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1. EXECUTIVE SUMMARY 
 
Abbvie submitted NDA 211675 on December 18, 2018 seeking the marketing approval for upadacitinib 
as monotherapy or in combination with methotrexate (MTX) and/or other conventional synthetic disease-
modifying antirheumatic drugs (csDMARDs) for the treatment of moderately to severely active 
rheumatoid arthritis (RA). Upadacitinib (also known as A-1293543 and ABT-494), is claimed to be a 
Janus kinase (JAK) inhibitor.   

 

The proposed commercial upadacitinib drug product is formulated as 15 mg extended-release (ER) tablet 
for oral administration.  The proposed dosing regimen is 15 mg once daily (QD) regardless of food. 
 
NDA 211675 consists of thirty clinical and clinical pharmacology studies, including twenty-two Phase 1 
studies, two Phase 2 studies, one supportive Phase2b/3 study in Japan, and five Phase 3 studies.  Eight in-
vitro study reports were submitted characterizing protein binding, metabolism, and drug-drug interaction 
(DDI) potential. In addition, three population PK, exposure-response, and physiological-based 
pharmacokinetic (PBPK) analysis reports were submitted.    
 
Results from Phase 2 dose-ranging studies using immediate-release (IR) formulation showed that 
upadacitinib 6 mg and 12 mg twice daily (BID) dosing regimens were both efficacious in RA patients.      
While 12 mg BID dosing produced a slight increase in efficacy as compared to 6 mg BID dosing, no 
additional increase in efficacy was observed for doses higher than 12 mg BID.  Therefore, upadacitinib 6 
mg and 12 mg BID dosing regimens using IR formulation were selected as the target exposure for doses 
in Phase 3 studies.  To enhance patient compliance, an ER tablet formulation has been developed.  
Upadacitinib doses of 15 mg QD and 30 mg QD using the ER formulation provided comparable systemic 
exposure to 6 mg BID and 12 mg BID using IR formulation, respectively, and were investigated in Phase 
3 study evaluations.  In Phase 3 studies, upadacitinib 15 mg QD dosing provided significantly greater 
probability of ACR20 response at the prespecified primary time point comparing with the placebo group 
or active comparator groups.  Although there were numerical trends of dose response towards greater 
ACR response for 30 mg QD dosing, the safety profile of upadacitinib has demonstrated a dose-dependent 
increase in the number of reported adverse events.  Exposure-response analysis for efficacy and safety 
were consistent with the observed dose-response.  Overall, results from Phase 3 studies and exposure-
response analysis support the proposed 15 mg QD dosing regimen as it provides the optimal benefit-risk 
balance in patients with moderately to severely active RA. 
 
 
1.1 Recommendation  
 
The Office of Clinical Pharmacology/Division of Clinical Pharmacology 2 (OCP/DCP2) has reviewed 
NDA 211675 Clinical Pharmacology data submitted on December 18, 2018 and recommends approval.  
The key review issues with specific recommendations/comments are summarized below:   
 
Review Issues Recommendations and Comments 

Supportive evidence of 
effectiveness 

 Five Phase 3 studies provide primary evidence (refer to the 
clinical review by medical officer Dr. Keith Hull and the 
statistical review by Dr. William Koh). 

 Exposure-response analyses for efficacy is consistent with 
the observed dose-response.
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General dosing instructions 
 The proposed 15 mg QD dosing regimen is acceptable 

based on Phase 2 and 3 studies.  See Section 2.2.1 for 
details on dose/exposure-response.  

Dosing in patient subgroups 
(intrinsic and extrinsic factors) 

 Upadacitinib is not recommended to be co-administered 
with strong CYP3A4 inducers. 

 The sponsor’s proposal that upadacitinib should be used 
with caution if patients receive chronic treatment with 
strong CYP3A4 inhibitors is acceptable.  

 The sponsor’s proposal that no dose adjustment is needed 
for subjects with mild, moderate, or severe renal 
impairment and mild or moderate hepatic impairment is 
acceptable.   

 PBPK analysis adequately bridged the clinical DDI effect 
of strong CYP3A4 modulator (inducer or inhibitor) 
observed with upadacitinib IR formulation to the ER 
formulation 

See section 2.2.2.
Bridge between the “to-be-
marketed” and clinical trial 
formulations 

 Bioequivalence was established between the to-be-
marketed ER tablets and the ER tablets used in Phase 3 
studies.

Labeling See section 2.4 for labeling. 

 
 
1.2 Post-Marketing Requirements and Commitments 
 
None 
 
2.   SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT 

 
2.1 Pharmacology and Clinical Pharmacokinetics  

 
Upadacitinib is an oral Janus kinase (JAK) inhibitor.  The clinical pharmacokinetics of upadacitinib is 
summarized as below: 
 
Absorption: Following a single dose administration of upadacitinib, the median Tmax was 2-3 hours.  
High-fat and high-caloric meal increased upadacitinib Cmax and AUC0-inf by 40% and 30%, 
respectively.  Following QD dosing, steady state was achieved within 4 days with minimal accumulation.  
Upadacitinib Cmax and AUC were approximately dose-proportional over evaluated dose ranges. 
 
Distribution: Upadacitinib is approximately 52% bound to human plasma proteins.  The blood to plasma 
ratio is 1.0 in human.  For a typical patient with RA with body weight of 74 kg, upadacitinib volume of 
distribution at steady state is estimated to be 224 L following the administration of ER formulation. 
 
Elimination: Upadacitinib mean terminal elimination t1/2 ranged from 8 to 14 hours following the  
administration of ER formulation.  The typical clearance of upadacitinib was 40.9 L/h in patients with  
RA as estimated by population PK analysis. 
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Metabolism: Upadacitinib is metabolized by CYP3A4 and to a minor extent, by CYP2D6.  In the 
mass balance study, unchanged upadacitinib accounted for 79% of the total 
radioactivity in plasma.  There are no known active metabolites.  

 
Excretion: In the mass balance study, approximately 53% and 43% of the administered dose was 

excreted in feces and urine, respectively.  Upadacitinib was eliminated predominantly 
as the unchanged parent drug in feces (38%) and urine (24%), and approximately 34% 
of upadacitinib dose was excreted as metabolites.  

