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Abstract
Upadacitinib is a Janus kinase 1 inhibitor developed for treatment of moderate to severe rheumatoid arthritis (RA) and was 
recently approved by the US Food and Drug Administration for this indication in adults who have had an inadequate response 
or intolerance to methotrexate. Upadacitinib is currently under regulatory review by other agencies around the world. Ongo-
ing trials are investigating the use of upadacitinib in other inflammatory autoimmune diseases. In this article, we review the 
clinical pharmacokinetic data available to date for upadacitinib that supported the clinical development program in RA and 
ultimately regulatory applications for upadacitinib in treatment of patients with moderate to severe RA.

1 Introduction

The Janus kinase (JAK)/signal transducers and activators of 
transcription (STAT) pathway is well-known for initiating 
multiple signaling cascades for development and homeo-
stasis in humans; specifically, this pathway is the princi-
pal signaling mechanism for cytokines and growth factors 
[1]. There are four JAK enzymes: JAK1, JAK2, JAK3, and 
tyrosine kinase 2 (TYK2). The role of JAK/STAT signal-
ing in immune-mediated disease has been well-established, 
leading to new therapeutic targets and treatment options for 
rheumatoid arthritis (RA) and other immune inflammatory 
diseases [2, 3].

RA is characterized by chronic systemic inflammation 
with persistent polyarthritis of synovial joints, which can 
lead to bone erosion, deformity, and disability [4]. Treat-
ments for RA have evolved over the last 20 years with the 
development of biologic and targeted synthetic disease-
modifying antirheumatic drugs (DMARDs) (bDMARDs and 

tsDMARDs, respectively), meaning a number of patients 
can now be diagnosed early and treated promptly, leading 
to remission or very low disease activity [5]. However, there 
still remains a proportion of patients who do not respond to 
existing therapies and need alternative treatments to man-
age their condition and reduce disability associated with the 
disease [3, 5].

Upadacitinib (ABT-494) is a novel selective JAK1 inhibi-
tor that was recently approved by the US Food and Drug 
Administration (FDA) for the treatment of adult patients 
with moderately to severely active RA who have had an 
inadequate response or intolerance to methotrexate [6]. 
Upadacitinib is currently under regulatory review by other 
agencies around the world and is being evaluated in clini-
cal trials for the treatment of other inflammatory conditions 
[7–10]. Upadacitinib potently inhibits JAK1 and is less 
potent against the other isoforms, JAK2, JAK3, and TYK2 
[11]. The hypothesis behind the development of upadaci-
tinib is that higher potency against JAK1 has the potential 
to maximize efficacy in RA while limiting the effects on 
physiological functions that involve JAK enzymes (e.g., 
hematopoiesis and immune function) [11, 12].

Upadacitinib safety and efficacy were evaluated in two 
phase  II dose-ranging studies in patients with RA who 
were inadequate responders to anti-tumor necrosis factor 
(TNF) agents (BALANCE I) [13] or to methotrexate (BAL-
ANCE II) [14]. A regional phase IIb/III study was conducted 
in Japanese patients who had inadequate response to con-
ventional synthetic DMARDs (csDMARDs) (SELECT-
SUNRISE) [15]. The efficacy and safety of upadacitinib has 
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been confirmed in five global Phase 3 studies in patients 
with moderately to severely active RA who were inadequate 
responders to methotrexate (SELECT-COMPARE [16] and 
SELECT-MONOTHERAPY [17]), inadequate responders to 
csDMARDs (SELECT-NEXT [18]), inadequate responders 
to bDMARDs (SELECT-BEYOND [19]), or methotrexate-
naïve (SELECT-EARLY [20]). Upadacitinib demonstrated 
superior efficacy to comparators in patients with RA who 
were inadequate responders to bDMARDs (vs. placebo) or 
methotrexate/csDMARDs (vs. placebo and/or active com-
parators) when it was used in combination with methotrex-
ate/csDMARDs and as a monotherapy in patients who did 
not respond to methotrexate or in patients who were metho-
trexate-naïve [16–20].

Upadacitinib is also being investigated for treatment of 
other inflammatory disorders, including psoriatic arthritis, 
juvenile idiopathic arthritis, Crohn’s disease, ulcerative coli-
tis, atopic dermatitis, ankylosing spondylitis, and giant cell 
arteritis. In phase IIb trials evaluating efficacy and safety 
of upadacitinib in Crohn’s disease, atopic dermatitis, and 
ulcerative colitis, clinical benefit has been demonstrated that 
supported evaluation of upadacitinib in phase III trials in 
these diseases [7, 10, 21].

In this article, we review the clinical pharmacokinet-
ics data available to date for upadacitinib that supported 
the clinical development program in RA and regulatory 

submissions for upadacitinib in treatment of patients with 
moderate to severe RA.

Upadacitinib is highly permeable and highly soluble 
at clinically relevant doses across the pH range of 1–7.5 
[22]. Upadacitinib is 52% bound to plasma proteins [23]; 
therefore, no relevant interactions are expected through dis-
placement from plasma proteins. Upadacitinib is metabo-
lized in vitro by cytochrome P450 (CYP) enzyme 3A with 
minor contribution from CYP2D6 [12]. Upadacitinib did not 
inhibit or induce the activity of CYP enzymes (CYP1A2, 
CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, and 
CYP3A4) and did not inhibit the transporters P-glycopro-
tein (P-gp), breast cancer resistance protein (BCRP), organic 
anion transporting polypeptide (OATP) 1B1, OATP1B3, 
organic cation transporter (OCT) 1, OCT2, organic anion 
transporter (OAT) 1, OAT3, multidrug and toxin extrusion 
(MATE) 1, and MATE2K at clinically relevant concentra-
tions [23]. Review of in vitro assessments of upadacitinib is 
beyond the scope of this article as we focus on the relevant 
clinical data.

