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BACKGROUND—The benefits and risks of augmenting or switching antidepressants in older
adults with treatment-resistant depression have not been extensively studied.

METHODS—We conducted a two-step, open-label trial involving adults 60 years of age or
older with treatment-resistant depression. In step 1, patients were randomly assigned ina 1:1:1
ratio to augmentation of existing antidepressant medication with aripiprazole, augmentation with
bupropion, or a switch from existing antidepressant medication to bupropion. Patients who did
not benefit from or were ineligible for step 1 were randomly assigned in step 2 in a 1:1 ratio to
augmentation with lithium or a switch to nortriptyline. Each step lasted approximately 10 weeks.
The primary outcome was the change from baseline in psychological well-being, assessed with
the National Institutes of Health Toolbox Positive Affect and General Life Satisfaction subscales
(population mean, 50; higher scores indicate greater well-being). A secondary outcome was
remission of depression.

RESULTS—In step 1, a total of 619 patients were enrolled; 211 were assigned to aripiprazole
augmentation, 206 to bupropion augmentation, and 202 to a switch to bupropion. Well-being
scores improved by 4.83 points, 4.33 points, and 2.04 points, respectively. The difference between
the aripiprazole-augmentation group and the switch-to-bupropion group was 2.79 points (95%

Cl, 0.56 t0 5.02; P = 0.014, with a prespecified threshold P value of 0.017); the between-group
differences were not significant for aripiprazole augmentation versus bupropion augmentation

or for bupropion augmentation versus a switch to bupropion. Remission occurred in 28.9% of
patients in the aripiprazole-augmentation group, 28.2% in the bupropion-augmentation group,
and 19.3% in the switch-to-bupropion group. The rate of falls was highest with bupropion
augmentation. In step 2, a total of 248 patients were enrolled; 127 were assigned to lithium
augmentation and 121 to a switch to nortriptyline. Well-being scores improved by 3.17 points and
2.18 points, respectively (difference, 0.99; 95% CI, —1.92 to 3.91). Remission occurred in 18.9%
of patients in the lithium-augmentation group and 21.5% in the switch-to-nortriptyline group; rates
of falling were similar in the two groups.

CONCLUSIONS—In older adults with treatment-resistant depression, augmentation of existing
antidepressants with aripiprazole improved well-being significantly more over 10 weeks than a
switch to bupropion and was associated with a numerically higher incidence of remission. Among
patients in whom augmentation or a switch to bupropion failed, changes in well-being and the
occurrence of remission with lithium augmentation or a switch to nortriptyline were similar.
(Funded by the Patient-Centered Outcomes Research Institute; OPTIMUM ClinicalTrials.gov
number, NCT02960763.)

Major depression is common in older adults! and often persists despite appropriate
treatment with first-line antidepressants.? Treatment-resistant depression is typically defined
as depression that does not remit despite two adequate trial uses of antidepressant
medications?; in older adults, treatment failure is associated with decreased psychological
well-being,# disability,® and cognitive decline.6~8 Pharmacologic strategies for treatment-
resistant depression include augmentation, in which a medication is added to an existing
antidepressant, and the replacement of an antidepressant with one from a different class
(“switching™). The Sequenced Treatment Alternatives to Relieve Depression (STAR*D)
trial showed that augmenting with, or switching to, bupropion was as effective as or more
effective than other strategies.®19 In a randomized trial involving older adults, augmentation
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with aripiprazole was more effective than with placebo for reducing depression.1! In

the Veterans Affairs Augmentation and Switching Treatments for Improving Depression
Outcomes (VAST-D) trial, augmentation with either aripiprazole or bupropion was slightly
more effective than a switch to bupropion, 12 but there are limited large comparative-
effectiveness studies involving older adults with treatment-resistant depression that would
clarify treatment strategies.