 

2.2 Dosing and Therapeutic Individualization  

2.2.1 General dosing 

The proposed dosing regimen for upadacitinib is 15 mg ER tablets QD as monotherapy or in combination 
with MTX and/or other csDMARDs for the treatment of moderately to severely active RA.  In Phase 2 
dose-ranging studies using IR formulation, while the ACR20 response rates at Week 12 with 12 mg BID 
were slightly higher as compared to 6 mg BID, both 6 mg BID and 12 mg BID dosing regimens were 
significantly higher than placebo and no additional significant increase in ACR20 response rates were 
observed with doses higher than 12 mg BID.  Therefore, upadacitinib 6 mg and 12 mg BID dosing 
regimens using IR formulation were selected as the target exposure for Phase 3 studies. To enhance 
patient compliance, an ER tablet formulation has then been developed.  Upadacitinib doses of 15 mg QD 
and 30 mg QD using the ER formulation provided comparable systemic exposure to 6 mg BID and 12 mg 
BID using IR formulation, respectively, and were  investigated in five Phase 3 studies in patients with RA, 
including Studies M13-545 (n=945),  M13-549 (n=661), M14-465 (n=1629), M15-555 (n=648), and 
M13-542 (n=498).  In the Phase 3 studies, there were significantly greater probability of ACR20 response 
at the prespecified primary time point comparing upadacitinib 15 mg QD with the placebo group or active 
comparator groups (MTX monotherapy).  In studies evaluating both upadacitinib 15 mg and 30 mg QD 
doses (except for ACR20 in Study M13-542), there were numerical trends of dose response towards 
greater ACR response for the higher upadacitinib dosing (30 mg QD), which is not clinically significant.  
Preliminary review of the upadacitinib safety profile has demonstrated a dose-dependent increase in the 
number of reported adverse events, i.e. the percentage of subjects with adverse events or serious adverse 
events with 30 mg QD dosing was greater than subjects with 15 mg QD dosing.  In addition, results from 
the exposure-response analysis for efficacy and safety were consistent with the observed dose-response 
relationship.  All these results support the proposed 15 mg QD dosing regimen for the treatment of 
patients with moderately to severely active RA.  For details regarding efficacy and safety, refer to the 
clinical review by Dr. Keith Hull and the statistical review by Dr. William Koh. 
   

2.2.2 Therapeutic individualization 

When upadacitinib was co-administered with ketoconazole (a strong CYP3A4 inhibitor), upadacitinib 
exposure increased by 75% for AUC0-inf and 70% for Cmax.  Upadacitinib should be used with caution 
if patients receive chronic treatment with strong CYP3A4 inhibitors.  
 
When upadacitinib was co-administered with rifampin (a strong CYP3A4 inducer), upadacitinib exposure 
decreased by 61% for AUC0-inf and 51% for Cmax, which may result in inefficacious concentrations and 
consequently decrease the efficacy.  Therefore, upadacitinib is not recommended to be co-administered 
with strong CYP3A4 inducers.   
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No dose adjustment is needed for subjects with mild, moderate, or severe renal impainnent and mild or 
moderate hepatic impai1ment. Upadacitinib has not been evaluated in patients with severe hepatic 
impairment and is not recommended for these patients. 

2.3 Outstanding Issues 

There was no Clinical Phaimacology-related outstanding issue for this submission. 

2.4 Summary of Labeling Recommendations 

The Office of Clinical Phaimacology recommends the following labeling concepts to be included in the 
final package inse1t: 

Label Section Recommendations 

7 .2 Dmg interactions • Upadacitinib is not recommended to be co-administered with 
strong CYP3A4 inducers. 

8.6 Renal impaiiment • The predicted impact ofhemodialysis on upadacitinib PK should 
not be included. 

12.2 Pha1macodynamics • Cardioelectrophysiology labeling language should be updated 
based on OT-IRT review. 

12.3 Phaimacokinetics • Include both positive and pe1tinent negative in vitro study 
results regai·ding DDI potential. 

• Clinical recommendations based on PK or PD data should not 
be included in section 12.3. 

3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW 

3.1 Overview of the Product and Regulatory Background 

Drug product 
Upadacitinib dmg substance is manufactured as a he1nihydrate (Figure 1) . The proposed dmg product is 
an extended-release, CbH

45 tablet containing 15 mg of upadacitinib . 
0 

/ ',,!S) )l 
(R)C N N~CF3 _, H 

r=·( · 1/2 HzO 

Nt)=~ 
Figure 1. Structure of upadacitinib hemihydrate 
(Source: Figure 1 of Quality Overall Smnmary-Dmg Substance) 
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Table 1. Physicochemical properties of upadacitinib 
Molecular Formula C17H19F3N6O • 1/2 H2O (hemihydrate) 

Molecular Weight 389.38 g/mol (hemihydrate); 380.38 g/mol (anhydrate) 

Dissociation Constants pKa=4.7 

Solubility at 37°C 433 mg/L in ethanol (absolute); 0.2 mg/mL in water; 95 mg/mL in 
tetrahydrofuran 

Permeability Papp = 11.5 × 10-6 cm/sec, pH 6.5 

Partition Coefficient  2.5 (n-octanol/buffer, pH 7.4) 

 
Regulatory background 
To date, there are two approved JAK inhibitors in the U.S.: 1) XELJANZ (tofacitinib, tablets and 
extended-release tablets, Pfizer) is currently approved for the treatment of RA, psoriatic arthritis, and 
ulcerative colitis; and 2) OLUMIANT (baricitinib, tablets, Eli Lilly) is currently approved the treatment of 
RA. 
 
Upadacitinib, a JAK inhibitor, has been developed as monotherapy or in combination with MTX and/or 
other csDMARDs for the treatment of moderately to severely active RA.  The relevant regulatory history 
is summarized in the table below.  The NDA was submitted on December 18, 2018 and is reviewed under 
priority review timelines.  
 
NDA 211675 consists of thirty clinical and clinical pharmacology studies, including twenty-two Phase 1 
studies, two Phase 2 studies, one supportive Phase 2b/3 study in Japan, and five Phase 3 studies (Table 3).  
Eight in-vitro study reports were submitted characterizing protein binding, metabolism, and DDI 
potential.  In addition, three population PK, exposure-response, and PBPK analysis reports were 
submitted.    
 
Table 2.  Summary of regulatory history relevant to clinical pharmacology 
End-of-Phase 2 meeting  
(10/2015) 

• The Agency recommended to finish the dedicated PK studies in renal and hepatic 
impairment subjects before enrolling patients with hepatic or/and renal 
impairment in Phase 3 studies. 

• To bridge the proposed Phase 3 ER tablet to the Phase 2 IR capsule, the least 
common dosing interval should be used for PK comparison in the proposed 
comparability study.  

• The sponsor believed that results from Phase 1 studies did not demonstrate a 
potential effect of upadacitinib on the QT interval and planned not to conduct a 
thorough QT study. The Agency recommended to submit data for review.  

• Based on the results from Phase 2 studies, 6 mg and 12 IR capsule BID doses 
appear to be a reasonable goal to base future development.  However, the Agency 
could not agree with the proposed dose selection with ER formulation for Phase 3 
studies at the time of the meeting due to insufficient data to bridge the Phase 2 IR 
capsule and the proposed Phase 3 ER tablet.