2  Clinical Pharmacokinetic Assessments

Table 1 summarizes 11 phase I studies of upadacitinib that 
were key in characterization of its clinical pharmacology 
attributes. These studies include characterization of the 
pharmacokinetics and relative bioavailability of the imme-
diate-release (IR) and extended-release (ER) formulations, 
the potential for drug interactions with concomitant medi-
cations, and the effect of intrinsic factors on upadacitinib 
systemic exposures. In addition to these individual studies, 
population pharmacokinetic analyses were performed using 
combined data across multiple studies to support the overall 
clinical pharmacokinetic characterization for upadacitinib. 
Summary of phase II and III studies in patients with moder-
ate to severe RA that included pharmacokinetic assessments 
are summarized in Table 2. No data are available at this time 
for upadacitinib pharmacokinetics in pediatric patients and a 
phase I study in subjects with polyarticular course juvenile 
arthritis is currently ongoing [24].

Upadacitinib was administered as an IR capsule formula-
tion in early phase I and in RA phase II studies, and as an 
ER once-daily (QD) tablet formulation in later phase I stud-
ies, a Japan local phase IIb/III study, and global phase III 
studies as described in Table 1 (phase I studies) and Table 2 
(phase II and III studies).

High-level pharmacokinetic results and conclusions from 
these studies and analyses are summarized in the following 
sections.

Key Points 

Upadacitinib exhibits dose-proportional pharmacokinet-
ics and biphasic elimination with a terminal half-life of 
9–14 h following administration of the extended-release 
formulation.

Strong CYP3A4 inhibitors increase upadacitinib 
exposure by 75%. Strong inducers of CYP3A4 reduce 
upadacitinib exposure by approximately half. No dos-
age adjustment is required for concomitant medications 
when administered with upadacitinib based on drug-
interaction studies.

Mild, moderate, and severe renal impairment as well as 
mild and moderate hepatic impairment had no clini-
cally relevant effect on upadacitinib systemic exposures 
(< 45% increase in AUC or Cmax relative to subjects with 
normal renal/hepatic function).

Body weight, sex, race, ethnicity, and age did not have 
a clinically relevant effect on the upadacitinib AUC or 
Cmax.
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3  Clinical Pharmacokinetics of Upadacitinib

3.1  Single‑ and Multiple‑Dose Pharmacokinetics 
of Upadacitinib Immediate‑Release 
and Extended‑Release Formulations

Over a single dose range of 1–48 mg of upadacitinib IR 
formulation in healthy volunteers, upadacitinib was rapidly 
absorbed, with a median time to maximum plasma con-
centration (tmax) of approximately 1 h under fasting condi-
tions [12]. A summary of the single-dose pharmacokinetic 
parameters of upadacitinib is provided in Table 3. After 
reaching maximum plasma concentration (Cmax), upadaci-
tinib plasma concentrations declined in a biphasic fash-
ion with an apparent terminal elimination half-life (t½) of 
approximately 6–15 h for most doses. The percentage of 
upadacitinib excreted as unchanged parent drug ranged from 
approximately 16–21% [12]. The upadacitinib Cmax was dose 
proportional in the 1–48 mg dose range, and there was no 
trend for change in upadacitinib dose-normalized area under 
the plasma concentration–time curve (AUC) with increasing 
dose over the 3–36 mg single-dose range [12].

Twice-daily (BID) doses of up to 24 mg of upadacitinib 
IR were also evaluated in healthy subjects. A summary of 

the multiple-dose pharmacokinetic parameters for the IR for-
mulation is provided in Table 4 and for the ER formulation 
in Table 5. At steady state, upadacitinib showed no accu-
mulation with BID dosing. The upadacitinib mean tmax was 
approximately 2 h under non-fasting conditions and the har-
monic mean terminal t½ ranged from approximately 8–16 h 
[12]. The upadacitinib functional t½, estimated from the Cmax 
to trough concentration (Ctrough) ratio at steady state, was 
approximately 3 h. Upadacitinib exposure (Cmax and AUC) 
was approximately dose proportional across the 3–24 mg 
BID dose range. At steady state, approximately 20% of the 
upadacitinib dose was excreted unchanged in the urine [12].

Because QD dosing would be more ideal for patients, 
an ER formulation for upadacitinib was developed. Follow-
ing administration of the ER formulation, the upadacitinib 
median tmax was 2–3 h under fasting conditions and 4 h 
under non-fasting conditions (Table 3) [25]. Steady state 
was achieved by Day 4 and there was no accumulation of 
upadacitinib in plasma with multiple QD dosing of the ER 
formulation (Table 5). The upadacitinib harmonic mean ter-
minal t½ ranged from 9 to 14 h after administration of the ER 
formulation. The 15 and 30 mg QD doses of the ER formula-
tion provided equivalent AUC from time zero to 24 h (AUC 
24) and comparable Cmax and minimum plasma concentra-
tion (Cmin) values with the 6 and 12 mg BID doses of the IR 

Table 1  Summary of phase I clinical pharmacology studies

ER extended-release, IR immediate-release, RA rheumatoid arthritis

Study Description Upadacitinib formulation 
used in the study

References

Single- and multiple-dose studies
 Study 1 Single ascending dose in healthy subjects IR capsules [12]
 Study 2 Single ascending dose in healthy Japanese subjects IR capsules [28]
 Study 3 Multiple ascending dose in healthy subjects and multiple dose in subjects with RA IR capsules [12]
 Study 4 Single- and multiple-dose assessment of upadacitinib ER formulation compared to 

the IR formulation
IR capsules and ER tablets [25]

Intrinsic factor studies
 Study 5 Hepatic impairment study ER tablets [30]
 Study 6 Renal impairment study ER tablets [31]

Extrinsic factor studies
 Study 7 Effect of multiple doses of ketoconazole on upadacitinib pharmacokinetics (and 

effect of high-fat meal on the IR formulation)
IR capsules [33]

 Study 8 Effect of single and multiple doses of rifampin (rifampicin) on upadacitinib phar-
macokinetics

IR capsules [33]

 Study 9 Rosuvastatin/atorvastatin [34]
 Study 10 Effect of multiple doses of upadacitinib on the pharmacokinetics of sensitive sub-

strates of different cytochrome P450 enzymes (cocktail drug interaction study)
ER tablets [36]

 Study 11 Effect of multiple doses of upadacitinib on the pharmacokinetics of ethinylestradiol 
and levonorgestrel

ER tablets [40]

 Study 12 Effect of multiple doses of upadacitinib on the pharmacokinetics of bupropion ER tablets [38]
 Study 4, Part 2 Effect of high-fat meal on upadacitinib phase III formulation (and bioavailability 

evaluation of the ER relative to the IR formulation)
ER tablets (and IR capsules) [25]
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formulation under fasting conditions, respectively [25]. The 
fluctuation index over a 24-h period was similar between the 
BID dosing of the IR formulation and the QD dosing of the 
ER formulation [25]. Based on non-compartmental analy-
ses of phase I studies, the upadacitinib ER formulation was 
estimated to have bioavailability of 76% relative to the same 
dose of the IR formulation (Table 6).

