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Abstract

Upadacitinib is a novel selective Janus kinase 1 inhibitor developed for treatment of rheumatoid arthritis and other autoimmune diseases.The objective
of this study was to assess the pharmacokinetics and safety of a single upadacitinib dose in subjects with normal renal function and in subjects with renal
impairment. A total of 24 subjects between the ages of 18 and 75 years were assigned to 1 of 4 renal function groups based on estimated glomerular
filtration rate (normal, mild, moderate, severe; N = 6/group). A single 15-mg dose of upadacitinib extended-release formulation was administered
under fasting conditions. Serial plasma and urine samples were assayed to evaluate the effect of renal impairment on upadacitinib exposure through
regression analysis and analysis of covariance. The primary analysis was the regression analysis of upadacitinib exposures versus estimated glomerular
filtration rate. The point estimates for upadacitinib plasma exposure ratios (90% confidence interval [CI]) in subjects with mild, moderate, and severe
renal impairment were 1.18 (90%CI, 1.06–1.32), 1.33 (90%CI, 1.11–1.59), and 1.44 (90%CI, 1.14–1.82) for area under the plasma concentration–time
curve and 1.06 (90%CI, 0.92–1.23), 1.11 (90%CI, 0.88–1.40), and 1.14 (90%CI, 0.84–1.56) for maximum observed plasma concentration, respectively,
relative to subjects with normal renal function based on the regression analysis. The analysis of covariance categorical analysis provided consistent
results. Upadacitinib was well tolerated by all subjects, and no safety issues were identified in subjects with renal impairment. Renal impairment has
a limited effect on upadacitinib pharmacokinetics. This is in agreement with the known limited role of urinary excretion in upadacitinib elimination.
Based on the limited impact on exposure, no dose adjustment is necessary for upadacitinib in subjects with impaired renal function.
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Upadacitinib (ABT-494) is a novel, Janus kinase (JAK)
inhibitor with preferential selectivity toward JAK1.
Upadacitinib potently inhibits JAK1 but is less potent
against the other isoforms, JAK2, JAK3, and tyrosine
kinase 2.1 The enhanced selectivity of upadacitinib
against JAK1may offer an improved benefit-risk profile
in patients with inflammatory disease, including limit-
ing the adverse effects on immune function and erythro-
poietin signaling.2,3 Upadacitinib is being developed
for the treatment of rheumatoid arthritis (RA) as well
as for other immune-mediated inflammatory diseases.
In subjects with moderate to severe RA, upadacitinib
demonstrated favorable efficacy and acceptable safety
profiles, including in 2 phase 2 studies and in 5 phase 3
studies.3–12 Additionally, upadacitinib recently demon-
strated favorable efficacy in subjects with ulcerative
colitis, Crohn disease, and atopic dermatitis in phase
2 studies.13–15 Phase 3 studies are under way in pso-
riatic arthritis, Crohn disease, ulcerative colitis, atopic
dermatitis, and ankylosing spondylitis (phase 2/3).16–24

Upadacitinib pharmacokinetics were characterized
in healthy subjects following the administration of
a range of immediate-release (1 mg to 48 mg) and
extended-release (7.5 mg to 45 mg [including data on

file, AbbVie]) doses.3,12 Upadacitinib plasma exposures
were approximately dose-proportional over the range
of immediate-release or extended-release doses eval-
uated in clinical studies.3,12,25 Approximately 20% of
upadacitinib immediate-release dose is eliminated in
urine as unchanged upadacitinib.3 Upadacitinib was

1Clinical Pharmacology and Pharmacometrics, AbbVie Inc., North
Chicago, IL, USA
2Department of Statistics, AbbVie Inc., North Chicago, IL, USA
3Immunology Development, AbbVie Inc., North Chicago, IL, USA
4Orlando Clinical Research Center, Orlando, FL, USA

This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivs License, which permits use and
distribution in any medium, provided the original work is properly cited,
the use is non-commercial and no modifications or adaptations are made.

Submitted for publication 7 November 2018; accepted 13 December
2018.