Pre-NDA meeting 
(05/2018) 

• The Agency agreed that the clinical pharmacology information is adequate to 
support the filing of the NDA. The adequacy of the information will be a review 
issue. 

• The Agency recommended to submit a justification for the dose selection and 
thorough analyses of dose- and exposure-response for both efficacy and safety, 
including laboratory parameters, to further support the NDA. 
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Table 3. Summary of submitted clinical studies  
Study 
# 

Study 
ID 

Study Objectives Study Design Formulation Study population Treatment 

Phase 1 Studies 

1 M13-
547 

Relative BA and 
food effect 

SD, OL, R, 4-P 
CO (part 1), 2-P 
CO (part2)

IR capsule, ER 
formulations 

HS (n=33) IR 24 mg; ER 24 
mg  

2 M14-
677 

Relative BA and 
food effect 

SD, OL, R, 4-P, 
8-S, incomplete 
CO 

IR tablet and 
capsule 

HS (n=24) IR tablet or capsule 
24 mg 

3 M14-
174 

Relative BA and 
food effect 

SD, OL, R, CO IR capsule, ER 
formulations 

HS (n=30) IR 24 mg; ER 24 
mg 

4 M14-
680 

Relative BA, food 
effect, PK, safety, 
tolerability 

SD or MD, OL, 
R, CO 

IR capsule 
ER tablets 

HS (n=81) IR 3 and 12 mg 
ER 15 and 30 mg 

5 M14-
678 

Relative BA SD, OL, R, 2-P 
CO 

IR capsule, ER 
tablet

HS (n=12) IR 3 mg 
ER 7.5 mg

6 M14-
679 

Relative BA SD, OL, R, CO ER 
formulations

HS (n=73) ER 15 and 30 mg  

7 M15-
878 

Phase 3 and 
commercial ER 
bridge, food effect 

SD, OL, R, CO ER tablets HS (n=82) ER 15 and 30 mg  

8 M16-
552 

Relative BA SD, OL, R, 2-P, 
2-S, CO

Oral solution 
and tablet

HS (n=24) Oral solution, 2×6 
mg; tablet 15 mg

9 M16-
094 

Relative BA, food 
effect 

SD, OL, R, 3-P, 
6-S 

Tablet 
formulations 

HS (n=24) tablets 45 mg 

10 M15-
868 

Relative BA SD, OL, R, 5-P 
CO 

IR and ER 
formulations

HS (n=20) IR 24 mg 
ER 30 mg

11 M13-
401 

SAD, food effect, 
effect of 
ketoconazole  

SD, R, DB or OL,  
 

IR capsules HS (n=68) 1, 3, 6, 12, 24, 36, 
and 48 mg 

12 M13-
845 

MAD, safety, 
tolerability, PK 

R, DB, PC, MAD 
 

IR capsules HS and RA (on 
MTX) (n=67) 

3, 6, 12, and 24 mg 
BID 

13 M13-
548 

Mass balance 
study 

SD, OL Oral solution HS (n=4) [14C]UPA oral 
solution, 30 mg 

14 M13-
543 

SAD, MAD R, DB, PC, SAD, 
MAD 

IR capsules Japanese and Chinese 
HS (n=45)

3, 6, 24 mg;  
18 mg BID, 14 days

15 M13-
539 

Hepatic 
impairment study 

SD, OL ER tablets Normal adults or with 
HI (n=18)

15 mg 

16 M13-
551 

Renal impairment 
study 

SD, OL ER tablets Normal adults or with 
RI (n=24)

15 mg 

17 M15-
558 

MD study  R, DB, PC, MD ER tablets Chinese HS (n=36) 15, 30, 45 mg QD, 7 
days

18 M13-
540 

Effect of rifampin  OL, 2-P, 
sequential design 

IR capsules HS (n=12) 12 mg 

19 M13-
541 

Effect of UPA on 
rosuvastatin and 
atorvastatin PK 

OL, 2-part, 2-P ER tablets HS (n=36) 30 mg 

20 M14-
624 

Effect of UPA on 
CYP substrates 

MD, OL, 2-P ER tablets HS (n=20) 30 mg  

21 M14-
625 

Effect of UPA on 
thinylestradiol 
and levonorgestrel  

MD, OL, 2-P ER tablets HS (n=20) 30 mg 

22 M17-
221 

Effect of UPA on 
bupropion PK 

MS, OL, 2-P ER tablets HS (n=22) 30 mg 

 Phase 2 Studies 
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23 Ml 3- Dose ranging R, DB, PG, PC IR capsules RAonMTX, no 3, 6, 12, 18 mg BID 
537 adequate response to 12 weeks; 

MTX alone (n=299) 24 mg OD 12 weeks 
24 Ml 3- Dose ranging R, DB, PG, PC IR capsules RAonMTX, 3, 6, 12, 18 mg BID 

550 inadequate response 12 weeks 
or intolerance to anti-
TNF biologics 
(n=276) 

Phase 3 Studies 

25 Ml4- Supportive Phase R, DB, PG, PC ER tablets Japanese RA on 7.5, 15, 30 mg QD 
663 2b/3 dose ranging stable csDMARDs, 

(Japan) inadequate response 
tocsDMARDs 
(n= l97) 

26 Ml 3- Efficacy and R, DB, PG, PC ER tablets RA on stable 15, 30 mgQD 
549 safety csDMARDs, 

inadequate response 
tocsDMARDs 
(n=661) 

27 Ml5- Efficacy and R, DB, PG, ER tablets RA, inadequate 15, 30 mgQD 
555 safety response to MTX 

28 Ml 3- Efficacy and R, DB, PG, PC ER tablets RA on stable 15, 30 mgQD 
542 safety csDMARDs, 

inadequate response 
tobDMARDs 
(n=499) 

29 Ml4- Efficacy and R, DB, PG, PC, ER tablets RA on stable MTX, 15 mgQD 
465 safety active comparator inadequate response 

to MTX (n= l629) 
30 Ml 3- Efficacy and R, DB, PG, MTX- ER tablets RA, MTX-nai've 7.5(Japan only), 15, 

545 safety controlled (n=947) 30 mg0D 
UPA: upadacitinib; BA: bioavailability; IR: immediate release; ER: extend release; SD: single dose; MD: multiple dose; P: 
period; S: sequence; CO: crossover; OL: open label; R: randomized; HS: healthy subjects; PC: placebo controlled; PG: parallel 
group; MTX: methotrexate; Sub.: substudy; HI: hepatic impainnent; RI: renal impainnent; bDMARD = biologic disease­
modifying antirheumatic drug; TNF = tumor necrosis factor; csDMARD = conventional synthetic disease-modifying 
antirheumatic drug; 

3.2 Gener al Pharmacological and Pharmacokinetic Characteristics 

SUMMARY OF CLINICAL PHARMACOLOGY AND PHARMACOKINETICS 

Pharmacology 

Review Issues Recommendations and Comments 

Mechanism of action Upadacitinib is an oral JAK inhibitor. 

