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Abstract
Background and Objective Upadacitinib, an oral selective and reversible Janus kinase (JAK) inhibitor, showed favorable 
efficacy and safety in patients with moderate-to-severe ulcerative colitis (UC). The objective was to characterize upadacitinib 
pharmacokinetics in UC patients across Phase 2b and 3 trials and evaluate the relationships between upadacitinib plasma 
exposures and key efficacy or safety endpoints.
Methods Population pharmacokinetics and exposure-response analyses were performed to characterize upadacitinib phar-
macokinetics in UC patients and evaluate the relationships between plasma exposures and key efficacy or safety endpoints at 
the end of 8-week induction and 52-week maintenance periods. Data from 1234  UC patients from Phase 2 and 3 induction 
trials and 449 UC patients from a Phase 3 maintenance trial were used for these analyses. Additionally, data from patients with 
rheumatoid arthritis, atopic dermatitis, Crohn’s disease, and healthy volunteers were used in the pharmacokinetics analysis. 
Quartile plots and logistic regression models were used to evaluate the exposure-response relationships across upadacitinib 
doses of 7.5–45 mg once daily (QD) for induction and 15–30 mg QD for maintenance.
Results Upadacitinib plasma exposures were dose-proportional in UC patients across the evaluated dose range.  Upadacitinib 
pharmacokinetics in UC were consistent between the induction and maintenance periods, and with other patient populations. 
Upadacitinib plasma exposures associated with the 45 mg QD induction dose maximized efficacy for Week 8 clinical and 
endoscopic endpoints. Plasma exposures associated with upadacitinib 30 mg maintenance dose provided additional incre-
mental benefit compared to 15 mg QD for Week 52 key clinical and endoscopic endpoints. No trends were observed in the 
evaluated safety events with increasing plasma exposures at the end of induction or maintenance periods.
Conclusion These analyses supported selection of upadacitinib UC induction and maintenance doses.
Trial Registration Data from studies NCT02819635 and NCT03653026 were included in these analyses.

Key Points 

Upadacitinib pharmacokinetics are consistent between 
ulcerative colitis and other patient populations.

Upadacitinib plasma exposures associated with upadaci-
tinib 45 mg QD approached maximal efficacy across 
different induction endpoints.

Exposures associated with 30 mg provided additional 
incremental efficacy benefit during maintenance in 
ulcerative colitis compared to 15 mg QD. * Mohamed-Eslam F. Mohamed 
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1 Introduction

Ulcerative colitis (UC) is one of the two primary forms of 
idiopathic inflammatory bowel disease along with Crohn's 
disease (CD). UC is a chronic, relapsing inflammatory dis-
ease of the large intestine characterized by inflammation and 
ulceration of mainly the mucosal and occasionally submu-
cosal intestinal layers. Available pharmaceutical therapies 
are limited, do not always completely abate the inflam-
matory process, and may have significant adverse effects. 
Although some patients with moderate-to-severe symptoms 
may derive some benefits from available treatment including 
conventional therapy and biologic agents, large unmet needs 
remain due to limited efficacy and side effects [1, 2]. Thus, 
there remains a clear medical need for additional therapeu-
tic options in UC for patients with inadequate response or 
intolerance to conventional therapies and biologic therapies.

The Janus kinases (JAKs) are a family of intracellular 
tyrosine kinases that function as dimers in the signaling pro-
cess of many cytokine receptors [3]. Upadacitinib is an oral 
selective and reversible JAK inhibitor that recently became 
approved by the US Food and Drug Administration (FDA) 
as a treatment in adults with moderately to severely active 
UC who have had an inadequate response or intolerance to 
one or more tumor necrosis factor blockers [4]. Upadacitinib 
has already been approved for the treatment of rheumatoid 
arthritis (RA), atopic dermatitis (AD), ankylosing spon-
dylitis, and psoriatic arthritis (PsA) in many countries [5], 
and is currently being evaluated for the treatment of other 
inflammatory diseases. Upadacitinib has been administered 
as an extended-release formulation in Phase 3 clinical trials 
in adult and adolescent patients [6].

