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Abstract: Objective: Whether vortioxetine has a utility as an adjuvant drug in the treatment of bipolar depression remains
controversial. This study aimed to validate the efficacy and safety of vortioxetine in bipolar depression. Methods: Patients with
bipolar II depression were enrolled in this prospective, two-center, randomized, 12-week pilot trial. The main indicator for
assessing treatment effectiveness was a Montgomery-Asberg Depression Rating Scale (MADRS) of >50%. All eligible patients
initially received four weeks of lurasidone monotherapy. Patients who responded well continued to receive this kind of
monotherapy. However, no-response patients were randomly assigned to either valproate or vortioxetine treatment for eight
weeks. By comprehensively comparing the results of MADRS over a period of 4-12 weeks, a systematic analysis was conducted
to determine whether vortioxetine could be used as an adjuvant drug for treating bipolar depression. Results: Thirty-seven
patients responded to lurasidone monotherapy, and 60 patients were randomly assigned to the valproate or vortioxetine group
for eight weeks. After two weeks of combined valproate or vortioxetine treatment, the MADRS score in the vortioxetine group
was significantly lower than that in the valproate group. There was no difference in the MADRS scores between the two groups
at 8 and 12 weeks. The incidence of side effects did not significantly differ between the valproate and vortioxetine groups.
Importantly, three patients in the vortioxetine group appeared to switch to mania or hypomania. Conclusions: This study
suggested that lurasidone combination with vortioxetine might have potential benefits to bipolar II depression in the early stage,
while disease progression should be monitored closely for the risk of switching to mania.
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2019). Managing bipolar depression remains a major
challenge for clinicians because of the complex nature
of bipolarity (Mitchell et al., 2008; Mclntyre and
Calabrese, 2019). As we all know, BD is a mental dis-
ease with multi-dimensional symptoms, involving pow-
erful emotions, cognitive impairment, behavioral and
other related symptoms and phenotypes. The corre-
sponding pathological changes are complex neurotrans-
mitter and receptor dysfunction. Further clinical evi-
dence suggests that several atypical antipsychotics are
effective in the treatment of the acute phase of bipolar
depression, which also lays the foundation for these
drugs to be recommended as first-line treatment in
national treatment guidelines (Loebel et al., 2014a;
Suttajit et al., 2014). The US Food and Drug Admin-
istration (FDA) has approved four atypical antipsy-
chotics for treating bipolar depression: quetiapine,
lurasidone (LUR), cariprazine, and a combination of
fluoxetine with olanzapine (Mclntyre et al., 2013).
The mechanism of action of these antipsychotics may
be related to the complex pharmacological mechanism
of multi-target and multi-receptor regulation of seroto-
nergic, dopaminergic and other pathways, which im-
proves the multi-dimensional symptoms of bipolar
depression (Fountoulakis et al., 2024). However, the
accumulated evidence of treatment options in bipolar II
depression is insufficient. Only quetiapine and extended-
release quetiapine have been approved for the treat-
ment of this type (Mitchell et al., 2008; Mclntyre et al.,
2013; Calabrese et al., 2021). In addition, BD pro-
gnosis is complicated by cardiometabolic problems
and immunological abnormalities associated with the
disease or its treatment, substantially reducing patients’
life expectancy (Crump et al., 2013; Forte et al., 2015;
Yalin and Young, 2020). Therefore, more effective and
safer intervention is imminent.

The atypical antipsychotic drug LUR, is a potent
antagonist of dopamine-2 (D2), serotonin 2A (5-HT2A),
and 5-HT7 receptors, and a partial agonist of 5-HT1A
receptor. The serotonergic receptor action of LUR
appears to be effective in alleviating depression and
promoting cognition, and the D2 blockade may act as
a protective mechanism and reduce the risk of switch-
ing to mania/hypomania (Greenberg and Citrome, 2017).
LUR was successively approved by the FDA and re-
commended in the 2018 Canadian Network for Mood
and Anxiety Treatment (CANMAT) and the Interna-
tional Society for Bipolar Disorders (ISBD) guidelines
for the acute bipolar depressive episode (Yatham et al.,
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2018). It was established as efficacious for monotherapy
and an adjunct to lithium or valproate (VAL). LUR is
devoid of antihistaminic or anticholinergic activity,
and therefore it is well tolerated, with minimal effects on
weight and metabolic parameters (Ishibashi et al., 2010;
Ketter et al., 2016). However, these results were based
on studies conducted exclusively on patients with BD-I,
and hence may not be generalizable to BD-II. The
efficacy and safety of LUR in BD-II require further
validation. Currently, using antidepressants to treat
bipolar depression remains controversial due to the
limited evidence of their efficacy and the potential risk
of switching to mania or inducing rapid cycling. This
issue particularly affects BD-II patients who have more
frequent and longer depressive episodes and a higher
risk of suicide attempts than those with BD-I (Pacchi-
arotti and Verdolini, 2021). Notably, several systematic
reviews and meta-analyses have demonstrated that anti-
depressants may be safe with moderate efficacy when
administered adjunctively with mood-stabilizing phar-
macological agents, such as lithium, lamotrigine, and
second-generation antipsychotics, especially in BD-II
(Tondo et al., 2013; Grande et al., 2016; McGirr et al.,
2016; Liu et al., 2017). However, the efficacy and safety
of antidepressants as adjuvants with new mechanisms
of action need to be urgently evaluated.