Active moieties 
Upadacitinib parent drng is the active moiety. There are no active 
metabolites. 
A lack of clinically relevant effect on the QTc interval was observed 
at the maximum upadacitinib exposure level in the QT assessment 

QT prolongation (314 ng/mL, approximately 6 times the mean maximum exposure of 
the 15 mg once daily dose). Refer to QT-IRT review by Dr. Nan 
Zhang dated 05/09/2019. 

General Information 

Bio analysis 
Upadacitinib concentrntions m human plasma and urine were 
measured using validated HPLC tandem mass spectrnmeti·ic 

9 
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methods. 
Based on population phannacokinetic analyses, subjects with RA 

Healthy volunteers vs. Patients are estimated to have 25% lower upadacitinib CL/F (leading to 33% 
higher estimated AUC) compared to healthy subiects. 

Drug exposure at steady state 
Based on population PK model, the estimated median Cmax.ss, Cave,ss, 
and Cmin,ss was 41.1 ng/mL (95% CI: 28.2-56.0 ng/mL), 15.1 ng/mL following the therapeutic dosing 
(95% CI: 9.0-32.7 ng/mL), 3.82 ng/mL (95% CI: 1.28-21.3 ng/mL), regimen 
respectively, for 15 mg OD dosing in RA patients. 
Upadacitinib Cmax and AUC were approximately dose-propo1tional 

Dose proportionality 
over single and multiple IR (1 -48 mg) (Studies M13-401 and M13-
845) and ER (7.5-45 mg) dose ranges (Studies M14-678, M14-680, 
and M16-094). 

Accumulation 
Following QD dosing, steady state was achieved within 4 days with 
minimal acclllllulation (Study M14-680) . 
In healthy subjects, the between-subject variability (CV %) of 
upadacitinib AUC and Cmax was approximately 20% to 35% for the 

Variability clinically relevant regimens. Based on population PK analysis, the 
between-subject variability for CL/F is estimated to be 37% in RA 
patients. 

Absorotion 
Following a single dose administration of upadacitinib, the median 

Tma:i: [oral] 
Tmax was 2-3 hours (range 1-4 hours) under the fasted condition 
and was 6 hours (range 1.5-10 hours) under fed condition (Study 
M15-878). 

Food effect (high-fat and high- AU Co-inf Cmax 
caloric) GMR (fed/fasted, 90% 1.29 (1.23, 1.36) 1.39 (1.28, 1.51) 
Cl) (Study MlS-878) 
Distribution 

For a typical RA patient with body weight of 74 kg, upadacitinib 

Volume of distribution volume of distribution at steady state is estimated to be 224 L 
following the administration of ER formulation (Population PK 
Report R&D/18/0165). 

Plasma protein binding 
Upadacitinib is approximately 52% bound to hlllllan plasma proteins 
(Study R&D/17/0325). 
In vitro study showed the mean blood-to-plasma ratios of 
upadacitinib is 1.0 in hlllllan (Study R&D/17 /0325). 

Blood to plasma ratio In ADME study, mean Cmax and AUCoo for total radioactivity were 
15% and 19%, respectively, higher in plasma than in blood (Study 
M13-548). 

Substrate transporter systems 
Upadacitinib is a substrate of P-gp and BCRP. However, modulation 
of P-gp or BCRP transpo1ters is expected to have minor effect on 
upadacitinib exposures in vivo based on PBPK simulations. 

Elimination 

Mean terminal elimination half-
Upadacitinib mean terminal elimination tl/2 ranged from 8 to 14 

life hours following the administration of the extended-release 
fonnulation. 

Metabolism 

Primary metabolic pathway(s) In vitro metabolism studies indicated that upadacitinib metabolism 
is mediated by CYP3A4 with a potential minor contribution from 

10 
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CYP2D6. 
In human ADME study, unchanged upadacitinib accounted for 79% 
of the total radioactivity in plasma while the two main metabolites 
detected (M4 (products of monooxidation followed by 
glucuronidation) and M11 (monooxidation followed by ring 
opening)) accounted for 13% and 7.1% of the total plasma 
radioactivity, respectively (Study M13-548). 

Inhibitor/Inducer 

Ketoconazole (strong CYP3A4 inhibitor) increased upadacitinib 
exposure by 75% (StudyM13-401). Rifampin (strong CYP3A4 
inducer) decreased upadacitinib exposure by 61% (Study M13-540).  
Therefore, upadacitinib should be used with caution if patients 
receive chronic treatment with strong CYP3A4 inhibitors and is not 
recommended to be co-administered with strong CYP3A4 inducers.  
Methotrexate (potential concomitant medication) or OATP1B 
inhibitor (rifampin) do not have clinically meaningful effect on 
upadacitinib PK (Studies M13-845 and M13-540). 
 
Upadacitinib does not have clinical meaningful effect on midazolam 
(CYP3A4 substrate), caffeine (CYP1A2 substrate), 
dextromethorphan (CYP2D6 substrate), S-warfarin (CYP2C9 
substrate), omeprazole (CYP2C19 substrate), bupropion (CYP2B6 
substrate), or potential concomitant medications, including 
methotrexate, rosuvastatin, atorvastatin, ethinylestradiol, 
levonorgestrel (Studies M14-624, M17-221, M13-845, M13-541, 
and M14-625).

Excretion 

Primary excretion pathway  

Following single dose administration of 30 mg (100 μCi) 
[14C]upadacitinib IR solution, 96% of the radioactivity was 
recovered in urine and feces within 216 hours after dosing, in which 
~53% was recovered in feces and 43% was recovered in urine. 
Upadacitinib was eliminated predominantly as the unchanged parent 
drug in urine (24%) and feces (38%), and approximately 34% of 
upadacitinib dose was excreted as metabolites (Study M13-548).  

 

 
3.3 Clinical Pharmacology Questions 
 
3.3.1 Does the clinical pharmacology information provide supportive evidence of effectiveness? 
 
Yes, the clinical pharmacology information provides supportive evidence of effectiveness. 

