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Abstract Vortioxetine is a novel antidepressant with

multimodal activity currently approved for the treatment of

major depressive disorder. Vortioxetine is orally adminis-

tered once daily at 5- to 20-mg doses. The pharmacoki-

netics of vortioxetine are linear and dose proportional, with

a mean terminal half-life of approximately 66 h and

steady-state plasma concentrations generally achieved

within 2 weeks of dosing. The mean absolute oral

bioavailability of vortioxetine is 75%. No food effect on

pharmacokinetics was observed. Vortioxetine is metabo-

lized by cytochrome P450 enzymes and subsequently by

uridine diphosphate glucuronosyltransferase. The major

metabolite is pharmacologically inactive, and the minor

pharmacologically active metabolite is not expected to

cross the blood–brain barrier, making the parent compound

primarily responsible for in-vivo activity. No clinically

relevant differences were observed in vortioxetine expo-

sure by sex, age, race, body size, and renal or hepatic

function. Dose adjustment is only recommended for cyto-

chrome P450 2D6 poor metabolizers based on polymor-

phism of the cytochrome P450 enzymes involved.

Similarly, except for bupropion, a strong cytochrome P450

2D6 inhibitor, and rifampin, a broad cytochrome P450

inducer, co-administration of other drugs evaluated did not

affect the vortioxetine exposure or safety profile in any

clinically meaningful way. Pharmacodynamic studies

demonstrated that vortioxetine achieved high levels of

serotonin transporter occupancy in relevant brain areas,

affected neurotransmitter levels in the cerebrospinal fluid,

and modified abnormal resting state networks in the brain

over the therapeutic dose range. Overall, vortioxetine can

be administered in most populations studied to date without

major dose adjustments; however, dose adjustments should

be considered on a patient-by-patient basis.

Key Points

Vortioxetine is an antidepressant with multimodal

activity currently approved for the treatment of

major depressive disorder at a dosage of

5–20 mg/day.

Vortioxetine has a favorable pharmacokinetic profile

with dose-proportional and linear exposure,

moderate oral bioavailability (75%; independent of

food), extensive tissue distribution (steady-state

volume of distribution of approximately 2600 L),

and a long elimination half-life (66 h).

Concomitant therapy is generally well tolerated and

dosage adjustments may be required when

vortioxetine is co-administered with bupropion or

rifampin.
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1 Mechanism of Action and Therapeutic Use

Vortioxetine (Trintellix� in the USA and Canada, Brin-

tellix� worldwide) is currently approved for the treatment

of major depressive disorder (MDD) [1]. Several thera-

peutic agents are currently used as first-line therapy for

MDD, including selective serotonin [5-hydroxytryptamine

(5-HT)] reuptake inhibitors and serotonin norepinephrine

reuptake inhibitors [2]. Compared with other therapeutic

agents for MDD, vortioxetine has a unique mechanism of

action with a distinct clinical profile, which may prove

effective as an alternative first-line agent or subsequent

therapy for patients with documented failure of other

antidepressants [3–7].

Vortioxetine is a multimodal antidepressant with two

different types of pharmacologic targets: serotonin recep-

tors and transporters. In vitro, vortioxetine acts as a 5-HT1A

receptor agonist, 5-HT3, 5-HT7, and 5-HT1D receptor

antagonist, 5-HT1B receptor partial agonist, and inhibitor of

the 5-HT transporter (SERT) [8]. Preclinical studies sug-

gest that vortioxetine may exert its antidepressant activity

by modulating neurotransmission in multiple systems,

including serotonin, norepinephrine, dopamine, acetyl-

choline, histamine, glutamate, and gamma-aminobutyric

acid systems [9–14]. Thus, interaction between vortiox-

etine and its targets may regulate complex neural networks

involved in the mood and cognition-related disturbances

that characterize MDD [9].

Vortioxetine (1-[2-(2,4-dimethyl-phenylsulfanyl)-phe-

nyl]-piperazine, hydrobromide) has a molecular weight of

379.36 g/mol [1] and a distribution coefficient (octanol/

water) ranging from 2.2 (pH 3) to 4.7 (pH 11) at 25 �C
(data on file). In both acute treatment and long-term

maintenance trials in patients with MDD, vortioxetine has

demonstrated antidepressant efficacy and a favorable safety

profile with therapeutic doses ranging from 5 to 20 mg

administered once daily [15–20]. Vortioxetine has linear

and dose-proportional pharmacokinetics, with steady-state

plasma concentrations generally reached within 2 weeks of

once-daily dosing [21].

Compiled information on the pharmacokinetic (PK) and

pharmacodynamic (PD) profile of vortioxetine from a

comprehensive clinical program of more than 10 years will

enable healthcare providers to better understand its drug–

drug interaction potential, and whether dose adjustments

are appropriate in special populations. This review sum-

marizes phase I PK and PD data and highlights their

implications in clinical practice.

2 Clinical Pharmacokinetics

Clinical PK parameters of vortioxetine have been evaluated

in healthy study participants in 31 clinical pharmacology

studies from USA, Europe, and Japan, encompassing over

1100 healthy young and elderly male and female volun-

teers and including individuals with hepatic and renal

impairment [22]. In addition, a phase I population-PK

meta-analysis of 26 studies analyzing a total of 21,758

samples for vortioxetine plasma concentrations from 887

participants who received single doses ranging from 2.5 to

75 mg or multiple doses of 2.5–60 mg was performed [23].

