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Abstract

Peficitinib (ASP015K) is a novel Janus kinase inhibitor developed for the treatment of rheumatoid arthritis (RA). The im-
pact of hepatic impairment on the peficitinib pharmacokinetic (PK) and safety profile was investigated in non-RA subjects
(n = 24) in an open-label, parallel-group,multicenter comparative study in Japan. Subjects received a single, clinically rele-
vant,oral dose of a peficitinib 150 mg tablet under fasting conditions.Plasma PK parameters were measured for peficitinib
and its metabolites H1 (sulfate and methylated metabolite), H2 (sulfate metabolite), and H4 (methylated metabolite) in
subjects with normal hepatic function, mild hepatic impairment, or moderate hepatic impairment. The peficitinib area
under the plasma-concentration–time curve from time 0 to infinity (AUCinf) and maximum observed concentration
(Cmax) were not markedly different in subjects with mild hepatic impairment versus normal hepatic function. In subjects
with moderate hepatic impairment versus normal hepatic function, the geometric mean ratios for peficitinib AUCinf and
Cmax, were 1.92 (90% CI: 1.39, 2.66) and 1.82 (90% CI: 1.24, 2.69), respectively. Five treatment-emergent adverse events
(TEAEs) were experienced by 3 subjects, 1 in each group.There were no deaths,no serious TEAEs, and no TEAEs leading
to withdrawal. In summary, the PK profile was unaltered in subjects with mild hepatic impairment after a single clinically
relevant dose of peficitinib, but exposure almost doubled in subjects with moderate hepatic impairment. Peficitinib dose
reduction may be considered in RA patients with moderate hepatic impairment.
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Peficitinib is an orally bioavailable once-daily Janus
kinase (JAK) inhibitor that targets various cytokine
signaling pathways to suppress the activation and
proliferation of inflammatory cells in rheumatoid
arthritis (RA).1–5 The efficacy and safety of peficitinib,
as monotherapy or in combination with disease-
modifying antirheumatic drugs, in patients with
moderate-to-severe RA have been demonstrated
in randomized, double-blind, placebo-controlled
studies.1,6–9 These included studies conducted in
Japan,1,8,9 where the Ministry of Health, Labour and
Welfare reports there are an estimated 0.7 million
people with RA. In 2019 peficitinib was approved
in Japan as a new treatment option for patients with
RA who had an inadequate response to conventional
therapy.10

The pharmacokinetic (PK) and pharmacodynamic
profiles of single- and multiple-dose peficitinib have
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been assessed in healthy subjects.11 Peficitinib was
absorbed rapidly, and plasma levels reached steady state
by day 3 of multiple dosing. Dose proportionality was
shown for a single peficitinib dose from 3 to 300 mg and
for multiple peficitinib doses from 30 mg twice daily to
100 mg twice daily.11 Urinary excretion of peficitinib
accounted for 9% to 15% of the oral dose, and 3 con-
jugated metabolites (H1 [M1], H2 [M2], and H4 [M4])
were produced that showed very weak in vitro phar-
macological action.11,12 The H2 and H4 metabolites
are produced by sulfuric acid conjugation and methy-
lation of peficitinib, respectively, and may undergo
further metabolic transformation to H1 (a sulfated and
methylated metabolite).12

In clinical studies of RA patients, peficitinib was
effective and well tolerated at daily doses of 100 mg
and 150 mg,1,6–9 which formed the basis for the recent
approval of peficitinib (50 mg and 100 mg tablets) in
Japan.13 The usual clinical dosage for adult patients
with RA is 150 mg per day, which can be reduced to
100 mg per day depending on the patient’s condition.13

The peficitinib PK profile has been characterized in
healthy subjects,11 and a recent drug interaction study
with rosuvastatin (a probe substrate for the organic
anion transporting polypeptide 1B1) did not demon-
strate any clinically significant changes in the PK
profile of either agent during coadministration.14

However, a recent study of peficitinib in combination
with verapamil (P-glycoprotein inhibitor) showed
increased exposure of peficitinib and its metabolites,
suggesting that P-glycoprotein may be involved in
peficitinib transport.15