 
Phase 2 dose-ranging study 
Two Phase 2 dose-ranging studies (Studies M13-537 and M13-550) using IR formulation explored the 
treatment effect of upadacitinib BID dosing regimens (ACR response at Week 12 as primary endpoint) in 
RA patients.  The primary efficacy results of different treatment groups from these studies are shown in 
Table 4.  In both dose-ranging studies, while the ACR20 response rates at Week 12 with 12 mg BID were 
slightly higher as compared to 6 mg BID, both 6 mg BID and 12 mg BID were significantly higher than 
placebo and no additional increase in ACR20 response was observed with doses higher than 12 mg BID.  
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The same trend has also been observed in the exposure-response analysis for ACR20/50/70 using data 
from Phase 2 dose-ranging studies (Figure 2).  Therefore, 6 mg BID and 12 mg BID were selected as the 
target exposure for Phase 3 studies.   
 
Bridging IR formulation and ER formulation  
To enhance patient compliance, an ER tablet formulation has been developed.  Upadacitinib PK was 
compared between using IR formulation and ER formulation in a dedicated, randomized, open-label, two-
period, two-sequence, crossover, relative bioavailability study (Study M14-680).  Following multiple dose 
administration, upadacitinib doses of 15 mg QD and 30 mg QD using the ER formulation provided 
comparable systemic exposure at steady state to 6 mg BID and 12 mg BID using IR formulation, 
respectively, and therefore were predicted to provide similar efficacy to 6 mg BID and 12 mg BID, 
respectively, using IR formulation (Table 5). 
 
Table 4. Summary of the primary efficacy results from three Phase 2 dose-ranging studies 

Study 
ID 

Patient 
Population 

Formu
lation 

ACR Response Rate at Week 12* 

placebo 3 mg BID 6 mg BID 12 mg BID 18 mg BID 24 mg QD 

M13-
537 

RA with 
inadequate resp. 
to MTX 
(n=299) 

IR 
50% 
(23/46) 

64.6% 
(31/48) 
(n.s.) 

73.5% 

(36/49) 
(p=0.018) 

81.6% 
(40/49) 
(p=0.001) 

76.6% 
(36/47) 
(p=0.008) 

81.6% 
(40/49) 
(p=0.001) 

M13-
550 

RA on MTX, 
inadequate resp. 
to anti-TNF 
biologics 
(n=276) 

IR 
35.2% 
(19/54) 

55.6% 
(30/54) 
(p=0.033) 

63.5% 
(33/52) 
(p=0.004) 

72.7% 
(40/55) 
(p<0.001) 

70.9% 
(39/55) 
(p<0.001) 

-- 

* listed as response rate (%) calculated by response patient number/total patient number; p value is the comparison of ACR 20 
between treatment group and placebo. 

 
Table 5.  Upadacitinib PK comparison (geometric mean ratio (90% CI))  
using IR and ER formulation (Study M14-680) 
PK ER 15 mg QD (T) 

vs 
IR 6 mg BID (R) 

ER 15 mg QD (T) 
vs 
IR 6 mg BID (R) 

Cmax 0.91 (0.74, 1.12) 0.90 (0.73, 1.11) 

AUC0-24h 0.94 (0.84, 1.05) 0.97 (0.87, 1.09) 

Cmin 1.09 (0.85, 1.40) 0.87 (0.75, 1.02) 
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Figure 2. Simulated median and 90% prediction intervals ACR responses at Week 12 for the IR 
BID regimens evaluated in Studies M13-537 and M13-550 and the ER QD dosing regimens based on 
Phase 2 exposure-response analyses  
(Source: Figure 8 of Summary of Clinical Pharmacology) 

 
Effects of upadacitinib on ex-vivo IL-6-induced pSTAT3 and IL-7-induced pSTAT5 
The effects of upadacitinib on ex-vivo markers of JAK activity have been explored in healthy volunteers 
(Study M13-401).    Following a single dose administration of upadacitinib using IR formulation, the 
inhibition of IL-6 (JAK1/JAK2) - induced STAT3 and IL-7 (JAK1/JAK3)-induced STAT5 
phosphorylation was shown in a dose-dependent manner and the maximal inhibition was observed 1 hour 
after dosing which returned to near baseline by the end of dosing interval (Figure 3).  However, the 
clinical meaning of these ex vivo results is unclear. 
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Figure 3. Mean (+ SD) percent inhibition of ex-vivo IL-6-induced STAT3 phosphorylation and IL-7-
induced STAT5 phosphorylation relative to baseline following single dose administration of 
upadacitinib (IR) or placebo to healthy subjects (Study M13-401) 
(Source: Figure 6 of Summary of Clinical Pharmacology) 
 
3.3.2 Is the proposed general dosing regimen appropriate for the general patient population for 
which the indication is being sought? 
 
Yes, the proposed general dosing regimen is appropriate. 
 
The efficacy of upadacitinib was exposure-dependent.  Exposure-efficacy analysis for ACR responses, 
low disease activity (LDA), and clinical remission (CR) described placebo responses and response to 
upadacitinib treatment in subjects with RA reasonably well using data from Phase 2 and 3 studies. Results 
of the exposure-efficacy simulations demonstrate that upadacitinib at the 30 mg QD dose provides only a 
small incremental efficacy benefit compared to 15 mg QD (Table 6).  The applicant’s exposure response 
analysis for efficacy is consistent with the observed efficacy data. 
 
No exposure-response relationship was observed between upadacitinib exposure and the occurrence of 
serious infections (Week 12/14), pneumonia, herpes zoster infection, changes in platelet count, 
lymphopenia (Grade 4 or higher), and neutropenia.  Increased upadacitinib exposures were associated 
with higher incidence of hemoglobin decrease from baseline (> 1 g/dL and > 2 g/dL) for both Week 12/14 
and Week 24/26, higher incidence of lymphopenia (grade 3 or higher) for Week 12/14, and increased 
incidence of serious infections up to Week 24/26. 15 mg QD is predicted to be associated with lower 
incidence of reduction in hemoglobin, lymphopenia, or serious infections as compared to 30 mg QD. The 
applicant’s exposure response analysis for safety is consistent with the observed safety data.  
 
Refer to the clinical review and statistical review by Dr. Keith Hull and Dr. William Koh, respectively, for 
more details for the observed efficacy and safety data.  Refer to the pharmacometrics review (section 4.3) 
for the technical details for the exposure-response analyses for efficacy and safety.  
 
Table 6. Model-simulated clinical efficacy responses following placebo and upadacitinib 15 mg and 
30 mg QD dosing regimens (based on exposure-response analyses of Phase 2 and 3 Studies) 
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(Source: Summary of Clinical Pharmacology Studies, Module 2.7.2) 
 
 
3.3.3 Is an alternative dosing regimen and management strategy required for subpopulations based 
on intrinsic factors? 
 
No alternative dosing regimen and management strategy is required for subpopulations based on intrinsic 
factors.   There is no clinically relevant effect of mild, moderate, or severe renal impairment and mild or 
moderate hepatic impairment on upadacitinib exposure.  Upadacitinib has not been evaluated in patients 
with severe hepatic impairment and is not recommended for these patients. 

