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Abstract
Valbenazine is a selective vesicular monoamine transporter 2 (VMAT2) in-
hibitor approved for tardive dyskinesia treatment by the US Food and Drug 
Administration; its major active metabolite (NBI-98782) is a 45-fold more potent 
inhibitor of VMAT2 than the parent drug. This study aimed to evaluate the phar-
macokinetics (PKs), safety, and tolerability and the effect of cytochrome P450 
2D6 (CYP2D6) genotypes to the PKs after the administration of valbenazine in 
Korean participants. A randomized, double-blind, placebo-controlled, single-
 and multiple-dose study was conducted in healthy Korean male participants. 
The single-dose study was conducted for both 40 and 80 mg valbenazine and the 
multiple dose study was conducted for 40 mg. After a 1-week washout, the 40 mg 
dose group participants received valbenazine 40 mg or placebo once daily for 
8 days. Serial blood samples were collected up to 96 h postdose for PK analysis. 
The CYP2D6 genotypes of the participants were retrospectively analyzed. A total 
of 50 participants were randomized, and 43 and 20 participants completed the 
single- and multiple-dose phases of the study, respectively. After single doses, the 
PK characteristics of valbenazine and its metabolites were similar between the 40 
and 80 mg dose groups. After multiple doses, the mean accumulation ratios of val-
benazine and NBI-98782 were ~1.6 and 2.4, respectively. Plasma concentrations 
of valbenazine and NBI-98782 were similar between CYP2D6 normal and inter-
mediate metabolizers. Valbenazine was well-tolerated in healthy Koreans, and 
its PK characteristics were similar to results previously reported in Americans.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
Valbenazine is a selective vesicular monoamine transporter 2 (VMAT2) inhibitor 
approved for the treatment of tardive dyskinesia. On the basis of previous stud-
ies, the sensitivity of valbenazine to ethnic factors is considered to be low, and a 
pharmacokinetic (PK) bridging study is considered to be sufficient to determine 
the valbenazine dose in the Korean population.
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INTRODUCTION

Tardive dyskinesia is a major clinical consideration as-
sociated with chronic use of dopamine receptor block-
ing agents, including first- and second-generation 
antipsychotics, and tardive dyskinesia is characterized by 
irregular, stereotyped, choreiform, and involuntary move-
ments of the tongue, lips, jaw, face, limbs, and trunk.1,2 
Nevertheless, the cessation or dose reduction of antipsy-
chotics that are suspected of causing symptoms is a com-
monly known strategy for clinicians.3 However, there is 
a lack of supportive evidence for this practice. Moreover, 
the cessation or dose reduction of antipsychotics some-
times triggers the acute aggravation of tardive dyskine-
sia and disturbs the treatment of psychotic syndromes.4,5 
Clozapine is known to be relatively tolerable and may be 
used as an alternative treatment to dopamine receptor-
blocking antipsychotics, but it still has a risk of agranu-
locytosis. Thus, there are unmet medical needs for the 
treatment of tardive dyskinesia.6,7

Valbenazine is a selective vesicular monoamine trans-
porter 2 (VMAT2) inhibitor approved by the US Food and 
Drug Administration (FDA) for the treatment of tardive 
dyskinesia.8 As tardive dyskinesia can be caused by post-
synaptic super-sensitivity of dopamine D2-receptors, an 
agent that can block or deplete dopamine can be used as 
a medical treatment for tardive dyskinesia.9 VMAT2 is the 
integral membrane protein that transports monoamines 
from the cellular cytosol to synaptic vesicles and plays an 
important role in the release of dopamine.10 Valbenazine 
selectively inhibits presynaptic VMAT2 and reversibly 
reduces the release of dopamine from the pre-synaptic 

terminal, which may alleviate the involuntary behaviors 
of tardive dyskinesia.11,12

Valbenazine is extensively metabolized by hy-
drolysis of valine ester to form an active metabolite, 
[+]-α-dihydrotetrabenazine (NBI-98782), which is fur-
ther metabolized by cytochrome P450 (CYP) 2D6 en-
zyme (Figure 1). In addition, valbenazine is metabolized 
by CYP3A4/5 to form another active metabolite (NBI-
136110). The NBI-98782 was the most potent inhibitor of 
VMAT2 among the parent drug and its metabolites, with 
its Ki (inhibitory constant) of 3.1 nM in an in vitro study.13 
Valbenazine and NBI-136110 also inhibited human 
VMAT2, but with ~40–60 times lower affinity (Ki were 150 
and 220 nM, respectively) than NBI-98782. In addition, 
NBI-98782 showed high specificity to VMAT2 and great-
est non-selectivity to the monoamine receptors compared 
to the other three dihydrotetrabenazine stereoisomers.13