2.1 Absorption

Vortioxetine is well absorbed orally, with an estimated

minimal lag time (amount of time taken for a drug to be

detectable systemically [24]) of 0.781 h [23]. The maximal

plasma vortioxetine concentration (Cmax) after single or

multiple dosing is reached within 7–11 h post-dose (time to

reach maximum observed plasma concentration) (Tables 1,

2). Steady-state mean Cmax values were 9, 18, and 33 ng/

mL following multiple doses of 5, 10, or 20 mg, respec-

tively (Table 2).

Vortioxetine was shown to be a poor substrate of the

P-glycoprotein (Pgp) transporter in vitro [25]. When co-

administered with ketoconazole, a Pgp inhibitor, area under

the curve from time 0 to time of last quantifiable concen-

tration [AUC(0–t)] and Cmax values for vortioxetine

Table 1 Pooled non-compartmental pharmacokinetic parameters of vortioxetine following a single oral dosea

Dose

(mg)

Subjects

(n)

Obs

(n)

AUC(0–inf) (ng�h/

mL)

AUC(0–t) (ng�h/

mL)

CL/F (L/

h)

Cmax (ng/

mL)

t1/2 (h) Tmax (h) Vz/F (L)

5 6 6 188.13 (36) 157.13 (31) 29.62 (35) 1.87 (5) 69.44 (30) 11 (7–12) 2738 (15)

10 182 228 273.42 (39) 254.72 (36) 40.52 (40) 4.60 (29) 60.62 (69) 8 (3–36) 2773 (27)

20 127 165 645.51 (41) 561.20 (37) 41.47 (60) 8.11 (27) 64.28 (35) 10 (4–24) 3288 (35)

Mean and % coefficient of variation are presented for all parameters, except Tmax, for which median (minimum–maximum) is presented

AUC (0–inf) area under the curve from time 0 to infinity, AUC (0–t) area under the curve from time 0 to time of last quantifiable concentration, CL/F

total clearance, Cmax maximum observed plasma concentration, Obs observations, t1/2 half-life, Tmax time to reach maximum observed plasma

concentration, Vz/F apparent volume of distribution during the terminal phase after extravascular administration
aData were pooled from 14 clinical pharmacology studies in healthy subjects
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marginally increased, suggesting that Pgp efflux function

only slightly affects absorption of vortioxetine [26].

Co-administration of medication and food can reduce,

delay, increase, accelerate, or have no effect on drug

absorption [27]. Food (a high-fat meal) had no effect on the

PK parameters of vortioxetine. The 90% confidence intervals

(CIs) for AUC(0–t) or area under the curve from time 0 to

infinity [AUC(0–inf)] and Cmax ratios (fed to fasting condi-

tions) were within the bioequivalence range of 80–125%, and

no differences in time to reach maximum observed plasma

concentration values were observed [28, 29].

2.2 Distribution

Data from phase I studies were pooled to estimate the

apparent volume of distribution (Vz/F) of vortioxetine.

Mean Vz/F following single or multiple doses of 5, 10, or

20 mg ranged from 2500 to 3400 L, suggesting an exten-

sive extravascular distribution of vortioxetine (Tables 1, 2).

The phase I population-PK analysis showed that Vz/F for

central and peripheral compartments combined was

approximately 2600 L [23]. After a single oral dose of

50 mg 14C-labeled vortioxetine, drug concentration in the

plasma was double the amount found in whole blood [30].

Further, radioactivity was generally not detected in red

blood cells, suggesting that red blood cell distribution was

negligible (data on file).

Plasma protein binding can directly affect the amount of

free drug available for therapeutic effect, clearance, and

toxicity [31]. Approximately 99% of vortioxetine was bound

to plasma protein, with only 1% of unbound drug across all

groups including healthy volunteers and individuals with

various degrees of hepatic or renal impairment [32].

2.3 Metabolism

Vortioxetine is metabolized extensively through oxidation

via cytochrome P450 (CYP) enzymes and subsequent

glucuronic conjugation via uridine diphosphate

glucuronosyltransferase (Fig. 1) [33, 34]. Cytochrome

P450 enzymes that break down the parent compound

include CYP2D6, CYP3A4/5, CYP2A6, CYP2C9, and

CYP2C19, with CYP2D6 being the primary enzyme [33].

Six metabolites of vortioxetine have been observed in

the plasma, including Lu AA34443 and its glucuronide, Lu

AA39835 and its glucuronide, and two Lu AE22404

intermediate glucuronides (Fig. 1) [30]. Metabolic ratios,

calculated as the ratio of the metabolite area under the

curve (AUC) to the AUC of vortioxetine, were determined

for each metabolite. Lu AA34443 (metabolic ratio * 1) is

the major metabolite of vortioxetine and constitutes

14–28% of metabolite composition in the plasma over 72 h

following a single dose [30]. This major metabolite is

pharmacologically inactive as it does not bind to the main

5-HT receptors related to effectiveness [21]. Lu AA39835

is a minor metabolite (metabolic ratioB 0.04) that inhibits

SERT; however, based on nonclinical data, Lu AA39835

does not penetrate the blood–brain barrier (data on file).

Therefore, Lu AA39835 is thought to have minimal impact

on the pharmacologic activity of vortioxetine. Given that

the parent compound is thought to be responsible for in-

vivo pharmacologic activity, it is the primary focus of this

review.

