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Objective: Few controlled studies have
addressed the issue of which antidepres-
sant medications should be recom-
mended for outpatients who have not re-
sponded to multiple treatment trials. This
study compared the efficacy of switching
to mirtazapine to that of switching to a
tricyclic antidepressant (nortriptyline) fol-
lowing two prospective, consecutive, un-
successful medication treatments for non-
psychotic major depressive disorder.

Method: Following lack of remission or
an inability to tolerate an initial trial of cit-
alopram for up to 12 weeks (first step)
and a second trial with either monother-
apy involving another antidepressant or
augmentation of citalopram with bupro-
pion or buspirone (second step), adult
outpatients (N=235) with nonpsychotic
major depressive disorder were randomly
assigned to 14 weeks of treatment with

mirtazapine (up to 60 mg/day) (N=114) or
nortriptyline (up to 200 mg/day) (N=121).
The primary outcome, symptom remis-
sion, was defined a priori as a total exit
score of <7 on the 17-item Hamilton Rat-
ing Scale for Depression. The 16-item
Quick Inventory of Depressive Symptoma-
tology-Self-Report (QIDS-SR+¢), obtained
at treatment visits, provided secondary
outcomes of remission (score <5 at exit)
and response (250% reduction in score
from baseline).

Results: For mirtazapine, remission rates
were 12.3% and 8.0% per the Hamilton
and QIDS-SRq¢ scores, respectively. For
nortriptyline, remission rates were 19.8%
and 12.4%, respectively. QIDS-SRq¢ re-
sponse rates were 13.4% for mirtazapine
and 16.5% for nortriptyline. Neither re-
sponse nor remission rates statistically
differed by treatment, nor did these two
treatments differ in tolerability or adverse
events.

Conclusions: Switching to a third antide-
pressant monotherapy regimen after two
consecutive unsuccessful antidepressant
trials resulted in low remission rates
(<20%) among patients with major de-
pressive disorder.

(Am J Psychiatry 2006; 163:1161-1172)

Major depressive disorder is associated with sub-
stantial morbidity, mortality, family burden, and health
care costs (1). In double-blind efficacy trials typically con-
ducted with outpatients who have uncomplicated, non-
chronic, nonrefractory major depressive disorder, initial
treatment with antidepressant medications appears to
lead to remission in only 35%-47% of patients (2, 3). In a
recent report, among representative patients in primary
and psychiatric care, roughly 30% reached remission after
8-12 weeks of therapy with citalopram (4). Consequently,
a large majority of patients will warrant subsequent treat-
ment regimens in order to achieve remission.

Most second or third treatment steps following initial
antidepressant failure have been evaluated in uncon-
trolled trials, typically in psychiatric outpatients with min-
imal general medical comorbidity recruited as volunteers
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and treated in research clinics (5), which hampers the gen-
eralizability of findings to clinical practice. There is a clear
paucity of data on whether switching antidepressants for
the third time is a clinically useful strategy for depressed
patients who have not had adequate responses to two
prior antidepressant treatments. In a recent uncontrolled
efficacy trial, switching to a third antidepressant led to re-
mission rates of 36% to 50%, similar to the rates of 48% to
50% observed with the first and second antidepressant tri-
als within the same study (6). These results suggest that
the strategy of switching antidepressants following two
consecutive antidepressant treatment failures has robust
efficacy. However, an uncontrolled effectiveness trial with
115 patients found only a 21% remission rate for the third
antidepressant trial (7). Only one trial has included partic-
ipants who had not received adequate benefit from two
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initial antidepressant treatments who were then randomly
assigned to at least two potentially effective third-step
treatments (venlafaxine or paroxetine). An overall remis-
sion rate of 27% after 4 weeks of treatment was found (8).
In that study, however, nonresponse to the first antide-
pressant trial was only ascertained historically, and the
second treatment had to have been prescribed by the in-
vestigator at an effective dose only 4 weeks or more before
the first day of the study, or 2 weeks or more if a safety
problem had caused discontinuation.

Two open trials have suggested the potential usefulness
of switching to the atypical antidepressant mirtazapine (9)
or to the tricyclic antidepressant nortriptyline (10) for pa-
tients with major depression whose index episode did not
respond adequately to at least one previous antidepres-
sant trial.

This report focuses on the outcomes of participants who
were randomly assigned to one of two third-step antide-
pressant switch strategies (mirtazapine or nortriptyline) as
part of the Sequenced Treatment Alternatives to Relieve De-
pression (STAR*D) trial (11, 12). STAR*D is the first trial to
evaluate the relative effectiveness of switching to these two
antidepressants for primary and psychiatric care patients
with major depressive disorder who did not adequately
benefit from an initial prospective trial with a selective sero-
tonin reuptake inhibitor (SSRI) and a subsequent antide-
pressant medication. The equipoise stratified randomized
design allowed patients at specific steps to select the treat-
ment strategies they considered acceptable and from which
their random assignment would be determined (13). This
study assessed the effectiveness of switching to mirtazap-
ine compared with switching to nortriptyline for treatment
of major depressive disorder following two consecutive un-
successful antidepressant regimens.

Method

Participants

The institutional review boards at the STAR*D National Coordi-
nating Center, the Data Coordinating Center, all regional centers,
and relevant clinical sites as well as the NIMH Data Safety and
Monitoring Board (Bethesda, Md.) approved and monitored the
protocol. All participants provided written informed consent at
enrollment into the initial (Level 1) treatment with citalopram
and at enrollment into each subsequent treatment step, includ-
ing the third-step (Level 3) antidepressant switch strategies re-
ported herein.