From the various previous clinical and in vitro studies, 
the sensitivity of valbenazine to ethnic factors is consid-
ered to be low. First, its pharmacokinetic (PK) features 
demonstrated relative dose linearity within the thera-
peutic dose range from 40 to 80 mg. Second, phase II and 
III studies illustrated that the efficacy of valbenazine, 
represented as a change in the Abnormal Involuntary 
Movement Scale (AIMS) score from the baseline score in 
patients with tardive dyskinesia, was dependent on the 
dose given.14,15 Furthermore, the efficacy of valbenazine 
was demonstrated in a relatively wide range of doses 
(25–80 mg).11 In addition, from the in vitro study result, 
dose adjustment for valbenazine found out to be unnec-
essary when used in combination with substrate drugs 
of CYP1A2, CYP2B6, CYP2C9, CYP2C19, CYP2E1, or 

WHAT QUESTION DID THIS STUDY ADDRESS?
Does PK features of valbenazine in Koreans differ greatly from those of previ-
ous studies? How does the PKs of valbenazine and its active metabolite change 
by CYP2D6 genotypes? Is valbenazine use considered to be safe in the Korean 
population?
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
Valbenazine was well-tolerated in Koreans, and the PK characteristics of valbena-
zine in Koreans were comparable to results previously reported in Americans. 
Plasma concentrations of valbenazine and its active metabolite were similar be-
tween CYP2D6 normal metabolizers and intermediate metabolizers.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR 
TRANSLATIONAL SCIENCE?
This study result might be a good reference to clinicians who should prescribe 
valbenazine to Korean patients. This study result might be a good reference to 
the researchers who are interested in pharmacogenetics and PKs of valbenazine 
and its metabolites.
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CYP3A4/5.8 Even though, monoamine oxidase inhibitors, 
digoxin, strong CYP3A4 inhibitors/inducers, and strong 
CYP2D6 inhibitors are known to have significant drug in-
teractions with valbenazine, overall potential of the drug 
interaction of valbenazine is still considered to be low.8 
Thus, a PK bridging study was considered to be sufficient 
to determine the valbenazine dose in the Korean popula-
tion based on existing clinical safety, efficacy, and PK data 
from other regions.

As the plasma NBI-98782 concentration is increased in 
CYP2D6 poor metabolizers (PMs), CYP2D6 genetic poly-
morphism is one of the important factors that may require 
dose adjustment of valbenazine. In a previous study, the 
majority of the East Asian population (about 90%) are 
categorized into normal or intermediate metabolizers, 
and only about 0.9% of the East Asians are expected to 
be PMs.16 However, CYP2D6 activity on the drug metab-
olism does not demonstrate an all-or-none manner. The 
frequency of CYP2D5 *10 allele, of which the function is 
decreased, in the Korean population is known as about 
46.2%.17 Therefore, despite the rare proportion of PMs in 
Korea, overall mean activity of CYP2D6 is expected to be 
low. Accordingly, the further pharmacogenomic analysis 
was designed to find out whether the dose adjustment is 
necessary in the Korean population.

Based on these understandings, a PK study was con-
ducted to evaluate the safety, tolerability, and PK char-
acteristics of valbenazine in Korean subjects, and the 
subjects' CYP2D6 genotype were retrospectively analyzed.

METHODS

Study population

Healthy Korean male subjects aged 20–45 years with a 
body mass index (BMI) between 18.0 and 25.0 kg/m2 were 

enrolled in the study. Subjects with a history of any clini-
cally significant disease, allergic reactions to any food or 
valbenazine, a QTc interval >430 ms, or a risk of commit-
ting suicide or having any symptoms of major depressive 
disorder were excluded. The Columbia-Suicide Severity 
Rating Scale (C-SSRS) was used to evaluate suicidal 
ideation and events, and the Beck Depression Inventory 
(BDI-II) was used to evaluate the mood state of the sub-
jects. This clinical study (Clinical Research Information 
Service identifier number: KCT0004667) was approved 
by the Institutional Review Board of Seoul National 
University Hospital, Seoul, Korea (H-1807-178-963) 
and was conducted according to the principles of the 
Declaration of Helsinki and International Conference on 
Harmonization Good Clinical Practice. All of the subjects 
were fully informed about the study and provided writ-
ten consent before any study-related procedures were 
performed.