Vortioxetine (VOR) is a novel multimodal anti-
depressant with unique modulation systems that dir-
ectly affect various 5-HT receptors and inhibit their
transporters (Bang-Andersen et al., 2011; Merk et al.,
2012). It is effective against a broad spectrum of de-
pressive symptoms (Cipriani et al., 2018; de Diego-
Adelino et al., 2022). Current clinical experience for
VOR points to a low risk of switching to mania in
patients with major depressive disorder, and several
recent meta-analyses have shown no information on the
risk of a hypomanic/manic switch induced by VOR in
patients with major depressive disorder (Berhan and
Barker, 2014; Pae et al., 2015). In September 2019,
4.87 million patients (approximately 20 million patients
treated for three months) treated with VOR were
included in the Periodic Safety Update Report, with
51 cases of hypomania and 322 cases of mania. Accord-
ing to this data, the conversion rate of VOR is approxi-
mately 1 per 10000 patient-years or 1 per 40000 patients.
Given the advantages of VOR in treating major de-
pressive disorders, it is vital to study its efficacy in
BD-II depressive episodes and the risk of switching
to mania. Therefore, the present study aimed to validate
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the clinical efficacy and safety of VOR as an adju-
vant therapy in patients who do not respond to LUR
monotherapy.

2 Patients and methods
2.1 Patients

The patient inclusion criteria were as follows:
(a) 18 to 65 years of age; (b) meeting the diagnostic
criteria for BD-II as per the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition (DSM-5),
and being required to have a current major depres-
sive episode (Kaltenboeck et al., 2016); (c) a score of
=220 on the Montgomery-Asberg Depression Rating
Scale (MADRS) (Montgomery and Asberg, 1979); and
(d) a Young Mania Rating Scale (YMRS) score of
<14 at screening and baseline (Young et al., 1978;
DelBello et al., 2017). The Mini International Neuro-
psychiatric Interview (MINI) (Sheehan et al., 1998) was
conducted to exclude patients characterized by the
following: (a) meeting DSM-5 criteria for a current or
lifetime schizophrenia and related psychotic disorder
diagnosis; (b) a medically unstable condition; (c) pre-
vious intolerance to LUR or currently using LUR at
a study baseline or within three months of the study;
(d) borderline personality disorder; (e) substance use
disorder within the past six months; (f) intellectual dis-
ability and autism spectrum disorder; (g) no capacity
to provide informed, written consent; and (h) having
taken any psychotropics for four consecutive weeks
before the enrollment. Additional exclusion criteria in-
cluded a history of electroconvulsive therapy (ECT)
within the past three months, participation in an inves-
tigational drug trial within 30 d before the start of the
trial, pregnancy and lactation, and women of child-
bearing potential without adequate contraception.

2.2 Study design

This prospective, two-center, randomized, 12-week
pilot study aimed to compare the combination therapy of
the VAL group and the VOR group regarding MADRS
total score reduction. Eligible patients initially received
LUR monotherapy for four weeks. At the end of the first
phase, those who had achieved a =50% improvement
compared with the baseline in MADRS total score con-
tinued the monotherapy with LUR. No-response patients
with a <50% reduction in the MADRS total score were

randomly assigned to either the LUR combined with
VAL or LUR combined with VOR group for eight
weeks. The randomization list was computer-generated
and blinded to both the investigators and the patients.
The dose of LUR administered in the first two weeks
was routinely titrated. The patients who met the inclu-
sion criteria began open-label treatment with 20 mg/d
of LUR on Days 1-3 and 40 mg/d on Days 4-7, and
then received flexible dosing of 20-120 mg/d. After
four weeks, patients in the VAL group received a flex-
ible 500—1000 mg/d dose of sodium VAL. The patients
in the VOR group started taking VOR at a variable
dose of 5-20 mg/d. At Weeks 5—12, the dose of LUR
was varied and adjusted based on the patient’s toler-
ance and response (20-120 mg/d). The second stage
of the study lasted for eight weeks. Propranolol (20—
30 mg/d) was administered as required for akathisia.
The concomitant use of alprazolam (0.4—1.2 mg/d)
was permitted for insomnia.