There is increasing awareness of the importance of involving patients in the design of
clinical trials.13 In a survey involving older adults with treatment-resistant depression,
patient stakeholders recommended psychological well-being as an outcome that matters.14
Psychological well-being encompasses satisfaction, happiness, cognitive engagement,
meaning, and purpose.1® There is also limited understanding of the comparative safety

of antidepressant strategies in older adults, '8 including risks of falls,17-21 cardiovascular
risks,22 and risk of death?3 with different agents used in trials. According to expert opinion,
augmentation may lead to more adverse effects and a greater risk of drug interactions.?*
There are also safety concerns with respect to using lithium or nortriptyline, approaches to
treatment-resistant depression that are used in older adults.2526 The current trial, Optimizing
Outcomes of Treatment-Resistant Depression in Older Adults (OPTIMUM), was designed to
investigate the benefits and risks of augmentation as compared with switching strategies for
treatment-resistant depression in older adults.2’

and Oversight

The OPTIMUM trial was a pragmatic, investigator-initiated trial funded by the Patient-
Centered Outcomes Research Institute (PCORI). Its design and procedures have been
described previously,2” and the protocol is available with the full text of this article

at NEJM.org. The trial had two steps. In step 1, patients were randomly assigned to
augmentation of their current antidepressant with aripiprazole or bupropion or a switch

to bupropion. Patients who did not have remission or otherwise perceive a benefit from
their step 1 treatment or were ineligible for step 1 were randomly assigned in step 2

to augmentation with lithium or a switch to nortriptyline. These treatment options were
recommended in surveys of clinicians who treat older adults with treatment-resistant
depression.?8 We undertook a multistep approach because lithium and nortriptyline are
complicated to use, requiring laboratory monitoring and exclusions for cardiac or renal
disease. Two years into the trial, at the request of the funder, the protocol was modified to
disallow direct entry to step 2 and to increase the threshold for eligibility with respect to the
score on the nine-item Patient Health Questionnaire (PHQ-9). Patients received medication
from their local pharmacy in an open-label fashion, paid for through insurance or out of
pocket. Discussion of the costs that were associated with participation was included in the
informed-consent form. Patients and investigators were aware of the trial-group assignments,
but outcome assessors were not.

The trial was conducted at five sites — Washington University in St. Louis (coordinating
site); Columbia University; the University of California, Los Angeles; the University of
Pittsburgh; and the University of Toronto. The institutional review board at each site
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approved the trial. All the patients provided informed consent before enroliment. An
independent data and safety monitoring board governed the trial. The trial was conducted

in accordance with the Good Clinical Practice guidelines of the International Council for
Harmonisation. The authors vouch for the completeness and accuracy of the data and for the
fidelity of the trial to the protocol. There was no commercial involvement in the trial.

Patients and Recruitment

Trial patients were 60 years of age or older and had treatment-resistant depression, defined
as a lack of remission of major depression after two or more trial uses of antidepressants of
adequate dose and duration within the current episode, which was determined by research
staff with the use of the PHQ-9 (scores range from 0 to 27, with higher scores indicating
greater severity of symptoms). Initially, a score of 6 or more was required for participation,
and this was later changed by amendment to 10 or more. Patients had to be receiving one
adequately dosed antidepressant at the time of trial enrollment. Full eligibility criteria are
provided in the Supplementary Appendix (available at NEJM.org) and the protocol. Patients
were recruited by referrals from primary care providers, office advertisements, outreach
from the trial team, automated alerts in electronic medical records?? (see the Supplementary
Appendix), referrals from psychiatrists, and print, radio, and social media advertising.

Randomization and Trial Groups

In step 1, patients were randomly assigned in a 1:1:1 ratio to augmentation of their existing
medication with aripiprazole (starting at 2.5 mg per day and increasing to a maximum of 15
mg per day) (aripiprazole-augmentation group), augmentation of their existing medication
with extended-release bupropion (starting at 150 mg per day, with a target of 300 mg per
day and a maximum of 450 mg per day) (bupropion-augmentation group), or a taper of
their current antidepressant and a switch to extended-release bupropion (same dose as the
bupropion-augmentation group) (switch-to-bupropion group). In step 2, patients who did
not have remission in step 1 or who were not eligible for step 1 (typically because they

had already had a trial of bupropion or aripiprazole) were randomly assigned in a 1:1

ratio to augmentation of their existing antidepressant with lithium (starting at 150 or 300

mg per day, depending on coexisting health conditions and concomitant medications, and
increasing to a maximum of 1200 mg per day, with a targeted drug level of 0.6 mmol per
liter) (lithium-augmentation group) or a taper of their current antidepressant and a switch to
nortriptyline (starting at 25 mg per day, increasing to 1 mg per kilogram of body weight, and
targeting a drug level of 80 to 120 ng per milliliter) (switch-to-nortriptyline group). Dose
adjustments were made largely on the basis of PHQ-9 scores through recommendations (not
obligatory) from the trial research team to treating clinicians.