Study design

A randomized, double-blind, placebo-controlled, single- 
and multiple-dose study was conducted in healthy Korean 
male subjects. The single-dose study was conducted for 
both 40 and 80 mg valbenazine and the multiple dose 
study was conducted for 40 mg. In every dose group, sub-
jects were randomized to valbenazine or placebo at a ratio 
of 18:4. In the multiple-dose study, only the 40 mg dose 
group subjects from the initial phase received valbena-
zine 40 mg or placebo once daily for 8 days after a wash-
out period of 7 days (Figure 2). Subjects maintained fasted 
state 10 h before and 4 h after the study drug administra-
tion. A total of 44 subjects were planned to be enrolled: 
22 subjects for each dose group. The dose of valbenazine 
was determined according to the approved doses of val-
benazine by the FDA (40 and 80 mg). The administration 

F I G U R E  1   Metabolic pathway of 
valbenazine.
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of the single 80 mg dose and the transition to the 40 mg 
multiple-dose phase after the 40 mg single-dose phase was 
performed after the evaluation of tolerability data up to 
the fifth day following a valbenazine 40 mg single dose.

Determination of plasma concentrations of 
valbenazine and metabolites

Serial blood samples were collected for PK analysis of 
valbenazine and its metabolites. In the single-dose phase, 
blood samples were collected predose and at 0.25, 0.5, 
0.75, 1, 1.5, 2, 3, 4, 8, 12, 18, 24, 48, 72, and 96 h after drug 
administration. In the multiple-dose phase, blood sam-
ples were collected predose (every day) and at 0.25, 0.5, 
0.75, 1, 1.5, 2, 3, 4, 8, 12, 18, 24, 48, 72, and 96 h after the 
last dose. Each blood sample was collected in a K2 EDTA 
tube centrifuged at 2000 rpm for 10 min at 4°C and stored 
at temperatures below −70°C until the analysis of drug 
concentration.

Plasma concentrations of valbenazine metabolites 
(NBI-98782, NBI-136110) were determined using a vali-
dated high performance liquid chromatography tandem 

mass spectrometry method. The liquid chromatography 
tandem mass spectrometry system consisted of a mass 
spectrometry (API4000, AB Sciex Pte. Ltd.) and pump 
system (LC-10ATvp, Shimadzu Corp.). To prepare the 
samples for analysis, a sample of plasma was mixed with 
acetonitrile in the presence of an internal standard (d6-
NBI-98854-2HCl salt for valbenazine; 13C-NBI-98782 for 
NBI-98782; d6-NBI-136110 2HCl salt for NBI-136110; 
Neurocrine Biosciences). The mixture was then vortexed 
for 1 min and centrifuged for 4°C, 2000 g. An aliquot of 
the supernatant was transferred to an autosampler onto 
the column at 40°C. Three mobile phases were prepared. 
Mobile phase A consisted of 5 mM ammonium acetate 
solution (1000 ml) and ammonium hydroxide solution 
(1 ml) and mobile phase B consisted of methanol (200 ml), 
acetonitrile (1800 ml), and ammonium hydroxide solution 
(2  ml). In addition, mobile phase C consisted of 5 mM 
ammonium acetate solution (400 ml), methanol (160 ml), 
acetonitrile (1440 ml), and ammonium hydroxide solution 
(2 ml). Detection of the precursor-to-product ion transition 
was achieved via electrospray ionization in the positive-
ion mode along with multiple reaction monitoring. The 
precursor-to-product ion pairs of the mass-to-charge ratio 

F I G U R E  2   Study design (a) 40 mg dose group, (b) 80 mg dose group. PK, pharmacokinetic.
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were 419 to 205 for valbenazine; 425 to 211 for d6-NBI-
98854-2HCl salt; 320 to 165 for NBI-98782; 323 to 167 for 
13C-NBI-98782; 435 to 302 for NBI-136110; and 441 to 308 
for d6-NBI-136110 2HCl salt, respectively. The calibration 
curves for each analyte had good linearity over the range 
of 1–500 ng/ml (valbenazine), 0.1–50 ng/ml (NBI-98782), 
and 0.2–100 ng/ml (NBI-136110). The limit of quantifica-
tion of valbenazine, NBI-98782 and NBI-136110 plasma 
samples were 1.0, 0.1 and 0.2 ng/ml, respectively.