2.3 Efficacy

Efficacy assessments were conducted at baseline
and weekly intervals throughout the experiment. To
further evaluate the potential of VOR as an adjuvant
for bipolar II depressive episodes, the patients who did
not respond to 4-week LUR monotherapy were ran-
domly administered VOR or VAL. The primary efficacy
endpoint was the mean change in the MADRS total
score between the VAL and VOR groups from Week 4
to Week 12. The score of MADRS, a 10-item scale with
a total score ranging from 0 to 60, was assessed by a
qualified site-based rater at each time-point. Treatment
response was defined as achieving =50% reduction in
MADRS total score from baseline. Additional efficacy
parameters included changes in the Hamilton Rating
Scale for Depression (24-items) (HAMD-24), Hamilton
Anxiety Rating Scale (HAMA), and Young Mania
Rating Scale (YMRS) scores from baseline to Week 12.

2.4 Therapeutic drug monitoring

In order to measure the serum concentration of
the LUR, 5 mL venous blood samples were taken into
ethylene diamine tetraacetic acid (EDTA) Vacutainer
tubes under steady-state conditions after 14 and 28 d
of LUR treatment. The blood samples were obtained
between 12 h post-dose and before the first daily drug
intake and processed immediately by centrifugation.
The serum concentrations of LUR were determined at



the laboratories for therapeutic drug monitoring (TDM)
by high-performance liquid chromatography (HPLC)
and ultraviolet (UV) detection. Both methods were
validated and checked for accuracy.

2.5 Risk of switching to mania/hypomania

Treatment-emergent switching to mania or hypo-
mania was recorded at each time point. We extended
the clinical follow-up period by four weeks to assess the
mania/hypomania symptoms through telephone follow-
ups at Week 16. Treatment-emergent mania (TEM) or
treatment-emergent hypomania was defined a priori as
a YMRS score of =16 on any two consecutive Vvisits or
at the final assessment (MclIntyre et al., 2020), or if an
adverse event of mania or hypomania fulfilled DSM-5
criteria.

2.6 Statistical analysis

Data were analyzed using SPSS software version
27. Descriptive statistics were presented as mean+
standard error of the mean (SEM) for quantitative
values and frequency (percentage) for qualitative values.
The Kolmogorov-Smirnov test was used to test for the
normality of data. Differences were compared using
paired-sample #-test. The homogeneity of variance was
evaluated using an evenness test. Pearson’s and Chi-
square tests were applied to analyze the correlation
between quantitative and qualitative variables. Statisti-
cal significance was set at P<(0.05. The intent-to-treat
population included randomly assigned patients who
received at least one dose of the studied medication and
had a baseline and at least one post-baseline MADRS,
HAMD-24, HAMA, and YMRS total scores. A gener-
alized linear mixed model was performed using the
maximum likelihood (ML) method to analyze the
primary efficacy variable: the change from Week 4 to
Week 12 in the MADRS, HAMD-24, HAMA, and
YMRS total scores. Furthermore, Pearson’s correlation
analysis was conducted to evaluate the correlation be-
tween short-term efficacy and serum LUR concentrations.

3 Results
3.1 Patients

In total, 126 patients were screened for eligibility,
of which 100 met the inclusion criteria and were
included in the study (10 did not meet the entry criteria
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and 16 withdrew consent). The trial consisted of two
stages, as shown in Fig. 1. During the first stage, all
participants were treated by monotherapy with LUR;
three patients (3.0%, 3/100) switched to mania and
eventually were excluded. In the first stage, the re-
sponse and no-response groups depended on the re-
duction of the MADRS total score compared to the
baseline. Response was defined as a =50% reduction
in the score, and these patients continued to receive
the monotherapy with LUR. Sixty no-response patients
who showed a <50% reduction of the MARDS score
were randomly divided into the VAL and VOR groups.
During the second stage, 27, 28, and 18 patients com-
pleted the 12-week treatment in the LUR, VAL, and
VOR groups, respectively.