2.4 Elimination

The estimated total clearance (CL/F) after oral adminis-

tration of vortioxetine was found to range from 30 to 41

L/h and the half-life (t1/2) from 59 to 69 h after single or

multiple doses (Tables 1, 2). Results from the phase I

population-PK analysis were similar with 33 L/h and 66 h

for mean oral clearance and mean t1/2, respectively [23].

Vortioxetine is almost entirely eliminated by the liver;

renal clearance of the parent drug contributed to\1% of

CL/F, while hepatic clearance accounted for the other 99%

[21]. In an open-label study, approximately 85% of drug-

related material was recovered in the urine (59%) and feces

(26%) within 360 h following a single dose of 50-mg

Table 2 Pooled non-compartmental pharmacokinetic parameters of vortioxetine following multiple dosesa

Dose (mg) Subjects (n) Obs (n) AIb AUC(0–24) (ng�h/mL) CL/F (L/h) Cmax (ng/mL) t1/2 (h) Tmax (h) Vz/F (L)

5 30 30 5.17 (27) 175.15 (45) 32.96 (33) 8.69 (42) 60.05 (40) 7 (1–12) 2497 (21)

10 242 242 4.87 (34) 344.00 (47) 38.27 (60) 17.92 (44) 58.84 (45) 8 (0–24) 3293 (50)

20 56 56 5.68 (38) 645.78 (39) 40.11 (47) 33.03 (38) 64.23 (31) 8 (3–14) 3372 (31)

Mean and % coefficient of variation are presented for all parameters, except Tmax, for which median (minimum–maximum) is presented

AI accumulation index, AUC (0–24) area under the plasma concentration-time curve from 0 to 24 h post-dose, AUC (0–tau), area under the plasma

concentration-time curve from 0 to the end of the dosing period, CL/F total clearance, Cmax maximum observed plasma concentration, Obs

observations, t1/2 half-life, Tmax time to reach maximum observed plasma concentration, Vz/F apparent volume of distribution during the terminal

phase after extravascular administration
aData were pooled from 12 clinical pharmacology studies in healthy subjects
bAI = AUC(0–tau) at steady state/AUC(0–24) day 1
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Fig. 1 Enzymatic degradation of vortioxetine. Cytochrome P450

(CYP) 2D6, CYP3A4/5, CYP2A6, CYP2C9, CYP2C19, alcohol

dehydrogenase (ADH), aldehyde dehydrogenase (ALDH), and uridine

diphosphate glucuronosyltransferase (UGT) are considered to be the

primary enzymes involved in the metabolism of vortioxetine. The

intermediates were detected in vitro, but not in vivo. AO aldehyde

oxidase

676 G. Chen et al.



radiolabeled (14C) vortioxetine [30]. Most of the

detectable drug-related material was secreted in urine and

feces as inactive metabolites, with negligible amounts of

parent drug (1.5%) detected in the feces only.

2.5 Dose Proportionality and Time Dependency

Dose proportionality characterizes the relationship between

drug dosage and its PK effects, and can be clinically

important for predicting the effects of dose adjustments

[35]. Dose proportionality of single and multiple doses of

vortioxetine was evaluated using pooled data from phase I

studies with single doses of 2.5–75 mg or multiple daily

doses of 2.5–60 mg and indicated dose proportionality

within the studied dose ranges [21]. The linear relation-

ships between dose and exposure (Cmax and AUC) are

further illustrated in Tables 1 and 2.

Based on the pooled non-compartmental analysis, the

steady-state CL/F values following multiple doses were

similar to the CL/F values following single doses

(Tables 1, 2). Overall, no apparent time dependency or

non-linearity was observed in the population-PK model.

Estimations based on the distribution of t1/2 showed that

approximately 90% of individuals reached 90% of steady-

state exposure after 12 days of multiple-dose administra-

tion of vortioxetine [23]. The accumulation index for

vortioxetine, defined as the mean area under the curve from

time 0 to 24 h [AUC(0–24)] ratio between the steady-state

condition and a single dose, was 5–6 following multiple

doses of 5–20 mg (Table 2), consistent with its long t1/2

(59–69 h) (Tables 1, 2). No time dependency has been

observed for the other PK parameters of vortioxetine.

3 Special Populations

The impact of intrinsic factors including sex, age, race/

ethnicity, body size, hepatic and renal status, and metabolic

status on vortioxetine pharmacokinetics was evaluated in

dedicated phase I studies and/or in the phase I population-

PK analysis across 26 studies [23]. Except for the inferred

CYP2D6 metabolic phenotypes, none of the intrinsic fac-

tors studied affected exposure to vortioxetine. Thus, vor-

tioxetine can be given to diverse patients without dose

adjustment, but dose may be adjusted based on individual

patient response, if needed [1].

3.1 Sex

A single-dose study compared 24 healthy male sub-

jects with 24 healthy female subjects and found that

AUC(0–t) and Cmax values were 18 and 16% higher in

female subjects than in male subjects, respectively,

although these increases were not considered clinically

meaningful [36]. Similar results were observed following

multiple doses, with AUC(0–24) and Cmax values 27 and

24% higher, respectively, in female subjects than in

male subjects (Fig. 2).

The phase I population-PK analysis found that sex was

not a significant covariate in the final model after correc-

tion for height, one of the most significant covariates for

body size [23]. Overall, sex differences on vortioxetine

exposure were not considered clinically significant, espe-

cially after accounting for weight or height differences.