While the peficitinib PK profile has been described
in healthy subjects,11 it is important to determine the
impact of potential comorbidities, such as liver disease,
on peficitinib exposure. The burden of liver disease
related to hepatitis infection remains high,16 and there
is a rise in nonalcoholic fatty liver disease and its
histological phenotype, nonalcoholic steatohepatitis
(NASH), which are related to increased obesity and
can progress to chronic liver disease.17 Recent estimates
suggest the global prevalence of nonalcoholic fatty
liver disease/NASH is 24%, with the highest rates
reported from South America and the Middle East,
followed by Asia, the United States, and Europe.17 In
Japan it is estimated that around 1 million people have
NASH,18 and, owing to diet and lifestyle alterations
and the global trend for obesity, NASH is likely to
become an increasingly important cause of hepatic
disease in Japan and across the world.18–20

To determine whether peficitinib exposure is af-
fected by the level of hepatic functioning, this study
assessed the PK and safety profile of a single oral
dose of peficitinib 150 mg in subjects with normal and
impaired hepatic function.

Methods
Study Design and Participants
This study was conducted in compliance with the Dec-
laration of Helsinki, Good Clinical Practice, Interna-
tional Committee on Harmonisation guidelines, and
all applicable laws and regulations. The final proto-
col, amendments, and informed consent documenta-
tion were reviewed and approved by the institutional
review board at each study center. The names and lo-
cation of the individual institutional review boards are
shown in Supplementary Table S1. All participants pro-
vided written, informed consent.

This was an open-label, single oral dose, parallel-
group comparison study conducted between December
2015 and September 2016 at 6 sites in Japan (Sup-
plementary Table S1). The objective was to evaluate
plasma PK parameters and safety for peficitinib in
subjects with and without hepatic impairment.

The planned sample size was 8 subjects in each
group: normal hepatic function, mild hepatic impair-
ment, and moderate hepatic impairment. This sample
size was based on an accrual potential of subjects with
impaired hepatic function according to PK studies in
subjects with impaired hepatic function and normal
hepatic function. The sample size determination for this
study was not based on statistical power.

Eligible subjects were aged 20–75 years, with body
mass index �17.0 and <30.0 kg/m2. Hepatic impair-
ment was defined at screening using Child-Pugh clas-
sification: Class A, mild (5–6 points); Class B, moder-
ate (7–9 points). Subjects with severe hepatic impair-
ment (Child-Pugh classification Class C, 10–15 points)
were excluded. The PK analysis was based on all sub-
jects who received the study drug and who had at least
1 PK assessment. The safety analysis was based on all
subjects who received the study drug.

Administration and Monitoring
Subjects were required to fast overnight before dosing.
On the morning of day 1, subjects received 1 peficitinib
150 mg tablet (Astellas Pharma Inc, Tokyo, Japan) with
150mL of water andwere requested to swallowwithout
chewing. Other drinking water was prohibited 1 hour
before and after drug administration. Subjects were dis-
charged on day 4 and had a follow-up examination at
day 7 (Figure 1).

Sample Analysis Method for Peficitinib and Metabo-
lite H2
The concentrations of plasma peficitinib and metabo-
lite H2 (sulfate metabolite) were measured using
validated liquid chromatography-tandem mass
spectrometry (LC-MS/MS) methods. The lower
limit of quantification was 0.25 ng/mL when 25 µL of
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Figure 1. Overview of study design. Follow-up investigation was to be performed as needed after the follow-up examination.

plasma was used. The analysis method was previously
published using rat plasma.21 For clinical sample
analysis, the method was developed using human
plasma. Calibration curves for peficitinib and H2 in
human plasmawere linear over the concentration range
0.25–500 ng/mL, with correlation coefficients �0.9988.
The intra-day accuracies were within ±15% of the
nominal concentration, and the intra-day precision did
not exceed 15%.

Sample Analysis Method for Metabolites H1 and H4
The concentrations of metabolites H1 (sulfate and
methylated metabolite) and H4 (methylated metabo-
lite) were measured separately using 2 validated LC-
MS/MSmethods. The lower limit of quantification was
0.25 ng/mL, when 25 µL of plasma was used.