PK analysis

PK parameters including the maximum plasma concen-
tration (Cmax), time to reach the Cmax (Tmax), area under 
the time-concentration curve (AUC), apparent total clear-
ance (CL/F), CL/F at steady-state (CLss/F), apparent vol-
ume of distribution during the terminal phase (Vz/F), 
terminal half-life (t1/2), ratio of accumulation and linear-
ity factor, were calculated through the noncompartmental 
method using Phoenix WinNonlin (version 6.3, Certara). 
The Cmax and Tmax were estimated from the observed val-
ues. The AUC from time of administration up to the time 
of the last quantifiable concentration (AUC0–last) was cal-
culated with the linear trapezoidal method, and the AUC 
from zero to infinity (AUCinf) was calculated as the sum 
of the AUC0–last and the last measurable concentration di-
vided by the elimination rate constant (λz). The t1/2 was 
calculated as t1/2  =  ln2/λz. Accumulation ratio was de-
fined as a ratio of the AUC over 24 h (AUC0–24) on day 15 
to the AUC0–24 on day 1. The linearity factor was defined 
as the ratio of the AUC0–24 on day 15 to the AUCinf on day 
1. Metabolic ratio was defined as the ratio of the AUCinf of 
metabolite to the AUCinf of parent.

Safety and tolerability evaluation

Adverse events (AEs), physical examination findings, 
vital signs, 12-lead electrocardiograms, and clinical labo-
ratory test results were monitored for the safety and tol-
erability evaluation. AEs were monitored by both subject 
self-report and investigator routine interview. In addition, 
the C-SSRS and BDI-II scores were also assessed intermit-
tently during the entire trial.

CYP2D6 genotyping

The subjects' CYP2D6 genotypes were retrospectively ana-
lyzed because the CYP2D6 enzyme is one of the metabolic 
pathways of NBI-98782. Genomic DNA was extracted 
from the blood sample of each subject and analyzed using 

an xTAG CYP2D6 kit (Luminex Corporation) accord-
ing to the manufacturer's instructions by Komabiotech. 
Multiplex polymerase chain reaction and multiplex Allele 
Specific Primer Extension was used with Luminex's 
Universal TAG sorting system on a Luminex 200 plat-
form. Multiple CYP2D6 haplotypes (*2 to *12, *14, *15, 
*17 *29, *35, and *41) and gene duplication were ana-
lyzed. Subjects were classified into four different pheno-
types (ultrarapid metabolizer, normal metabolizer [NM], 
intermediate metabolizer [IM], and PM) by the analyzed 
genotypes according to a classification method provided 
in Table S1.

Statistical analysis

Statistical analysis was performed using SAS software ver-
sion 9.4 (SAS Institute). Demographic and other baseline 
data were summarized in safety and tolerability analysis 
set. Descriptive statistics were used to summarize PK pa-
rameters and safety and tolerability parameters. Kruskal–
Wallis test was performed to compare PK parameters of 
valbenazine and NBI-98782 among different CYP2D6 
phenotypes. The hypothesis test was done at the signifi-
cance level of 0.05.

RESULTS

Study population

A total of 50 subjects were enrolled and, among them, 
43 completed the study as planned. A total of 28 subjects 
were enrolled in the 40 mg single-dose study group. First, 
six subjects were enrolled and proceeded with study drug 
treatment and scheduled PK and safety/tolerability evalu-
ations. However, due to the establishment of a coronavi-
rus disease 2019 risk mitigation strategy, these six subjects 
were withdrawn from the study. Then, an additional 22 
subjects were enrolled, one of whom was dropped before 
the multiple-dose study. Thus, a total of 21 subjects com-
pleted the 40 mg single-dose phase and continued to the 
40 mg multiple-dose phase. One subject dropped out be-
fore the multiple-dose study and another subject was with-
drawn from the study during the multiple-dose study part; 
20 subjects completed the 40 mg multiple-dose phase. In 
the 80 mg single-dose phase, 22 subjects were enrolled and 
completed the study as planned. Data from the 50 subjects 
who received the study drug were used for PK, safety, 
and tolerability analyses. All subjects were Korean male 
adults, and there were no CYP2D6 ultra-rapid metaboliz-
ers or PMs. The age, weight, height, BMI, and CYP2D6 
phenotypes of the subjects are shown in Table 1.
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Pharmacokinetics