3.2 Age

The effects of age on the pharmacokinetics of vortioxetine

were evaluated in a phase I study of 24 young volunteers

aged 18–45 years and 24 elderly volunteers aged

65–85 years [36]. Following single doses of vortioxetine

10 mg, a slightly higher AUC(0–t) (4%) and lower Cmax

(11%) were observed in the elderly than the young subjects

[36]. Furthermore, AUC(0–24) and Cmax were 27 and 23%

higher, respectively, in the elderly than the young subjects

following multiple 10-mg doses (Fig. 2).

Using the phase I population-PK model, simulations of

vortioxetine (20 mg) pharmacokinetics at steady state were

conducted for an average 18-year-old, 40-year-old, and

75-year-old person to determine the effect of age [23]. Com-

pared with a 40-year-old individual, the 75-year-old individual

had Cmax and AUC(0–24) values 38 and 40% higher, respec-

tively, while the 18-year-old individual had Cmax and

AUC(0–24) values 14 and 15% lower, respectively. These

estimated modest increases or decreases in vortioxetine

exposure were not considered clinically meaningful [23].

Together, these data do not support the need for dose adjust-

ments in the elderly population. In fact, a recent meta-analysis

of 12 short-term MDD studies indicated that patients aged

55 years and older could be initiated on vortioxetine doses in

line with the overall adult population; however, doses may be

lowered to 5 mg daily over tolerability concerns [37].

3.3 Race/Ethnicity

In one study, 24 healthy white and 24 healthy black vol-

unteers were administered a single dose of vortioxetine

10 mg followed by daily doses for 14 days [36], while a

second study evaluated multiple doses of 2.5, 5, and 20 mg

in 18 white individuals and 18 Japanese male individuals.

Overall, compared with values obtained in the white vol-

unteers, Cmax and AUC(0–24) values in the black partici-

pants were 33 and 25% higher, respectively (Fig. 2), and

values in the Japanese study participants were 9 and 8%

higher, respectively (data on file). The findings from the

two studies were corroborated by the phase I population-

Clinical Pharmacokinetics of Vortioxetine 677



PK analysis, which found race/ethnicity did not have a

significant impact on the pharmacokinetics of vortioxetine

[23]. In addition, PK parameters were similar in healthy

Chinese men and women to those described earlier in the

pooled non-compartmental analyses.

3.4 Body Size

Body size, as measured by weight, height, body mass index,

and lean body mass, was evaluated as a potential covariate in

the phase I population-PK analysis [23]. Weight, height, and

lean body mass were all found to be strongly related to

vortioxetine Vz/F in the central compartment, with height

being the most significant. Simulations based on the

population-PK model for vortioxetine (20 mg) revealed that,

compared with an average person 175 cm tall, a shorter

person (155 cm) had 5% higher Cmax and AUC(0–24) values

and a taller person (187 cm) had 4% lower values; however,

given the small differences, the variability was not consid-

ered clinically meaningful [23].

3.5 Hepatic Impairment

The effect of hepatic impairment on vortioxetine pharma-

cokinetics was studied in individuals with mild (n = 8),

moderate (n = 8), and severe (n = 6) impairment (Child-

Pugh classification) and in the same number of healthy, race-,

age-, and sex-matched individuals. All study participants

Population description
Test/Reference

Age:
65-85/18-45

Sex:
Females/Males

Race:
Black/White

Renal impairment:
Mild/Normal

Moderate/Normal

Severe/Normal

ESRD/Normal

Hepatic impairment:
Mild/Normal

Moderate/Normal

Severe/Normal

PK

AUC

Cmax

AUC

Cmax

AUC

Cmax

AUC

Cmax

AUC

Cmax

AUC

Cmax

AUC

Cmax

AUC

Cmax

AUC

Cmax

AUC

Cmax

Recommendation

No dose adjustment

No dose adjustment

No dose adjustment

No dose adjustment

No dose adjustment

No dose adjustment

No dose adjustment

No dose adjustment

No dose adjustment

No dose adjustment

Fold change and 90% CI

Change relative to reference

0.25 0.50 0.75 1.00 1.25 1.50 1.75

Fig. 2 Impact of intrinsic

factors on vortioxetine

pharmacokinetics following

multiple doses. Forest plot

illustrating the fold change in

area under the curve (AUC) and

maximal observed plasma

concentration (Cmax) between

test and reference populations.

CI confidence interval, ESRD

early-stage renal disease
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received a single dose of open-label vortioxetine 10 mg

(except those with severe impairment and their matched

healthy controls, where vortioxetine 5 mg was used) [38].

There were no differences in the fraction of unbound

parent drug when comparing hepatically impaired indi-

viduals with healthy participants; therefore, only total

exposure was compared between the two groups. AUC(0–t)

was up to 9% lower and Cmax up to 16% lower in those

with mild-to-moderate hepatic impairment than in the

healthy cohorts (Fig. 2). Among individuals with severe

hepatic impairment, AUC(0–t) was 10% higher and Cmax

24% lower than in healthy controls [38]. Plasma exposure

to the major metabolite Lu AA34443 was lower in indi-

viduals with moderate and severe hepatic impairment than

in healthy controls. Exposure to the minor metabolite Lu

AA39835 was lower in individuals with moderate impair-

ment [38]. However, given that the major metabolite is

pharmacologically inactive and that the minor metabolite

has a low metabolic ratio (B 0.04), the reported changes in

exposure are likely to have minimal impact on the phar-

macologic effect of vortioxetine. The relationship between

exposure to vortioxetine or its metabolites and Child-Pugh

scores was non-significant, even though the drug was

heavily metabolized by the liver [38]. Overall, changes in

vortioxetine exposure in individuals with hepatic impair-

ment were not considered clinically meaningful, and dose

adjustments are not necessary in patients with mild, mod-

erate, or severe hepatic impairment [38].