Extraction of H1 and H4 was carried out sepa-
rately by solid-phase extraction.DeuteratedH1 (d3-H1)
was used for the internal standard (IS) of H1, and a
stereoisomer of peficitinib was used for the IS of H4.
Plasma samples (25 µL) were mixed with 100 mmol/L
phosphate solution (pH 7) (1 mL), acetonitrile-water
(1:1, v/v) (25 µL), and IS working solution (25 µL) and
loaded onto a preconditioned Oasis R© HLB cartridge
(30 mg/1 cc; Waters Co, Milford, Massachusetts). For
H1 extraction, the cartridge was washed with 1 mL
of methanol-water (5:95, v/v) 3 times, and analytes
were eluted with 0.5 mL of methanol 2 times. For
H4 extraction, the cartridge was washed 3 times with
1 mL of methanol-water (25:75, v/v), and analytes
were eluted twice with 0.5 mL of methanol-formic acid
(100:0.1, v/v). Eluted solvent was evaporated at 40°C
under a stream of nitrogen gas. Residues were reconsti-
tuted with a 0.5-mL aliquot of reconstitution solution
(10 mmol/L ammonium acetate-methanol [65:35, v/v]
or [60:40, v/v]) for H1 or H4, respectively. An aliquot
of each sample was injected into the LC system for H1
or H4 analysis (10 µL and 20 µL, respectively).

LC-MS/MS Condition for H1 Analysis
LC separation was performed on an Inertsil Ph-3 col-
umn (4.6 mm I.D. × 100 mm [GL Sciences, Tokyo,

Japan]) for 5 µm particle size with a mobile phase con-
sisting of 10mmol/L ammonium acetate andmethanol.
H1 was eluted using mobile phase A (10 mmol/L
ammonium acetate solution) and mobile phase B
(methanol) in the following linear gradient conditions:
0–3.50 minutes, 55% (B); 3.51–4.00 minutes, 90% (B);
4.01–6.00 minutes, 90% (B); 6.01–7.00 minutes, 55%
(B); and 7.01–7.50 minutes, 55% (B). Flow rate was
set at 0.8 mL/min except for 4.01–7.00 minutes (1.5
mL/min), and column temperature was set at 40°C.

MS/MS detection was performed using an API4000
(AB SCIEX, Framingham, Massachusetts). The ion-
spray voltage was maintained at 3000 V, and temper-
ature maintained at 700°C. Ion source gas 1 (air) was
set at 60 psi, and ion source gas 2 (air) was set at 60
psi. Curtain gas (nitrogen) was set at 10 psi. Selected re-
action monitoring was conducted in positive ion elec-
trospray mode. The first quadrupole selected for the
cationic moiety of each compound was as follows: H1,
m/z 421; IS d3-H1, m/z 424. Product ions were gener-
ated by collision-induced dissociationwithin the second
quadrupole (collision gas nitrogen) and detected at the
electron multiplier as follows: H1, m/z 341; IS d3-H1,
m/z 344. Data were processed using Analyst Software
(version 1.5, AB SCIEX).

Calibration curves for H1 in human plasma were lin-
ear over the concentration range 0.25–100 ng/mL, with
correlation coefficients �0.9991. The intra- and inter-
day accuracies were within ±15% of the nominal con-
centration, and the intra- and inter-day precision did
not exceed 15%.

LC-MS/MS Condition for H4 Analysis
LC separation was performed on an Inertsil Ph-3 col-
umn (2.1 mm I.D. × 33 mm [GL Sciences, Tokyo,
Japan]) for 5 µm particle size with mobile phase A
(10 mmol/L ammonium acetate-methanol [60:40, v/v])
and mobile phase B (acetonitrile-water [70:30, v/v]) in
the following isocratic conditions: 0–6.00 minutes, 0%
(B); 6.01–9.00 minutes, 100% (B); 9.01–10.5 minutes,
0% (B). Flow rate was set at 0.8 mL/min, and column
temperature was set at 40°C.