The baseline characteristics of all patients are
summarized in Table 1. The age, education, illness
duration, and body mass index (BMI) for the patients
were (21.17+0.81) years, (11.83+£0.30) years, (44.14+
5.23) months, and (21.40+0.41) kg/m’, respectively.
The HAMD-24, HAMA, MADRS, and YMRS total
scores for patients at the enrolment were 23.94+0.41,
16.96+0.51, 24.80+0.42, and 5.62+0.34, respectively.

Table 1 Characteristics of the enrolled patients on baseline

Variables Value (n=100)

Age (years) 21.17+0.81
Sex (M/F) 33/67
Duration (months) 44.14+£5.23
BMI (kg/m’) 21.40+0.41
Marital status (unmarried/married/divorced) 85/13/2
Education (years) 11.83+0.30
HAMD-24 (Week 0) 23.94+0.41
HAMA (Week 0) 16.96+0.51
MADRS (Week 0) 24.80+0.42
YMRS (Week 0) 5.62+0.34

Data are expressed as meantstandard error of the mean (SEM) or
number of patients. M: male; F: female; BMI: body mass index;
HAMD-24: Hamilton Rating Scale for Depression (24-items); HAMA:
Hamilton Anxiety Rating Scale; MADRS: Montgomery-Asberg
Depression Rating Scale; YMRS: Young Mania Rating Scale.

3.2 Characteristics of response and no-response
patients at the end of the first stage

Notably, all patients were treated with LUR mono-
therapy for four weeks. Furthermore, 37 (37.0%, 37/100)
and 60 (60.0%, 60/100) patients were assigned to the
response (LUR) and no-response groups, respectively,
based on whether the MADRS score reduction rate
was =50% or lower. Patients in the response group
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Screened patients with bipolar Il
depression
n=126
Excluded patients: n=26
- Patients withdrew consent: n=16
- Patients did not meet inclusion
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' ; l l
MARDS score reduction >50% MARDS score reduction <50% Patients withdrew due to
n=37 n=60 switching to mania: n=3
Randomization Twelve weeks of treatment
n=60
! 1
LUR LUR+VAL LUR+VOR
(n=37) (n=31) (n=29)
Phase 2 l
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Lost to follow up: Lost to follow up: Lost to follow up:
- Week 6: n=1 - Week 6: n=0 - Week 6: n=5
- Week 8: n=0 - Week 8: n=0 - Week 8: n=2
- Week 12: n=9 - Week 12: n=3 - Week 12: n=4
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Completed treatment Completed treatment Completed treatment
(n=27) (n=28) (n=18)

Fig. 1 Enrolment and randomization. LUR: lurasidone; VAL: valproate; VOR: vortioxetine; MADRS: Montgomery-Asberg

Depression Rating Scale.

had significantly longer education time than those in
the no-response group ((12.92+0.51) years vs. (11.33+
0.36) years, =2.598, P=0.011). The two groups had
no significant differences in age, sex, disease duration,
BMI, or marital status (Table 2).

During the 4-week LUR monotherapy, the pri-
mary efficacy endpoint MADRS total score declined
in both groups at every visit, while significant differ-
ences between the response and no-response groups
were observed at Week 4 (Week 2: 14.48+1.08 vs.
16.86+0.84, P=0.081; Week 4: 7.72+0.67 vs. 18.16+
0.53, P<0.001). The mean changes from baseline to
Week 4 in HAMD-24 were 13.32+1.05 vs. 16.31+0.82
(P=0.025, Week 2) and 8.47+1.02 vs. 17.94+0.79 (P<

0.001, Week 4), those in HAMA were 10.13£1.01 vs.
12.44+0.79 (P=0.07, Week 2) and 6.37+0.88 vs. 12.84+
0.68 (P<0.001, Week 4), and those in YMRS were 3.13+
0.52 vs. 4.63+0.41 (P=0.023, Week 2) and 2.59+0.52 vs.
4.5440.41 (P=0.003, Week 4). The total scores in the re-
sponse group were significantly lower than those in the
no-response group at the Week 4 time-point. In addition,
the two groups had significant different HAMD-24 and
YMRS total scores at the Week 2 time-point (Fig. 2).