An in vitro–in vivo correlation (IVIVC) was established 
between the upadacitinib in vitro dissolution and in vivo 
pharmacokinetics profile using data from ER formulations 
with different in vitro release rates [22]. The established 
IVIVC demonstrated that the upadacitinib in vivo pharma-
cokinetic profile can be adequately predicted using in vitro 
dissolution data at pH 6.8 for within the evaluated formula-
tion design boundaries.

3.2  Population Pharmacokinetic Analyses

Following conclusion of the RA phase II studies, population 
pharmacokinetic analyses using data from three phase I stud-
ies (Studies 1, 2, and 3) and two phase II studies (BALANCE 

I and II) were conducted [26]. The analyses, including data 
from 573 subjects (81% with RA and 19% healthy), charac-
terized upadacitinib population pharmacokinetics in healthy 
volunteers as well as in patients with RA and informed the 
comparability of upadacitinib plasma exposures for the 
doses selected in phase III studies across different patient 
subgroups.

Upadacitinib pharmacokinetics were adequately char-
acterized using a two-compartment model with a linear 
elimination process and a first-order absorption process with 
absorption lag time for the IR formulation. Upadacitinib 
typical oral clearance in RA patients was 24% lower (lead-
ing to 32% higher estimated AUC) than in healthy subjects 
[26]. Females and mild or moderate renal impairment had 
a statistically significant, but non-clinically relevant, effect 
on the upadacitinib AUC (16% higher estimated AUC in 
females than in males and 16% and 32% higher AUC in 
mild and moderate renal impairment, respectively, relative 
to normal renal function). The upadacitinib typical appar-
ent central volume of distribution (Vc/F) for females was 
estimated to be 75% of the corresponding values for males. 

Table 2  Summary of phase II and III studies with efficacy, safety, and pharmacokinetic characterization of upadacitinib in subjects with rheuma-
toid arthritis

bDMARDs biologic disease-modifying antirheumatic drugs, csDMARDs conventional synthetic disease-modifying antirheumatic drugs, ER 
extended-release, IR immediate-release, MTX methotrexate, RA rheumatoid arthritis, TNF tumor necrosis factor
a Sparse blood samples were collected for population pharmacokinetic analyses
b Study included intensive pharmacokinetic assessment in a cohort of subjects

Study Description Upadacitinib for-
mulation used in the 
study

References

Phase II studies
 BALANCE IIa Comparison of upadacitinib to placebo in subjects with moderately to 

severely active RA who are on a stable background of MTX and have an 
inadequate response to MTX

IR capsules [14]

 BALANCE Ia Comparison of upadacitinib to placebo in subjects with moderately to 
severely active RA who are on a stable background of MTX and who 
have an inadequate response or intolerance to anti-TNF biologic therapy

IR capsules [13]

 SELECT-SUNRISEa,b Comparison of upadacitinib to placebo in Japanese subjects with moder-
ately to severely active RA who are on a stable dose of csDMARDs and 
have an inadequate response to csDMARDs

ER tablets [15]

Phase III studies
 SELECT-COMPAREa Comparison of upadacitinib to placebo and to adalimumab in subjects 

with moderately to severely active RA who are on a stable background of 
MTX and who have an inadequate response to MTX (MTX-IR)

ER tablets [16]

 SELECT-NEXTa Comparison of upadacitinib to placebo in subjects with moderately to 
severely active RA who are on a stable dose of csDMARDs and have an 
inadequate response to csDMARD

ER tablets [18]

 SELECT-MONOTHERAPYa Comparison of upadacitinib monotherapy to MTX in subjects with moder-
ately to severely active RA with inadequate response to MTX

ER tablets [17]

 SELECT-BEYONDa Comparison of upadacitinib to placebo in subjects with moderately to 
severely active RA with inadequate response or intolerance to bDMARDs 
who are on stable background of csDMARDs

ER tablets [19]

 SELECT-EARLYa Comparison of upadacitinib monotherapy to MTX monotherapy in MTX-
naïve subjects with moderately to severely active RA

ER tablets [20]
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Total bodyweight was a significant covariate on the upa-
dacitinib Vc/F but did not reach statistical significance for 
the apparent oral clearance (CL/F) in this analysis. CYP2D6 
metabolic phenotype had no effect on upadacitinib CL/F. 
There was no correlation between the upadacitinib IR dose 
and its oral bioavailability, CL/F, or Vc/F [26].

These analyses were later updated with inclusion of data 
from the five phase III studies in RA, which provide charac-
terization of upadacitinib pharmacokinetics from both the IR 
and ER formulations and assessment of impact of intrinsic 
and extrinsic factors from a much larger sample size. These 
population pharmacokinetic analyses were conducted using 
data from four phase I studies that enrolled healthy volun-
teers and RA patients (Studies 1, 2, 3, and 4), two phase II 
studies in RA patients (BALANCE I and II), five phase III 
studies in RA patients (SELECT-COMPARE, SELECT-
NEXT, SELECT-BEYOND, SELECT-MONOTHERAPY, 
and SELECT-EARLY), and one regional phase IIb/III study 
in Japanese RA patients (SELECT-SUNRISE). The analysis 
dataset included a total of 4170 subjects (96% with RA and 
4% healthy) [27].

A two-compartment model with first-order absorption 
with lag time for the IR formulation, mixed zero and first-
order absorption with lag time for the ER formulation, 
and linear elimination adequately described upadacitinib 

pharmacokinetics. Statistically significant covariates were 
patient population (RA vs. healthy), creatinine clearance 
(CrCL), and baseline bodyweight on CL/F; and body weight 
on Vc/F [27].