Outpatients with a primary diagnosis of nonpsychotic major
depressive disorder, per DSM-IV and confirmed by a checklist
completed by the clinical research coordinators, were enrolled
between July 2001 and April 2004 at 18 primary and 23 psychiatric
practice settings serving both public and private sector patients.
Advertising for participants was proscribed. Broad inclusion and
minimal exclusion criteria were used to maximize the generaliz-
ability of findings (4, 11, 12). More specifically, excluded patients
were those with bipolar or psychotic disorders, primary diag-
noses of obsessive-compulsive or eating disorders, general medi-
cal conditions contraindicating the use of protocol medications
in the first two treatment steps, substance dependence (only if it
required inpatient detoxification), a clear history of nonresponse
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or inability to tolerate any protocol treatment during the first two
treatment steps for the current major depressive episode, and
those who were pregnant or breastfeeding (4, 11, 12).

Eligible participants for second-step treatment (Level 2) had
either not achieved remission or were not able to tolerate treat-
ment with citalopram (up to 12 weeks). Nonremission following
citalopram was defined as a score of >5 on the clinician-rated, 16-
item Quick Inventory of Depressive Symptomatology (QIDS-
C16)(14-17) obtained at the last citalopram treatment visit.

Participants in the second step (Level 2) of STAR*D agreed to
random assignment to one of four alternate monotherapy op-
tions (bupropion [sustained release], cognitive therapy, sertra-
line, or venlafaxine [extended release]) or one of three citalopram
augmentation options (bupropion [sustained release], bus-
pirone, or cognitive therapy) (13). Thus, Level 2 of STAR*D evalu-
ated the comparative effectiveness of different medication switch
strategies (18) and augmentation options (19). Those achieving
remission in Level 2 entered a 12-month naturalistic follow-up
phase. Those achieving response but not remission (QIDS-Cig
score of 6-8) at this or subsequent levels were encouraged to en-
ter the next level, but they could opt to enter the naturalistic fol-
low-up. Those with an unsatisfactory response entered Level 3.
Participants with an unsatisfactory response to both citalopram
(Level 1) and to cognitive therapy during Level 2, whether cogni-
tive therapy was used as a switch strategy or an augmentation op-
tion, entered Level 2A, which compared the effectiveness of two
medication switch strategies (bupropion [sustained release] or
venlafaxine [extended release]). Level 2A ensured that all partici-
pants who entered Level 3 had an unsatisfactory response to two
different antidepressants. Those with remission or a satisfactory
response to Level 2A entered the 12-month follow-up, whereas
those with an unsatisfactory response entered Level 3. Therefore,
eligible participants for third-step treatment entered Level 3 if
they had not achieved remission or were unable to tolerate Level
2 or Level 2A treatments. Study participants were not required to
meet major depressive disorder criteria at the time of entry into
Level 3, as long as they had met major depressive disorder criteria
at entry into Level 1 and had not adequately responded or been
able to tolerate previous levels.

Level 3 compared the relative effectiveness of two antidepres-
sant switch strategies (mirtazapine or nortriptyline) and two aug-
mentation options (lithium or T3 thyroid hormone) using the
equipoise stratified randomized design (12). This report presents
the main outcomes that compared the two Level 3 switch strate-
gies (mirtazapine versus nortriptyline) to which participants were
randomly assigned in a 1:1 ratio, stratified by acceptability to sub-
jects and regional center.

Protocol Treatment

To mimic clinical practice, enhance safety, and ensure vigor-
ous dosing, participants and treating clinicians were not masked
to either treatment assignment or dose. A clinical treatment
manual (www.star-d.org) recommended starting doses and dose
changes for each medication guided by both symptom ratings
(per the QIDS-Cy¢ [15, 16]) and side effect ratings (per the Fre-
quency, Intensity, and Burden of Side Effects Rating [12]) ob-
tained at each treatment visit. Furthermore, didactic instruction,
clinical research coordinator support, and a centralized moni-
toring system (20) with feedback constituted intense efforts to
assure timely dose increases when inadequate symptom reduc-
tion occurred in the context of acceptable side effects. Clinical
management aimed to achieve symptom remission (operation-
ally defined for clinic personnel as a QIDS-Cs6 score <5 at exit
from the treatment). The protocol recommended medication
clinic visits at weeks 0, 2, 4, 6, 9, and 12, but visit schedules were
flexible (e.g., the week 2 visit could occur acceptably within 6
days of week 2). Extra visits could be scheduled if needed, and for
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a participant who showed a response or remission only at week
12, two additional visits were permitted to determine whether
that status was sustained.

At participant entry into this Level 3 switch trial, citalopram,
along with the Level 2 augmenting agents bupropion and bus-
pirone, were discontinued without tapering at the initial Level 3
treatment visit, as were the Level 2 and 2A monotherapy regimens
(bupropion, sertraline, and venlafaxine). Either mirtazapine or
nortriptyline was begun without a washout period. Recom-
mended mirtazapine doses were 15 mg/day for the first 7 days, 30
mg/day by day 8, 45 mg/day by day 28, and, if necessary, 60 mg/
day by day 42. Recommended nortriptyline doses were 25 mg/
day for 3 days, 50 mg/day for 4 days, and then 75 mg/day by day 8,
100 mg/day by day 28, and, if necessary, 150 mg/day by day 42.
These dosing recommendations were flexible, based on clinical
judgment informed by the side effect and the QIDS-Cig ratings
obtained at each treatment visit, and guided by the clinical man-
ual (www.star-d.org). Clinicians were allowed (but not required)
to use measurements of nortriptyline blood levels to guide dosing
decisions. During the course of the study, nortriptyline blood lev-
els were obtained in 33.9% of the participants; the mean nortrip-
tyline blood level was 91.66 ng/ml (SD=86.03).