Corresponding Author:
Ahmed A.Othman,PhD,FCP,AbbVie Inc.,1 NorthWaukegan Road,Dept
R4PK, Bldg AP31, North Chicago, IL, 60064
Email: ahmed.othman@abbvie.com

Dr. Ahmed A. Othman is a Fellow of the American College of Clinical
Pharmacology.

https://orcid.org/0000-0002-4937-2775


Mohamed et al 857

evaluated in the phase 3 RA studies at doses of 15 mg
and 30 mg once daily using the extended-release for-
mulation. The bioavailability of the extended-release
formulation used in this study as well as in phase
3 studies is estimated to be 70% to 80% relative
to the immediate-release formulation.12 Upadacitinib
is a nonsensitive substrate for cytochrome P450 3A;
coadministration of the strong cytochrome P450 3A
inhibitor ketoconazole increased upadacitinib plasma
maximum observed plasma concentration (Cmax) and
area under the plasma concentration–time curve (AUC)
by 70% and 75%, respectively, relative to administration
of upadacitinib alone.26

Although renal elimination plays a minor role in
upadacitinib clearance, renal dysfunction is common
among RA patients as well as patients with other
immune-mediated disorders.27–34 Therefore, it is impor-
tant to characterize the effect of different degrees of
renal impairment on upadacitinib plasma exposures to
inform whether dose adjustment is needed in patients
with renal impairment.

The objective of the study reported herein was to
assess the pharmacokinetics and safety of a single
upadacitinib dose in subjects with mild, moderate, and
severe renal impairment relative to subjects with normal
renal function.

Methods
The study was conducted in accordance with the proto-
col, International Conference on Harmonisation Good
Clinical Practice guidelines, applicable regulations, and
guidelines governing clinical study conduct and ethical
principles that have their origin in the Declaration
of Helsinki. The study protocol was approved by the
institutional review boards of the study sites (Orlando
Clinical Research Center, Orlando, Florida; University
of Miami, Miami, Florida; Clinical Pharmacology of
Miami, LLC,Miami, Florida), and all participants gave
written informed consent before participation in the
study.

Study Design and Participants
The study was a single-dose, open-label study con-
ducted at 3 sites in the United States. Male and female
subjects between 18 and 75 years of age with a body
mass index �18.0 and �38.0 kg/m2 were eligible to en-
roll. Subjects were assigned to 1 of 4 groups (6 subjects
per group) according to the estimated glomerular filtra-
tion rate (eGFR) as calculated by the Modification of
Diet in Renal Disease equation: normal renal function
(eGFR �90 mL/min/1.73 m2), mild renal impairment
(60–89 mL/min/1.73 m2), moderate renal impairment
(30–59 mL/min/1.73 m2), and severe renal impairment
(15–29 mL/min/1.73 m2).35 Subjects with normal renal

function were enrolled in a manner that ensured they
were similar to subjects with renal impairment with re-
spect to age, weight, sex, and ethnicity/race. In addition
to calculating eGFR by using the Modification of Diet
in Renal Disease equation, creatinine clearance was
also assessed by using the Cockcroft Gault equation.36

Based on medical history, physical examination, vi-
tal sign assessment, laboratory profile, and a 12-lead
electrocardiogram, subjects with normal renal function
were required to be in general good health and subjects
with renal impairment were required to be in stable con-
dition. Use of known inhibitors or inducers of drug-
metabolizing enzymes was prohibited within 30 days of
study drug administration and through the end of the
study, except for weak inhibitors, which are needed to
control the underlying renal impairment and/or related
disorders in the renal impairment groups.

Subjects received a single 15-mg dose of upadac-
itinib extended-release formulation after an approxi-
mate 10-hour fast and 4 hours before a meal. Subjects
were confined to the study site 1 day prior to dosing
and remained at the site until study procedures were
completed on day 6.

Pharmacokinetic Sampling and Bioanalytical Methods
Blood samples for assay of upadacitinib in plasma were
collected into dipotassium ethylenediaminetetraacetic
acid–containing collection tubes before dosing (0 hour)
and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 16, 24, 36,
48, 72, 96, and 120 hours after dosing. Urine samples
for assay of upadacitinib were collected in containers
without preservatives over the following intervals: 0
to 12, 12 to 24, 24 to 48, 48 to 72, 72 to 96, and
96 to 120 hours after dosing. Plasma and urine con-
centrations of upadacitinib were determined using a
validated liquid chromatography method with tandem
mass spectrometric detection as previously described.3

The lower limit of quantitation for upadacitinib in
plasma and urine was established at 0.0543 ng/mL
and 1.06 ng/mL, respectively. The assay coefficient of
variation was �5.6% for plasma and �3.3% for urine,
and the mean absolute bias was �5.7% for both plasma
and urine.