For a typical RA patient and reference body weight of 
74 kg and CrCL of 109 mL/min, upadacitinib CL/F was esti-
mated to be 40.5 L/h and the apparent volume of distribution 
at steady state (Vss/F) was estimated to be 294 L follow-
ing administration of the ER formulation. The inter-subject 
variability for upadacitinib CL/F and Vc/F were estimated 
to be 21% and 24%, respectively, in the phase I studies, and 
37% and 53%, respectively, in the phase II/III studies. The 
oral bioavailability of the ER formulation relative to the IR 
formulation was estimated to be 76% [27].

3.3  Effect of Intrinsic Factors on Upadacitinib 
Pharmacokinetics

3.3.1  Race/Asian Ethnicity

Upadacitinib pharmacokinetics were characterized in Jap-
anese and Chinese healthy subjects (Study 2) following 
administration of the IR formulation [28]. Additionally, the 
effect of race on upadacitinib pharmacokinetics was assessed 
as a covariate in the population pharmacokinetic analyses. 

Table 3  Upadacitinib plasma pharmacokinetics after single-dose administration of the immediate-release or extended-release oral formulation to 
healthy subjects

All under fasting conditions
AUC t area under the plasma concentration–time curve from time zero to time t, AUC ∞ area under the plasma concentration–time curve from 
time zero to infinity, Cmax maximum plasma concentration, ER extended-release, fe fraction of the drug excreted into the urine, IR immediate-
release, NC not calculated, SD standard deviation, t½ terminal elimination half-life, tmax time to maximum plasma concentration
a Median (minimum–maximum)
b Harmonic mean ± pseudo-SD
c Percentage of upadacitinib dose recovered unchanged in urine

Dose Study n Mean pharmacokinetic parameters (SD)

Cmax (ng/mL) tmax
a (h) AUC t (ng·h/mL) AUC ∞ (ng·h/mL) t½ (h)b fe (%)c

1 mg IR 1 6 7.72 (2.36) 1.3 (1.0–2.0) 29.8 (5.78) 30.1 (5.72) 2.6 (0.4) 17.7 (9.58)
3 mg IR 1 6 25.0 (6.88) 1.0 (1.0–1.5) 102 (27.5) 103 (27.6) 5.9 (2.4) 15.6 (4.44)

7 12 21.4 (4.2) 1.0 (0.5–1.5) NC 87.7 (13) 8.5 (3.8) NC
6 mg IR 1 6 38.9 (9.96) 1.0 (1.0–1.5) 159 (37.5) 160 (37.6) 11.0 (3.4) 15.6 (3.49)
12 mg IR 1 6 82.9 (12.1) 1.3 (0.5–1.5) 329 (48.9) 331 (49.8) 12.1 (7.4) 19.9 (2.26)

4 11 64.6 (10.3) 1.0 (0.5–1.5) 231 (34.5) 234 (34.6) 18.3 (13.3) NC
24 mg IR 1 6 158 (18.4) 1.3 (1.0–1.5) 612 (78.6) 615 (78.1) 14.5 (9.0) 18.6 (3.08)

4 12 176 (65.6) 0.5 (0.5–1.5) 520 (130) 524 (133) 15.3 (13.6) NC
36 mg IR 1 6 277 (44.5) 0.8 (0.5–1.0) 909 (201) 911 (202) 6.4 (4.0) 20.8 (9.25)
48 mg IR 1 6 314 (81.9) 1.0 (0.5–1.0) 1030 (174) 1040 (174) 12.2 (3.52) 16.4 (5.48)
15 mg ER 4 11 26.0 (9.7) 3.0 (1.0–4.0) 227 (60.0) 242 (63.6) 21.9 (23.1) NC

5 6 26.6 (8.39) 2.5 (1.5–3.0) 212 (56.5) 215 (56.1) 8.9 (4.9) NC
6 6 31.1 (11.8) 1.8 (1.0–6.0) 265 (75.5) 270 (77.7) 11.0 (5.51) 9.91 (4.05)

30 mg ER 4 12 63.7 (21.1) 2.0 (1.5–4.0) 477 (130) 491 (133) 18.1 (14.5) NC
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Dose-normalized Cmax and AUC values in Japanese and 
Chinese healthy subjects were comparable (within ~ 20%) 
to exposures in Western/non-Japanese subjects (Table 7). 
Similarly, upadacitinib plasma exposures in Japanese 
patients with RA were consistent (within 20%) overall with 
exposures in non-Japanese patients with RA based on the 
population pharmacokinetic analyses [26, 27, 29] and race 
was not a significant covariate on upadacitinib clearance in 
population pharmacokinetic analyses. Therefore, current 
data indicate that upadacitinib pharmacokinetics are not 
sensitive to differences between races or ethnicities. No dose 
adjustment for upadacitinib is warranted based on patients’ 
race or ethnicity [23].

3.3.2  Hepatic Impairment

A dedicated open-label, single-dose study was conducted to 
assess the effect of mild and moderate hepatic impairment 
(based on the Child-Pugh classification) on upadacitinib 
pharmacokinetics (Study 5) [30]. Subjects were assigned 
to one of three groups, with the mild hepatic impairment 
group consisting of those individuals that met Child-Pugh 
category A and the moderate hepatic impairment group 
aligning with Child-Pugh category B. The third group was 
subjects with normal hepatic function. Demographic char-
acteristics were similar between subjects with normal and 
impaired hepatic function. Treatment with upadacitinib was 
anticipated to be not recommended in subjects with severe 
hepatic impairment; therefore, the impact of severe hepatic 
impairment on upadacitinib pharmacokinetics was not evalu-
ated in this study [30]. There was no statistically significant 

difference in upadacitinib Cmax or AUC values in subjects 
with mild and moderate hepatic impairment compared with 
subjects with normal hepatic function. The upadacitinib 
AUC central value was 28% and 24% higher in subjects 
with mild and moderate hepatic impairment, respectively, 
than in subjects with normal hepatic function (based on a 
conservative analysis excluding one outlier with low AUC 
in the moderate hepatic impairment group; Fig. 1) [30]. The 
upadacitinib Cmax central value was similar in subjects with 
mild hepatic impairment and 43% higher in subjects with 
moderate hepatic impairment than in subjects with normal 
hepatic function. These results indicate that mild and moder-
ate hepatic impairment have no clinically relevant effect on 
upadacitinib exposures (AUC or Cmax) [30].