3.3.3.1 Renal impairment 

The mass balance study (Study M13-548) demonstrated that ~43% of total orally administered 
upadacitinib was excreted in the urine.  The impact of various degrees of renal impairment (based on 
estimated glomerular filtration rate (eGFR)) on upadacitinib PK was assessed in a dedicated, open-label, 
single dose study (Study M13-551).  Following the administration of a single dose of 15 mg upadacitinib 
under fasted conditions, upadacitinib Cmax remained similar while AUC were up to 19%, 33% and 45% 
higher in subjects with mild, moderate, and severe renal impairment, respectively, compared to subjects 
with normal renal function. The sponsor’s proposal that no dose adjustment is needed for subjects with 
mild, moderate, or severe renal impairment is reasonable.  Refer to Individual Study Review in Appendix 
4.1.2 for more details. 
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Table 7. Summary of upadacitinib PK comparison (geometric mean ratio (90% CI)) in subjects 
with impaired renal function based on eGFR  
Group comparison* 
(Test vs Reference) 

N Cmax AUC0-t AUC0-inf 

Mild vs Normal 6/6 1.06 (0.92, 1.23) 1.19 (1.06, 1.32) 1.18 (1.06, 1.32) 

Moderate vs Normal 5/6 1.11 (0.87, 1.40) 1.33 (1.11, 1.60) 1.32 (1.11, 1.59) 

Severe vs Normal 6/6 1.14 (0.84, 1.56) 1.45 (1.14, 1.84) 1.44 (1.14, 1.82) 
 

*Normal renal function: eGFR≥90 mL/min/1.73m2; mild renal impairment: eGFR 60-89 mL/min/1.73m2; moderate renal 
impairment: eGFR 30-59 mL/min/1.73m2; severe renal impairment: eGFR 15-29 mL/min/1.73m2. 
(Data source: Table 7 of Study M13-551 CSR) 
 

3.3.3.2 Hepatic impairment 

The mass balance study (Study M13-548) demonstrated that ~53% of total orally administered 
upadacitinib was excreted in the feces.  In a dedicated, open-label, single dose study (Study M13-539), 
following the administration of a single dose of 15 mg upadacitinib under fasted conditions, upadacitinib 
Cmax was similar in subjects with mild hepatic impairment and 43% higher in subjects with moderate 
hepatic impairment, and upadacitinib AUC was 28% and 25% higher in subjects with mild and moderate 
hepatic impairment, respectively, as compared to subjects with normal hepatic function. The use of 
upadacitinib in subjects with severe hepatic impairment has not been proposed. The sponsor’s proposal 
that no dose adjustment is needed for subjects with mild and moderate hepatic impairment is reasonable.  
Refer to Individual Study Review in Appendix 4.1.2 for more details. 

 
Table 8. Summary of upadacitinib PK comparison (geometric mean ratio (90% CI)) in subjects 
with impaired hepatic function according to Child-Pugh classification 
Group comparison* 
(Test vs Reference) 

N Cmax AUC0-t AUC0-inf 

Mild vs Normal 6/6 1.04 (0.77, 1.39) 1.27 (0.91, 1.79) 1.28 (0.91, 1.79) 

Moderate vs Normal 5/6 1.43 (1.05, 1.95) 1.25 (0.87, 1.78) 1.24 (0.87, 1.76) 

*Mild hepatic impairment: Child-Pugh A, score 5-6; moderate hepatic impairment: Child-Pugh B, score 7-9. 
(Data source: Table 6 of Study M13-539 CSR) 

 

3.3.3.3 CYP2D6 genotype 

The in-vitro studies showed minor contribution of CYP2D6 in upadacitinib metabolism and the impact of 
CYP2D6 genotype on upadacitinib PK has been assessed. 
 
DNA was extracted from whole blood in healthy subjects (Studies M13-401, M13-845, M13-543) and RA 
patients (studies M13-537 and M13-550) and CYP2D6 genotyping was performed to determine the 
presence of gene duplication, gene deletion, and multiple single nucleotide polymorphisms (CYP2D6*3, 
CYP2D6*4, CYP2D6*6, CYP2D6*7, CYP2D6*9, CYP2D6*10, CYP2D6**17, CYP2D6*29, and 
CYP2D6*41).  CYP2D6 genotype-inferred phenotypes were determined for a total of 588 subjects using 
methods previously reported in the literature. The impact of CYP2D6 genotype-inferred phenotype on 
upadacitinib CL/F of the immediate-release formulation was assessed in the population pharmacokinetic 
model. In the combined dataset there were 355 (62%) normal metabolizers, 36 (6%) intermediate 
metabolizers, 29 poor metabolizers (5%), and 7 (1%) ultra-rapid metabolizers. CYP2D6 genotype-inferred 
phenotype did not correlate with upadacitinib CL/F, and therefore was not included in the full model. 
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Consistent with the lack of a CYP2D6 genotype effect on CL/F, concomitant use of CYP2D6 inhibitors 
was not correlated with updatacitinib CL/F.   
 

3.3.3.4 Other intrinsic factors from population PK analysis 

Population PK analysis showed that body weight, gender, race, ethnicity, and age did not have a clinically 
meaningful effect on upadacitinib exposure.  Refer to the Pharmacometrics Review in the Appendix for 
more details. 

 
3.3.4 Are there clinically relevant food-drug or drug-drug interactions and what is the appropriate 
management strategy? 
There is no clinically relevant food-drug interaction.  Upadacitinib should be used with caution if patients 
receive chronic treatment with strong CYP3A4 inhibitors. Upadacitinib is not recommended to be co-
administered with strong CYP3A4 inducers.   

3.3.4.1 Food-drug interaction 

In a dedicated food effect study (Study M15-878 Part 1), following a single 30 mg dose of upadacitinib 
ER tablet administered after high-fat and high-calorie meal, upadacitinib Cmax, AUC0-t, and AUC0-inf 
increased 39%, 30%, and 29%, respectively, as compared to fasted conditions.  Refer to Individual Study 
Review in Appendix 4.1.2 for more details. 
 