Pharmacokinetic and Statistical Analyses
Pharmacokinetic parameters of upadacitinib were es-
timated by noncompartmental methods using SAS
Version 9.3 (SAS Institute, Inc., Cary, North Carolina)
and included the Cmax and the time to Cmax (peak
time, Tmax), terminal phase elimination half-life (t1/2),
AUC from time 0 to the time of the last measur-
able concentration (AUCt) or to infinity (AUC�), and
apparent oral clearance value (CL/F, where F is the
bioavailability). The percentage of upadacitinib dose
eliminated unchanged in urine was calculated as the
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Table 1. Demographic and Baseline Characteristics

Degree of Renal Impairment

Characteristic Normal (n = 6) Mild (n = 6) Moderate (n = 6) Severe (n = 6)

Age (y)a 63.2 ± 6.79 62.2 ± 8.52 68.2 ± 10.5 59.7 ± 8.19
(53–71) (48–70) (47–75) (47–70)

Weight (kg)a 81.2 ± 17.0 87.9 ± 21.9 81.6 ± 11.2 84.5 ± 16.9
(54.5–102) (55.6–120) (66.0–95.2) (53.4–105)

Height (cm)a 169 ± 9.95 170 ± 9.32 169 ± 5.04 165 ± 5.84
(150–177) (158–182) (163–178) (154–170)

BMI (kg/m2)a 28.3 ± 3.34 30.2 ± 6.53 28.7 ± 3.96 31.1 ± 6.61
(24.3–33.2) (22.3–37.5) (24.0–33.7) (20.0–37.9)

Sex
Male 4 (67%) 4 (67%) 4 (67%) 4 (67%)
Female 2 (33%) 2 (33%) 2 (33%) 2 (33%)

Race
White 5 (83%) 3 (50%) 5 (83%) 6 (100%)
Black 1 (17%) 3 (50%) 0 0
Asian 0 0 1 (17%) 0

eGFR 110 ± 15.6 61.3 ± 7.94 43.5 ± 8.17 21.2 ± 5.12
(mL/min/1.73 m2)a (94–133) (50–70) (31–52) (15–30)
CLcr 119 ± 23 74.9 ± 22.3 52.6 ± 13.3 32 ± 9.15
(mL/min)a (84.8–141) (53.4–116) (39.2–76.8) (16.2–41.1)

BMI, body mass index; CLcr, creatinine clearance; eGFR, estimated glomerular filtration rate.
aMean ± standard deviation.

amount of upadacitinib recovered in urine divided by
the administered dose and multiplied by 100. Renal
clearance was calculated as the amount of upadacitinib
eliminated in urine divided by AUC�.

To assess the effect of renal impairment on upadac-
itinib plasma exposures, a regression analysis was per-
formed on the logarithms of Cmax, AUCt, and AUCinf

against the eGFR and creatinine clearance, with eGFR
as the parameter of primary interest. The 90%CIs were
provided for the ratios of the predicted Cmax, AUCt,
and AUCinf values by using the mean value from each
impaired group to that from the normal group. In
addition, an analysis of covariance (ANCOVA) was
performed for Cmax, AUCt, and AUCinf , CL/F, Tmax,
and β. Body weight, sex, and age were considered as
possible covariates (P < .10) in both the regression
and ANCOVA analyses. Within the framework of the
ANCOVA, the effect of renal impairment was esti-
mated for each group and compared to the normal
group (P< .05). For AUCt, AUCinf , and Cmax, 90%CIs
were provided for the ratio of the central value of each
impaired group to that of the normal group.

Safety Assessments
Safety and tolerability were evaluated during the
study through monitoring of treatment-emergent
adverse events (defined as adverse events reported from
the time of study drug administration through day
30), physical examinations, vital sign measurements,
12-lead electrocardiograms, and clinical laboratory
tests.