3.3.3  Renal Impairment

A single-dose, open-label study was conducted to evaluate 
the pharmacokinetics and safety of upadacitinib in subjects 
with mild, moderate, and severe renal impairment (based on 
estimated glomerular filtration rate [eGFR]) relative to sub-
jects with normal renal function (Study 6) [31]. The eGFR 
was calculated by the Modification of Diet in Renal Disease 
(MDRD) equation and groups were assigned as follows: nor-
mal renal function (eGFR ≥ 90 mL/min/1.73 m2), mild renal 
impairment (eGFR 60–89 mL/min/1.73 m2), moderate renal 
impairment (eGFR 30–59 mL/min/1.73  m2), and severe 
renal impairment (eGFR 15–29 mL/min/1.73 m2) [32]. The 
pharmacokinetics of upadacitinib have not been studied 
in subjects with end-stage renal disease (eGFR < 15 mL/
min/1.73 m2). Upadacitinib AUC from time zero to infinity 

Table 4  Upadacitinib plasma pharmacokinetic parameters after multiple oral doses of the immediate-release formulation in healthy subjects

AUC  area under the plasma concentration–time curve, AUC 12 area under the plasma concentration–time curve from time zero to 12 h, AUC 24 
area under the plasma concentration–time curve from time zero to 24 h, BID twice daily, Cmin minimum plasma concentration, Cmax maximum 
plasma concentration, Ctrough trough plasma concentration, NC not calculated, Rac accumulation ratio, SD standard deviation, t½ terminal elimi-
nation half-life, tmax time to maximum plasma concentration
a For Study 3, upadacitinib was administered BID under non-fasting conditions on Days 1–13, single dose administered on Day 14. For Study 4, 
all doses were administered under fasting conditions for 7 days
b Median (minimum–maximum)
c Harmonic mean ± pseudo-SD
d Rac Cmax = accumulation ratio (calculated as the ratio of Cmax on Day 14 to Cmax on Day 1 or on Day 7 to Day 1)
e Rac AUC = accumulation ratio (calculated as the ratio of AUC 12 on Day 14 to AUC 12 on Day 1 or AUC 24 on Day 7 to AUC 24 on Day 1)

Dose (mg) Studya n Mean pharmacokinetic parameters (SD)

Cmax (ng/mL) AUC 12 (ng·h/mL) Cmin or Ctrough 
(ng/mL)

tmax (h)b t½ (h)c Rac Cmax
b,d Rac AUC b,e

3 mg BID 3 8 18.5 (5.41) 78.3 (20.3) 1.46 (0.50) 1.5 (0.5–3.0) 15.7 (10.6) 0.93 (0.65–1.32) 1.05 (0.87–1.22)
6 mg BID 3 8 28.8 (3.67) 138 (16.7) 2.29 (0.41) 2.0 (1.5–3.0) 13.6 (8.5) 0.98 (0.82–1.14) 1.03 (0.87–1.16)

4 11 33.9 (8.8) NC 2.7 (0.6) 1.0 (0.5–14) 24.5 (18.1) 0.97 (0.68–1.17) 1.02 (0.88–1.09)
12 mg BID 3 8 57.6 (11.0) 271 (52.7) 4.54 (1.55) 2.3 (1.5–3.0) 7.6 (4.8) 0.96 (0.82–1.32) 1.00 (0.88–1.14)

4 11 73.9 (14.2) NC 3.8 (2.2) 1.0 (0.5–1.5) 11.5 (9.2) 0.98 (0.65–1.18) 1.08 (0.97–1.18)
24 mg BID 3 8 119 (16.9) 529 (62.6) 9.50 (2.57) 1.8 (1.5–2.0) 8.0 (4.2) 0.97 (0.76–1.02) 1.00 (0.78–1.26)
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(AUC ∞) central values were 18%, 33%, and 44% higher in 
subjects with mild, moderate, and severe renal impairment, 
respectively, than in subjects with normal renal function 
(based on a conservative analysis excluding one outlier 
with a low AUC ∞ in the moderate renal impairment group) 
(Fig. 1) [31]. Upadacitinib Cmax central values were similar 
in subjects with mild, moderate, and severe renal impair-
ment compared with subjects with normal renal function. 
These results indicate that mild to severe renal impairment 
has only a limited and clinically non-relevant effect on the 
upadacitinib plasma AUC ∞. Also, the estimates from the 
population pharmacokinetic analyses including subjects with 
RA were consistent with the dedicated renal impairment 
study in non-RA patients; this confirms the lack of need for 
dose adjustments in RA patients with renal impairment [31]. 
The results from this dedicated renal impairment study were 
consistent whether the eGFR was normalized based on the 
body surface area or not.

3.4  Effect of Extrinsic Factors on Upadacitinib 
Pharmacokinetics

3.4.1  Drug–Drug Interactions

In vitro studies demonstrate that upadacitinib is a sub-
strate for metabolism by CYP3A4 and to a minor extent by 
CYP2D6 [11]. Therefore, assessments of the in vivo effect of 
modulation of CYP3A4 and CYP2D6 on upadacitinib phar-
macokinetics were conducted. Additionally, assessments of 
the effect of coadministration of methotrexate, statin (HMG-
CoA reductase inhibitor) drugs, OATP1B inhibitors, or pH-
modifying medications on upadacitinib pharmacokinetics 
were conducted [27, 33, 34].

Upadacitinib is also a substrate for P-gp and BCRP efflux 
transporters. However, inhibition of P-gp or BCRP trans-
porters is not expected to have a relevant effect in vivo on the 
upadacitinib AUC value due to the high solubility and high 
permeability of upadacitinib. The lack of a relevant role of 
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) Table 6  Bioavailability of the upadacitinib extended-release formu-

lation compared to the immediate-release formulation based on non-
compartmental analyses using data from phase I studies

AUC t area under the plasma concentration–time curve from time zero 
to time t, AUC ∞ area under the plasma concentration–time curve from 
time zero to infinity, CI confidence interval, ER extended-release, IR 
immediate-release

Pharmacokinetic 
parameter

Central 
value

Ratio of central values

Point estimate 90% CI
ER IR

Dose-normalized AUC t 16.11 21.73 0.742 0.704–0.781
Dose-normalized AUC ∞ 16.70 21.99 0.759 0.722–0.798
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efflux transporters on upadacitinib AUC is also supported by 
linearity of the upadacitinib plasma AUC value over a wide 
range of doses [12, 25, 27].