3.6 Renal Impairment

To assess the effects of renal impairment on vortioxetine,

individuals with mild (n = 8), moderate (n = 8), severe

(n = 9), or end-stage renal disease (n = 8) and an equal

number of healthy controls for each subgroup received a

single dose of open-label vortioxetine 10 mg [32]. Creatinine

clearance, a measure of renal function, ranged

from\30 mL/min in those with severe renal impairment

to[80 mL/min in those with normal renal function. Further,

there was no difference in vortioxetine plasma protein

binding between renally compromised patients and healthy

controls [32]. The AUC(0–t) values were 9, 16, and 11%

higher among individuals with mild, moderate, or severe

renal impairment, respectively, than in the healthy controls,

and Cmax values were within 11% of healthy controls. In

contrast, participants with end-stage renal disease had

AUC(0–t) and Cmax values that were 13 and 27% lower,

respectively, than those for the healthy controls (Fig. 2) [32].

However, the magnitude of these changes was not considered

clinically meaningful. Using a linear regression model, a

statistically significant relationship was observed between

AUC(0–t) and creatinine clearance, but not between Cmax and

creatinine clearance. The predicted vortioxetine exposure

was within 30% of that expected in the healthy control group

[32]. These results suggest that clinical dose adjustments are

not considered necessary in patients with various degrees of

renal impairment.

3.7 Metabolic Status (CYP2D6 and CYP2C19

Inferred Phenotypes)

Vortioxetine is primarily metabolized by the CYP2D6

enzyme, and less so by CYP2C19 [33]. Genetic variations in

the CYP2D6 gene can affect drug exposure, depending on

whether a patient is an intermediate metabolizer (IM),

extensive metabolizer (EM), poor metabolizer (PM), or

ultrarapid metabolizer (UM) of the drug [39]. Among the

887 healthy volunteers included in the phase I population-PK

analysis, there were 540 CYP2D6 EMs (61%) and 38

CYP2D6 PMs (4%) [23]. Oral clearance of vortioxetine was

approximately two-fold higher in the EMs than in the PMs.

Based on CYP2D6 status, estimated CL/F (L/h) was 52.9,

34.1, 26.6, and 18.1 for UMs, EMs, IMs, and PMs, respec-

tively [23]. Although the population mean AUC for CYP2D6

UMs is expected to be 35.5% lower than that in the CYP2D6

EMs, there was a significant AUC overlap between CYP2D6

UMs and EMs owing to inter-subject variability. Dose

adjustment for CYP2D6 UMs is not necessary.

Exposure to vortioxetine in CYP2D6 PMs is expected to

be twice as high as in CYP2D6 EMs. Based on tolerability

analyses using phase I data grouped by CYP2D6-predicted

phenotypes, no clinically relevant differences were

observed for the overall incidence of adverse events (e.g.,

nausea, diarrhea, headache) between CYP2D6 PMs and

non-PMs, possibly because of the longer t1/2 and the

gradual accumulation of the plasma concentration of vor-

tioxetine over a much longer period of time in CYP2D6

PMs. Therefore, a routine CYP2D6 genotyping test before

starting vortioxetine treatment is not required. Depending

on individual patient response, a dose adjustment may be

considered, with a maximum recommended dose of 10 mg

for known CYP2D6 PMs.

Phase I population-PK analysis also explored variations

in the CYP2C19 gene and identified 548 CYP2C19 EMs

(62%) and 44 CYP2C19 PMs (5%). Extensive metabolizers

had on average 1.4 times the oral clearance of PMs [23].

However, this higher vortioxetine exposure was not con-

sidered clinically meaningful; therefore, dose adjustment is

not necessary based on CYP2C19 status.

4 Drug Interaction Evaluations

Besides CYP2D6, several other CYP enzymes are involved

in vortioxetine metabolism (Fig. 1). Consequently, other

drugs that are substrates of the same CYP enzymes can

Clinical Pharmacokinetics of Vortioxetine 679



affect vortioxetine pharmacokinetics or, in turn, have their

pharmacokinetics affected by vortioxetine and/or its

metabolites. To observe the effects of potential drug–drug

interactions, 11 studies have been conducted in healthy

volunteers.

4.1 Impact of Other Drugs on Vortioxetine

Several drug–drug interaction studies have evaluated the

effect of other drugs including bupropion, rifampin, keto-

conazole, fluconazole, omeprazole, ethanol, and aspirin on

vortioxetine pharmacokinetics (Fig. 3). Bupropion is a

CYP2B6 substrate, and its active metabolites threohy-

drobupropion and erythrohydrobupropion are strong

CYP2D6 inhibitors. When bupropion 150 mg was co-ad-

ministered twice daily with vortioxetine 10 mg once daily

in 44 participants, vortioxetine exposure approximately

doubled with AUC(0–24) increasing 2.3-fold and Cmax

increasing 2.1-fold [26] (Fig. 3). Adverse events, including

nausea, headache, vomiting, and insomnia, were three

times as likely when bupropion was added to vortioxetine

monotherapy as when vortioxetine was added to bupropion

therapy or when vortioxetine was administered alone.