Upadacitinib efficacy and safety profiles in patients with 
moderate-to-severe UC were evaluated in Phase 2b and 3 
randomized, double-blinded, placebo-controlled studies. 
The UC program included three induction U-ACHIEVE 
(NCT02819635) studies, a Phase 2b (Study 1) and two rep-
licate Phase 3 studies (Study 2 and Study 4), and one main-
tenance U-ACCOMPLISH study, Study 3 (NCT03653026). 
Study 1 was a Phase 2b dose-ranging study designed to 
evaluate the efficacy and safety of different oral doses of 
upadacitinib [7.5 mg, 15 mg, 30 mg, and 45 mg once daily 
(QD)] compared to placebo as induction therapy for 8 weeks 
in patients with UC. After all randomized patients completed 
the 8-week induction, a dose-selection analysis of efficacy 
and safety of upadacitinib versus placebo was performed [7]. 
In Study 1, upadacitinib dosing demonstrated a statistically 
significant dose-response relationship compared to placebo 
for the primary efficacy endpoint and all ranked secondary 
efficacy endpoints, with the highest efficacy response rates 
observed in the 45 mg QD treatment group for clinical and 
endoscopic endpoints [8]. Upadacitinib was generally safe 

and well tolerated. No new safety concerns were identified 
compared to what has been observed in studies of upadaci-
tinib in other disease indications [8]. Analyses of Study 1 
supported the selection of 45 mg QD as the upadacitinib 
induction dose to evaluate in Phase 3 studies in UC. Upa-
dacitinib 15 mg and 30 mg QD doses were evaluated as 
maintenance therapy for 52 weeks (Study 3).

Population pharmacokinetics and exposure-response 
analyses have been conducted for upadacitinib for several 
indications, such as RA [9, 10], CD [11], PsA [12], and AD 
[13], which have informed optimal dosing for clinical benefit 
specific to each disease. The population pharmacokinetics 
and exposure-response analyses in this work characterized 
upadacitinib pharmacokinetics in patients with moderately 
to severely active UC across Phase 2b and 3 trials and evalu-
ated the relationships between upadacitinib plasma expo-
sures and key efficacy and safety endpoints using data from 
these trials during induction and maintenance treatment.

2  Methods

2.1  Study Design and Populations

The studies included in the analyses were conducted in 
accordance with Good Clinical Practice guidelines and the 
ethical principles that have their origin in the Declaration 
of Helsinki. The protocol and informed consent forms were 
approved by the institutional review boards or ethics com-
mittees for each study included in the analyses, and partici-
pants provided written informed consent before any study-
related procedures were performed.

Data from three induction studies and one maintenance 
study in patients with moderately to severely active UC were 
included in these analyses (Online Supplementary Mate-
rial (OSM) Table 1). Study 1 was a randomized Phase 2b 
dose-ranging study with two parts designed to evaluate the 
safety and efficacy of oral administration of upadacitinib in 
placebo-controlled 8-week induction studies: Part 1 included 
7.5, 15, 30, and 45 mg QD and Part 2 included 30 and 45 
mg QD. Study 2 was a two-part Phase 3 study designed 
to evaluate the efficacy and safety of oral administration 
of upadacitinib 45 mg QD compared to placebo as induc-
tion therapy for up to 16 weeks in patients with UC: (Part 
1) a randomized, double-blind, placebo-controlled 8-week 
induction study; (Part 2) an 8-week, open-label extended 
treatment period for clinical non-responders from Part 1 of 
Study 2. Study 3 is a Phase 3 study designed to evaluate the 
efficacy and safety of oral administration of upadacitinib 15 
mg QD and 30 mg QD compared to placebo as maintenance 
therapy for 52 weeks in patients with UC who achieved clin-
ical response following induction with upadacitinib in Study 
1 or Study 2, or Study 4. Study 4 consisted of 2 parts: Part 1 



103Upadacitinib Pharmacokinetics and Exposure-Response Relationships in Ulcerative Colitis

was a randomized, double-blind, placebo-controlled 8-week 
induction period that evaluated the efficacy and safety of 
oral administration of upadacitinib 45 mg QD compared 
to placebo and Part 2 was an open-label, 8-week extended 
treatment period for participants who did not achieve clinical 
response at Week 8 in Part 1.

Baseline for pharmacokinetics and efficacy/safety data 
was defined as the last non-missing value collected prior to 
the initial dose of study drug in the induction phase. Addi-
tional details on the methodology are explained in the OSM.

2.2  Pharmacokinetic, Efficacy, and Safety 
assessments

All pharmacokinetic data from enrolled patients who 
received at least one dose, had pharmacokinetic sample(s) 
collected, and had at least one concentration measurement 
were included in the pharmacokinetic analysis. Efficacy and 
safety endpoints that were assessed are described in OSM 
Table 2.

