
tranylcypromine group tended to remain in the treatment
for less time than those in the combination group (about 8
versus 11 weeks on average). Significantly more of those re-
ceiving tranylcypromine (29% versus 8% receiving the
combination treatment) had less than 4 weeks of treatment
(Table 2)—and these treatment durations include the re-
quired 2-week washout period before tranylcypromine
could be initiated. Although the doses taken were compa-

rable for the two regimens and were substantial relative to
the recommended maximum dosages, neither treatment
group achieved the relatively high levels thought to be op-
timal for highly treatment-resistant patients. Dosage and
duration of treatment did not differ between primary and
specialty care sites.

Outcomes

Remission rates as indicated by both the HAM-D (6.9%
for tranylcypromine and 13.7% for extended-release ven-
lafaxine and mirtazapine) and the QIDS-SR (13.8% and
15.7%, respectively) were not statistically different be-
tween groups. Response rates were also low and not signif-
icantly different. The percentage reduction in QIDS-SR
score between baseline and exit was greater for those tak-
ing venlafaxine and mirtazapine than for those taking
tranylcypromine (Table 3).

The treatments did not differ significantly in either time
to remission (log rank χ2=0.015, p=0.90) (Figure 2) or time
to response (log rank χ2=2.77, p=0.10) (Figure 3). Remis-
sion and response were measured from time of random-
ization, including the tranylcypromine washout period,

TABLE 2. Treatment and Outcome Measures for Outpatients With Major Depressive Disorder Receiving Either Tranyl-
cypromine or Venlafaxine (Extended-Release) and Mirtazapine in STAR*D Level 4, by Treatment

Variable
Total 

(N=109)

Treatment

Tranylcypromine 
(N=58)

Venlafaxine and 
Mirtazapine (N=51)

N % N % N %
Time in treatment <4 weeksa 21 19.3 17 29.3 4 7.8
Time in treatment <8 weeksa 38 34.9 27 46.6 11 21.6

Mean SD Mean SD Mean SD
Number of postbaseline visits 4.0 1.9 4.0 2.1 3.9 1.8
Time to first postbaseline visit (days)b 20.0 14.0 16.7 7.4 23.1 17.6
Tranylcypromine dose (mg/day) at exit 36.9 18.5
Venlafaxine dose (mg/day) at exit 210.3 95.2
Mirtazapine dose (mg/day) at exit 35.7 17.6
Time on tranylcypromine exit dose (days) 30.5 21.0
Time on venlafaxine exit dose (days) 51.2 34.1
Time on mirtazapine exit dose (days) 66.3 36.0
a Difference between treatment groups, p<0.01.
b Difference between treatment groups, p<0.05.

TABLE 3. Remission and Response Measures Among Outpatients With Major Depressive Disorder Receiving Either Tranyl-
cypromine or Venlafaxine (Extended-Release) and Mirtazapine in STAR*D Level 4, by Treatmenta

Measure
Total 

(N=109)

Treatment

Tranylcypromine 
(N=58)

Venlafaxine and 
Mirtazapine (N=51)

N % N % N %
Remission, defined as score ≤7 on Hamilton Depression Rating Scale 11 10.1 4 6.9 7 13.7
Remission, defined as score ≤5 at exit on Quick Inventory 

of Depressive Symptomatology—Self-Report 16 14.7 8 13.8 8 15.7
Response, defined as ≥50% reduction from baseline score 

on Quick Inventory of Depressive Symptomatology—Self-Report 19 17.4 7 12.1 12 23.5

Mean SD Mean SD Mean SD
Exit score on Quick Inventory of Depressive Symptomatology—

Self-Report 11.8 5.8 12.3 5.9 11.2 5.6
Percentage change in score on Quick Inventory of Depressive 

Symptomatology—Self-Reportb –15.0 35.2 –6.2 36.9 –25.0 30.4
a Sums do not always equal N because of missing data; percentages are based on number of subjects for whom data were available.
b Difference between treatment groups, p<0.05, adjusted for Level 3 treatment and exiting Level 3 due to intolerance.
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on the basis of QIDS-SR scores. Among patients who had a
remission according to the results on the QIDS-SR, the
mean time to remission was 8.6 weeks (median=8.8) for
those taking tranylcypromine and 8.1 weeks (median=8.4)
for those taking sustained-release venlafaxine and mir-
tazapine. Similarly, among patients who had a response
according to the results on the QIDS-SR, the mean time to
response was 11.4 weeks (median=13.0) among those tak-
ing tranylcypromine and 8.6 weeks (median=7.0) among
those taking venlafaxine and mirtazapine.