Concomitant Treatments

Stimulant, anticonvulsant, antipsychotic, mood stabilizing,
nonprotocol antidepressant medications, and potential antide-
pressant augmenting agents (e.g., buspirone) were proscribed.
Otherwise, any concomitant medication was allowed to manage
concurrent general medical conditions or protocol antidepres-
sant side effects (e.g., sexual dysfunction), as were anxiolytics (ex-
cept alprazolam) and sedative hypnotics (including trazodone,
<200 mg h.s., for sleep).

Measures

Clinical and demographic features were defined at baseline
study entry before Level 1 treatment (4). Baseline measures in-
cluded the Cumulative Illness Rating Scale (21) to assess general
medical conditions, the Psychiatric Diagnostic Screening Ques-
tionnaire (22, 23) to assess comorbid psychiatric disorders, and
the 30-item Inventory of Depressive Symptomatology—Clinician-
Rated (24) completed by both the clinical research coordinator
and the research outcomes assessor to assess depression severity
and selected symptom features. Assessments of overall function-
ing (Short-Form Health Survey [25], Work Productivity and Activ-
ity Impairment Questionnaire [26], Work and Social Adjustment
Scale [27]) and satisfaction (Quality of Life Enjoyment and Satis-
faction Questionnaire [28]) were collected by an automated inter-
active voice response telephone system (29-31).

The primary outcome, symptom remission, was defined as a
total score <7 on the 17-item Hamilton Rating Scale for Depres-
sion obtained via telephone-based structured interviews (English
or Spanish) conducted by independent, treatment-masked re-
search outcomes assessors within 5 days of entry and exit from
this study. The Hamilton depression scale items of psychomotor
retardation and agitation were evaluated by the research out-
comes assessors on the basis of study participant self-report. The
intraclass correlation coefficient for Hamilton depression scale
administered via telephone by research outcomes assessors and
in person by the clinical research coordinators was 0.66 (N=
3,876). In addition, research outcomes assessors participated in
numerous training sessions throughout the conduct of the study
to prevent rater drift and to ensure a consistent approach to
symptom assessment. Secondary outcomes included QIDS-SR;¢
scores and side effect ratings obtained at each treatment visit. For
QIDS-SR ;¢ scores, remission was defined as a total score <5 at
Level 3 exit, while response was a reduction of 250% from the
Level 3 baseline score.
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FIGURE 1. The STAR*D Level 3 Treatment Groups

— Level 3
(N=377)
ey Sév:lcyh Mirtazapine Nortriptyline Other |
(N=221) (N=109) (N=112)  (N=0)
N SAVJIgt:nhe(;: Mirtazapine Nortriptyline Other
(N=29) (N=5) (N=9) (N=15)
Mirtazapine Nortriptyline

(N=114) (N=121)

Statistical Methods

Student’s t tests, Wilcoxon tests, and chi-square tests were used
to compare the baseline clinical and demographic features, treat-
ment features, side effects, and serious adverse event rates across
treatments and for the entire cohort.

All analyses were conducted using all participants randomly
assigned to each treatment group (13). Remission was defined as
Hamilton depression scale total score <7 (per masked rater as-
sessment) and QIDS-SR ;¢ score <5 (obtained at each treatment
visit). The remission threshold for the self-reported depressive
symptom inventory score was established using item response
theory analysis and was chosen because it corresponds to a score
of 7 or less on the Hamilton depression scale (15). Logistic regres-
sion models were used to compare the remission and response
rates after adjusting for the effect of regional center, the two ac-
ceptability strata, and baseline clinical and demographic factors
that were not balanced across treatment groups (history of prior
suicide attempt was the only such factor identified). Times to first
remission (QIDS-SR;g score <5) and first response (>50% reduc-
tion from baseline) were defined as the first observed point using
clinic visit data. Log-rank tests were used to compare the cumula-
tive proportion with remission and response across the two treat-
ment groups. Additional exploratory logistic regression analyses
were conducted to determine if there was a differential effect of
treatment among those who were unable to tolerate their prior
medication treatment.

When outcome Hamilton depression scale scores were miss-
ing, participants were assumed to not have achieved remission
(as defined in the original proposal [12]). Sensitivity analyses were
conducted to determine if the method of addressing the missing
data had an impact on the results of the study. An additional
method of addressing the missing data, using an imputed value
generated from an item response theory analysis of the relation-
ship between the Hamilton depression scale and the QIDS-SR;¢
score, was used in the analysis of remission based on the Hamil-
ton depression scale.

Results

As previously reported (4), the overall Hamilton depres-
sion scale remission rate in Level 1 was 27.5% (N=790 of
2,876). At Level 2, remission rates, based on the Hamilton
depression scale, did not differ significantly between the
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TABLE 1. Baseline Demographic Characteristics of Outpatients With Nonpsychotic Major Depressive Disorder Randomly
Assigned to Mirtazapine or Nortriptyline After Two Consecutive Failed Medication Treatments