3.4.2  Effect of Strong Cytochrome P450 (CYP) 3A4 
Inhibitors

In vitro metabolism studies suggested that upadacitinib is a 
non-sensitive substrate for CYP3A4. A study that evaluated 
the in vivo impact of potent CYP3A4 inhibition by keto-
conazole was conducted according to a randomized crosso-
ver design in 12 healthy subjects (Study 7). Administration 
of upadacitinib IR 3 mg on Day 4 of a 6-day regimen of 
ketoconazole 400 mg QD resulted in an increased upadaci-
tinib Cmax and AUC ∞ by 70% and 75%, respectively, com-
pared with upadacitinib administered alone (Fig. 2) [33]. 
These results indicate that administration of upadacitinib 

with repeated doses of a strong CYP3A inhibitor results in 
a weak increase (< 2-fold) in the upadacitinib AUC ∞ [35].

3.4.3  Effect of Strong CYP3A4 Inducers

Study 8 was a phase I open-label study conducted accord-
ing to a two-period sequential design in 12 healthy subjects 
that examined the effect of rifampin (rifampicin), a strong 
CYP3A4 inducer, on the metabolism and pharmacokinetics 
of upadacitinib. A single oral 12 mg dose of upadacitinib 
IR was administered under non-fasting conditions at three 
different timepoints: in the morning on Day 1, Period 1 
(without rifampin); and in the morning on Days 1 and 8 of 
a 9-day regimen of rifampin 600 mg QD in Period 2 (both 
rifampin and upadacitinib were administered at the same 
time on study Days 1 and 8). Concomitant administration 
of upadacitinib IR 12 mg formulation on Day 8 of a 9-day 

Table 7  Point estimates and 
95% confidence intervals for the 
comparison of dose-normalized 
upadacitinib parameters 
between healthy Japanese or 
Chinese subjects and healthy 
Western subjects

AUC 12 area under the plasma concentration–time curve from time zero to 12  h, CI confidence interval, 
Cmax maximum concentration

Regimens (test vs. reference) Pharmacokinetic parameter Point estimate 95% CI

Heathy Japanese subjects (test) vs. 
healthy Western subjects (reference) 
(immediate-release formulation)

Dose-normalized Cmax 1.083 0.935–1.255
Dose-normalized AUC 12 1.176 1.056–1.310

Heathy Chinese subjects (test) vs. 
healthy Western subjects (reference) 
(immediate-release formulation)

Dose-normalized Cmax 1.076 0.838–1.382
Dose-normalized AUC 12 1.029 0.856–1.235

Fig. 1  Effect of intrinsic factors 
on upadacitinib exposures and 
dosing recommendations for 
upadacitinib per the US pre-
scribing information. AUC  area 
under the plasma concentra-
tion–time curve, CI confidence 
interval, Cmax maximum plasma 
concentration, PK pharmacoki-
netics
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regimen of rifampin 600 mg QD decreased the central val-
ues of the upadacitinib Cmax and AUC by approximately 
50% and 60%, respectively, compared with administration 
of upadacitinib alone (Fig. 2) [33].

The clinical drug interaction assessments for the effect of 
ketoconazole and rifampin on upadacitinib pharmacokinet-
ics were conducted using the IR formulation, prior to the 
availability of the ER formulation. The magnitude of effect 
of strong CYP3A4 inhibition or broad CYP induction was 
expected to be consistent for the IR and the ER formulations 
because upadacitinib is not expected to undergo an extensive 
first-pass metabolism (based on the minor fraction of dose 
eliminated as metabolites and the < 2-fold increase in expo-
sure with strong CYP3A4 inhibition) [23, 30, 33].

3.4.4  Effect of CYP2D6 Genotype or CYP2D6 Inhibitors

The population pharmacokinetic analysis of phase I and 
II trials evaluated the effect of CYP2D6 phenotype (based 
on CYP2D6 genotype) on upadacitinib CL/F and showed 
that CYP2D6 metabolic phenotype has no correlation with 
upadacitinib CL/F [26]. For CYP2D6, subjects with the 
poor metabolizer phenotype have no functional copies of 
CYP2D6; therefore, the poor metabolizer phenotype repre-
sents a worst-case scenario for CYP2D6 inhibition. Given 
the comparability of upadacitinib CL/F between sub-
jects with extensive and poor metabolizer phenotypes for 
CYP2D6, concomitant medications that are strong inhibitors 
of CYP2D6 are expected to have no effect on upadacitinib 
plasma AUC values and this covariate was not considered 
clinically relevant for the remainder of the upadacitinib clini-
cal program [26].

3.4.5  Effect of Organic Anion Transporting Polypeptide 
(OATP) 1B Inhibitors

In Study 8 (as described in Sect. 3.4.3), the rifampin effect 
was assessed after the first dose to evaluate the effect of 
inhibition of hepatic uptake OATP1B transporters on upa-
dacitinib pharmacokinetics. Concomitant administration of 
upadacitinib IR 12 mg QD with rifampin 600 mg QD on 
Day 1 of Period 2 had no effect on the upadacitinib plasma 
AUC (Fig. 2) [33].

3.4.6  Effect of pH‑Modifying Medications

In the population pharmacokinetic analyses of phase I–III 
studies, concomitant use of pH-modifying drugs (histamine 
 H2 antagonists, proton pump inhibitors, or antacids) had 
no effect on upadacitinib CL/F or the bioavailability of the 
upadacitinib ER formulation relative to the IR formulation 
[27, 36]. This was also consistent with the similarity of the 
upadacitinib ER formulation dissolution under different pH 
conditions. Therefore, coadministration of upadacitinib with 
pH-modifying medications is not expected to have a relevant 
effect on the upadacitinib plasma AUC.