Results
Participants
A total of 24 subjects (16 males, 8 females) were
enrolled and completed the study. The characteristics
of the study participants were generally similar across
the groups (Table 1). The demographic characteristics
of the subjects in the normal renal function group were
similar to subjects with renal impairment, as required
by the study protocol.

Pharmacokinetics
The mean upadacitinib plasma concentration versus
time profiles by group are presented in Figure 1.
A summary of the pharmacokinetic parameters of
upadacitinib after administration in each of the groups
is shown in Table 2.

Regression analyses showed upadacitinib AUCinf

central values were 18%, 33%, and 44% higher in sub-
jects with mild, moderate, and severe renal impairment,
respectively, compared to subjects with normal renal
function. In this analysis, one subject in the moderate
renal impairment group had 77% lower upadacitinib
AUC than subjects with normal renal function. The
subject’s Cmax and AUC were also notably lower than
all other subjects withmoderate renal impairment. This
subject was excluded from the moderate renal impair-
ment group analyses to ensure a conservative estimate
for the effect of renal impairment on upadacitinib
plasma exposures.

Upadacitinib Cmax central values were similar in
subjects with renal impairment compared to subjects
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Figure 1. Mean + SD upadacitinib plasma concentrations vs time profiles. Sensitivity analysis excluding subject with moderate renal impairment who
had distinctively low upadacitinib exposure.

Table 2. Pharmacokinetic Parameters (Geometric Mean; Arithmetic Mean ± SD) of Upadacitinib in Subjects With Renal Impairment

Degree of Renal Impairment

Parameter Normal (N = 6) Mild (N = 6) Moderate (N = 5)a Severe (N = 6)

Cmax (ng/mL) 29.4; 31.1 ± 11.8 30.8; 32.5 ± 10.2 27.3; 28.2 ± 8.05 33.2; 33.7 ± 5.96
Tmax

b (h) 1.8 (1.0–6.0) 2.5 (1.5–6.0) 1.5 (1.0–6.0) 3.5 (2.0–6.0)
AUCt (ng • h/mL) 256; 265 ± 75.5 302; 314 ± 87.9 350; 358 ± 85.8 333; 337 ± 63.6
AUCinf (ng • h/mL) 260; 270 ± 77.7 310; 323 ± 90.7 352; 361 ± 86.9 337; 341 ± 63.2
t1/2c (h) 11.0 ± 5.51 10.5 ± 7.00 10.4 ± 11.2 8.63 ± 4.43

fe (%) 9.24; 9.91 ± 4.05 6.51; 7.03 ± 3.05 4.60; 4.76 ± 1.34 2.10; 2.48 ± 1.62
CLR (L/h) 5.32; 5.64 ± 2.13 3.15; 3.42 ± 1.53 1.96; 2.14 ± 0.930 0.94; 1.06 ± 0.547

AUCinf, area under the plasma concentration–time curve from time zero to infinite time;AUCt, area under the plasma concentration–time curve from time zero
to last measurable concentration;CLR, renal clearance;Cmax,maximum observed plasma concentration; fe, the fraction of upadacitinib dose excreted unchanged
in urine; t1/2, terminal elimination half-life; Tmax, time to Cmax.
aSensitivity analysis excluding subject who had distinctively low upadacitinib exposure.
bMedian.
cHarmonic mean (pseudo-standard deviation); evaluations of t1/2 were based on statistical tests for β.

with normal renal function (Table 2 and Figure 2). Re-
gression analyses of creatinine clearance showed similar
results for Cmax and AUCinf . In ANCOVA analyses,
there was no statistically significant difference in central
values for upadacitinib Tmax, Cmax, AUCt, AUCinf , or β

(as a measure for terminal phase elimination half- life)
in subjects with renal impairment compared to subjects
with normal renal function. The point estimates from
the ANCOVA analyses were consistent with those from
the regression analyses (Figure 2).

Safety
Upadacitinib 15mgwaswell tolerated by subjects in the
study. One subject in the mild renal impairment group
had adverse events of diarrhea and upper respiratory
infection, considered by the investigator as mild and
having a reasonable possibility of being related to the

study drug. No other adverse events were reported.
There were no clinically significant physical exam find-
ings, vital sign measurements, electrocardiogram ab-
normalities, or laboratory test abnormalities.