STAR*D Level 3 Antidepressant Switch Strategy

Characteristic Total (N=235) Mirtazapine (N=114)  Nortriptyline (N=121) Analysis
Mean SD Mean SD Mean SD Test Statistic df p
Age at baseline 44.9 11.9 44.8 11.6 45.1 12.2 t=0.16 233 0.88
Education (yrs) 13.0 2.7 13.0 2.8 13.0 2.7 %2<0.01 1 0.97
Monthly household income 1968 2908 1763 2149 2162 3476 x*=1.66 1 0.20
N % N % N % Test Statistic df p
Sex x*=1.97 1 0.17
Male 125 53.2 66 57.9 59 48.8
Female 110 46.8 48 421 62 51.2
Race x*=2.18 2 0.34
White 184 78.3 92 80.7 92 76.0
Black 43 18.3 17 14.9 26 21.5
Other 8 3.4 5 4.4 3 2.5
Hispanic x*=0.56 1 0.46
Yes 33 14.0 18 15.8 15 12.4
No 202 86.0 96 84.2 106 87.6
Employment status x?3=0.12 2 0.95
Employed 107 45.5 53 46.5 54 44.6
Unemployed 114 48.5 54 47.4 60 49.6
Retired 14 6.0 7 6.1 7 5.8
Medical insurance x2=0.41 2 0.82
Private 93 41.0 45 40.5 48 41.4
Public 42 18.5 19 171 23 19.8
None 92 40.5 47 423 45 38.8
Marital status X2=3.70 3 0.30
Never (single) 50 213 29 25.4 21 17.4
Married/cohabiting 98 41.7 41 36.0 57 471
Divorced/separated 73 31.1 37 325 36 29.8
Widowed 14 6.0 7 6.1 7 5.8

three medication switch strategies: 21.3% (N=51 of 239)
with sustained-release bupropion, 17.6% (N=42 of 238)
with sertraline, and 24.8% (N=62 of 250) with extended-
release venlafaxine (18). Level 2 Hamilton depression
scale remission rates were also similar across drug aug-
mentation strategies: 29.7% (N=83 of 279) achieved re-
mission with citalopram plus sustained-release bupro-
pion, and 30.2% (N=86 of 285) achieved remission with
citalopram plus buspirone (19). Level 2A Hamilton de-
pression scale remission rates did not differ significantly
between the two medications: 13.3% (N=2 of 15) with sus-
tained-release bupropion and 6.3% (N=1 of 16) with ex-
tended-release venlafaxine.

Patient Disposition

Figure 1 shows the generation of the Level 3 treatment
groups by acceptability strata. Of 250 participants accept-
ing random assignment to at least the two medication
switch options, 88.4% (N=221) had accepted only these
two switch strategies, while 11.6% (N=29) had accepted
the two switch strategies and the two augmentation op-
tions (i.e., lithium or thyroid hormone).

Demographic and Clinical Characteristics
Demographic characteristics of the patients by Level 3
medication are presented in Table 1. Table 2 reveals that
trial participants (N=235) often had recurrent (69.6%),
early onset (first major depressive episode prior to age 18)

1164 ajp.psychiatryonline.org

(28.4%), or chronic (index episode >2 years) (28.9%) de-
pressive episodes with low functioning. One or more con-
current axis I disorders, per the Psychiatric Diagnostic
Screening Questionnaire, were present in 66.4% of the
participants. Of the 235 enrollees, 69.7% did not have an
adequate response or were unable to tolerate one of the
three medication switch strategies at Level 2 (bupropion,
sertraline, or venlafaxine) or Level 2A (bupropion, ven-
lafaxine). The remaining participants did not have an ade-
quate response or were unable to tolerate the two Level 2
augmentation options (citalopram plus bupropion or cit-
alopram plus buspirone). Among the participants in the
present study, 49.5% were unable to tolerate their Level 2
treatment, defined as exiting Level 2 prior to 4 weeks for
any reason, or exiting at or after 4 weeks because of intol-
erable side effects. The two medication groups were simi-
lar, except that more participants in the mirtazapine
group (24.6%) had previously attempted suicide than
those in the nortriptyline group (12.4%).

Treatment Features

The course of treatment with each medication in this
trial (Level 3) was similar for both medications and was
adequately dosed for substantial periods of time (Table 3).
The Level 3 12-week completion rates were 33.3% for mir-
tazapine-treated patients and 30.6% for nortriptyline-
treated patients.
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TABLE 2. Clinical Characteristics and Treatment History of Outpatients With Nonpsychotic Major Depressive Disorder Ran-
domly Assigned to Mirtazapine or Nortriptyline After Two Consecutive Failed Medication Treatments