Both steps used a randomized block design. In step 1, patients were stratified according to
the site from which they received their depression care (primary care vs. specialty mental
health), age (<70 vs. =70 years), and trial institution site; in step 2, patients were stratified
according to their step 1 randomization assignment. Patients and investigators were aware of
the trial-group assignments, and there was no placebo group.
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Patients were followed with calls or in-person visits every other week with a trial clinician,
who assessed depression severity using the PHQ-9, as well as adherence to medication and
the occurrence of adverse events, in order to provide guidance to the managing provider to
adjust the trial medication on the basis of symptoms and side effects (details are provided
in the protocol). If preferred by the provider, a trial psychiatrist, instead of the managing
provider, could prescribe the trial medication. Each step was 10 weeks in duration, with up
to 10 additional weeks allowed to accommodate any delays in initiating treatment changes
and assessing outcomes; the median duration was approximately 11 to 12 weeks. The
methods of transition between step 1 and step 2 were designed to resemble real-world care;
guidance on the speed of tapering of step 1 medications is provided in the Supplementary
Appendix.

The effectiveness and safety outcomes were chosen to reflect the stakeholder-driven trial
design. The primary effectiveness outcome was psychological well-being, assessed at the
beginning and end of each step on the basis of patient report with the use of the National
Institutes of Health Toolbox Emotion Battery subscales for Positive Affect and General
Life Satisfaction; we calculated a combined T score of the average of these two subscales
(normative population mean, 50; with higher scores indicating greater well-being).1>

Secondary effectiveness outcomes included remission from depression, changes from the
beginning to the end of each step in the score on the Montgomery—Asberg Depression
Rating Scale (MADRS; range, 0 to 60, with higher scores indicating greater depression), and
changes in social participation and physical function on the basis of the Patient-Reported
Outcomes Measurement Information System (PROMIS) scales (mean [+SD] T score,
50+10; with higher scores indicating greater participation or function). Remission was
defined as a score of 10 or less on the MADRS at the end of each 10-week step, as assessed
by research staff who were trained to use a structured manual3® and who were unaware of
the trial-group assignments. When it was not feasible to obtain a MADRS rating because
the patient could not be contacted, remission was considered to have occurred if the PHQ-9
score was 5 or less at the week 10 visit. Patients who discontinued the trial before the end of
either step were considered to have not had remission.

The primary safety outcomes were falls, including fall-related injuries, and serious adverse
events (defined as life-threatening illness, hospitalization, disability or permanent damage,
or death). During phone assessments every other week, patients were queried about falls
since the last assessment (defined as “a fall, including a slip or trip in which you lost your
balance and landed on the floor or ground or lower level,” with choices of 0, 1, 2, or

>3 falls) and whether falls resulted in an injury (including minor bruising, cuts, or severe
injury). Patients were also systematically queried about serious adverse events and adverse
effects.

Statistical Analysis

The sample size was adjusted mid-trial because recruitment targets would not be met.
Recruitment was stopped on September 21, 2021, short of the original target enrollment
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of 1500 patients into step 1; therefore, a new power calculation was performed under the
assumption of 195 patients in each step 1 group and 124 patients in each step 2 group. This
sample would provide the trial with 80% power to detect a between-group difference of 2.6
points in psychological well-being scores for step 1. Details of the revised power calculation
are provided in the Supplementary Appendix.

Analyses were conducted according to the intention-to-treat principle. Site and
randomization stratification variables were covariates in all the analyses. Psychological well-
being was compared with a repeated-measures analysis of variance with time-by-trial-group
contrasts comparing changes across pairs of trial groups in step 1. A Benjamini-Hochberg
step-down procedure was used to control for the multiple comparisons. If the lowest of the
three P values was less than 0.017 (0.05 + 3), it was considered to be significant, and the
second lowest P value was considered to be significant if less than 0.025 (0.05 + 2). If both
were significant, then the third P value was considered to be significant if less than 0.05.