MS/MS detection was performed using an API4000.
The ion-spray voltage was maintained at 5000 V, and
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temperature maintained at 650°C. Ion source gas 1 (air)
was set at 60 psi, and ion source gas 2 (air) was set
at 70 psi. Curtain gas (nitrogen) was set at 10 psi. Se-
lected reaction monitoring was conducted in positive-
ion electrospraymode. The first quadrupole selected for
the cationic moiety of each compound was as follows:
H4, m/z 341; IS, a stereoisomer of peficitinib, m/z 327.
Product ions were generated by collision-induced dis-
sociation within the second quadrupole (collision gas
nitrogen) and detected at the electron multiplier as fol-
lows: H4, m/z 174; IS, a stereoisomer of peficitinib, m/z
91. Data were processed using Analyst Software.

Calibration curves for H4 in human plasma were lin-
ear over the concentration range 0.25–100 ng/mL, with
correlation coefficients �0.9976. The intra- and inter-
day accuracies were within ±15% of the nominal con-
centration, and the intra- and inter-day precision did
not exceed 15%.

Pharmacokinetics
Blood samples for the PK analysis were collected before
study drug administration, at 15 minutes after dosing,
every 30 minutes until 2 hours after dosing, and then
at postdosing hour 3, 4, 5, 6, 8, 10, 12 (day 1), 24, 36
(day 2), 48, 60 (day 3), 72 (day 4/discharge).

The PK parameters for plasma peficitinib were area
under the concentration-time curve (AUC) from the
time of dosing extrapolated to time infinity (AUCinf ),
AUC from the time of dosing to the last measur-
able concentration (AUClast), maximum concentration
(Cmax), apparent total systemic clearance after oral
dosing (CL/F), time to attain Cmax (tmax), and ter-
minal elimination half-life (t½). The PK parameters
for plasma metabolites H1, H2, and H4 were AUCinf ,
AUClast, Cmax, tmax, t½, and metabolite-to-parent ratio
of AUClast (MPR). The relationship between peficitinib
AUCinf and measures of hepatic impairment (serum
albumin and prothrombin time) were analyzed across
hepatic function groups. Prothrombin time was ex-
pressed as a percentage of standard human plasma clot-
ting times, where a lower percentage corresponds to
prolonged clotting times.

Safety
Treatment-emergent adverse events (TEAEs) were de-
fined as any adverse events that started or worsened in
severity after administration of the study drug. Safety
was assessed throughout the study. All events were clas-
sified using the Japanese Medical Dictionary for Regu-
latory Activities (J16.0).

Further assessments included vital signs, ECG,
hematology, biochemistry, and urinalysis. Liver func-
tion tests included alkaline phosphatase, alanine

aminotransferase, γ -glutamyltranspeptidase, total
bilirubin, and aspartate aminotransferase.

Statistical Analyses
Plasma PK parameters for peficitinib and metabolites
H1, H2, and H4 were described using summary statis-
tics, and AUCinf was also described using scatter plots.
The GMR and 90% CI for the impaired groups versus
the normal group were calculated using SASR© (Cary,
NorthCarolina)mixed procedure with hepatic function
group as a fixed effect.

Results
Subjects
A total of 24 subjects were enrolled and received study
drug; all subjects completed the study. There were 16
subjects with impaired hepatic function (n = 8 with
mild impairment and n= 8 with moderate impairment)
and 8 subjects with normal hepatic function.

The mean age of the subjects was 62.3 years, and
the mean weight was 65.5 kg. In the mild and moderate
impairment groups, respectively, themean prothrombin
time was 95.9% and 69.7%, and the mean albumin con-
centration was 40.6 g/L and 32.1 g/L. All other demo-
graphic and baseline characteristics were similar across
the normal, mild, and moderate impairment groups
(Table 1). The cohorts were balanced formean age (nor-
mal, 60.0 years; mild, 67.4 years; moderate, 59.4 years)
and mean weight (normal, 66.3 kg; mild, 65.2 kg; mod-
erate, 65.0 kg), with a median ±10% across the cohorts.
Most subjects (70.8%) were male (normal, 75.0%; mild,
62.5%; moderate, 75.0%).