As noted, a sensitivity analysis was conducted to evalu-
ate the methods used to address missing values for the exit
HAM-D. The use of values imputed from the exit QIDS-C
score based on item response theory revealed remarkably
similar findings, indicating that the analyses were not sen-
sitive to the missing data methodology.

Tolerability and Adverse Events

There were no significant differences between groups in
the maximum ratings of frequency, intensity, or burden of
side effects participants gave over the course of treatment
or in the rate of serious adverse events. The groups dif-
fered only in the proportion who exited treatment because
of side effects (χ2=4.89, p<0.03). Participants taking tranyl-
cypromine were more likely to exit the study because of

side effects than those taking the combination of ex-
tended-release venlafaxine and mirtazapine (Table 4).

Relationship Between Level 3 and Level 4 
Treatment Outcomes

Thirty-five Level 4 participants had exited Level 3 be-
cause of medication intolerance, and their remission rates
in Level 4 (11.4%) were nearly identical to those of Level 4
participants who had not exited Level 3 because of intoler-
ance (11.7%). There were no differences in outcome be-
tween those with and without intolerance in Level 3, and
no significant relationship was found between intolerance
in Level 3 and intolerance in either Level 4 treatment. Par-
ticipants who were assessed on initial enrollment in
STAR*D as having atypical symptom features (N=21) did
not have significantly different remission rates with tranyl-
cypromine than participants without such features (N=88)
(9.5% versus 11.5%).

Discussion

To our knowledge, this is the first report of a randomized
treatment trial with patients prospectively observed not to
have obtained satisfactory benefit with three prior consec-
utive medication trials. The results of this study are general-
izable to the broad range of outpatients in typical practice

FIGURE 2. Cumulative Probability of Remissiona for Outpa-
tients With Major Depressive Disorder Receiving Tranyl-
cypromine or Venlafaxine (Extended-Release) and Mirtaza-
pine in STAR*D Level 4, by Time in Treatment

a Remission was defined as a score ≤5 on the Quick Inventory of De-
pressive Symptomatology—Self-Report.
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FIGURE 3. Cumulative Probability of Responsea for Outpa-
tients With Major Depressive Disorder Receiving Tranyl-
cypromine or Venlafaxine (Extended-Release) and Mirtaza-
pine in STAR*D Level 4, by Time in Treatment

a Response was defined as the first reduction ≥50% from baseline
Quick Inventory of Depressive Symptomatology—Self-Report score.
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settings who have chronic major depression and psychiat-
ric and medical comorbid disorders.

Remission rates, as assessed by the HAM-D and the
QIDS-SR, were low (7%–16%) and not significantly differ-
ent between treatment groups. Likewise, we identified no
significant group differences in response rate as defined
by QIDS-SR score or in time to response and time to re-
mission as defined by QIDS-SR score. A significant limita-
tion of this comparison is that the intensity of tranyl-
cypromine treatment achieved was limited. When the 2-
week washout period is subtracted from the total time in
treatment, nearly 30% of participants in the tranylcypro-
mine group had less than 2 weeks of treatment with this
medication, and almost half had less than 6 weeks of treat-
ment. Participants who received the combination of ex-
tended-release venlafaxine and mirtazapine had longer
courses of treatment on study medication, yet there was
no significant difference between groups in the frequency,
intensity, or global burden of side effects.

Participants who received tranylcypromine were more
likely to exit the trial early and more likely to exit because
of side effects. Possible reasons for this result include a
lower comfort level with tranylcypromine treatment,
among both participants and clinicians; a lower tolerance
of, or slower accommodation to, tranylcypromine-associ-
ated side effects; and the loss of five participants from the
tranylcypromine group during the 2-week washout pe-
riod. Previous studies of tranylcypromine for treatment-
resistant depression suggest that using doses higher than
the FDA-recommended maximum may produce better

outcomes (8, 9). It may be that higher remission rates
would be achieved with higher doses of tranylcypromine
prescribed by specialists who have experience with MAOIs
and are comfortable with them. In any case, our data sug-
gest that psychopharmacologists may be needed to give
MAOIs an adequate trial.