The percentages of patients with remission were compared with generalized linear models
with a Poisson link function to estimate risk ratios.3! To handle missing data for MADRS
scores at week 10, we considered a PHQ-9 score of 5 or less to indicate remission since the
last visit. On the basis of the prespecified definition of remission, when both an MADRS
score and a PHQ-9 score at week 10 were unavailable because the step was discontinued
prematurely, the patient was considered to have not had remission. Missing values for
continuous variables were estimated with the use of multiple imputation with other variables
collected at the visit. The widths of the confidence intervals for between-group differences in
secondary outcomes were not adjusted for multiple comparisons, and no definite conclusions
can be drawn from these results. A sensitivity analysis was conducted by means of multiple
imputation for remission that used variables from the baseline visit and the week 10 visit as
well as baseline variables.

Rates of falls over approximately a 10-week period were compared with a repeated-
measures generalized linear model with a Poisson link function; factors were trial group and
time (week 2, 4, 6, 8, or 10). The model included all stratification variables and fall history
at baseline. Pairwise comparisons between trial groups were computed. Serious adverse
events were compared with Cox models of time to event with Anderson and Gill extensions
for repeated events. In the safety analyses (falls and serious adverse events), a P value of
less than 0.05 was considered to indicate statistical significance. All statistical analyses were
conducted with the use of SAS software, version 9.4.

Enrollment and Patient Characteristics

From February 22, 2017, through December 31, 2019, a total of 742 patients were enrolled
and assigned to a trial group: 619 in step 1, representing approximately half the originally
anticipated enrollment (1500), and 248 in step 2 (125 moved from step 1 to step 2, and
123 were directly enrolled into step 2, the former chiefly because of a previous failed step
1 treatment) (Fig. 1). Full details about the trial flow in steps 1 and 2 are provided in the
Supplementary Appendix.
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In step 1, the mean age of the patients was 69.3 years; 66.7% were female, 84.3% were
White, and 7.4% were Black. The mean number of previous antidepressant trials was 2.3. In
step 2, the mean age of the patients was 68.5 years; 69.8% were female, 89.5% were White,
and 4.4% were Black. The mean number of previous antidepressant trials was 2.5. Baseline
characteristics were similar across the groups (Table 1). The representativeness of the trial
population with respect to the population of persons with late-life depression is shown

in Table S1 in the Supplementary Appendix. Table S2 shows the existing antidepressant
medications (at the time of randomization) in each trial group. In step 1, approximately 70%
of the patients were adherent to aripiprazole augmentation and bupropion augmentation, but
approximately 40% were adherent to the use of bupropion alone. In step 2, approximately
50% were adherent to medication in each group (Table S7).

Effectiveness Outcomes

In step 1, increases (improvements) from baseline in the psychological well-being T

score were 4.83 points (95% confidence interval [CI], 3.28 to 6.38) in the aripiprazole-
augmentation group, 4.33 (95% CI, 2.76 to 5.91) in the bupropion-augmentation group, and
2.04 (95% Cl, 0.43 to 3.66) in the switch-to-bupropion group. The difference in the change
from baseline in psychological well-being between the aripiprazole-augmentation group and
the switch-to-bupropion group was 2.79 points (95% ClI, 0.56 to 5.02); the P value of 0.014
was the lowest P value for the three between-group comparisons in the step-down procedure
and was lower than the prespecified P value of 0.017 and therefore was significant (Cohen’s
d, 0.37; 95% ClI, 0.07 to 0.67). The difference between the bupropion-augmentation group
and the switch-to-bupropion group was 2.29 points (95% CI, 0.01 to 4.57); the P value of
0.049 was above the prespecified threshold of 0.025 and therefore was not significant. The
difference between the aripiprazole-augmentation group and the bupropion-augmentation
group was 0.50 points (95% CI, —1.69 to 2.69) and was not significant because of the failure
of the step-down hierarchical procedure. In step 2, improvements in the psychological
well-being T score were 3.17 points (95% ClI, 1.12 to 5.22) in the lithium-augmentation
group and 2.18 (95% CI, 0.10 to 4.26) in the switch-to-nortriptyline group (difference, 0.99;
95% CI, —1.92 to 3.91). Table S3 shows scores on each subscale.