Pharmacokinetics
Peficitinib. The mean plasma peficitinib concentra-

tion from dosing to 72 hours by degree of hepatic im-
pairment is shown in Figure 2. An overview of the
plasma PK parameters by hepatic impairment group is
shown in Table 2.

In subjects with mildly impaired hepatic function
versus normal hepatic function, the GMRs for pefici-
tinib AUCinf and Cmax were 1.19 (90% CI: 0.86, 1.64)
and 1.04 (90% CI: 0.71, 1.53), respectively (Table 3). In
moderately impaired subjects versus subjects with nor-
mal hepatic function, the GMRs for peficitinib AUCinf

and Cmax were 1.92 (90% CI: 1.39, 2.66) and 1.82 (90%
CI: 1.24, 2.69), respectively (Table 3). Scatter plots of
AUCinf versus measures of hepatic function (serum al-
bumin and prothrombin time) are shown in Figure 3.
Metabolites. The 3 conjugated metabolites of pefici-

tinib, H2 (major metabolite), H1, and H4 (minor
metabolites) were analyzed.12 Compared with mea-
surements in subjects with normal hepatic function,
there was a trend for greater exposure to H1 and H4
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Table 1. Baseline Demographics and Clinical Characteristics by Hepatic Function Group in All Subjects

Normal
Function
(n = 8)

Mild
Impairment
(n = 8)

Moderate
Impairment
(n = 8)

Total
(N = 24)

Sex, n (%)
Male 6 (75.0) 5 (62.5) 6 (75.0) 17 (70.8)
Female 2 (25.0) 3 (37.5) 2 (25.0) 7 (29.2)

Age, years
Mean (SD) 60.0 (4.7) 67.4 (8.2) 59.4 (6.7) 62.3 (7.4)

Weight, kg
Mean (SD) 66.3 (9.8) 65.2 (11.5) 65.0 (13.4) 65.5 (11.2)

BMI, kg/m2

Mean (SD) 24.0 (2.6) 26.0 (3.5) 23.3 (3.7) 24.4 (3.4)
Prothrombin time, %
N 0 8 8 16
Mean (SD) – 95.9 (14.1) 69.7 (16.5) 82.8 (20.1)

Albumin, g/L
N 8 8 8 NA
Mean (SD) 40.4 (1.8) 40.6 (2.3) 32.1 (3.9) NA

BMI indicates body mass index.
Hepatic impairment defined according to Child-Pugh classifications: Class A, mild (5–6 points); Class B, moderate (7–9 points).

Figure 2. Peficitinib plasma concentration–time profiles by degree of hepatic impairment group. Values are means shown on linear
(left) and semi-logarithmic (right) scales. Subjects who received the study drug and provided 1 or more estimable pharmacokinetic
parameters (PKAS). Plasma concentrations below the quantification limit were treated as 0.Hepatic impairment defined according to
Child-Pugh classifications: Class A, mild (5–6 points); Class B, moderate (7–9 points).

metabolites in subjects with mild or moderate hepatic
impairment; there was no clear trend for H2 exposure
(Table 2). MPRs were 0.25 (H1), 1.88 (H2), and 0.29
(H4) in subjects with normal hepatic function, 0.52
(H1), 2.56 (H2), and 0.37 (H4) in subjects with mildly
impaired hepatic function, and 0.32 (H1), 0.75 (H2),
and 0.51 (H4) in subjects with moderately impaired
hepatic function (Table 2).

Safety
Three subjects, including 1 in each group, reported 5
TEAEs (Table 4). The TEAEs were diarrhea, blood

urine present, back pain, hypotension, and nausea. All
TEAEs were considered drug-related except for back
pain. All TEAEs were mild, except for nausea, which
was considered moderate in severity. There were no se-
rious TEAEs, no deaths, and no subjects withdrew from
the study due to a TEAE.