2.3  Population Pharmacokinetic Analyses

Population pharmacokinetic models were evaluated using 
nonlinear mixed-effects modeling with NONMEM 7.4.4 
compiled with a GNU Fortran compiler (Version 4.8.3). 
The first-order conditional estimation method with η-ε inter-
action (FOCE-INT) was employed for model runs within 
NONMEM. The population pharmacokinetic analysis was 
conducted using data from Phase 1 studies, Phase 2b studies 
in RA, CD, AD, and UC, and Phase 3 studies in UC.

A previously published population pharmacokinetic 
model for upadacitinib in patients with RA, CD, UC, AD, 
and healthy volunteers (HVs) was used as the basis for this 
pharmacokinetic analysis. In this previous model, upadaci-
tinib pharmacokinetics were described by a two-compart-
ment model with mixed zero- and first-order absorption with 
lag time (for the first order absorption) for the upadacitinib 
QD formulation [14]. Statistically significant covariates 
identified in the previous model included subject population 
(HV vs. AD/UC/CD and RA vs. AD/UC/CD), creatinine 
clearance, and sex, on apparent oral clearance (CL/F), and 
sex and body weight on apparent volume of distribution of 
the central compartment (Vc/F) were retained in the model 
for the current analysis. Additional covariates were evalu-
ated in the model via stepwise forward inclusion at α = 0.01 
and followed by a backward elimination procedure at α = 
0.001, both using the likelihood ratio test.

After identifying the statistically significant covariates on 
upadacitinib pharmacokinetic parameters through the Perl 
Speaks NONMEMs SCM routine procedure, simulations 
were performed to explore the impact of significant covariate 
effects on upadacitinib average plasma concentration (Cavg) 

and maximum plasma concentration (Cmax) at steady state 
to characterize the effect of these covariates on upadacitinib 
plasma exposures.

All model parameters, including covariate effects, from 
the original model were re-estimated using a combined data-
set that included data from Induction phase up to Week 8 
of UC Phase 2b/3 studies in addition to the data previously 
included in the cross-population pharmacokinetic analyses 
[14]. Different inter-subject variability (ISV) and residual 
variability model structures were explored in the process of 
model development by graphical methods to assess model 
goodness-of-fit (GOF).

Additionally, the following covariates were investigated 
for influence on upadacitinib pharmacokinetics via visual 
inspection of appropriate graphics in the UC population: 
concomitant medication (binary: at least once during sam-
pling or not): corticosteroids, aminosalicylates, methotrex-
ate, antacids; baseline disease characteristics: C-reactive 
protein (CRP), fecal calprotectin, Adapted Mayo Score, 
biologic therapy-intolerant or inadequate responder (Bio-
IR); and upadacitinib dose group.

The developed model using data from the induction stud-
ies was then used to describe the population pharmacoki-
netics of upadacitinib in a combined dataset that included 
patients with moderately to severely active UC from Study 
3. All pharmacokinetic data up to Week 52 were included for 
patients in Study 3. Pharmacokinetic data of these patients 
collected in the induction studies (Study 1 and Study 2, and 
Study 4) were also included. The previous developed model 
was validated via a post hoc approach, that is, the popula-
tion parameter estimates of the fixed effects and estimates 
for the random effects (inter-individual variability) of the 
established population pharmacokinetic model fitted using 
data from the induction studies were used to generate indi-
vidual post hoc estimates for patients in Study 3. The final 
model fit was evaluated using GOF and visual predictive 
checks (VPCs).

Model-estimated steady-state upadacitinib plasma expo-
sures (Cmax, Cavg, and Ctrough) were derived using empirical 
Bayesian estimates.  

2.4  Exposure‑Response Analyses

Upadacitinib exposure-response relationships for efficacy 
and safety parameters at Week 8 and at Week 52 were eval-
uated using quartile plots and logistic regression analyses 
(when appropriate).

The logistic regression models were used to conduct sim-
ulations to predict the probabilities of the efficacy endpoints 
at Week 8 and at Week 52 for the different induction and 
maintenance treatments, respectively. The logistic regres-
sion models were also used to assess the effects of the pre-
specified covariates on probabilities of the efficacy endpoints 
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at different treatments (placebo and upadacitinib 15 mg, 30 
mg and 45 mg QD for induction endpoints; placebo and 
upadacitinib 15 mg, 30 mg QD for maintenance endpoints).