Changes in MADRS scores and remission in both steps are shown in Table 2. In step

1, changes from baseline in MADRS scores were —7.60 (95% CI, —9.20 to —5.99) in

the aripiprazole-augmentation group, —7.23 (95% CI, —8.86 to —5.59) in the bupropion-
augmentation group, and —4.14 (95% CI, -5.81 to —2.48) in the switch-to-bupropion group.
The percentage of patients with remission was 28.9% in the aripiprazole-augmentation
group (risk ratio vs. the switch-to-bupropion group, 1.50; 95% ClI, 1.06 to 2.13), 28.2% in
the bupropion-augmentation group (risk ratio, 1.49; 95% ClI, 1.04 to 2.12), and 19.3% in
the switch-to-bupropion group (risk ratio, 1.00 [reference]), without correction for multiple
comparisons. In step 2, changes in MADRS scores were —4.63 (95% CI, —6.78 to —2.49)

in the lithium-augmentation group and -5.33 (95% CI, —7.52 to —3.14) in the switch-to-
nortriptyline group. The percentage of patients with remission was 18.9% in the lithium-
augmentation group and 21.5% in the switch-to-nortriptyline group (risk ratio, 0.84; 95%
Cl, 0.53 to 1.36). In both steps, secondary outcomes of changes in PROMIS measures of
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social participation and physical function were numerically similar in the trial groups (Table
2).

A post hoc sensitivity analysis was conducted for remission with the use of multiple
imputation to account for patients who did not have an MADRS score at week 10. Findings
were similar to those for the original analysis but with slightly higher incidences of
remission and generally lower relative risks (Table S5). Some patients reported exposure
before the trial to one of the step 1 medications; a post hoc sensitivity analysis that excluded
those patients did not substantially change the primary findings (Table S6). The results of

a post hoc sensitivity analysis that categorized patients according to whether or not they
were “adherent” (i.e., started the medication, reached the target dose [e.g., =300 mg per day
for bupropion], and kept taking it until the end of the step) were similar to those of the
intention-to-treat analysis (Table S7). The percentage of patients who both were adherent
and had remission was less than 10% in the switch-to-bupropion group in step 1 and the
lithium-augmentation group in step 2.

Safety Outcomes

In step 1, fall rates during the acute phase over a period of approximately 10 weeks were
0.33 per patient in the aripiprazole-augmentation group, 0.55 in the bupropion-augmentation
group, and 0.38 in the switch-to-bupropion group (Table 3). The risk ratio for falls in the
aripiprazole-augmentation group as compared with the bupropion-augmentation group was
0.59 (95% ClI, 0.38 to 0.92; P = 0.02), in the aripiprazole-augmentation group as compared
with the switch-to-bupropion group was 0.77 (95% ClI, 0.49 to 1.22; P = 0.27), and in the
bupropion-augmentation group as compared with the switch-to-bupropion group was 1.32
(95% Cl, 0.88 to 1.96; P = 0.17). Further details about falls are provided in Table S8.

Rates of overall serious adverse events were 0.07 in the aripiprazole-augmentation group
(hazard ratio vs. the switch-to-bupropion group, 0.59; 95% Cl, 0.31 to 1.11), 0.08 in the
bupropion-augmentation group (hazard ratio, 0.61; 95% ClI, 0.32 to 1.15), and 0.12 in the
switch-to-bupropion group (hazard ratio, 1.00 [reference]), with similar rates of serious
adverse events in the three groups.

In step 2, fall rates were 0.47 per patient in the lithium-augmentation group and 0.38 in the
switch-to-nortriptyline group (risk ratio, 1.22; 95% ClI, 0.62 to 2.39; P = 0.57), and rates of
serious adverse events were 0.10 and 0.09, respectively (hazard ratio, 1.30; 95% CI, 0.58 to
2.92). The most common nonserious adverse events and their frequency with each treatment
strategy are shown in Table 3. Table S9 provides details of all serious adverse events in both
steps, with most considered by the site principal investigators to be unrelated to the trial
medications. Table S10 lists all adverse events, as well as severity levels; adverse events
occurred at a rate of 2.64 per patient across all groups, with similar rates in the augmentation
groups and switch groups.