The power of the study to detect a difference between
treatments was calculated by estimating how great a supe-
riority the study could detect for the combination treat-
ment compared with what was actually observed for tran-
ylcypromine. The study had a power of 0.80 to detect a
22% superiority of extended-release venlafaxine and mir-
tazapine compared with the observed tranylcypromine
rate. Participants who received the combination treat-
ment had a modest but significantly greater improvement
in symptoms as measured with the QIDS-SR than those
who received tranylcypromine (25% versus 6% overall re-
duction in symptom severity). The greater improvement
in those who received the combination treatment is some-
what surprising given that almost half of the participants
receiving extended-release venlafaxine and mirtazapine
had previously received mirtazapine, and some had previ-
ously received extended-release venlafaxine. A possible
explanation is that with the early attrition of participants
taking tranylcypromine, scores for this group at study exit
did not have the same opportunity to improve with treat-
ment as compared with those for the combination treat-
ment group. Another is that participants in the combina-
tion treatment group received two pills, which could have
increased placebo response in this group. Finally, the

TABLE 4. Side Effect Measures, Adverse Events, and Treatment Intolerance Among Outpatients With Major Depressive Disor-
der Receiving Either Tranylcypromine or Venlafaxine (Extended-Release) and Mirtazapine in STAR*D Level 4, by Treatmenta

Measure
Total 

(N=109)

Treatment

Tranylcypromine 
(N=58)

Venlafaxine and 
Mirtazapine (N=51)

N % N % N %
Maximum side effect frequencyb

No side effects 44 42.7 22 40.7 22 44.9
10–25% of the time 22 21.4 14 25.9 8 16.3
50–75% of the time 21 20.4 9 16.7 12 24.5
90–100% of the time 16 15.5 9 16.7 7 14.3

Maximum side effect intensityb

No side effects 44 42.7 22 40.7 22 44.9
Minimal to mild 20 19.4 13 24.1 7 14.3
Moderate to marked 24 23.3 11 20.4 13 26.5
Severe to intolerable 15 14.6 8 14.8 7 14.3

Maximum side effect burdenb

No side effects 49 47.6 26 48.1 23 46.9
Minimal to mild 26 25.2 15 27.8 11 22.4
Moderate to marked 21 20.4 9 16.7 12 24.5
Severe to intolerable 7 6.8 4 7.4 3 6.1

At least one serious adverse eventc 3 2.8 2 3.4 1 2.0
At least one psychiatric serious adverse eventc 1 0.9 1 1.7 0 0.0
Exited Level 4 because of intolerance of treatmentd 35 32.1 24 41.4 11 21.6
a Sums do not always equal N because of missing data; percentages are based on number of subjects for whom data were available.
b The maximum side effect frequency, intensity, and burden refer to the highest ratings participants gave these measures over the course of

all clinic visits they made while receiving Level 4 treatment.
c Adverse events were all judged to be unrelated to the study medication. One participant taking tranylcypromine who did not have a history

of cardiac disease had a myocardial infarction; another developed psychotic symptoms and suicidal ideation. One participant taking ven-
lafaxine and mirtazapine exited the study for preplanned elective surgery.

d Difference between treatment groups, p<0.05.
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longer time on medication with extended-release ven-
lafaxine and mirtazapine, given the washout period
needed for tranylcypromine, may be an explanation.

Study limitations include the lack of a placebo arm,
which could have helped us determine whether observed
improvement was due to nonspecific aspects of treat-
ment. However, a placebo arm was not needed to compare
these two treatments or to determine an upper bound for
the expected rate of response for either treatment. More-
over, we believed that including a placebo arm in a study
for participants who had not responded adequately to
three consecutive treatment trials would have raised in-
surmountable ethical concerns. Another limitation was
that treatment was open-label, although for the primary
outcome measure, the HAM-D was administered by asses-
sors to whom treatment was masked.

In addition, medication doses in this study did not ap-
proach the upper limit of the protocol-recommended dos-
ing, perhaps because of clinicians’ unfamiliarity with tran-
ylcypromine or the combination of extended-release
venlafaxine and mirtazapine or a propensity to discon-
tinue these less familiar treatments in the face of side ef-
fects. The requirement of a washout period for participants
receiving tranylcypromine may have had a negative impact
on treatment adherence, as participants might have been
more inclined to discontinue treatment prematurely be-
cause they had to wait to begin the next treatment. There
was no significant difference in outcome when those par-

ticipants who were assigned to receive tranylcypromine
but did not actually take it were excluded.