After a single oral administration of valbenazine, plasma 
concentrations of valbenazine rapidly increased (median 
Tmax: 0.5–0.75 h) and showed biphasic elimination with 
a mean t1/2 of ~16 h (Figure 3 and Table 2). The plasma 
concentrations of NBI-98782 and NBI-136110 gradually 
increased (median Tmax: 2–4 h) and demonstrated mono-
phasic elimination with longer t1/2 values than valbena-
zine (Figure 3 and Table 2). The mean t1/2 of NBI-98782 
was ~18 h and that of NBI-136110 was ~28 to 30 h. The 
PK characteristics of valbenazine and its metabolites were 
similar between the 40 and 80 mg dose groups (Table 2).

After multiple oral once daily administrations of val-
benazine, the mean accumulation ratios of valbenazine and 
NBI-98782 were ~1.6 and 2.4, respectively. In addition, no 
time- or dose-dependent changes were observed in the PK 
parameters of valbenazine and its metabolites (Figure 3 and 
Table 2). The PK characteristics of valbenazine and its me-
tabolites were similar after the single and multiple doses of 
valbenazine (Table 2) and the linearity factors of valbenazine, 
NBI-98782 and NBI-136110 were close to 1 (Table 2).

The plasma concentrations of valbenazine and NBI-
136110 showed no significant difference between CYP2D6 
NM and IM phenotypes. The mean Cmax and AUC0–24 of 
valbenazine and NBI-98782 showed no significant differ-
ence between CYP2D6 NM and IM phenotypes (Figure 4).

Safety and tolerability

The single administration of valbenazine 40 and 80 mg 
and the multiple administration of valbenazine 40 mg 
were well-tolerated in the subjects. A total of 13 treatment-
emergent adverse events (TEAEs) were reported with 
“poor quality sleep” in the 40 mg single-dose group and 
“somnolence” in the 40 mg multiple-dose group being the 
only AEs reported in more than one subject (Table 3). All 
other TEAEs were reported in only one subject. Of those 

TEAEs, 11 cases were evaluated to be related to valbena-
zine administration and categorized as adverse drug re-
actions (ADRs). There were no serious AEs reported, 
and the severity of all AEs was mild. The severity of AEs 
was evaluated according to National Cancer Institute - 
Common Terminology Criteria for Adverse Events grad-
ing. Among the findings of physical examinations, vital 
signs, electrocardiograms, and clinical laboratory test re-
sults, an increase in blood creatinine and prolonged QT in 
electrocardiograms were reported as ADRs; these ADRs 
were observed after the single dose of 40 and 80 mg, re-
spectively. The C-SSRS results showed that there were no 
subjects who showed suicidal thoughts after valbenazine 
administration. The average BDI-II scores tended to de-
crease after the administration of the study drugs.

DISCUSSION

The aim of this study was to evaluate the safety, tolerabil-
ity, and PK characteristics of valbenazine for the first time 
in Korean subjects. Valbenazine was well-tolerated at a 
single dose up to 80 mg and at multiple once-daily doses of 
40 mg for 8 days in healthy Korean subjects, based on the 
resulting AEs, physical examination findings, vital signs, 
12-lead electrocardiograms, and clinical laboratory test re-
sults. Valbenazine showed linear PK characteristics after 
single and multiple doses. The PK parameters of valbena-
zine, including the Tmax, t1/2, CL/F, and Vz/F, were compa-
rable between the 40 and 80 mg dose groups. Additionally, 
from the linearity factors observed, we evaluated that 
there were no changes in PK characteristics that were de-
pendent on the number of administered doses.