Discussion

This trial compared the risks and benefits of common antidepressant strategies for older
adults with treatment-resistant depression over two 10-week periods. The trial examined
psychological well-being as the primary effectiveness outcome on the basis of feedback
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from older adults with depression, who indicated that this was an important issue to them
in a survey we conducted to inform the design of this trial.1* There were three key findings.
First, augmentation of existing antidepressant with aripiprazole was significantly better
with respect to psychological well-being than a switch to bupropion, and the percentage

of patients with remission, not adjusted for multiple comparisons, was numerically higher
with either aripiprazole augmentation or bupropion augmentation than with a switch to
bupropion. Second, bupropion augmentation was numerically similar in effectiveness to
aripiprazole augmentation and was associated with a higher rate of falls than aripiprazole
augmentation. Third, lithium augmentation and a switch to nortriptyline were similar in
effectiveness and safety in a population of patients who did not have a response to their
assigned treatment in the first step of the trial or who were not eligible to enter the first step.
These results suggest that in the trial population studied, aripiprazole augmentation may
have been a better overall antidepressant strategy than bupropion augmentation or a switch
to bupropion. The finding that aripiprazole augmentation was more effective than a switch
to bupropion is consistent with the findings of previous studies and trials of aripiprazole
augmentation for treatment-resistant depression in older adults.11

The low incidences of remission in both steps of the trial highlight the challenge of treating
depression when previous medications have failed. For context, the STAR*D trial showed
incidences of remission of 13 to 14% after multiple failed trial uses of medication,32 and

the VAST-D triall2 involving patients with treatment-resistant depression showed incidences
of remission of less than 30% with all treatments tested.12 In our trial, less than 10% of

the patients who switched to bupropion or had augmentation with lithium both reached and
maintained the target dose and had remission.

The higher rate of falls with bupropion augmentation than with aripiprazole augmentation
may be clinically important, because it included many injurious falls. A higher risk of falls
with bupropion augmentation than with other strategies has been previously reported in a
treatment trial involving patients with late-life depression.2! Even in the lowest fall-risk
group (augmentation with aripiprazole), we observed a rate of 0.33, which means one

fall for every three patients during approximately 10 weeks of treatment. These findings
warrant further examination to inform prevention strategies. With respect to adverse events
and serious adverse events, there was no suggestion in the trial results that patients in the
augmentation groups were more likely to have an adverse event than those in the switch
groups.

There are several limitations to this trial. First, the trial had no placebo group and patients
were aware of their trial-group assignments, so we cannot rule out the possibility that
patients may have been reacting positively to receiving two drugs rather than one and

cannot determine whether any of the treatment strategies was better than no change in
pharmacologic treatment. Second, the trial enrolled approximately half its targeted sample;
therefore, tests of effectiveness or safety may have been underpowered. Third, each step of
the trial lasted 10 weeks, and we cannot assess whether longer exposure to a trial drug would
have had different effectiveness or risks. Fourth, adherence to the treatment strategies was

in the range of 50 to 70%, which highlights the challenge of managing treatment-resistant
depression in real-world settings. Fifth, the number of patients who belonged to traditionally
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underrepresented racial or ethnic groups was smaller than planned, possibly related to
disparities of access.33 Sixth, our findings do not apply to other augmentation and switching
options.

This pragmatic trial involving older persons with treatment-resistant depression showed
greater improvement in psychological well-being and a numerically higher incidence of
remission with aripiprazole augmentation than with a switch to bupropion. Improvement
in psychological well-being and incidences of remission were low but similar with lithium
augmentation or a switch to nortriptyline after the failure of initial trial treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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6119 Patients were approached
for enrollment in the trial

2039 Were ineligible
2894 Declined screening
131 Were eligible but declined
to participate

1055 Passed prescreening stage

885 Provided consent

143 Were excluded
102 Were not eligible for
randomization
25 Withdrew consent
11 Were lost to follow-up or could
not be contacted
3 Were withdrawn by investigator
2 Had other reason

742 Underwent randomization

619 Underwent step 1 randomization

123 Underwent step 2 randomization

directly

211 Were assigned to receive
augmentation with aripiprazole

206 Were assigned to receive
augmentation with bupropion

202 Were assigned to switch
to bupropion

125 Continued to step 2 randomization

248 Underwent step 2 randomization

127 Were assigned to receive
augmentation with lithium

to nortriptyline

121 Were assigned to switch

Figure 1. Enroliment and Randomization in Step 1 and Step 2.
Additional details regarding the trial flow of each step are provided in the Supplementary

Appendix.
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