The covariates were investigated in the exposure-response 
analyses in an exploratory fashion by adding each covariate 
to the primary exposure-response model and evaluating the 
impact on the parameter estimate for upadacitinib effect in 
the model. To account for multiple testing in the covariate 
evaluation, p-values were corrected for a family-wise error 
rate of 0.05 using the Bonferroni correction. Continuous 
covariates were scaled with the median of the overall study 
population. Covariates that showed a statistically significant 
effect on probabilities of the efficacy or safety endpoints 
in models with a statistically significant exposure effect 
were further evaluated for their potential interactions with 
exposure.

The relationships between upadacitinib exposures and 
efficacy and safety endpoints were first explored using quar-
tile plots. Only efficacy and safety variables with more than 
ten events were evaluated further using exposure-response 
models. Quartile plots for safety were evaluated for Cavg 
and Cmax (for safety endpoints). Cavg was the main exposure 
metric used for analyzing the exposure-response models for 
efficacy and safety endpoints.

Different drug effect exposure-response models [linear, 
logarithmic, and maximum response (Emax)] as well as a 
treatment effect model (upadacitinib vs. placebo) with no 
exposure-response relationship were evaluated to deter-
mine the best model describing the upadacitinib effect on 
the probability of each efficacy and safety endpoint. The 
selection of logistic regression models was based on Bayes-
ian Information Criterion (BIC), model stability, predictive 
performance, and adequate precision of parameter estimates.

3  Results

3.1  Data Summary and Demographics

Data from a total of 1,927 subjects from Phase 1 studies, 
Phase 2b studies in RA, CD, AD, and UC, and Phase 3 stud-
ies in UC who received upadacitinib and had at least one 
upadacitinib concentration greater than the lower limit of 
quantitation were included in the population pharmacoki-
netic analyses of the induction treatment for patients with 
moderate to severely active UC. Data from 978 patients (643 
from Study 1 (328) and Study 2 (315), and 335 from Study 
4) with UC (from Phase 2b/3 studies in UC) were included 
in the population pharmacokinetic analyses. Data from 623 
patients from Study 3 who received upadacitinib and had 
at least one measurable upadacitinib concentration were 
included in the population pharmacokinetic analyses of the 
maintenance treatment for patients with UC. Summaries of 

demographics and other baseline characteristics for patients 
from Study 1, Study 2, Study 3, and Study 4 included in the 
population pharmacokinetic analysis are presented in OSM 
Table 3 and OSM Table 4.

Data from 1,234 patients with UC (720 patients for Study 
1 (248 main patient group) and Study 2 (472), and 514 
patients for Study 4) who received placebo or who received 
upadacitinib were included in the efficacy and safety expo-
sure-response analyses of induction clinical endpoints. Data 
from 449 patients who received at least one dose of study 
drug in Study 3 and were within the first approximately 450 
upadacitinib 45 mg QD 8-week induction responders were 
included in the exposure-response analyses of maintenance 
clinical endpoints.

Upadacitinib model predicted exposures were dose-
proportional in UC patients across the 7.5–45 mg QD dose 
range (OSM Table 5), and the model adequately described 
upadacitinib pharmacokinetics across the range of doses in 
UC patients (Figs. 1 and 2). Upadacitinib pharmacokinet-
ics in UC patients were consistent between the induction 
and maintenance periods, and with other patient populations 
(RA, PsA, and AD; Fig. 1).

3.2  Population Pharmacokinetic Analysis

Using the previously published population pharmacoki-
netic model for upadacitinib as a starting point [14], the 
outlined stepwise covariate selection method was performed. 

Fig. 1  Oberved dose-normalized upadacitinib concentrations from 
ulcerative colitis (UC) patients during the induction and maintenance 
periods and compared to other patient populations [rheumatoid arthri-
tis (RA), atopic dermatitis (AD), and psoriatic arthritis (PsA)]. Open 
circles represent individual observations.  Circles and error bars rep-
resent median and 5th to 95th percentiels of observations within each 
time bin
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Statistically significant covariates that were included in the 
model were creatinine clearance, subject population, sex, 
and aspartate aminotransferase on CL/F; and sex and body 
weight on Vc/F. The inter-subject variability values for upa-
dacitinib CL/F and Vc/F were 35% and 27%, respectively.