Based on these results, it is recommended to reduce the

vortioxetine dose by half when co-administered with

bupropion or other strong inhibitors of CYP2D6 (e.g.,

fluoxetine, paroxetine, or quinidine).

Rifampin is a broad CYP inducer. When rifampin was

given at a 600-mg dose daily to 14 male and female indi-

viduals along with vortioxetine 20 mg in an interaction

study, it was found that vortioxetine AUC(0–t) decreased by

72% and Cmax decreased by 51% (Fig. 3). The combination

was well tolerated [26]. Vortioxetine is extensively

metabolized via multiple CYP isozymes. Although

CYP2D6, the primary enzyme involved in the metabolism

of vortioxetine, is not subject to CYP induction by rifam-

pin, the metabolic enzyme activities of other isozymes,

such as CYP3A4/5, CYP2C19, CYP2C9, CYP2C8, and

CYP2B6, may be induced by treatment with rifampin and

lead to increased oral clearance and decreased exposure. It

is recommended to consider increasing the vortioxetine

dose when rifampin or other strong CYP inducers (e.g.,

carbamazepine or phenytoin) are co-administered for more

than 14 days. The maximum recommended dose should

not exceed three times the original vortioxetine dose.

Another interaction study in 33 male and female indi-

viduals found that once-daily co-administration of keto-

conazole 400 mg (a CYP3A4/5 and Pgp inhibitor) or

fluconazole 200 mg (a CYP2C9, CYP2C19, and CYP3A4/

5 inhibitor) with vortioxetine 10 mg increased the AUC(0–t)

of vortioxetine by 30 and 46%, respectively, and Cmax by

26 and 15%, respectively [26]. Given the modest increases,

these findings were not considered clinically meaningful.

Interactions between vortioxetine and ethanol, aspirin,

or omeprazole (a CYP2C19 inhibitor and substrate) were

assessed in three independent studies [26, 40, 41]. In all

cases, co-administration of ethanol, aspirin, or omeprazole

had no effect on exposure to vortioxetine (Fig. 3).

4.2 Impact of Vortioxetine on Other Drugs

Vortioxetine and its metabolites showed no inhibitory in-

vitro effect on CYP1A2, CYP2A6, CYP2E1, CYP3A4/5,

or CYP2D6 enzymes. The parent drug and certain

metabolites, however, had an inhibitory effect on the

CYP2C19, CYP2C9, and CYP2C8 enzymes as demon-

strated in inhibition studies performed in vitro using pooled

human liver microsomes and CYP isozyme-specific probe

substrates (data on file). Nevertheless, given that the ratios

of maximum plasma concentration for the inhibitor [vor-

tioxetine or its metabolites] (I) and dissociation constant of

the inhibitor (Ki) were much smaller than 0.1, the inhibi-

tion was not considered clinically relevant. Vortioxetine

was found to be a poor substrate and a weak inhibitor of

Pgp transport in vitro [25, 26, 42]. Therefore, the potential

for vortioxetine to inhibit Pgp efflux is considered low (I/

half maximal inhibitory concentration\0.1) [42].

No effect was seen on the pharmacokinetics of warfarin,

diazepam, caffeine, tolbutamide, ethinyl estradiol, levo-

norgestrel, midazolam, aspirin, ethanol, or lithium when

given along with vortioxetine (Fig. 4). However, vortiox-

etine was noted to affect the pharmacokinetics of certain

compounds or their metabolites as discussed below.

The effect of multiple doses of vortioxetine on bupro-

pion (CYP2B6 substrate) and omeprazole (CYP2C19

substrate) was evaluated [26]. The 90% CIs for area under

the curve from time 0 to 12 h (bupropion) and AUC(0–inf)

(omeprazole) were within the 80–125% limits. For Cmax,

the upper limit of the 90% CI was only slightly exceeded

for bupropion (129%) and omeprazole (130%) (Fig. 4).

Overall, these results indicate that multiple doses of vor-

tioxetine had no apparent effect on the pharmacokinetics of

bupropion or omeprazole and that vortioxetine is not an

inhibitor or inducer of CYP2B6 or CYP2C19 [26].

To observe the effects on the pharmacokinetics of sub-

strates of different CYP enzymes, 24 male and female

individuals were given a cocktail of caffeine (CYP1A2

substrate), tolbutamide (CYP2C9 substrate), dex-

tromethorphan (CYP2D6 substrate), and midazolam

(CYP3A4/5 substrate) along with vortioxetine [43]. Nota-

bly, the 90% CI for AUC(0–inf) and Cmax of all compounds

were within the limits of 80–125%, with one exception. For

dextromethorphan, the 90% CI lower limit was below 80%

with values for AUC(0–inf) at 58% and Cmax at 68%

(Fig. 4). Overall, these data indicate that multiple doses of

vortioxetine have no substantial effect on the
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pharmacokinetics of any of the cocktail components,

implying that vortioxetine is not an inducer or inhibitor of

CYP1A2, CYP2C9, CYP2D6, and CYP3A4/5 substrates

[43].

5 Clinical Pharmacodynamics

Phase I clinical PD studies on vortioxetine investigated

parameters such as drug occupancy at SERT, drug effects

on neurotransmitters in the cerebrospinal fluid, cardiac

repolarization, driving performance, sleep architecture, and

cognition. In addition, the impact of vortioxetine on the

pharmacodynamics of other drugs was also explored in

several drug–drug interaction studies.