STAR*D Level 3
Antidepressant Switch Strategy

Mirtazapine Nortriptyline
Characteristic Total (N=235) (N=114) (N=121) Analysis
Mean SD Mean SD Mean SD Test Statistic df p
Age at first major depressive episode 28.2 14.7 28.5 15.1 27.9 14.4 %x2=0.04 1 0.85
Years since first major depressive episode 16.8 14.3 16.3 13.9 17.2 14.7 %x2=0.30 1 0.59
Number of major depressive episodes 7.2 14.0 7.6 14.9 6.9 13.2 x2=0.24 1 0.63
Current episode length (months) 33.6 64.9 34.8 70.4 32,5 59.6 x2=0.44 1 0.51
Time (weeks) since level 1 entry 183 6.7 18.2 6.8 18.3 6.7 x3=0.02 1 0.88
Hamilton depression scale score
at level 1 entry 225 6.2 22.8 6.3 223 6.2 t=0.67 218 0.51
N % N % N % Test Statistic df p
First major depressive episode
before age 18 %x2=0.06 1 0.81
Yes 66 28.4 33 29.2 33 27.7
No 166 71.6 80 70.8 86 723
At least 1 prior episode %x2=0.32 1 0.58
Yes 144 69.6 67 67.7 77 71.3
No 63 304 32 323 31 28.7
Family history of depression x>=0.19 1 0.67
Yes 107 46.3 54 47.8 53 449
No 124 53.7 59 52.2 65 55.1
Ever attempted suicide x2=5.81 1 0.02
Yes 43 18.3 28 24.6 15 12.4
No 192 81.7 86 75.4 106 87.6
Psychiatric comorbid conditions %2=2.90 4 0.58
0 77 335 39 35.5 38 31.7
1 45 19.6 17 15.5 28 233
2 42 18.3 19 17.3 23 19.2
3 21 9.1 11 10.0 10 83
>4 45 19.6 24 21.8 21 17.5
Clinical setting %x2<0.01 1 0.99
Primary 95 40.4 46 40.4 49 40.5
Specialty 140 59.6 68 59.6 72 59.5
Current episode length > 2 years x?=0.15 1 0.70
Yes 67 289 31 27.7 36 30.0
No 165 711 81 72.3 84 70.0
Anxious features X2=2.47 1 0.12
Yes 100 47.8 54 53.5 46 42.6
No 109 52.2 47 46.5 62 57.4
Atypical features %x2=0.95 1 0.33
Yes 32 15.3 18 17.8 14 13.0
No 177 84.7 83 82.2 94 87.0
Melancholic features x2=0.35 1 0.56
Yes 42 20.1 22 21.8 20 18.5
No 167 79.9 79 78.2 88 81.5
Mean SD Mean SD Mean SD Test Statistic df p
Depression severity
Hamilton depression scale
(17-item) score 19.2 6.5 19.8 7.0 18.6 5.9 t=1.24 205 0.22
Inventory of Depressive Symptomatology
30 items, clinician-rated 354 12.4 36.4 12.8 345 12.0 t=1.09 204 0.28
16 items, clinician-rated 14.4 4.3 14.5 4.4 14.2 4.2 t=0.59 232 0.56
16 items, self-report 14.0 4.8 14.1 5.0 14.0 4.7 t=0.18 231 0.86
Level 2/2A change in clinician-rated
16-item depressive symptom score (%) 5.7 45.4 5.0 33.1 6.4 54.5 x2=0.12 1 0.73
Quality of Life and Enjoyment
Satisfaction Questionnaire 37.3 15.9 35.9 15.7 38.6 16.1 x*=1.73 1 0.19
Overall functioning
Short-Form Health Survey scores
Mental 29.1 83 28.6 83 29.6 8.3 t=0.75 182 0.46
Physical 423 12.5 41.5 12.5 43.0 12.5 x>=0.60 1 0.44
Work and Social Adjustment
Scale score 26.8 8.4 271 8.0 26.6 8.8 t=0.43 182 0.68
General medical condition?
Categories endorsed 3.5 2.6 35 2.5 3.6 2.7 %x%=0.02 1 0.90
Total score 5.4 4.4 5.3 4.2 5.4 4.5 %x?<0.01 1 0.99
Severity index 1.3 0.6 13 0.6 1.3 0.6 %2<0.01 1 0.97
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TABLE 2. Clinical Characteristics and Treatment History of Outpatients With Nonpsychotic Major Depressive Disorder Ran-
domly Assigned to Mirtazapine or Nortriptyline After Two Consecutive Failed Medication Treatments (continued)

STAR*D Level 3
Antidepressant Switch Strategy

Mirtazapine Nortriptyline
Characteristic Total (N=235) (N=114) (N=121) Analysis
N % N % N % Test Statistic df p
Treatment in prior level X?=5.46 4 0.25
Bupropion 62 26.4 31 27.2 31 25.6
Citalopram plus bupropion 27 11.5 10 8.8 17 14.0
Citalopram plus buspirone 44 18.7 18 15.8 26 21.5
Sertraline 55 23.4 33 28.9 22 18.2
Venlafaxine 47 20.0 22 19.3 25 20.7
Maximum side effect frequency x*>=8.39 3 0.04
No side effects 40 171 15 13.2 25 20.8
10-25% of the time 47 20.1 27 23.7 20 16.7
50-75% of the time 75 321 30 26.3 45 37.5
90-100% of the time 72 30.8 42 36.8 30 25.0
Maximum side effect intensity x2=9.74 3 0.03
No side effects 39 16.7 15 13.2 24 20.0
Minimal to mild 38 16.2 23 20.2 15 12.5
Moderate to marked 92 393 37 325 55 45.8
Severe to intolerable 65 27.8 39 34.2 26 21.7
Maximum side effect burden x?=1.36 3 0.72
No side effects 43 18.4 19 16.7 24 20.0
Minimal to mild 59 25.2 29 25.4 30 25.0
Moderate to marked 93 39.7 44 38.6 49 40.8
Severe to intolerable 39 16.7 22 19.3 17 14.2
Exited prior level with side effects %2=0.90 1 0.35
Yes 107 49.5 56 52.8 51 46.4
No 109 50.5 50 47.2 59 53.6
Concomitant medications
for side effect management
Trazodone %x2=0.30 1 0.59
Yes 51 21.7 23 20.2 28 231
No 184 78.3 91 79.8 93 76.9
Anxiolytic x2=5.18 1 0.03
Yes 53 225 33 29.0 20 16.5
No 182 77.5 81 71.0 101 83.5
Sedative %x2=0.32 1 0.58
Yes 56 23.8 29 25.4 27 223
No 179 76.2 85 74.6 94 77.7

a Assessed with the Cumulative lliness Rating Scale.