The influence of statistically significant covariates identi-
fied in the population pharmacokinetic analyses on model-
predicted upadacitinib steady state Cavg and Cmax was 
assessed performing simulations of the test and reference 
groups (OSM Fig. 1). Graphical assessments were made to 
evaluate relationships between upadacitinib pharmacokinetic 
parameters (CL/F and Vc/F) and relevant covariates (includ-
ing baseline UC disease severity, UC-specific concomitant 
medications, and upadacitinib dose group) in patients with 
UC. No trends were observed for upadacitinib CL/F or 
Vc/F with covariates (other than those included in the final 
population pharmacokinetic model) in the parameter versus 
covariate plots (OSM Figs. 2 and 3).

The final population pharmacokinetic model param-
eters are presented in OSM Table 6. The GOF plots of the 
final population pharmacokinetic model for patients with 
UC are shown in OSM Fig. 4. VPCs for the upadacitinib 

concentrations in patients with UC (Studies 1, 2, and 4) 
stratified by induction dose group (Fig. 2) show good agree-
ment between simulated and observed data across the doses 
evaluated.

The pharmacokinetics model developed using the data 
from induction trials was used to calculate the individual 
post hoc estimates for patients in the maintenance study. 
VPCs for upadacitinib concentrations stratified by main-
tenance dose group showed that the model adequately 
described the observed data, supporting consistency of upa-
dacitinib pharmacokinetics between induction and mainte-
nance periods in UC patients (OSM Fig. 5).

3.3  Exposure‑Response Analyses

Logistic regression models were constructed relating upa-
dacitinib Cavg to the clinical and endoscopic endpoints, while 
adjusting for the pre-specified covariates. Following the 
model selection criteria, a logarithmic shape function best 
described the exposure-response relationship for all clinical 
and endoscopic endpoints at Week 8 (clinical remission per 
Adapted Mayo score, endoscopic improvement, endoscopic 
remission, and clinical response per Adapted Mayo score). 
Statistically significant exposure-response relationships with 
upadacitinib Cavg were observed for all evaluated efficacy 
endpoints at Week 8. The percentage of patients achieving 
clinical and endoscopic efficacy endpoints at the end of the 
induction period increased with increasing upadacitinib 
Cavg and approached plateau at Cavg values approximately 
equivalent to the 45 mg QD regimen (Fig. 3). The parameter 
estimates of the coefficients of the final logistic regression 
models are shown in OSM Table 7.

For maintenance endpoints, there was a trend for increas-
ing the percentage of patients achieving clinical remis-
sion, steroid-free remission, endoscopic improvement, and 
histo-endoscopic mucosal improvement within the range of 
upadacitinib plasma exposures evaluated (Fig. 4). No expo-
sure-response trend was observed for endoscopic remission. 
Logistic regression models were constructed relating upa-
dacitinib Cavg to maintenance efficacy and clinical endpoints, 
while adjusting for the pre-specified covariates. Logarith-
mic exposure-response models best described the exposure-
response relationship for clinical remission per Adapted 
Mayo Score, histo-endoscopic mucosal improvement, and 
steroid-free clinical remission at Week 52. A treatment effect 
model best described the exposure-response relationship for 
endoscopic remission at Week 52. The parameter estimates 
of the coefficients of the final logistic regression models are 
shown in OSM Table 7.

Covariates of interest were explored for their impact on 
the different clinical and endoscopic efficacy endpoints 
at the end of induction and maintenance treatment (OSM 
Table 8). Sex and albumin were statistically significant 

Fig. 2  Visual predictive checks of upadacitinib concentration in 
patients with ulcerative colitis (UC) (induction studies: 1, 2, and 4) 
stratified by dose group. The blue lines represent the 90% prediction 
interval of the model, the shaded blue areas represent the associated 
90% confidence intervals of the 5th and 95th percentiles of simulated 
concentrations. The purple line represents the predicted median, the 
purple shaded area its 90% confidence interval. The dots and error 
bars are the median and 90% inter-percentile range (5th to 95th per-
centile) of the observed data. Note: Time bins were chosen at 1, 5, 8, 
14, and 24 h after last dose for the 15, 30, and 45 mg groups and at 1, 
5, 14, and 24 h after the last dose for the 7.5mg group as there are no 
observed records at 8 h after the last dose
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factors for endoscopic improvement at Week 8. Sex was 
also a statistically significant factor for clinical remission 
per Adapted Mayo Score at Week 8. Clinical remission sta-
tus per Adapted Mayo score at Week 0 was a statistically 

significant factor for all maintenance endpoints, and age was 
a statistically significant covariate for clinical remission per 
Adapted Mayo score and steroid-free clinical remission at 
Week 52. However, the inclusion of the covariates did not 