3.3 Correlation of lurasidone serum concentrations
with the 4-week monotherapy efficacy

Within the naturalistic setting of a routine TDM
service at the First Affiliated Hospital, Zhejiang



Table 2 Characteristics of patients in the response group vs.
no-response group at baseline

Variables RZ’ZE‘;;;G Noizejz‘o’;’se
Age (years) 23.30+1.48 20.17+0.95
Sex (female) 27 (73.0%) 39 (65.0%)
Sex (male) 10 (27.0%) 21 (35.0%)
Duration (months) 48.35+7.05 43.66+7.17
BMI (kg/m’) 21.95+0.81 20.98+0.44
Marital status (unmarried) 30 (81.1%) 52 (86.7%)
Marital status (married) 6 (16.2%) 7 (11.7%)
Marital status (divorced) 1 (2.7%) 1 (1.7%)
Education (years) 12.92+0.51 11.33£0.36"

Data are expressed as meantstandard error of the mean (SEM) or
number (percentage) of patients. * P<0.05.

University School of Medicine, 74 patients under-
went serum concentration measurements of LUR in
Week 2 and 80 patients in Week 4. Among the 74 pa-
tients who received the TDM service in Week 2, 29
(39.2%, 29/74) achieved a MADRS reduction pro-
portion of >50% after four weeks of treatment with
LUR, with a mean dose of (43.44+2.82) mg/d, and 45
no-response patients (60.8%, 45/74) had a similar
mean dose of (43.11£1.55) mg/d (P=0.910; Fig. 3a).
The serum concentrations of LUR were (5.78+0.95)
and (4.55+0.45) ng/mL, respectively, for the response
and no-response groups (P=0.196). In Week 4, 80 pa-
tients had received TDM. In total, 33 patients (41.2%,
33/80) responded to the 4-week monotherapy of LUR,
with a mean dose of (44.85+1.90) mg/d, while 47
(58.8%, 47/80) failed to respond, with a similar dose
of (49.79+1.79) mg/d (P=0.067). The TDM results
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Fig. 2 Changes in the MADRS (a), HAMD-24 (b), HAMA (c),
and YMRS (d) scores of the response and no-response
groups during lurasidone monotherapy after four weeks
of treatment. Response group: the MADRS score reduction
rate was >50%; No-response group: the MADRS score
reduction rate was <50%. Data are expressed as mean+
standard error of the mean (SEM). " P<0.05, * P<0.01, ™ P<
0.001, vs. the no-response group. MADRS: Montgomery-
Asberg Depression Rating Scale; HAMD-24: Hamilton
Rating Scale for Depression (24-items); HAMA: Hamilton
Anxiety Rating Scale; YMRS: Young Mania Rating Scale.

showed similar concentrations for the two groups
(response (6.25+0.89) ng/mL vs. no-response (6.50=
0.78) ng/mL, P=0.836; Fig. 3b). Spearman correla-
tion analysis revealed no significant correlation be-
tween LUR concentration and the MADRS reduc-
tion rate (»=0.117, P=0.303; Fig. 3c¢).
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Fig. 3 Correlation of lurasidone serum concentrations with the 4-week monotherapy efficacy. Dose (a) and concentration (b)
of lurasidone in the response and no-response groups during the 4-week lurasidone monotherapy treatment. Data are
expressed as meantstandard error of the mean (SEM). ns: not significant (P>0.05). (c) Pearson’s correlation coefficient
was used to analyze the correlation between serum lurasidone concentration and drug efficacy.
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3.4 Efficacy of combined vortioxetine therapy in
bipolar II depression

After a 4-week monotherapy with LUR, 37 (37.0%,
37/100) response patients continued this monotherapy.
At the same time, 60 no-response patients were as-
signed to the VAL (31 patients) or the VOR group
(29 patients). The patients’ demographics and clinical
characteristics are shown in Table 3. The two groups
had no significant differences at baseline in age, sex,
BMI, years of education, or disease duration (P>0.05;
Table 3). Two groups had no significant differences in
the HAMD-24, HAMA, or MADRS score at the end
of the 4-week monotherapy or the beginning of the
combined treatment (P>0.05). There was a statistically
significant difference in the YMRS score between the
two groups (VAL: 5.77+0.73 vs. 3.31%0.48, P=0.007);
however, both groups scored within the normal rating
range. The VAL treatment group showed a significant
improvement in their YMRS scores during the 8-week
follow-up period (P<0.001), highlighting the inherent
characteristics of VAL as a mood stabilizer (Fig. 4d).
After a 2-week combination treatment with VAL or
VOR, the mean MADRS score in the VOR group
(11.93+1.06) decreased significantly compared to the
VAL group (15.02+0.94) at the end of Week 6 (Fig. 4a).
However, there were no significant differences in the
HAMD-24, HAMA, or YMRS total score. In the sub-
sequent two weeks, the MADRS score in the VAL group
declined significantly, to a value (10.92+1.04) close
to that in the VOR group (12.20+1.23) by the end of
the eighth week (P=0.424; Fig. 4a). There were no
significant differences in the HAMD-24, HAMA, or
YMRS total score between the two groups at the end
of the eighth week (Figs. 4b—4d). At the final visit
(12 weeks), the MADRS, HAMD-24, HAMA, or
YMRS total score showed no significant differences
between the two groups (Fig. 4).