There were no clinically significant changes from
baseline in vital signs, ECG, or clinical laboratory pa-
rameters. One subject in themild impairment group had
blood urine present on day 8, which was considered by
the investigator to be grade 1 in severity and possibly
related to the study drug.
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Table 2. Plasma Pharmacokinetic Parameters of Peficitinib and Its Metabolites by Hepatic Function Group in All Subjects

Hepatic Function

Parameter
Normal
(n = 8)

Mild
Impairment
(n = 8)

Moderate
Impairment
(n = 8)

AUCinf, ng·h/mL Peficitinib 1149 (231.1) 1435 (525.1) 2332 (895.6)
H1 372.1 (111.8) 887.9 (453.0) 1138 (1259)
H2 2707 (557.4) 4393 (2075) 2489 (2358)
H4 357.2 (143.1) 571.8 (281.1) 1346 (1011)

AUClast, ng·h/mL Peficitinib 1298 (528.8) 1413 (525.1) 2316 (899.4)
H1 412.1 (182.6) 876.1 (454.5) 1131 (1260)
H2 2920 (910.1) 4369 (2089) 2480 (2361)
H4 402.0 (211.5) 563.4 (283.3) 1331 (1012)

Cmax, ng/mL Peficitinib 350.4 (129.1) 371.6 (146.5) 673.8 (331.6)
H1 44.79 (23.87) 90.64 (50.46) 110.3 (107.2)
H2 641.3 (174.0) 808.9 (247.1) 485.0 (426.3)
H4 35.57 (26.23) 53.46 (34.03) 110.5 (80.01)

tmax, h Peficitinib 1.25 (1.00–3.00) 1.47 (0.50–2.00) 1.50 (1.00–2.83)
Median (min, max) H1 3.00 (3.00–4.00) 3.00 (1.93–4.00) 3.00 (2.00–4.00)

H2 1.50 (1.00–3.00) 1.75 (1.00–3.00) 1.50 (1.50–2.83)
H4 3.50 (3.00–4.00) 4.00 (1.00–6.00) 4.00 (3.00–4.02)

t½, h Peficitinib 10.43 (6.22) 13.70 (9.93) 11.16 (8.88)
H1 12.50 (7.98) 9.94 (5.50) 14.11 (7.02)
H2 10.77 (6.10) 7.74 (5.09) 12.24 (9.03)
H4 12.24 (6.96) 10.71 (4.77) 15.13 (7.50)

CL/F, L/h Peficitinib 134.9 (25.77) 121.3 (54.89) 74.51 (32.28)
H1 ... ... ...
H2 ... ... ...
H4 ... ... ...

MPR Peficitinib ... ... ...
H1 0.25 (0.06) 0.52 (0.28) 0.32 (0.31)
H2 1.88 (0.42) 2.56 (0.76) 0.75 (0.53)
H4 0.29 (0.06) 0.37 (0.09) 0.51 (0.24)

AUCinf indicates area under the curve from the time of dosing extrapolated to time infinity; AUClast, area under the curve from the time of dosing to
the last measurable concentration;CL/F, apparent total systemic clearance after oral dosing;Cmax,maximum concentration;MPR,metabolite-to-parent
ratio of AUClast; tmax, time to attain Cmax; t½, terminal elimination half-life.
Data are mean (SD) unless stated otherwise.
Hepatic impairment defined according to Child-Pugh classifications: Class A, mild (5–6 points); Class B, moderate (7–9 points).

Discussion
Peficitinib is a novel oral JAK inhibitor that is effica-
cious for the treatment of moderate-to-severe RA.1,8,9

In this PK study we evaluated and compared the
72-hour PK profile of a single oral dose of peficitinib
150 mg in subjects with normal hepatic function and
with mildly or moderately impaired hepatic function.
A single 150-mg oral dose was selected as the “usual”
clinical dose based on the daily dose of peficitinib
in phase 3 studies in patients with RA (100 mg and
150 mg).8–10 In previous dose-ranging studies in
healthy adult volunteers, single doses of peficitinib
up to 450 mg did not cause any toxicity or significant
safety findings that required dose limitation. Thus,
a single 150-mg dose was considered acceptable for

subjects with hepatic impairment. Peficitinib (100-mg
and 50-mg tablets) has recently been approved in Japan
for adult RA patients at a usual dosage of 150 mg
once daily, which can be reduced to 100 mg once daily
depending on the patient’s condition.13