3.4.7  Effect of Methotrexate or Other Conventional 
Synthetic Disease‑Modifying Antirheumatic Drugs 
(csDMARDs)

In Study 3, the effect of stable methotrexate treatment on 
upadacitinib pharmacokinetics was evaluated in patients 
with RA. The study included patients with mild to mod-
erate RA who were on methotrexate for at least 3 months 
and receiving a stable dose of 10–25 mg/week for at least 
4 weeks before the first dose of upadacitinib, and contin-
ued their weekly stable dose of methotrexate on Days 1, 8, 

Fig. 2  Effect of concomitant 
medications on upadacitinib 
exposures and dosing recom-
mendations for upadacitinib per 
the US prescribing information. 
AUC  area under the plasma 
concentration–time curve, CI 
confidence interval, Cmax maxi-
mum plasma concentration, 
CYP cytochrome P450, OATP 
organic anion transporting poly-
peptide, PK pharmacokinetics
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15, 22, and 29. Upadacitinib was administered BID at three 
doses (6, 12, and 24 mg and placebo in parallel groups) for 
26 days (on Day 3 through 28) and a single morning dose 
on Day 29. Coadministration of upadacitinib with metho-
trexate had no effect on the upadacitinib plasma AUC rela-
tive to administration of upadacitinib alone in patients with 
RA who were on background treatment with methotrexate 
(Fig. 2) [12].

The most commonly used csDMARDs in combination 
with upadacitinib across phase III studies were methotrexate, 
hydroxychloroquine, sulfasalazine, and leflunomide. Use of 
csDMARDs did not have a significant effect on upadaci-
tinib CL/F in population pharmacokinetics analyses (exten-
sion of analyses reported in Klunder et al. [27]; data on file, 
AbbVie). Additionally, upadacitinib estimated plasma AUC 
values were comparable between patients with RA who 
were administered upadacitinib on background treatment 
of csDMARDs and patients who received upadacitinib as 
monotherapy. Therefore, use of csDMARDs has no effect 
on upadacitinib pharmacokinetics. This was consistent with 
the lack of expected interactions with upadacitinib based 
on the elimination pathways and what is known about the 
drug–drug interaction potential of each of the aforemen-
tioned csDMARDS.

3.4.8  Evaluation of the Effect of Select Statins

RA patients have a higher risk of cardiovascular disease than 
the general population. Therefore, lipid-lowering medica-
tions, such as statins, are expected to be used concomitantly 
with upadacitinib in some patients. Study 9 was a phase 1, 
two-part, two-period, open-label drug–drug interaction 
study in 36 healthy subjects. A single dose of rosuvastatin 
(5 mg) or atorvastatin (10 mg) was administered on Day 1, 
Period 1, followed by a washout interval of 5 days. Doses of 
upadacitinib (30 mg QD) were administered on Days 1–10, 
Period 2 and a single dose of rosuvastatin (5 mg) or atorv-
astatin (10 mg) was administered 1 h after the upadacitinib 
dose on Day 7, Period 2. Upadacitinib pharmacokinetics 
were assessed at steady state when upadacitinib was admin-
istered alone (on Day 6, Period 2) and with rosuvastatin or 
atorvastatin (on Day 7, Period 2). Administration of a single 
5 mg dose of rosuvastatin or a single 10 mg dose of atorv-
astatin had no relevant effect on upadacitinib Cmax or AUC 
values [34]. Thus, concomitant administration of rosuvasta-
tin or atorvastatin had no effect on upadacitinib steady-state 
AUC and Cmax in healthy subjects [34].

3.4.9  Effect of Food on Upadacitinib Exposure

The effect of food on upadacitinib exposures from the IR 
and ER formulations was determined by comparing upadaci-
tinib pharmacokinetic parameters under fasting conditions 

and after a high-fat breakfast. For the IR formulation, the 
upadacitinib tmax was delayed by approximately 2 h under 
the high-fat/high-calorie meal condition that also resulted 
in a 23% decrease in Cmax and no effect on AUC ∞ [33]. As 
a result of the lack of a clinically relevant effect of food on 
upadacitinib exposure with the IR formulation, upadacitinib 
was administered without regard to food in phase II trials.

Administration of upadacitinib after a high-fat/high-
calorie meal also had a limited and clinically non-relevant 
effect (~ 20% increase) on upadacitinib AUC and Cmax values 
compared with administration under fasting conditions [25]. 
Additionally, upadacitinib steady-state AUC 24, Cmax, and 
Cmin values were comparable when 30 mg QD was admin-
istered under fasting and non-fasting conditions [25]. Based 
on results from this study, the upadacitinib ER formulation 
was administered without regard to food in phase III stud-
ies [25].

3.5  Effect of Upadacitinib on Pharmacokinetics 
of Concomitant Medications

Clinical phase I studies were conducted to evaluate the effect 
of coadministration of multiple doses of upadacitinib on the 
pharmacokinetics of specific probe substrates for different 
CYP enzymes, specifically on oral contraceptives (lev-
onorgestrel and ethinylestradiol), rosuvastatin and atorvas-
tatin, and methotrexate. The studies were conducted using a 
30 mg QD dose of the upadacitinib ER formulation (a dose 
that is twice the FDA-approved dose of upadacitinib in RA) 
because these studies were conducted prior to completion of 
phase III studies and 30 mg QD was the highest upadacitinib 
dose evaluated in phase III RA studies.

A summary of the results for the effect of upadacitinib on 
plasma exposures of concomitant medications is provided 
in Fig. 3.

3.5.1  CYP‑Sensitive Substrates

Typically, a drug is classified as a weak inhibitor if it 
increases the AUC of a sensitive index CYP substrate 
by ≥ 1.25- to ≤ 2-fold and a drug is classified as a weak 
inducer if it decreases the AUC of a sensitive index CYP 
substrate by ≥ 20 to < 50% [35, 37]. Therefore, an effect 
that is less than a 25% increase or 20% decrease in the AUC 
of an index CYP substrate is not considered to be a relevant 
inhibition or induction, respectively, particularly for drugs 
without a narrow therapeutic index.