3.5 Adverse events

The study completion rates were 73.0% (27/37),
90.3% (28/31), and 62.1% (18/29) in the LUR, VAL,
and VOR groups, respectively. The proportion of
patients who discontinued treatment due to any adverse
event was <20% in each treatment group, which was
similar in the LUR (13.5%, 5/37), VAL (16.1%, 5/31),
and VOR groups (13.8%, 4/29) (P>0.05).

Treatment-emergent adverse events (TEAEs) re-
ported with an incidence of >5% in at least one group

Table 3 Demographic and clinical characteristics between
the valproate (VAL) and vortioxetine (VOR) groups

Variables VAL (n=31)  VOR (n=29)
Age (years) 19.39+£1.12  20.97+1.55
Sex (female) 22 (71.0%) 17 (58.6%)
Sex (male) 9 (29.0%) 12 (41.4%)
Duration (months) 32.16+7.18  54.03£13.43
BMI (kg/m’) 21.3240.72  20.63+0.50
Marital status (unmarried) 28 (90.3%) 24 (82.8%)
Marital status (married) 3(9.7%) 4 (13.8%)
Marital status (divorced) 0 (0.0%) 1 (3.4%)
Education (years) 11.42+0.47 11.24+0.57
HAMD-24 (Week 4) 16.65£1.20  18.24+1.23
HAMA (Week 4) 11.24+1.02  13.95+1.05
MADRS (Week 4) 16.98+0.78  18.84+0.79
YMRS (Week 4) 5.62+0.62 3.32+0.63"

Data are expressed as meantstandard error of the mean (SEM) or
number (percentage) of patients. = P<0.05. BMI: body mass index;
HAMD-24: Hamilton Rating Scale for Depression (24-items); HAMA:
Hamilton Anxiety Rating Scale; MADRS: Montgomery-Aberg Depression
Rating Scale; YMRS: Young Mania Rating Scale.

are listed in Table 4. No significant differences were
observed in the incidence of adverse effects between
the VAL and VOR groups (P>0.05).

3.6 Treatment-emergent mania

TEM was defined as the changed YMRS total
score of =16. Three patients were recorded and diag-
nosed in the first four weeks. In the second stage, no
TEM occurred in the VAL groups; however, three
patients (10.3%, 3/29) switched to mania in the VOR
group, despite a significantly higher baseline YMRS
in the VAL group than that in the VOR group (5.77+
0.73 vs. 3.31+0.48, P<0.05). We extended the clinical
follow-up period by an additional four weeks. Finally,
no new incidents of TEM occurred in any group at the
end of Week 16.

4 Discussion

The present study is the first to evaluate the
efficacy and safety of VOR as an adjunctive thera-
peutic agent combined with LUR for bipolar II depres-
sion. In the first two weeks of the second stage, the
depression symptom was significantly improved in the
VOR group compared to the VAL group; however,
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Fig. 4 Changes in the MADRS (a), HAMD-24 (b), HAMA (c), and YMRS (d) scores of the VAL and VOR groups in
phase 2 treatment. VAL: lurasidone plus valproate group; VOR: lurasidone plus vortioxetine group. Data are expressed
as meanzstandard error of the mean (SEM). * P<0.05, VOR vs. VAL. MADRS: Montgomery-Asberg Depression Rating
Scale; HAMD-24: Hamilton Rating Scale for Depression (24-items); HAMA: Hamilton Anxiety Rating Scale; YMRS:

Young Mania Rating Scale.

Table 4 Adverse events

Event VAL (n=31) VOR (n=29) P
Atleast one event 29 (93.5%) 22 (75.9%)  >0.05
Nausea/vomiting 13 (41.9%) 15(51.7%)  >0.05
Headache 2 (6.5%) 1 (3.4%) >0.05
Akathisia 4 (12.9%) 2 (6.9%) >0.05
Somnolence® 10 (32.3%) 7(24.1%)  >0.05
Parkinsonism” 3 (9.6%) 2 (6.9%) >0.05
Weight gain 6 (19.4%) 3(10.3%)  >0.05

Data are expressed as number (percentage) of patients. * Somnolence:
hypersomnia, sedation, and somnolence. " Parkinsonism: cogwheel
rigidity, drooling, parkinsonism, psychomotor retardation, and tremor.