Fig. 3  Observed and model-predicted percentage of patients with 
ulcerative colitis (UC) who achieved efficacy endpoints at induc-
tion Week 8. The dots and error bars represent the median and 95% 
confidence interval (CI) of observed NRI response by quartile of 

upadacitinib Cavg; solid lines and shaded areas represent the median 
and 95% CIs for model-predictions; boxplots represent the spread of 
exposure for different doses.  NRI, nonresponder imputation
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change the estimated effect of upadacitinib Cavg and did not 
have significant interaction with the upadacitinib exposure 
effect in the model (OSM Tables 9 and 10).

The model-predicted efficacy for different induction 
and maintenance regimens of upadacitinib are provided 
in Figs. 5, 6, respectively. Based on the exposure-response 
models, upadacitinib 45 mg QD is predicted to result in 
3–5% greater percentage of patients achieving the different 
evaluated efficacy endpoints compared to a 30 mg QD regi-
men. Across these maintenance efficacy endpoints, model-
predicted response rates demonstrated 8–10% greater effi-
cacy with the upadacitinib 30 mg dose compared to the 15 
mg dose.

There was no trend for exposure-response relationships 
within the range of evaluated upadacitinib exposures for 
any of the evaluated safety endpoints (> 2 g/dL decrease 
in hemoglobin and > 2 g/dL decrease in hemoglobin and < 
lower limit for normal, lymphopenia ≥ Grade 3, neutropenia 
≥ Grade 3, hemoglobin < 8 g/dL, lymphopenia ≥ Grade 4, 

neutropenia ≥ Grade 4, Herpes zoster infections, pneumo-
nia, and serious infections) at the end of the induction or 
maintenance periods (Fig. 7 and OSM Fig. 6, respectively).

4  Discussion

These analyses represent a comprehensive assessment of 
upadacitinib pharmacokinetics and exposure-response rela-
tionships in UC patients utilizing data across dose-ranging 
and registrational clinical trials, and were essential in sup-
porting the recommended induction and maintenance doses 
in UC in global regulatory submissions. Upadacitinib phar-
macokinetics were dose-proportional across the 7.5–45 mg 
QD dose range consistent between UC patients and patients 
from other autoimmune disease populations (e.g., RA, AD, 
and PsA). Additionally, there was no significant effect of 
UC-specific baseline characteristics (e.g., disease duration 
and UC-specific concomitant medications) on upadacitinib 

Fig. 4  Observed and model-predicted percentage of patients with 
ulcerative colitis (UC) who achieved efficacy endpoints at mainte-
nance Week 52.  The dots and error bars represent the median and 
95% confidence interval (CI) of observed NRI response by quartile of 

upadacitinib Cavg; solid lines and shaded areas represent the median 
and 95% CIs for model-predictions; boxplots represent the spread of 
exposure for different doses.  NRI, nonresponder imputation
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pharmacokinetic parameters. The inter-subject variabil-
ity for upadacitinib CL/F and Vc/F were 35% and 27%, 
respectively, which were similar to prior estimates based on 
population analyses in other patient populations [14]. This 
highlights that upadacitinib absorption and elimination from 
the extended-release formulation are not affected by inflam-
mation in the colon in UC patients. The effects of covariates 
on upadacitinib pharmacokinetics were generally consistent 
between the analyses including data across UC clinical trials 
and other prior analyses, and there was no clinically relevant 
difference in upadacitinib plasma exposures between differ-
ent patient subgroups for statistically significant covariates 
(OSM Fig. 1).