The effects of upadacitinib on in vivo activity of different 
CYP enzymes was evaluated using a cocktail approach. In 
Study 10, healthy subjects (n = 20) received single oral doses 
of the modified Cooperstown 5 + 1 cocktail drugs (mida-
zolam [CYP3A], caffeine [CYP1A2], warfarin + vitamin K 
[CYP2C9], omeprazole [CYP2C19], and dextromethorphan 
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[CYP2D6]) without upadacitinib and on Day 11 (mida-
zolam) or 12 (all other probes) of a 15-day regimen of upa-
dacitinib ER 30 mg QD [36]. Of all the sensitive probes 
and markers evaluated, only the effect of upadacitinib 30 mg 
QD on midazolam slightly exceeded the established thresh-
olds (26% decrease in midazolam exposures) (Fig. 3) [36]. 
This small effect is within the expected variability in plasma 
exposures of most drugs. Given that midazolam is a sensitive 
CYP3A substrate and the effect of upadacitinib on mida-
zolam exposures is relatively small, it is not expected that 
upadacitinib will have clinically relevant effects on plasma 
exposures of drugs metabolized by CYP3A. The small effect 
of upadacitinib 30 mg QD on midazolam exposures is not 
expected to be clinically relevant and does not necessitate 
dose adjustment for concomitant medications that are sub-
strates for CYP3A when coadministered with upadacitinib 
[23, 36].

Additionally, a drug–drug interaction study with bupro-
pion, a probe substrate for CYP2B6 metabolism, evaluated 
the effects of multiple doses of upadacitinib on the pharma-
cokinetics of bupropion, where subjects received a single 
dose of the bupropion ER 150 mg formulation administered 
alone (Period 1) and on Day 12 of a 16-day regimen of upa-
dacitinib 30 mg QD (Period 2). Coadministration of upa-
dacitinib 30 mg QD and bupropion 150 mg on Day 12 had 
no clinically relevant impact on bupropion exposure (Cmax 
or AUC) [38]. The central values for bupropion Cmax and 
AUC ratios when administered with upadacitinib relative to 
when administered without upadacitinib were 0.87 and 0.92, 
respectively, with the 90% confidence interval for bupropion 
AUC ratio falling within the default 0.8–1.25 equivalence 
boundaries. These results confirmed that upadacitinib at 
clinically relevant exposures has no effect on the pharma-
cokinetics of substrates metabolized by CYP2B6 [38].

3.5.1.1 Oral Contraceptives Another common concomitant 
medication of interest in the target patient population is oral 
contraceptives, which are partially metabolized by CYP3A 
[39]. Study 11 was designed to evaluate the effect of mul-
tiple doses of upadacitinib ER 30 mg QD on the pharma-
cokinetics of a single oral dose of ethinylestradiol/levonorg-
estrel (0.03/0.15  mg) administered alone in Period  1 and 
on Day 12 of a 14-day regimen of upadacitinib in Period 2 
in healthy female subjects. Ethinylestradiol/levonorgestrel 
Cmax and AUC values were bioequivalent when adminis-
tered with upadacitinib compared with when administered 
in the absence of upadacitinib (Fig. 3) [40]. These findings 
further support the lack of a relevant effect of upadacitinib 
30 mg QD (a dose that is double the approved dose for the 
RA indication) on the AUC and Cmax of CYP3A substrates 
[40].

3.5.2  Select Statins

Study 9, as described in Sect. 3.4.9, evaluated the pharma-
cokinetic effect of upadacitinib on rosuvastatin or atorvas-
tatin, substrates for OATP1B1/3 transporters. With multiple 
upadacitinib 30 mg QD dose administrations, there was no 
increase in rosuvastatin or atorvastatin systemic exposures, 
indicating lack of inhibition of OATP1B in vivo by upa-
dacitinib. Rosuvastatin Cmax and AUC ∞ values were 23% 
and 33% lower, respectively, and the atorvastatin AUC ∞ 
was 23% lower when they were coadministered with upa-
dacitinib relative to when administered alone (Fig. 3). AUC 
and Cmax values for ortho hydroxyatorvastatin (the major 
active metabolite for atorvastatin) remained unchanged for 
atorvastatin concomitant administration with upadacitinib 
relative to atorvastatin administration alone. This apparent 
small decrease in the AUC of statins after multiple dose 
administration of upadacitinib 30 mg QD is comparable 
with the intra-subject variability in AUC and Cmax values of 
statins; therefore, it is not expected to be clinically relevant.

3.5.3  Methotrexate

As described in Sect. 3.4.8, Study 3 evaluated the effect of 
coadministration of methotrexate on upadacitinib pharma-
cokinetics. During the same study, the effect of upadacitinib 
on methotrexate pharmacokinetics was also evaluated. The 
central values for the methotrexate AUC ∞ and Cmax after 
multiple doses of upadacitinib (Day 29) were equivalent to 
those of administration of methotrexate without upadacitinib 
(Day 1) (within the bioequivalence thresholds; Fig. 3) [12]. 
No dosage adjustments are recommended for coadministra-
tion with methotrexate.

4  Conclusions

The clinical pharmacokinetics of upadacitinib have been 
well-characterized using data from phase I, II, and III stud-
ies in healthy subjects and RA patients following single- and 
multiple-dose administrations with both IR and ER formu-
lations. These studies and analyses enabled robust charac-
terization of the effects of different intrinsic and extrinsic 
factors on upadacitinib pharmacokinetics as well as the 
potential for upadacitinib to influence the pharmacokinetics 
of other medications. None of the intrinsic factors evalu-
ated are expected to have clinically relevant effects on upa-
dacitinib systemic exposures. Upadacitinib AUC and Cmax 
values are significantly influenced by strong CYP3A4 inhibi-
tors and strong CYP3A4 inducers. Therefore, upadacitinib 
should be administrated with caution in patients receiving 
long-term treatment with strong CYP3A4 inhibitors (e.g., 
ketoconazole) and coadministration with strong CYP3A4 
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inducers (e.g., rifampin) is not recommended. No dose 
adjustment is required when upadacitinib is administered 
in subjects with mild, moderate, or severe renal impairment 
or in subjects with mild or moderate hepatic impairment. 
Similarly, the results suggest that upadacitinib has low drug 
interaction potential and that no dose adjustment is required 
for concomitant medications when coadministered with upa-
dacitinib. These data supported FDA approval and dosing 
recommendations across patient subpopulations and with 
concomitant medications for upadacitinib 15 mg QD in 
patients with moderate to severe RA [23].
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