In summary, we found no significant difference in re-
mission rates or symptom improvement between treat-
ment with tranylcypromine and combination treatment
with extended-release venlafaxine and mirtazapine for
patients with major depressive disorder who had three
previous unsuccessful medication trials. However, tranyl-
cypromine was less well tolerated, and many patients as-
signed to receive tranylcypromine did not achieve an ade-
quate trial of this medication. The low remission rates we
observed in both treatment groups suggest that switching
antidepressants after failure to achieve remission in three
successive antidepressant medication trials provides only
modest chances of remission. However, this conclusion
must be tempered by the fact that the doses used in this
study did not approach the maximum recommended
doses as well as by data (8, 9) suggesting that using doses
of tranylcypromine higher than the maximum recom-
mended by the FDA may be more effective than standard
dosing. Although remission was uncommon with either of
the study treatments, clinically satisfactory responses can
be attained with both treatments (see the clinical vi-
gnette), and either one is worth trying in patients with
highly treatment-resistant depression. The lower side ef-
fect burden, lack of dietary restrictions, and ease of use of
venlafaxine and mirtazapine suggest that this combina-
tion may be preferred over tranylcypromine for patients

Patient Perspective

“Mr. B,” 50 years old, married, and unemployed, sought 

psychiatric evaluation for chronic depression, anhedonia, 

anxiety, and irritability. He was a Vietnam veteran, and his 

symptoms had been recurrent since his discharge from the 

army more than 30 years earlier. Since his service in Viet-

nam, he had also experienced recurrent nightmares, intru-

sive combat memories, avoidant behavior, and hyperarous-

al. Mr. B was diagnosed as having severe, nonpsychotic, 

chronic, recurrent major depressive disorder and posttrau-

matic stress disorder (PTSD). He enrolled in the STAR*D 

study and began treatment with citalopram in Level 1. De-

spite 9 weeks of good adherence to treatment, with the 

dose of citalopram titrated to 60 mg/day by week 4, he ex-

perienced minimal improvement in his symptoms.

In Level 2, Mr. B was randomly assigned to treatment 

with sertraline. His dose was titrated to 150 mg/day by 

week 6, but after 9 weeks, his depression continued. In ad-

dition, he felt a growing sense of hopelessness and anger, 

so he started attending supportive psychoeducational 

groups for people with PTSD. He also began taking 50 mg 

of trazodone or 0.5 mg of clonazepam at bedtime for in-

somnia, a treatment he continued thereafter.

In Level 3, Mr. B was assigned to treatment with mirtaza-

pine. By week 4, with the dose at 30 mg/day, his mood had 

improved, and he was delighted to find that his sleep was 

better and that his appetite had increased after a period of 

steady weight loss. When the dose was increased to 45 

mg/day, however, his anxiety worsened, so the dose was re-

turned to 30 mg/day. Mr. B continued to experience a grad-

ual improvement in his symptoms, and he was enjoying 

greater social involvement. Even with his improvement, at 

week 6 the depressive episode was not considered to be in 

full remission, so Mr. B’s daily dose of mirtazapine was once 

again increased to 45 mg, and then to 60 mg. This time Mr. 

B tolerated the dose increases, and by week 12 his depres-

sive symptoms were substantially improved, although the 

improvement was not sustained.

After 14 weeks of treatment with mirtazapine, Mr. B 

went on to Level 4, in which he was assigned to combina-

tion treatment with venlafaxine (extended-release) and mir-

tazapine. He continued with the same dose of mirtazapine 

he had been taking in Level 3, and the dose of venlafaxine 

was gradually titrated to 300 mg/day. By week 4, Mr. B’s 

symptoms remitted (his QIDS-SR score was 3), and his remis-

sion was sustained through the remaining 8 weeks of Level 

4. Mr. B was then entered into the STAR*D follow-up phase, 

during which his remission continued.
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with highly treatment-resistant depression who have not

benefited adequately from several prior treatments.

Further studies are needed to assess earlier use of alter-

native strategies for treatment of nonresponsive major de-

pression, such as combining antidepressant medications,

augmenting antidepressant medications, and using so-

matic treatments such as ECT (4) or vagus nerve stimula-

tion (39, 40).
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