The occupancy of vortioxetine at SERT in different

brain regions was studied in two positron emission

tomography studies using 11C-MADAM, 11C-WAY-

100635, or 11C-DASB ligands [44, 45]. In the first study,

15 young male individuals received vortioxetine (2.5, 10, or

60 mg once daily) for 9 consecutive days; SERT occu-

pancy was measured in regions of interests including the

frontal cortex, insular, hippocampus, and raphe nuclei. The

highest SERT occupancy was detected in the raphe nuclei

from 15 young male individuals, with median occupancy

values of 25, 53%, and 98% at day 9 for the 2.5-, 10-, and

60-mg doses, respectively [45]. Similar results were

obtained in 35 Japanese and white male individuals, with

occupancies of approximately 50 and 65% for the 5- and

10-mg therapeutic doses, respectively, and above 80% for

the 20-mg dose [44]. These results indicate that vortiox-

etine may be efficacious at SERT occupancy as low as

50%, given that occupancy is not saturated at therapeutic

doses. In contrast, occupancy of 80% is required for

selective serotonin reuptake inhibitors and serotonin nore-

pinephrine reuptake inhibitors to achieve therapeutic

Interacting drug

CYP2D6 inhibitor:
Bupropion

CYP inducer:
Rifampin

CYP3A/Pgp inhibitor:
Ketoconazole

CYP2C9/2C19/3A inhibitor:
Fluconazole

CYP2C19 inhibitor:
Omeprazole

Others:
Ethanol

Aspirin

PK

AUC

Cmax

AUC

Cmax
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Cmax

AUC

Cmax

AUC

Cmax

AUC
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Recommendation

Reduce dose by half

Consider dose increase,
not to exceed 3 times original dose
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No dose adjustment
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No dose adjustment
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Fold change and 90% CI

Change relative to vortioxetine alone
0.0 0.5 1.0 1.5 2.0 2.5 3.0

Fig. 3 Impact of other drugs on

vortioxetine pharmacokinetics.

Forest plot illustrating fold

change in the area under the

curve (AUC) or maximal

observed plasma concentration

(Cmax) of vortioxetine when co-

administered with other drugs

relative to vortioxetine alone.

Dashed lines indicate no effect

boundaries [90% confidence

interval (CI) 80–125]. Pgp

P-glycoprotein
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effects [46]. The results also suggest that vortioxetine may

mediate its antidepressant activity through actions on 5-HT

receptors in addition to SERT inhibition [44].

The effect of vortioxetine on neurotransmitters in the

cerebrospinal fluid was investigated in a study of 15

healthy male participants following single and multiple

doses of vortioxetine 20 mg over 14 days (data on file).

Consistent effects were observed for 5-HT and its

metabolite 5-hydroxyindoleacetic acid. Overall, PD

parameters (area under the effect-time curve from 0 to 24 h

and maximal analyte concentration from 0 to 24 h)

increased from baseline for 5-HT following single and

multiple doses of vortioxetine 20 mg and decreased for

5-hydroxyindoleacetic acid after multiple doses only.

These results indicate a measurable effect of vortioxetine

on cerebrospinal fluid levels of 5-HT and 5-hydroxyin-

doleacetic acid.

The effects of vortioxetine on cognitive function were

investigated by assessing functional connectivity in two

resting state networks, the default mode network (DMN)

and salience network. Using functional magnetic resonance

imaging, vortioxetine was found to reverse DMN abnor-

malities reported in depressed patients. In addition, vor-

tioxetine modulated dorsal DMN and anterior salience

network expressions in an overlapping region of the medial

frontal gyrus, which has been implicated as a key nodal

point of salience network-DMN interaction [47]. These

data suggest that the effect of vortioxetine on resting-state

network connectivity may account for its reported benefits

on cognitive function.

Interacting drug

CYP1A2 substrate:
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CYP2B6 substrate:

Bupropion

CYP2C9 substrate:

(S)-Warfarin

Tolbutamide
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CYP2D6 substrate:
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PK
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Fig. 4 Impact of vortioxetine

on the pharmacokinetics of

other drugs. Forest plot

illustrating fold change in

drug’s area under the curve

(AUC) or maximal observed

plasma concentration (Cmax)

when co-administered with

vortioxetine relative to drug

alone. Dashed lines indicate no

effect boundaries [90%

confidence interval (CI)

80–125]
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A multiple-dose, parallel-group study in 328 young male

individuals evaluated the effect of vortioxetine on cardiac

repolarization [48]. No correlation was observed between

plasma concentration of vortioxetine or its metabolites and

time-matched, baseline-adjusted corrected QT intervals at

either 10- or 40-mg doses. Therefore, according to the

International Conference on Harmonisation E14 defini-

tions, the administration of vortioxetine (10 or 40 mg once

daily) is unlikely to affect cardiac repolarization [48].

Furthermore, vortioxetine was found not to impair

driving, cognitive function, or psychomotor skills in a

study of 21 young male and female individuals who

received once-daily doses of vortioxetine 10 mg [49]. A

study of 24 participants compared the effects of vortiox-

etine (20 or 40 mg) or paroxetine (20 mg), a potent sero-

tonin reuptake inhibitor, with placebo on sleep architecture

[50]. There was a significant reduction in rapid eye

movement (REM) sleep, an increase in REM onset latency,

and a decrease in time spent in REM sleep for active

treatments compared with placebo. Of note, the relation-

ship between SERT occupancy and REM suppression

showed different profiles for the two drugs with a direct

relationship between occupancy and REM suppression

observed with paroxetine, but not with vortioxetine [50].