Table 9. Summary of upadacitinib PK comparison under fasted and fed conditions 
Parameters Geometric means Geometric mean ratio 

(90% CI) 
(Test/Reference) Fed 

(Test) 
Fasted 

(Reference) 
Cmax (ng/mL) 77.2 55.6 1.39 (1.28, 1.51) 

AUC0-t (h*ng/mL) 603 462 1.30 (1.24, 1.37) 

AUC0-inf (h*ng/mL) 612 474 1.29 (1.23, 1.36) 

(Data source: Table 7 of Study M15-878 CSR) 
 

3.3.4.2 Drug-drug interactions 

In-vitro studies indicated that upadacitinib is metabolized by CYP3A4 and to a minor extent by CYP2D6.  
Upadacitinib increased mRNA expression of CYP3A and CYP2B6 in vitro in a concentration-dependent 
manner and resulted in a minor increase in CYP1A2 mRNA.  Upadacitinib is a weak inhibitor of P-gp, 
BCRP, and OATP1B1, but no interactions are expected at therapeutic levels with 15 mg QD dosing 
regimen.  Upadacitinib is a substrate for P-gp and BCRP efflux transporters. However, modulation of P-
gp or BCRP transporters is expected to have minor effect on upadacitinib exposures in vivo based on 
PBPK simulation (see PBPK review in Appendix 4.4).  
 
Effects of concomitant medications on pharmacokinetics of upadacitinib  
The effect of CYP3A4 inhibitor or inducer on the PK of updacitinib was evaluated in clinical studies 
using the IR formulation of upadacitinib.  PBPK analysis has adequately bridged the clinical DDI effect of 
strong CYP3A4 modulator (inducer or inhibitor) observed with upadacitinib IR formulation to the ER 
formulation.  Refer to PBPK review in Appendix 4.4 for details. 
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When upadacitinib was co-administered with ketoconazole (a strong CYP3A4 inhibitor), upadacitinib 
exposure increased by 75% for AUC0-inf and 70% for Cmax (Study M13-401, Table 10). Upadacitinib 
should be used with caution if patients receive chronic treatment with strong CYP3A4 inhibitors.  
 
When upadacitinib was co-administered with rifampin (a strong CYP3A4 inducer), upadacitinib exposure 
decreased by 61% for AUC0-inf and 51% for Cmax, which may result in inefficacious concentrations and 
consequently decrease the efficacy (Study M13-540, Table 10).  Therefore, we recommend that 
upadacitinib should not be co-administered with strong CYP3A4 inducers.   
 
When upadacitinib was co-administered with methotrexate (potential concomitant medication) or 
OATP1B inhibitor (rifampin), there was no clinically meaningful difference in upadacitinib PK. 
 
Effects of upadacitinib on pharmacokinetics of concomitant medications  
When upadacitinib was co-administered with midazolam (a CYP3A4 substrate), caffeine (a CYP1A2 
substrate), dextromethorphan (a CYP2D6 substrate), S-warfarin (a CYP2C9 substrate), omeprazole (a 
CYP2C19 substrate), bupropion (a CYP2B6 substrate), or potential concomitant medications, including 
methotrexate, rosuvastatin, atorvastatin, ethinylestradiol, levonorgestrel, there was no clinically 
meaningful effect of upadacitinib on the PK of these concomitant medications (Table 11).  
 
Refer to Individual Study Review in Appendix 4.1.2 for more details. 
 

Table 10. Effect of concomitant medications on upadacitinib plasma exposure 
Co-administered 
drug 

Regimen of Co-
administered drug

Mean Ratio 
(90% CI)

Reference 

Cmax AUC
CYP3A4 inhibitor: 
Ketoconazole 

400 mg once 
daily x 6 days

1.70 
(1.55-1.89)

1.75  
(1.62-1.88)

Study M13-401 

CYP3A4 inducer: 
Rifampin 

600 mg once 
daily x 9 days

0.49 
(0.44-0.55)

0.39 
(0.37-0.42)

Study M13-540 

Potential comedication: 
Methotrexate* 

Stable dose of 
10-25 mg/week 

0.97 
(0.86, 1.09)

0.99 
(0.93, 1.06)

Study M13-845 

OATP1B inhibitor: 
Rifampin 

600 mg single dose 1.14 
(1.02, 1.28)

1.07 
(1.01, 1.14)

Study M13-540 

*  Upadacitinib IR formulation was administered as BID regimen alone on Day 28 (reference) and co-administered with 
methotrexate on Day 29 (test). The effect of methotrexate on upadacitinib steady-state AUC12 was evaluated. 
 
Table 11. Effect of upadacitinib on plasma exposures of concomitant medications 
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(Source: Table 28 of Summary of Clinical Pharmacology) 
 
 
3.3.5 Is the to-be-marketed formulation the same as the clinical trial formulation, and if not, are 
there bioequivalence data to support the to-be-marketed formulation? 
Upadacitinib IR capsule formulations have been used in Phase 1 studies and Phase 2 dose-ranging studies, 
while ER tablet formulations have been used in Phase 1 studies and Phase 3 studies (Table 12).  The 
proposed to-be-marketed formulation is 15 mg strength of ER tablet formulation (ER17). 
 

 have been changed between the proposed to-be-marketed 
15 mg ER tablet formulation (ER17) and the 15 mg ER tablet formulation used in Phase 3 clinical studies 
(ER7).  The sponsor conducted a two-period, two-sequence, randomized, crossover bioequivalence study 
(Study M15-878 Part 2) in healthy subjects (n=40) to demonstrate the bioequivalence between the to-be-
marketed formulation and Phase 3 study formulation under fasted condition.  Following a single 15 mg 
dose administration of upadacitinib with to-be-marketed 15 mg ER formulation (ER17) and Phase 3 study 
15 mg ER tablet formulation (ER7) under fasted condition, the 90% CIs of the geometric mean ratios of 
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upadacitinib Cmax, AUCO-t, and AUCO-inf are well within 80-125% limit, indicating the to-be-marketed 
tablet is bioequivalent to the clinical study tablet (Figure 4 and Table 13). 

A request to inspect the clinical facility and bioanalytical facility was sent to the Office of Study Integrity 
and Surveillance (OSIS) and OSIS recommended accepting the study data. For more detailed 
info1mation, refer to the review memo for clinical facility inspection by Dr. Nicola Fenty-Stewaii dated 
April 03, 2019, and the review memo for bioanalytical facility inspection by Dr. Yiyue Zhang dated 
Febrnaiy 28, 2019. 

Table 12. Summary of clinically relevant formulations evaluated in Phase 1, Phase 2, and Phase 3, 
and the proposed commercial formulations 

t;padacitinib 
Formulation 

hnmediate-release 
~es 
q ,.>)<jAPI) 

Extended-release 
tablets 

Proposed 
Commercial 
Formulation 
Extended-release 
tablets 

Strength 
(Dosage Form) 

0.5 mg and/or 3 
mg (capsules) 

12 mg (capsules) 

7.5 mg(ER9) 

15 mg(ER7) 

30 mg(ER8) 

30 mg (ERi BY) 

15 mg(ERJ7) 
30 mg (ER18) 

a. BA and/or Food effect study. 

b. DDI study. 

c. BE and/or Food effect study. 