TABLE 3. Treatment Characteristics for Outpatients With Nonpsychotic Major Depressive Disorder Randomly Assigned to
Mirtazapine or Nortriptyline After Two Consecutive Failed Medication Treatments

STAR*D Level 3
Antidepressant Switch Strategy

Characteristic Total (N=235) Mirtazapine (N=114) Nortriptyline (N=121) Analysis
Mean SD Mean SD Mean SD X df p
Number of post-baseline visits 33 1.7 33 1.8 33 1.7 x2=0.01 1 0.91
Days until first post-baseline visit 17.6 8.7 17.6 8.7 17.6 8.7 x2<0.01 1 0.98
Dose at exit (mg/day) 421 15.7 96.8 411
Days at exit dose 43.1 27.8 42.7 28.6 43.5 27.2 x*=0.32 1 0.58
Weeks in treatment 7.7 5.1 7.7 5.2 7.7 5.1 x2=0.02 1 0.90
N % N % N % 12 df p
Weeks in treatment <4 x2=0.09 1 0.77
Yes 70 29.8 35 30.7 35 289
No 165 70.2 79 69.3 86 711
Weeks in treatment <8 x2=0.21 1 0.65
Yes 117 49.8 55 48.2 62 51.2
No 118 50.2 59 51.8 59 48.8
Weeks in treatment <12 x2=0.21 1 0.66
Yes 160 68.1 76 66.7 84 69.4
No 75 31.9 38 333 37 30.6
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TABLE 4. Treatment Outcomes for Outpatients With Nonpsychotic Major Depressive Disorder Randomly Assigned to Mir-
tazapine or Nortriptyline After Two Consecutive Failed Medication Treatments

STAR*D Level 3 Antidepressant Switch

Strategy Analysis
Mirtazapine Nortriptyline
Outcome Total (N=235) (N=114) (N=121) p
N % N % N %
Remission
Hamilton depression scale score <7 at exit 0.27°
Yes 38 16.2 14 12.3 24 19.8
No 197 83.8 100 87.7 97 80.2
QIDS-SR16 score <5 at exit 0.452
Yes 24 10.3 9 8.0 15 12.4
No 210 89.7 104 92.0 106 87.6
Response (>50% improvement in QIDS-SR1¢ score) 0.57°
Yes 35 15.0 15 13.4 20 16.5
No 198 85.0 97 86.6 101 83.5
Mean SD Mean SD Mean SD
QIDS-SR16 score at exit 12.4 5.7 12.6 5.4 12.2 5.9 0.782
Reduction in QIDS-SR1¢ score (%) -9.1 35.8 -7.1 35.2 -10.9 36.5 0.48°
N % N % N %
Outcome (per Hamilton score) stratified by Level 2 tolerability
Remission among patients unable to tolerate prior level treatment 0.21
Yes 18 16.8 7 12.5 11 21.6
No 89 83.2 49 87.5 40 78.4
Remission among patients able to tolerate prior level treatment 0.31
Yes 20 15.6 7 121 13 18.6
No 108 84.4 51 879 57 81.4

a Adjusted for acceptability stratum, region, history of suicide attempt.

FIGURE 2. Time to Remission? for Outpatients With Non-
psychotic Major Depressive Disorder Randomly Assigned
to Mirtazapine or Nortriptyline After Two Consecutive
Failed Medication Treatments

FIGURE 3. Time to Response? for Qutpatients With Nonpsy-
chotic Major Depressive Disorder Randomly Assigned to
Mirtazapine or Nortriptyline After Two Consecutive Failed
Medication Treatments
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aScore <5 on the 16-item Quick Inventory of Depressive-Symptoma-
tology-Self Rated.
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a>50% improvement from Level 3 baseline score on the 16-item
Quick Inventory of Depressive-Symptomatology—Self Rated.
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TABLE 5. Side Effects and Serious Adverse Events for Outpatients With Nonpsychotic Major Depressive Disorder Randomly
Assigned to Mirtazapine or Nortriptyline After Two Consecutive Failed Medication Treatments

STAR*D Level 3 Antidepressant Switch Strategy

Total (N=235) Mirtazapine (N=114)  Nortriptyline (N=121) Analysis
Characteristic N % N % N % X2 df p
Maximum side effect frequency 2.78 3 0.43
No side effects 32 15.0 14 13.2 18 16.8
10-25% of the time 27 12.7 16 15.1 11 10.3
50-75% of the time 68 319 30 283 38 35.5
90-100% of the time 86 40.4 46 43.4 40 37.4
Maximum side effect intensity 0.97 3 0.81
No side effects 31 14.6 14 13.2 17 15.9
Minimal to mild 21 9.9 9 8.5 12 1.2
Moderate to marked 95 44.6 48 45.3 47 43.9
Severe to intolerable 66 31.0 35 33.0 31 29.0
Maximum side effect burden 1.88 3 0.60
No side effects 35 16.4 18 17.0 17 15.9
Minimal to mild 40 18.8 16 15.1 24 22.4
Moderate to marked 92 43.2 48 45.3 44 411
Severe to intolerable 46 21.6 24 22.6 22 20.6
Exited level with side effects 0.10 1 0.76
Yes 80 35.2 38 34.2 42 36.2
No 147 64.8 73 65.8 74 63.8
Serious adverse event 0.22 1 0.65
Yes 7 3.0 4 3.5 3 2.5
No 228 97.0 110 96.5 118 97.5
Psychiatric serious adverse event 2.03 1 0.16
Yes 5 2.1 4 3.5 1 0.8
No 230 97.9 110 96.5 120 99.2
Symptomatic Outcomes Discussion

Remission rates, per the Hamilton depression scale, did
not differ by treatment. They were 12.3% (N=14 of 114) for
mirtazapine and 19.8% (N=24 of 121) for nortriptyline (Ta-
ble 4). As measured by QIDS-SR;¢ scores, remission (8.0%
versus 12.4%) and response (13.4% versus 16.5%) rates
also did not differ by treatment nor did percent reductions
in QIDS-SR;¢ score (baseline to exit). Even when stratified
by ability to tolerate prior level medication, the treatment
outcomes were not significantly different.