These data suggest that vortioxetine has a clinical phar-

macologic profile distinguishable from paroxetine,

whereby SERT inhibition may not be the only contributor

to REM suppression. Overall, these results are likely

related to multimodal interactions of vortioxetine with

5-HT receptors.

Multiple drug–drug interaction studies showed that

vortioxetine largely did not affect the pharmacodynamics

of other central nervous system active agents such as dia-

zepam and alcohol [40]. More specifically, vortioxetine did

not increase the mental and motor impairment effects of

alcohol when measured by computerized neuropsychologic

tests for various cognitive domains. In the diazepam

interaction study, co-administration of vortioxetine did not

have a statistically significant effect on neuropsychologic

tests used to assess cognitive domains [40].

The use of drugs that interfere with serotonin reuptake

inhibition, including vortioxetine, may increase the risk of

bleeding events. The impact of vortioxetine on two drugs

that affect hemostasis was examined in healthy subjects.

Results from a 14-day drug–drug interaction study with a

10-mg dose of vortioxetine and stable warfarin doses

(1–10 mg) indicated that there was no difference in the

International Normalized Ratio or prothrombin times

between the groups on day 14. Similarly, vortioxetine at

the 10-mg dose when added to the 150-mg dose of aspirin

did not change arachidonic acid-, adenosine diphosphate-,

or collagen-induced platelet aggregation [41]. In an oral

contraceptive study of 25 young female individuals, sex

hormones including luteinizing hormone, follicle-stimu-

lating hormone, sex hormone-binding globulin, estradiol,

and progesterone were also unaffected by co-administra-

tion of vortioxetine and ethinyl estradiol combined with

levonorgestrel [26, 51].

Finally, as with other serotonergic antidepressant ther-

apy, treatment with vortioxetine may lead to the develop-

ment of serotonin syndrome, especially when used

concomitantly with other serotonergic drugs (including

triptans, tricyclic antidepressants, fentanyl, lithium, tra-

madol, tryptophan, buspirone, and St. John’s Wort) and

with drugs that impair the metabolism of serotonin (in

particular monoamine oxidase inhibitors) [52].

6 Summary

Vortioxetine is a novel antidepressant with favorable PK/

PD properties characterized by a large volume of distri-

bution, a medium clearance, and a relatively long terminal

t1/2. Vortioxetine has an oral bioavailability of 75% and is

primarily metabolized by the liver through the CYP2D6

enzyme pathway, with the parent drug responsible for the

therapeutic effect. Because vortioxetine is primarily

metabolized by CYP2D6, PMs of CYP2D6 exhibit expo-

sure to vortioxetine twice as high as CYP2D6 EMs.

Intrinsic factors such as age, sex, race/ethnicity, body

size, and hepatic and renal impairment had no clinically

meaningful effects on vortioxetine exposure. Food intake

or alcohol consumption did not affect exposure to vor-

tioxetine. It has been reported that selected antidepressants,

including selective serotonin reuptake inhibitors and sero-

tonin norepinephrine reuptake inhibitors, have the potential

to impact the pharmacokinetics and/or pharmacodynamics

of other central nervous system agents or medications. The

drug interaction potentials with vortioxetine were exten-

sively evaluated in 11 dedicated clinical studies based on

the mechanism of drug metabolism and anticipated clinical

use. According to available clinical data, vortioxetine has

minimal effect on the PK parameters of co-administered

drugs such as bupropion, warfarin, diazepam, omeprazole,

aspirin, lithium, ethanol, and oral contraceptives. In addi-

tion, vortioxetine did not have significant effects on PD

parameters, such as the International Normalized Ratio,

platelet aggregation, sex hormone levels, cognitive func-

tion, motor skills, or neuropsychologic tests. Administra-

tion of vortioxetine has no effect on cardiac repolarization.

These studies have shown that vortioxetine did not have

any clinically meaningful effects on the pharmacokinetics

and/or pharmacodynamics of the concomitant agents or

medications mentioned above. Exposure to vortioxetine

was increased when given with a strong CYP2D6 inhibitor

bupropion and decreased when given with a broad CYP
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inducer rifampin. Concomitant therapy was generally well

tolerated, except with bupropion; addition of bupropion to

vortioxetine monotherapy increased the incidence of nau-

sea, vomiting, and insomnia [26]. Most adverse events in

drug–drug interaction studies were mild or moderate [26].

Vortioxetine was also well tolerated regardless of the

degree of renal or hepatic impairment [32, 38].

In this review, we summarized vortioxetine PK/PD data

from individual phase I studies and phase I population-PK

analyses performed in healthy individuals. The PK/PD

results reported in patients with MDD or generalized

anxiety disorder were generally consistent with those in

healthy individuals. Conforming to what was observed in

healthy individuals, intrinsic factors such as age, renal

impairment, hepatic impairment, and body size did not

have a clinically relevant effect on vortioxetine exposure in

patients with MDD or generalized anxiety disorder [53].

Overall, PK parameters of vortioxetine in patients with

MDD and generalized anxiety disorder were generally

similar to those in healthy individuals presented here,

further highlighting the applicability of phase I results in

healthy individuals to patients with the target disease.
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