Discussion
The purpose of the study was to evaluate the effects
of mild, moderate, and severe renal impairment on the
pharmacokinetics of upadacitinib, a JAK1 inhibitor
that has demonstrated efficacy in RA and other in-
flammatory diseases. The results suggest that renal
impairment has only a limited effect on upadac-
itinib pharmacokinetics, which is in line with the
minor contribution of renal elimination to upadacitinib
clearance.3

There was no statistically significant difference in
central values for upadacitinib Tmax, Cmax, AUCt,
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Figure 2. Point estimates and 90% confidence intervals of the effect of renal impairment on upadacitinib maximum concentration and area under
the plasma concentration–time curve. Sensitivity analysis excluding subject with moderate renal impairment who had distinctively low upadacitinib
exposure. ANCOVA, analysis of covariance; CI, confidence interval; CLcr, creatinine clearance; eGFR, estimated glomerular filtration rate.

AUCinf , or β (as ameasure for half-life) in subjects with
mild, moderate, or severe renal impairment compared
to subjects with normal renal function. Based on a
conservative analysis excluding one outlier with low
exposures in the moderate renal impairment group,
upadacitinib AUCinf central values are modestly
(<50%) higher and Cmax central values (with single
dosing) were similar in subjects with renal impairment
compared to subjects with normal renal function. A
sensitivity analysis was conducted including the out-
lier subject (data not shown); exclusion of the outlier
subject had no meaningful impact on the results from
the regression analyses, and this exclusion provided a
more conservative estimate from the ANCOVA anal-
yses for the moderate impairment group. Of note, the
renal clearance of upadacitinib decreased in order of
increasing severity of renal impairment (5.6 L/hr in
subjects with normal renal function and 1.06 L/hr in
subjects with severe renal impairment). However, due
to the overall minor contribution of renal clearance to
upadacitinib elimination, this decrease in renal clear-
ance translated into a limited impact on upadacitinib
exposure (<50% increase in AUC).

Population pharmacokinetic analyses of upadaci-
tinib pharmacokinetics in healthy subjects and sub-
jects with RA (with creatinine clearance �40 mL/min)
demonstrated that RA patients with mild or mod-
erate renal impairment (with creatinine clearance
�40 mL/min) are estimated to have 16% and 32%
higher AUC compared to subjects with normal renal
function.25 These estimates from the population phar-
macokinetic analyses including subjects with RA are
very consistent with the results from this dedicated
renal impairment study in non-RA patients, further
confirming the lack of need for dose adjustments in RA
patients with renal impairment.

This study did not evaluate the effect of hemodial-
ysis on upadacitinib exposures. However, given that

renal elimination plays a minor role in upadacitinib
elimination, hemodialysis is not expected to have
a clinically relevant effect on upadacitinib plasma
exposures.37 In subjects with RA, upadacitinib CL/F
for the immediate-release formulation is estimated to be
30.2 L/h (503 mL/min).25 Based on a percentage of
upadacitinib immediate-release dose eliminated in the
urine of approximately 20%,3 upadacitinib nonrenal
clearance is estimated to be approximately 400 mL/min
(assuming 100% bioavailability for the immediate-
release formulation). Therefore, 3 hours of high-flux
hemodialysis with dialysis clearance of 200 mL/min
administered every 2 days would contribute <10%
to upadacitinib overall elimination. Given that the
bioavailability of the extended-release formulation is
70% to 80% relative to the immediate-release formu-
lation, these conclusions will also be applicable to the
extended-release formulation.

In summary, this study characterized the effect
of mild, moderate, and severe renal impairment on
upadacitinib pharmacokinetics. As expected by the mi-
nor role of renal elimination in upadacitinib clearance,
renal impairment has only a limited effect on upadac-
itinib exposures, resulting in a 44% increase in AUC
in subjects with severe renal impairment compared to
subjects with normal renal function and no effect on
upadacitinib Cmax. Based on the limited impact of renal
impairment on upadacitinib exposure and supported
by exposure-response analyses of efficacy and safety
of upadacitinib in subjects with RA based on phase 2
and phase 3 trials (detailed reports of these analyses
are forthcoming), adjustment of upadacitinib dose in
subjects with renal impairment is not warranted.
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