The results demonstrate that the PKprofile of single-
dose peficitinib in subjects with normal hepatic func-
tion was consistent with that observed in the previous
PK study in healthy subjects.11 In the previous study
the median tmax was 1 and 1.8 hours in subjects who
received peficitinib 3 mg and 300 mg, respectively, and
the mean t½ ranged from 2.8 to 13 hours.11 In subjects
with normal hepatic function in our study, peficitinib
was absorbed rapidly with a median tmax of 1.25 hours,
and the mean t½ ranged from 3.3 to 18.4 hours. The
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Table 3. Statistical Assessment of the Effect of Hepatic Impair-
ment on Peficitinib Plasma Pharmacokinetics

GMR,a %

Parameter

Hepatic
Function
Group n

Impaired/Normal
(90% CI)

AUCinf (ng·h/mL) Normal 7
Mild 8 1.19 (0.86, 1.64)
Moderate 8 1.92 (1.39, 2.66)

AUClast (ng·h/mL) Normal 8
Mild 8 1.07 (0.76, 1.51)
Moderate 8 1.76 (1.25, 2.47)

Cmax (ng/mL) Normal 8
Mild 8 1.04 (0.71, 1.53)
Moderate 8 1.82 (1.24, 2.69)

AUCinf indicates area under the curve from the time of dosing extrap-
olated to time infinity; AUClast, area under the curve from the time of
dosing to the last measurable concentration;Cmax,maximum concentra-
tion; GMR, geometric mean ratio.
Hepatic impairment defined according to Child-Pugh classifications:
Class A, mild (5–6 points); Class B, moderate (7–9 points).
aGMRs and CIs were transformed back to the raw scale.

median tmax and mean t½ were comparable between
subjects with normal hepatic function and those with
mild and moderate hepatic impairment.

There were no marked differences in the AUCinf

and Cmax of plasma peficitinib between subjects with
normal hepatic function and those with mild hepatic
impairment. However, compared with subjects with
normal hepatic function, subjects with moderately im-
paired hepatic function had higher exposure to plasma
peficitinib. These findings are consistent with those ob-
served in a PK study of the pan-JAK inhibitor, tofac-
itinib, conducted in a non-Asian sample of subjects in
the USA.22 Tofacitinib AUCinf and Cmax were not al-
tered in subjects with mild hepatic impairment, but,
in those with moderate hepatic impairment, the geo-
metric mean AUCinf and Cmax were increased by ap-

Figure 3. The relationship between peficitinib AUCinf and mea-
sures of hepatic function, (A) serum albumin and (B) prothrom-
bin time. AUCinf, AUC from the time of dosing extrapolated
to time infinity. Hepatic impairment defined according to Child-
Pugh classifications:Class A,mild (5–6 points);Class B,moderate
(7–9 points). *Subjects with impaired hepatic function only.

proximately 65% and 49%, respectively.22 In our study
slightly greater increases in peficitinib geometric mean
AUCinf and Cmax, of 92% and 82%, respectively, were
observed in subjects with moderate hepatic impair-
ment versus normal hepatic function. However, consis-
tent with the tofacitinib safety findings, peficitinib was

Table 4. Treatment-Emergent Adverse Events in All Subjects by Hepatic Function Group

n (%)

Normal
Function
(n = 8)

Mild
Impairment
(n = 8)

Moderate
Impairment
(n = 8)

Total
(N = 24)

Overall 1 (12.5)a 1 (12.5)b 1 (12.5) 3 (12.5)
Diarrhea 0 1 (12.5) 0 1 (4.2)
Nausea 1 (12.5) 0 0 1 (4.2)
Blood urine present 0 1 (12.5) 0 1 (4.2)
Back pain 1 (12.5) 0 0 1 (4.2)
Hypotension 0 0 1 (12.5) 1 (4.2)

Hepatic impairment defined according to Child-Pugh classifications: Class A, mild (5–6 points); Class B, moderate (7–9 points).
aAdverse events of nausea and back pain were observed in a single subject with normal hepatic function.
bAdverse events of diarrhea and presence of blood in urine were observed in a single subject with mild hepatic impairment.
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Figure 4. Proposed metabolic pathways of peficitinib. H1, H2, and H4 are peficitinib metabolites; NNMT, nicotinamide
N-methyltransferase; SULT2A1, sulfotransferase 2A1.

generally well tolerated by all subjects, regardless of
hepatic function.