The PK characteristics of valbenazine in Koreans 
were similar to the results previously reported in (United 
States) US subjects. In that study, the mean ± SD of CL/F 
of valbenazine after single oral dose of valbenazine 50 
and 75 mg were 14.1 ± 6.22 L/h and 11.0 ± 2.81 L/h, re-
spectively, which were similar to those of Korean subjects 

T A B L E  1   Demographics of subjects

Variables

Single dose Multiple dose

Placebo (N = 9) 40 mg (N = 23) 80 mg (N = 18) Placebo (N = 4) 40 mg (N = 17)

Age, years 31.8 ± 6.9 33.2 ± 5.9 31.7 ± 6.1 35.8 ± 7.9 33.1 ± 6.1

Weight, kg 66.2 ± 3.4 69.0 ± 7.1 66.7 ± 8.3 66.0 ± 4.7 68.6 ± 7.2

Height, cm 169.9 ± 3.8 172.4 ± 5.5 173.2 ± 5.8 169.8 ± 1.5 172.1 ± 5.5

BMI, kg/m2 23.0 ± 1.3 23.2 ± 1.5 22.2 ± 1.9 22.9 ± 1.6 23.1 ± 1.5

CYP2D6 normal metabolizers 5 (55.6) 14 (60.9) 13 (72.2) 2 (50.0) 9 (52.9)

CYP2D6 intermediate metabolizers 4 (44.4) 9 (39.1) 5 (27.8) 2 (50.0) 8 (47.1)

Note: Data are presented as the arithmetic mean ± SD, except for CYP2D6 phenotypes that is expressed as the N (%).
Abbreviation: BMI, body mass index.
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(Table  2).11,18 In addition, the mean ± SD of t1/2 and the 
Tmax were comparable between US subjects and Korean 
subjects (Table 2).18 Furthermore, after the once daily mul-
tiple doses of 50 and 100 mg valbenazine in US subjects, 
the accumulation index of valbenazine and NBI-98782 

was ~1.5 and 2.6, respectively, which was also similar to 
those of Korean subjects.18

In a previous study, no significant differences were 
found in prevalence of tardive dyskinesia among Whites, 
Blacks, and Hispanic patients.19 In addition, there are no 

F I G U R E  3   Mean plasma concentration-time profile of valbenazine (a), NBI-98782 (b), and NBI-136110 (c) after single oral dose of 40 
and 80 mg and after multiple oral doses of valbenazine 40 mg (left: linear scale, right: semi-log scale).
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other study results suggesting the significant ethnic differ-
ence in genetic polymorphisms related to VMAT2. Thus, 
the pathophysiology and treatment guidelines of tardive 
dyskinesia and the mechanism of action of valbenazine 
are not anticipated to be changed by the ethnicity of pa-
tients. Therefore, considering the exposure-response 
relationship found in previous clinical studies in US pa-
tients, the approved valbenazine dose regimen (i.e., a 

dose between 40 and 80 mg) can also be recommended for 
Korean patients.

The greatest interest from the pharmacogenetic anal-
ysis in this study might be whether the dose adjustment 
should be considered to patients by their CYP2D6 poly-
morphisms. Thus, as the ratio of selectivity of valbenazine 
and NBI-98782 to VMAT2 is known to be about 1:50, we 
defined new end point, “total potency,” which can expect 

T A B L E  2   Pharmacokinetic parameters

Korean subjects US subjectsa

Single dose Multiple dose Single dose

Parameters

40 mg 80 mg 40 mg 50 mg 75 mg

(N = 23) (N = 18) (N = 17) (N = 5) (N = 8)

Valbenazine

Cmax, ng/ml 372 ± 139 1200 ± 369 526 ± 205 412 ± 236 788 ± 220

Tmax, h 0.75 [0.5–1.5] 0.5 [0.5–0.75] 0.75 [0.5–3] 0.5 [0.3–4.0] 1.0 [0.3–2]

AUC0–24, h ng/ml 2240.3 ± 540.7 5973.6 ± 1792.3 3553.9 ± 842.2

AUCinf, h ng/ml 3061.0 ± 755.6 7931.5 ± 2666.9 4120 ± 1680 7170 ± 1540

CL/F or CLss/F, L/h 14.07 ± 4.63 10.92 ± 2.77 12.11 ± 4.21 14.1 ± 6.22 11.0 ± 2.81

Vz/F, L 328.21 ± 101.42 241.89 ± 59.69 331.36 ± 98.78

t1/2, h 16.36 ± 2.37 15.61 ± 2.62 19.2 ± 2.14 19 ± 2.4 20 ± 2.4

Ratio of accumulation 1.553 ± 0.175

Linearity factor 1.137 ± 0.138

NBI-98782

Cmax, ng/ml 11.3 ± 2.77 26.1 ± 10.2 28.6 ± 8.67 20.4 ± 7.51 31.7 ± 11.4

Tmax, h 4 [4–18] 4 [4–12] 4 [2–8] 4.0 [4.0–6.0] 6.0 [4.0–12]