The treatments also did not differ in either time to re-
mission (log rank x2=0.18, p=0.68) (Figure 2) or time to re-
sponse (log rank x?=0.23, p=0.60) (Figure 3) as determined
by the QIDS-SR;¢ score. For those who did achieve remis-
sion, the mean time to remission was 5.7 weeks (SD=4.0)
for mirtazapine and 6.3 weeks (SD=4.4) for nortriptyline.
Similarly, for those who did achieve response, the mean
time to response was 6.9 weeks (SD=4.0) for mirtazapine
and 6.3 weeks (SD=4.1) for nortriptyline.

Tolerability and Adverse Events

Side effects and serious adverse events were similar for
the two treatment groups (Table 5). The two antidepres-
sant treatments did not differ in overall side effect ratings
or in the proportion of participants with any psychiatric
serious adverse events. No participants completed suicide
during this trial; four participants were hospitalized for
suicidal ideation or attempt, all in the mirtazapine group.
The exit rate in the first 2 weeks of the trial were 11.5% for
mirtazapine and 7.4% for nortriptyline (p=0.29).
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We found no statistical difference in remission rates for
participants treated with mirtazapine or nortriptyline as a
third-step medication strategy after inadequate response
or intolerance to two previous medication treatments for
depression. Remission rates (as assessed by the Hamilton
depression scale and QIDS-SR;¢) were 12.3% and 8.0%, re-
spectively, for mirtazapine and 19.8% and 12.4% for
nortriptyline. In addition, the two antidepressants did not
differ in tolerability or adverse events. No treatment group
differences could be identified for response rates (per
QIDS-SR;¢ scores), time to response or remission, serious
adverse events, or side effects. A relatively small propor-
tion of study participants continued their Level 3 treat-
ment longer than 12 weeks, as one would expect in an ef-
fectiveness trial with “real world” populations.

The modest remission rates (less than 20%) achieved in
this trial were not likely due to either medication under-
dosing or to inadequate treatment durations for either
medication, given the vigorous dosing schedule and dili-
gent implementation of the protocol. As described earlier,
a sensitivity analysis was conducted to evaluate the meth-
ods used to address the missing Hamilton depression
scale data. Both the multiple imputation approach, and
the use of values imputed from the QIDS-C;4 scores at exit
based on item response theory (15) revealed remarkably
similar findings, indicating that the analyses were not sen-
sitive to the missing data methodology. In addition, no dif-
ferential treatment effects were found after we controlled
for the imbalance across the two groups of those unable to
tolerate their Level 2/2A treatment. Secondary analyses
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using Hamilton depression scale remission rates did not
identify a differential treatment effect among those who
were and were not intolerant to Level 2/2A treatment.

From a pharmacological standpoint, serotonin re-
uptake inhibition was the primary pharmacological ac-
tion of citalopram, the Level 1 treatment, and most of the
Level 2/2A treatments (i.e., those involving either a switch
to sertraline or citalopram augmentation). Two of the
Level 2 switch strategies did not selectively affect the sero-
tonergic neurotransmission system: sustained-release bu-
propion is a norepinephrine/dopamine reuptake inhibi-
tor, and extended-release venlafaxine is a serotonin/
norepinephrine reuptake inhibitor. It is noteworthy that
the two Level 3 switch strategies involved agents with
pharmacological actions different from those of previous
levels. Mirtazapine, an antagonist of presynaptic alpha 2-
adrenergic autoreceptors and heteroreceptors on both the
norepinephrine and serotonin neurons, is also a potent
antagonist of postsynaptic serotonin 5-HT, and 5-HTS3 re-
ceptors (32) and is an inhibitor of the release of corticotro-
pin-releasing hormone (CRH) from CRH-containing neu-
rons (33). On the other hand, nortriptyline, a secondary-
amine tricyclic antidepressant, strongly inhibits the nore-
pinephrine transporter (34). It also significantly antago-
nizes serotonin 5-HT; receptors (in particular, 5-HTc re-
ceptors [35]) and modestly inhibits GABA transporters
(36), with only mild inhibition of the serotonin transporter
(34). The outcomes observed with these two Level 3 switch
agents, despite their distinctive pharmacological actions
compared with the primary reuptake inhibition of Level 1
and 2 medications, suggest that there is no clear advan-
tage in switching to either one of these two treatments for
outpatients who have not responded to multiple treat-
ment trials and that the use of successive monotherapies
results in only modest remission rates, even when the an-
tidepressants have pharmacological profiles that clearly
differ from those of the previous agents. While some de-
pression treatment guidelines suggest the utility of three
sequential monotherapies (37), these results suggest that
this approach yields rather limited results.

This study indicates that fewer than one in five de-
pressed patients may achieve remission upon switching to
another antidepressant medication after two unsuccessful
medication treatments. Contrary to previous efficacy trials
in major depressive disorder with 27%-50% remission
rates upon switching to other antidepressants in patients
who had not benefited adequately from two antidepres-
sant trials (6, 8), this effectiveness study suggests that
switching antidepressants, as a third-step treatment for
such patients, provides rather modest chances of remis-
sion. Rates reported in previous open-label switch efficacy
studies following two antidepressant treatments often in-
volved the recruitment of subjects with nonchronic de-
pression and minimal concurrent general medical comor-
bidity and whose treatment resistance was, in most cases,
not prospectively determined. Our findings, in contrast,
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Patient Perspectives