the superiority of VOR was not sustained in the fol-
lowing six weeks. The results showed that the VOR
combination has a potential for treating depressive
mood. Considering the cyclic characteristics of BDs,
expert consensus recommends avoiding or limiting
antidepressant prescriptions (ADs) in BDs, and guide-
lines commonly suggest using ADs only during se-
vere depressive episodes with poor responses to mood
stabilizers and/or antipsychotics (Cheniaux and Nardi,
2019). However, a review article highlighted that ap-
proximately one-third of patients with BD between

acute episodes took ADs under pressure to manage
their depressive phase, with inconsistent results for
efficacy (Dell'Osso et al., 2021). Notably, some studies
and analyses indicated that cautious short-term treat-
ment with antidepressants combined with mood-
stabilizing treatments may reduce depressive episodes in
BDs, especially BD-II, without increasing the risk of
new manic/hypomanic episodes (Tondo et al., 2013;
Liu et al., 2017; Pacchiarotti and Verdolini, 2021;
Terao, 2021). Nonetheless, there is still insufficient
evidence on the efficacy and switching risk of VOR in
treating patients with bipolar II depression. Our study
demonstrated that combined VOR decreased depressive
symptoms more rapidly than combined VAL in the first
two weeks, which is an advantage that might be
important for BD patients with suicidal ideation or
attempts.

Furthermore, only one 24-week, open-label, add-on
VOR study in bipolar depression has demonstrated that
73.3% of all patients (44/60) responded to VOR and
51.7% (31/60) achieved clinical remission of depres-
sive symptoms, indicating that VOR added to a mood
stabilizer may constitute an efficient therapeutic option
for bipolar depression (Siwek et al., 2022). Our study
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also demonstrated that the efficacy of an 8-week add-on
VOR therapy was similar to the proven efficacy of LUR
combined with VAL therapy (Loebel et al., 2014b;
Calabrese et al., 2017), which was recommended as the
first-line treatment for bipolar depression in the 2018
CANMAT and ISBD guidelines (Yatham et al., 2018).
Therefore, LUR combined with VOR may be an alter-
native treatment option for patients with bipolar de-
pression. However, the efficacy of this drug combina-
tion should be validated on an independent large-size
cohort.

Notably, several studies have reported phase
switching in the bipolar depression induced by VOR
(Sobreira et al., 2017; D'Andrea et al., 2019). In one
such study, seven (11.7%) of 60 patients with BD de-
veloped a treatment-emergent affective switch (Siwek
et al., 2022). Our study reported a similar proportion
of patients (10.3%, 3/29) who switched to the manic
state in the VOR group, which had a higher rate than
the VAL group. The switching rate was consistent with
previous open studies on selective serotonin reuptake
inhibitors (SSRIs) added to current mood stabilizer
treatments (switching rate 7%—16% for SSRIs) (Lev-
erich et al., 2006; Sidor and Macqueen, 2011). How-
ever, the difference in the switching rates between the
two groups was not statistically significant. Our re-
sults suggested that LUR combined with VOR did not
increase the risk of switching in patients with bipolar II
depression. Furthermore, we analyzed three patients
who developed treatment-emergent hypomania. Their
HAMA and YMRS scores at baseline were 16 and 8,
15 and 2, and 25 and 5, respectively. To our knowledge,
patients with YMRS scores=>4, or comorbid with anxiety-
related disorders, may experience agitation, restless-
ness, and distractibility, overlapping symptoms of mixed
depression in BD. These symptoms may indicate mixed
features of depressive episodes; therefore, antidepres-
sants should be used cautiously.

The most typical TEAEs were nausea both in the
VOR group (15/29, 51.7%) and the VAL group (13/31,
41.9%). Given that more than 95% of 5-HT in the
body is localized in the gastrointestinal (GI) tract, VOR
may affect the 5-HT system localized therein, leading
to nausea and vomiting. Furthermore, the incidence rate
of nausea in the VOR group in our study was higher
than that in previous reports (20.9%—31.2%) (Baldwin
et al., 2016). This difference may be attributed to
the fact that for the combination of LUR, the most
frequent adverse event was nausea (incidence rate of

10.4%-17.4%) (Loebel et al., 2014a). Somnolence
ranked second, which was followed by weight gain in
both groups. However, the proportion of patients who
discontinued treatment owing to an adverse event was
similar, with <15% in each treatment group. These re-
sults indicated that despite a slightly increased inci-
dence of adverse events during combination treatment
with VOR, this did not lead to an increased withdrawal
rate due to adverse events. Skin-related adverse events,
such as pruritus, have been frequently reported in pre-
vious research (Li et al., 2023). However, acute se-
vere skin reactions associated with VOR have only
been reported in four cases.