The 3 main peficitinib metabolites (H2, H4, and H1)
are produced via 2 proposed pathways (Figure 4).12

There were no marked differences in the AUCinf and
Cmax of H1, H2, or H4 between subjects with nor-
mal hepatic function and those with mild hepatic im-
pairment. However, subjects with moderately impaired
hepatic function had higher exposure to H1 and H4
metabolites and a somewhat lower exposure to the H2
metabolite. The median MPR for H2 in subjects with
moderately impaired hepatic function was 0.56, com-
pared with 1.83 and 2.70 for subjects with normal and
mildly impaired hepatic function, respectively; this sug-
gests that the metabolic clearance of H2 was decreased
with moderately impaired hepatic function, which
may have caused the increase in exposure to plasma
peficitinib.

The sulfotransferase (SULT) isozyme responsible for
the formation of H2 is SULT2A1 (Figure 4).12 Al-
though the information on SULT2A1 activity in pa-
tients with hepatic impairment is limited, Pacifici et al
examined in vitro sulfation activity using liver samples
from patients with liver damage. The study showed that
the sulfation activity of ethinyl-estradiol, a substrate of
SULT2A1, in the cytosol prepared from the liver of pa-
tients with liver damage was lower than that of healthy
donors.23 Thus, reduced conjugating capacity in sub-
jects with moderately impaired hepatic function may be
the cause of the observed reduction in metabolic clear-
ance of H2.

In the moderate hepatic impairment group not
only peficitinib but also H1 and H4 showed high ex-
posure compared with their exposure in both nor-
mal and mild groups. The methyltransferase isozyme
responsible for the formation of both compounds
is suggested to be nicotinamide N-methyltransferase
(NNMT).12 Although the reasons for the observed
elevation of methyl-conjugated metabolites in the mod-
erate group remain unclear, it may have been associ-
ated with enhanced NNMT activity in these subjects.
Increased NNMT gene expression has been detected

in a mouse model of severe hepatic impairment,24 and
enhanced NNMT activity has been observed in pa-
tients with cirrhosis.25,26 Indeed, the increased AUCinf

and MPR of H4 in the moderate hepatic impairment
group compared with the normal group suggest that
the metabolism of peficitinib by NNMT has been
increased.

There was no clear relationship betweenmeasures of
hepatic function (albumin and prothrombin time) and
the PK parameters of peficitinib.

There were 5 TEAEs reported in 3 subjects, and all
events were deemed to be mild or moderate in inten-
sity. Four of the TEAEs (nausea, diarrhea, blood urine
present, and hypotension) were considered to be re-
lated to peficitinib. Additionally, there were no clinically
meaningful changes from baseline in any of the clinical
laboratory parameters measured during the study.

The limitation of the study was the small sample of
subjects (8 subjects per group), which may affect the
generalizability of the findings. In addition, the study
did not include subjects with severe hepatic impair-
ment; information about the peficitinib PK profile and
safety in this group is therefore limited. It should also be
noted that this was a single-dose study in non-RA sub-
jects and does not provide information about peficitinib
tolerance with extended use in patients.

In conclusion, this study showed that, following
a single dose of peficitinib 150 mg, subjects with
mild hepatic impairment (Child-Pugh Class A) had
no marked difference in peficitinib exposure compared
with subjects with normal hepatic function. In contrast,
in subjects with moderately impaired hepatic function
(Child-Pugh Class B) exposure to peficitinib approx-
imately doubled compared with subjects with normal
hepatic function. Peficitinib was well tolerated in (non-
RA) subjects with mild or moderate hepatic impair-
ment as well as (non-RA) subjects with normal hepatic
function after a single oral dose. However, the starting
dose of peficitinib in RA patients with moderate hep-
atic impairment will need to be reduced compared with
the dose used in an RA patient without hepatic impair-
ment, in accordance with the package insert.
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