AUC0–24, h ng/ml 212.6 ± 55.4 471.0 ± 182.8 505.2 ± 152.3

AUCinf, h ng/ml 422.2 ± 120.7 878 ± 384.8 575 ± 350 1150 ± 706

t1/2, h 18.65 ± 1.85 17.77 ± 2.34 20.4 ± 1.81 19 ± 2.4 20 ± 2.4

Ratio of accumulation 2.369 ± 0.321

Linearity factor 1.205 ± 0.169

Metabolic ratio, % 19.07 ± 7.29 14.99 ± 5.66 25.41 ± 10.04

NBI-136110

Cmax, ng/ml 26.2 ± 8.6 57.2 ± 13.1 63 ± 17.9

Tmax, h 4 [0.75–18] 2 [1.5–4] 3 [1–4]

AUC0–24, h ng/ml 436.7 ± 129.2 952.6 ± 214.5 1049.6 ± 298.8

AUCinf, h ng/ml 1047.6 ± 293.2 2183.4 ± 553.3

t1/2, h 30.65 ± 5.24 28.03 ± 5.26 32.88 ± 5.11

Ratio of accumulation 2.306 ± 0.391

Linearity factor 0.941 ± 0.142

Metabolic ratio, % 32.92 ± 3.24 27.17 ± 3.06 48.04 ± 6.44

Note: Data are presented as the arithmetic mean ± SD, except for Tmax that is expressed as the median [minimum–maximum].
Abbreviations: AUC0–24, area under the plasma concentration-time curve from 0–24-h; AUCinf, AUC from zero to infinity; CL/F, apparent oral clearance; 
CLss/F, apparent oral clearance at steady state; Cmax, maximum plasma concentration; Tmax, time to reach Cmax; Vz/F, apparent volume of distribution; t1/2, 
terminal elimination half-life.
aData from US subject was adopted from a previous study results.18
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the pharmacological activity after the administration of 
valbenazine. Equation (1), AUCinf, and AUCtau,ss was used 
in the calculation for single dose group and multiple dose 
group, respectively.

In addition to the result already described above, com-
parison of total potency among different CYP2D6 func-
tionalities might be stronger evidence to the determination 
of dose adjustment of valbenazine. Although the result 

above was analyzed based on the predefined phenotyping 
method (Table S1), in this further analysis, we used a cate-
gorization recommended in the Clinical Pharmacogenetics 
Implementation Consortium (CPIC) guideline for the fur-
ther specification of functionalities of each genotype.16

Although the total potency tends to slightly decrease 
as CYP2D6 activity score decreases, there was no statis-
tical significance in those tendency. In addition, there 
was also no significant difference among the three dif-
ferent phenotypes (Figure  5). The overall proportion 
of the phenotype observed in the study was also sim-
ilar with those with known proportion expected in 
east Asian population (Figure  6). This supports that 

(1)
Total potency=AUC of valbenazine×

(

1

51

)

+AUC of NBI−98782×
(

50

51

)

.

F I G U R E  4   Distribution of Cmax and AUC0–24 of valbenazine and Cmax, AUC0–24, and metabolic ratio of its metabolite (NBI-98782) after a 
single oral dose of valbenazine 40 and 80 mg and after multiple once-daily oral doses of valbenazine 40 mg, according to CYP2D6 phenotype. 
AUC0–24, area under the time-concentration curve from time of administration up to the time of the last quantifiable concentration; Cmax, 
maximum plasma concentration; IM, intermediate metabolizer; NM, normal metabolizer; N.S., not significant.
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our study result well represents the population PKs of 
valbenazine in Koreans. As the expected activity of ac-
tive moieties were comparable among various CYP2D6 
functionalities, dose adjustment will not be required for 
Korean CYP2D6, except for CYP2D6 PM which were not 
observed in this study.