In the efficacy exposure-response analyses, the predicted 
percentage of patients achieving clinical remission, clinical 
response, and the endoscopic endpoints (improvement and 
remission) at Week 8 increased with increasing upadaci-
tinib plasma exposures with maximal upadacitinib efficacy 
appeared to be approached at Cavg of ~40 ng/mL and higher, 
which is approximately equivalent to the median Cavg for 
45 mg QD. None of the evaluated covariates and baseline 
characteristics had a clinically relevant effect on the upa-
dacitinib exposure-response relationship. These results dem-
onstrate that exposures associated with upadacitinib 45 mg 

QD maximize efficacy in UC patients across different patient 
subgroups. For maintenance, model-predicted response rates 
demonstrated 8–10% greater efficacy for clinical remission 
per Adapted Mayo score, endoscopic improvement, histo-
logic endoscopic mucosal improvement, and steroid-free 
clinical remission with the upadacitinib exposures associ-
ated with the 30 mg dose compared to the 15 mg dose. No 
exposure-response relationship beyond treatment effect was 
identified for endoscopic remission at Week 52. The lack of 
exposure-response for endoscopic remission at Week 52, in 
contrast to all of the other evaluated clinical and endoscopic 
endpoints, could possibly be due to the stringency of the 
endpoint and the relatively fewer number of subjects in the 
trial achieving it. A similar phenomenon was observed in 
the tofacitinib UC study where the percentage of subjects 
achieving the more stringent endpoints were relatively lower 
than the other endpoints and similar for high- and low-dose 
treatment [15]. Clinical remission status per Adapted Mayo 
score at Week 0 was a statistically significant factor for all 
endpoints, and age was a statistically significant covariate 
for clinical remission per Adapted Mayo score and steroid-
free clinical remission. However, neither of the two covari-
ates had a statistically significant interaction with the upa-
dacitinib exposure effect in any of the evaluated endpoints, 

Fig. 5  Model-predicted efficacy responses by treatment group at induction Week 8 (median and 95% prediction interval)
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indicating consistency of upadacitinib efficacy exposure-
response relationships at Week 52 across the different patient 
subgroups.

There was no trend for exposure-response relationships 
with any of the evaluated endpoints for safety or clinically 
relevant changes in laboratory parameters at induction Week 
8 or maintenance Week 52, within the range of upadaci-
tinib plasma exposures evaluated in the induction (7.5–45 
mg QD exposures) or maintenance (15–30 mg QD expo-
sures) clinical trials. Of note, the trend of the relationship 
between upadacitinib plasma exposures and decreases in 
hemoglobin appeared different in UC compared to other 
patient populations (e.g., RA and PsA) [9, 12]. In UC, a 
shallow decreasing trend was observed for the percentage of 
patients experiencing a decrease in hemoglobin with increas-
ing upadacitinib plasma exposures, reflecting improvements 
in anemia with increasing upadacitinib exposures. This is 
opposite to the trend observed in RA and PsA within the 
range of plasma exposures evaluated in these indications 
[9, 12]. Gastrointestinal bleeding is one of the hallmarks 
of UC [16]; therefore, the trend for a decrease in the per-
centage of patients experiencing a decrease in hemoglobin 
with increasing upadacitinib plasma exposures might reflect 

improvement in the clinical symptoms including bleeding. 
This further demonstrates that optimal doses and exposure-
response relationships for upadacitinib are different between 
different autoimmune diseases, which is reflected by the 
different doses recommended for the different indications. 
Given the consistency of upadacitinib pharmacokinetics 
between patient populations, the difference in optimal doses 
between populations is due to a difference in benefit-risk and 
exposure-response relationships and not due to differences 
in plasma exposures.

In summary, upadacitinib pharmacokinetics in UC 
patients were well characterized using the developed popu-
lation pharmacokinetics model and were consistent with 
other evaluated patient populations. Upadacitinib plasma 
exposures associated with the 45 mg QD induction dose 
maximized efficacy for clinical and endoscopic endpoints 
at Week 8. Plasma exposures associated with a upadacitinib 
30 mg maintenance dose provided additional incremental 
efficacy benefit compared to 15 mg QD for key clinical and 
endoscopic endpoints at Week 52. No trends were observed 
for an increase in the evaluated safety events with increas-
ing upadacitinib plasma exposures at induction Week 8 or 
maintenance Week 52 within the range of upadacitinib doses 

Fig. 6  Model-predicted efficacy responses by treatment group at maintenance Week 52 for the endpoints that demonstrated exposure-response 
relationships (median and 95% prediction interval)
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Fig. 7  Exposure-response quartile plots for safety variables at Week 8 in patients with moderate to severe ulcerative colitis (UC)
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evaluated in UC studies. These analyses were important to 
support the global regulatory submissions for upadacitinib 
in UC.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s40262- 022- 01191-6.
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