“Joe,” a 42-year-old man with a longstanding history of
diabetes and hypertension went to his primary care
physician with complaints of depressive symptoms that
had been present for approximately 6 months, soon after
his having started a new job. His symptoms included
depressed mood, reduced interest and motivation,
difficulties with concentration (to the point that he felt he
could not function well at work), excessive worrying,
trouble falling asleep, physical and mental fatigue,
diminished appetite, ruminative thoughts of guilt, and
occasional thoughts that life is not worth living, but no
thoughts of suicide. He reported a prior episode of
depression while in college, and his mother had suffered
from recurrent depressive episodes in the past. His primary
care physician discussed with him the option of
participating in the STAR*D trial, and then, after obtaining
written consent, enrolled him into the study. During the
course of the study, he was followed closely by his primary
care physician and a nurse who served as a clinical
research coordinator at that site. During level 1, he was
treated for about 10 weeks with the SSRI citalopram up to
60 mg/day, with very little improvement. Citalopram
treatment was otherwise well-tolerated. During level 2, he
opted for switching only to other medications and was
randomly assigned to treatment with the SSRI sertraline.
Once again, the improvement with the second SSRI was
rather modest, which led to his discontinuing it after 7
weeks and his entering level 3, where he opted for the
switch medication strategy. He was assigned to mirtazapine
treatment. During level 3, some of his symptoms
improved, such as excessive worrying and insomnia, but
most of the symptoms persisted. After 10 weeks of
treatment with mirtazapine and a modest improvement,
he therefore requested to go on to the next level. At the
time of his completing level 3, he was still troubled by
many of the same symptoms he had exhibited initially,
including depressed mood and reduced interest, fatigue,
and thoughts of both guilt and death.

are generalizable to most adult outpatients with nonpsy-
chotic major depressive disorder treated in real-world,
primary or specialty care settings, although perhaps en-
riched with uninsured (40.5%) and unemployed (48.5%)
populations.

Study limitations include the lack of a placebo control
condition and nonmasked treatment delivery, although
assessors of the primary outcome (Hamilton depression
scale) were masked to treatment, and the QIDS-SR;¢ score
and the Hamilton depression scale ratings were in agree-
ment. While a placebo control condition could have
helped to determine whether improvement was due to
spontaneous improvement or to nonspecific aspects of
treatment, such a control is not required to discern
whether these two treatments differed. Further, switching
to a placebo after two consecutive failed treatment trials
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would have raised insurmountable human participant
concerns and likely would have limited generalizability if
many participants refused random assignment. A blinded
placebo control condition could also have led to less vig-
orous dosing, given the high prevalence of multiple gen-
eral medical conditions in our participants.

One might raise the issue that the failure to achieve re-
mission in the prior level despite significant improvement
could have yielded relatively high rates of remission in
Level 3 with only modest reductions in depressive symp-
toms. However, since patients had the option of choosing
to be randomly assigned only to augmentation strategies
at Level 3, one may assume that those study participants
who had improved significantly in the previous level
would be less likely to accept switching treatments as an
option. This is also suggested by the fairly significant level
of depression severity at the time of entry into Level 3
(mean Hamilton depression scale score of 19.2) for those
who agreed to be randomly assigned to a medication
switch. Another limitation relates to the fact that partici-
pants were immediately switched to nortriptyline or mir-
tazapine. It is possible that discontinuation-emergent ad-
verse events may have occurred and may have limited
some participants’ ability to tolerate such a switch. On the
other hand, there was no significant difference in exit rates
between the two treatments during the first 2 weeks of the
study. In addition, a previous open trial demonstrated the
feasibility and safety of an abrupt switch from SSRIs to
mirtazapine, without significant immediate dropouts (9).

One might argue that a relative limitation of our study is
its overall size, and that our study was not powered to de-
tect a difference of 10% or more in remission rates, assum-
ing the lowest remission rate was 12.3%, since a 10% dif-
ference in an adequately powered study would have
required the random assignment of over 480 patients.
However, our study was the largest ever (N=235) among
investigations of depressed patients having completed
two consecutive failed antidepressant trials. In addition, a
difference of at least 15% between the two treatments was
identified as the minimum clinically meaningful differ-
ence. Therefore, with this cohort, there was adequate
power (at least 80%) to detect a 15% difference, if the low-
est remission rate was 12.3%, and we can conclude that,
based on our assumptions, neither treatment was signifi-
cantly more effective than the other.

Finally, one may argue that defining remission as the
primary outcome of the study may fail to distinguish be-
tween those who achieve remission with very small per-
centage changes in depressive symptoms (as in the case of
those partial responders who entered Level 3) and those
who achieve it with greater than 50% reductions in overall
symptoms. On the other hand, the 8.0% and 12.3% remis-
sion rates with mirtazapine and nortriptyline per QIDS-
SR scores are comparable to the 7.1% and 10.9% mean
percentage reductions in QIDS-SR;s scores observed with
these two treatments, suggesting that results based on re-
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mission are comparable to more traditional approaches
that focus on changes in symptom severity.

Conclusion

This is the first report of a third-step medication switch
among depressed participants who had not adequately
benefited from two prior medication treatment trials. It is
important to note that this trial included self-referred out-
patients with major depressive disorder in real-world
practices, with substantial and representative levels of
chronicity and axis I comorbidity. Only 10%-20% of pa-
tients achieved remission upon switching to another anti-
depressant medication, with no clinically significant dif-
ferences in efficacy or tolerability between the two
medications. Contrary to previous efficacy trials in major
depressive disorder, study results suggest that switching
antidepressants as a third-step treatment after two con-
secutive antidepressant medication trials have failed pro-
vides only a modest chance of producing remission in ma-
jor depressive disorder.
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