Our study has several limitations. First, the PK and 
safety profile of valbenazine were not evaluated in 
Korean CYP2D6 PMs. As the CYP2D6 PMs are rare in 
Koreans, the sample size (N = 50) of this study were not 

enough to recruit at least one CYP2D6 PM. Second, there 
are no female subjects in the study because only male 
subjects were enrolled in the previous phase I clinical 
trial performed in US subjects. Our study was also de-
signed to enroll healthy male subjects to control possible 
confounding factors which may attribute to unconclusive 
study result. Conclusively, the lack of clinical pharma-
cology data in CYP2D6 PMs or female subjects may limit 
safe and effective use of valbenazine in some Korean pa-
tients. However, as the study result is sufficient enough 

T A B L E  3   Summary of TEAEs

System organ class Single-dose Multiple-dose

Preferred term Placebo (N = 9) 40 mg (N = 23) 80 mg (N = 18) Placebo (N = 4) 40 mg (N = 17)

Any system organ class 0 4 (17.4) 2 (11.1) 1 (25.0) 6 (35.3)

Metabolism and nutrition disorders 0 0 0 0 1 (5.9)

Decreased appetite 0 0 0 0 1 (5.9)

Psychiatric disorders 0 0 0 0 1 (5.9)

Insomnia 0 0 0 0 1 (5.9)

Nervous system disorder 0 2 (8.7) 1 (5.6) 1 (25.0) 2 (11.8)

Dizziness 0 0 0 1 (25.0) 1 (5.9)

Headache 0 0 1 (5.6) 1 (25.0) 0

Poor sleep quality 0 2 (8.7) 0 0 0

Somnolence 0 0 0 0 2 (11.8)

Eye disorders 0 0 0 1 (25.0) 0

Vision blurred 0 0 0 1 (25.0) 0

Respiratory, thoracic, and 
mediastinal disorders

0 0 0 1 (25.0) 0

Rhinorrhea 0 0 0 1 (25.0) 0

Gastrointestinal disorders 0 0 1 (5.6) 1 (25.0) 3 (17.6)

Nausea 0 0 1 (5.6) 1 (25.0) 1 (5.9)

Abdominal pain 0 0 0 0 1 (5.9)

Abdominal pain lower 0 0 0 0 1 (5.9)

Diarrhea 0 0 0 0 1 (5.9)

Gastroesophageal reflux disease 0 0 0 0 1 (5.9)

Oral discomfort 0 0 0 0 1 (5.9)

Skin and subcutaneous tissue 
disorders

0 0 0 0 1 (5.9)

Pruritis 0 0 0 0 1 (5.9)

General disorders and 
administration site conditions

0 0 0 0 2 (11.8)

Fatigue 0 0 0 0 1 (5.9)

Peripheral swelling 0 0 0 0 1 (5.9)

Investigations 0 2 (8.7) 1 (5.6) 0 0

Blood creatinine increased 0 1 (4.3) 0 0 0

Electrocardiogram QT prolonged 0 0 1 (5.6) 0 0

Liver function test increased 0 1 (4.3) 0 0 0

Note: Data are presented as the N (%).
Abbreviation: TEAEs, treatment-emergent adverse events.
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to demonstrate that there is no significant difference in 
PKs by the ethnicity, dosage adjustment for CYP2D6 PMs 
in Koreans could be done in the same manner as what 
the FDA recommends. Still, further studies evaluating 
the PKs of valbenazine in various populations including 

CYP2D6 PMs and women is expected to be conducted for 
effective and safer use of valbenazine.

In conclusion, valbenazine was well-tolerated after a 
single dose up to 80 mg and multiple daily doses at 40 mg 
in Korean healthy subjects, and the PK characteristics were 

F I G U R E  5   Distribution of total potency by activity scores and phenotypes of CYP2D6 (Activity scores and phenotypes were drawn 
from CPIC guideline16; (a, d): 40 mg single dose, (b, e): 40 mg multiple doses, (c, f): 80 mg single dose). CPIC, Clinical Pharmacogenetics 
Implementation Consortium.

F I G U R E  6   Comparison of CYP2D6 phenotype proportions in this study and previously predicted phenotype frequency in east Asians. 
Phenotyping was done by the method recommended in the CPIC guideline16; data of left diagram are displayed as percentage of subjects 
(number of subjects). CPIC, Clinical Pharmacogenetics Implementation Consortium.
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comparable to the previously reported results in American 
subjects. Furthermore, the overall exposure of active moi-
eties of valbenazine was found out to be rarely affected by 
CYP2D6 polymorphism. These findings support the con-
sistent use of the previously approved valbenazine dose 
regimen in Korean patients with tardive dyskinesia.
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