Our study is the first to evaluate the monotherapy
efficacy of LUR in treating bipolar II depression, as
defined by the DSM-5. Notably, 37 (37%, 37/100)
patients responded to monotherapy with LUR with
reduced MADRS total score within the first four
weeks. Several studies have shown that LUR is effec-
tive in treating bipolar I depression patients (Loebel
et al., 2014a; Kato et al., 2020), and in these studies,
38.5%—-53.0% of patients receiving 20-120 mg/d of
LUR achieved =50% improvement on the MADRS at
the endpoint (six weeks). These results are consistent
with a previous study that focused on patients with
depressive episodes in bipolar II and other specified
bipolar and related disorders (bipolar II/OSBDs) re-
ceiving a mean dose LUR of (31.0£15.0) mg/d, with
a remission rate of 38.1% at Week 12 (Takaesu et al.,
2022). These data indicate that less than 40% patients
with bipolar depression fail to respond to LUR mono-
therapy, which calls for combination with antidepres-
sant or mood stabilizers to satisfy actual clinical needs.

Our results showed no significant difference in
LUR doses between the response and no-response
groups, although the no-response group received a
slightly higher dose at the end of the fourth week. We
investigated whether serum LUR concentrations were
correlated with clinical efficacy, but did not find sig-
nificant differences in LUR concentration between the
response and no-response groups. At the same time,
there was no correlation between LUR concentration
and the MADRS reduction rate (=0.117, P=0.303).
These negative findings indicate that the effectiveness
of LUR treatment may not be directly linked to drug
concentration. In previous monotherapy studies, an
20—-60 mg/d dose of LUR significantly exceeded the
benefits of 80—-120 mg/d in reducing depressive symp-
toms in patients with bipolar I depression. However,



increasing the dose of LUR did not seem to improve
its clinical efficacy in patients with bipolar depression.
This phenomenon can be potentially attributed to vari-
ous biological and psychological factors. Besides the
5-HT1A and 5-HT7 receptor mechanism of LUR
(Roberts et al., 2016), the patient’s personality and
psychological stress both affect the outcome of clinical
intervention.

For the reasons above, a 20 mg/d dose of LUR
was sufficiently therapeutic for 32.3% of patients with
bipolar depression. As the dose is increased to an
average of 40 mg, the D2 receptor blockade becomes
sufficiently high to mediate the antipsychotic effect
(63%—67% for 40 mg, 77%—84% for 60 mg) (Meltzer
et al., 2011; Wong et al., 2013). The high D2 receptor
occupancy effect in patients treated with higher doses
may be associated with depressogenic effects (Al et al.,
2020). In addition, moderate affinity for 5-HT1A re-
ceptors may be vital in bipolar depression (Ishibashi
et al., 2010; Fountoulakis et al., 2012), and a significant
association between functional 5-hydroxytryptamine
receptor 1A polymorphisms and treatment response to
LUR has been verified in patients with acute psychotic
schizophrenia (Yoshikawa et al., 2020). Therefore, the
differences in the efficacy of LUR treatment among
patients may be associated with their receptor expres-
sion profiles. Moreover, other factors, such as varia-
tions in the expression of LUR target receptors and
psychosocial influences, may also affect the efficacy
of this drug, especially in adolescent patients. These
results highlight the need for well-designed clinical
studies to further explore the impact of the pharmaco-
logical properties of the receptor on the efficacy of
LUR in patients with bipolar depression.

Our study has several limitations. Firstly, because
of the single-arm design of 4-week LUR monotherapy
trial, only external historical data could be compared
to evaluate the safety and effectiveness of the drug
during the first stage. Therefore, the results should be
interpreted cautiously. Secondly, the age of participants
was younger in comparison with similar clinical trials,
which is the limitation of single-center studies. There-
fore, replication with a larger sample including more
middle-aged and older patients from more centers is
required. Thirdly, the trial completion rate was relatively
moderate, and the significant dropout rate in the VOR
group might have violated the missing-at-random as-
sumption of the generalized linear mixed model and
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increased the Type II error in a potentially significant
comparison.

5 Conclusions

Evidence-based therapies are urgently required
for treating patients with bipolar II depression. LUR
monotherapy appears to be effective in treating these
patients and its combination with VOR can benefit those
with insufficient response to LUR. In future studies,
a clinical trial with a larger sample size is required.
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