Phase I Studies 

M l 3-401• 
M l 4-678' 
Ml4-6801 

M13-543d 

M14-680,' M13-540,b 
Ml3-547," M14-174,' 
M14-677,' Ml5-868,' 

Ml4-6781 

M l4-679,' Ml4-680,' 
M1 5-878,c Ml 7-221,b 
M13-539,d Ml3-551,d 
M15-558,d Ml6-094,' 

M l 6-552• 

M13-541,b Ml4-624,b 
Ml4-625,b Ml4-679," 
M14-680," Ml5-878,c 
Ml5-558,d Ml6-094• 

M 15-868a,e 

Ml5-878c 

d. Special Population: Asian, Hepatic, or Renal Impairment Subjects. 

e. "Y" in ERl8Y indicates a yellow coating and no debossment. 

Phase 2 Studies 

M13-537 
M13-538 
Ml3-550 

M13-537 
Ml3-538 
M13-550 

Ml3-538 

M13-538 

Phase 3 Studies 

Ml3-545 
Ml4-663 

Ml3-542, M13-545, 
M l4-663, M15-555, 
Ml 5-925, M13-549, 

Ml4-465 

M13-542, M13-545, 
Ml4-663, Ml5-555, 
Ml5-925, M13-549 

Note: Study Ml3-538 is a Phase 2, multicenter, open-label extension study in RA patients who have completed a preceding 
Phase 2 randomized controlled trial with UP A. 
(Source: Table 2 ofSumma1y of Biopha1maceutic Studies and Associated Analytical Methods) 
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Figure 4. Mean upadacitinib plasma concentrations versus time profiles following administration of 
single dose of 15 mg strength of the to-be-marketed ER formulation (ER17) and Phase 3 clinical 
study ER formulation (ER7) under fasted conditions (Study M15-878, Part 2) 
(Source: adapted form Figure 2 of Study M15-878 CSR) 
 
Table 13. Summary of upadacitinib PK comparison using the to-be-marketed formulation and 
Phase 3 clinical study formulation under fasted condition (Study M15-878, Part 2) 
Parameters Geometric means Geometric mean ratio 

(90% CI) 
(Test/Reference) 

To-be-marketed 
formulation 

(Test) 

Phase 3 study 
formulation 
(Reference) 

Cmax (ng/mL) 25.0 24.4 1.02 (0.94, 1.11) 
AUC0-t (h*ng/mL) 222 219 1.02 (0.97, 1.06) 
AUC0-inf (h*ng/mL) 228 224 1.02 (0.97, 1.07) 
 (Source: Adapted from Table 9 of Study M15-878 CSR) 
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4. Appendix 
 
 
4.1 Appendix – Individual Study Review 
 
Note that upadacitinib is also known as A-1293543 and ABT-494. 
 
4.1.1 In-vitro Studies  

 
A total of 8 in-vitro studies using human biomaterials were submitted under NDA 211675. The brief 
conclusions are summarized in the table below. 
 
Table 4.1.1-1. List of In Vitro Studies with Human Biomaterials  
Study Study Report # Study Title 

1 RD170325 Determination of the Unbound Fraction of A-1293543 in Plasma and Microsomal 
Protein and Blood-to-Plasma Concentration Ratios

2 Memo-06 Assessment of A-1293543 Stability in Hepatic Enzyme Systems 
3 Memo-09 Assessment of the Enzymes Involved in the Metabolism of [14C]A-1293543 using 

Recombinant Enzymes
4 RD12256 In Vitro Biotransformation of [14C]A-1293543
5 RD170324 Assessment of Inhibitory Effects on Drug Metabolizing Enzyme Activity by A-

1293543 
6 RD161011 Assessment of Cytochrome P450 mRNA Induction by A-1293543 in Cultured Human 

Hepatocytes 
7 RD160380 A-1293543: In Vitro Drug Transporter Assessment
8 RD170322 Pharmacokinetic Drug-Drug Interactions: Metabolism and Transporters
 

 
Table 4.1.1-2. Results Summary of Upadacitinib in vitro Studies Using Human Biomaterials 
Study Study 

Report  
Study Conclusions 

Distribution RD170325  No concentration dependence in plasma binding was observed with upadacitinib 
concentrations ranging from 0.1 to 100 μM for any species. 

 The mean unbound fraction (fu) of upadacitinib (at 1 µM) was 0.28, 0.41, 0.69, 0.47 
and 0.48 for mouse, rat, dog, monkey and human plasma respectively. 

 The mean blood-to-plasma ratios of upadacitinib are 0.99, 1.28, 1.18,1.31 and 1.00 in 
mouse, rat, dog, monkey and human, respectively.

Metabolism Memo-06  The scaled intrinsic clearance of upadacitinib (1µM concentration) was 25.6, 4.07, 
0.413, 0.415 and 0.366 L/h/kg in mouse, rat, monkey, dog and human hepatocytes, 
respectively.

Memo-09  Upadacitinib is a substrate for in vitro metabolism by cytochrome P450 3A (CYP3A) 
with a potential very minor contribution of CYP2D6. 

 The apparent Km for CYP3A4 and 2D6 were estimated to be 8.32 µM and 165.3 µM, 
respectively.

RD12256  The in vitro metabolism of [14C]A-1293543 was investigated using liver cytosol and 
hepatocytes from mouse, rat, dog, monkey and human, as well as recombinant human 
cytochrome P450 enzymes (CYP 2D6, 3A4 and 3A5).  

 There was no metabolism of [14C]A-1293543 in incubations with liver cytosols across 
species. 

 In hepatocytes, a total of five metabolites were characterized across species, four of 
them were detected in human. 

 Seven metabolites were observed in incubations of [14C]A-1293543 with recombinant 
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human CYP3A4, six in CYP3A5, and three in CYP2D6. M11, a major metabolite, was 
proposed to be formed via oxidation at the pyrrolopyrazine moiety, followed by ring 
opening.

Drug-drug 
interactions 

RD170324  Upadacitinib was not an inhibitor in vitro of drug metabolizing enzymes or 
transporters at clinically-relevant concentrations. 

 In the direct inhibition assays, upadacitinib inhibited CYP2C9 with an IC50 value of 
40.3 µM and inhibited CYP3A4 with IC50 values of 181 µM and 212 µM when using 
midazolam and testosterone as substrates, respectively. Upadacitinib exhibited IC50 
values >250 µM for all other tested isoforms (CYP1A2, 2B6,2C8, 2C19, 2D6).  

 Upadacitinib caused no detectable time-dependent inhibition of any isoform tested up 
to a concentration of 50 µM.

RD161011  In vitro, upadacitinib increased mRNA expression of CYP3A and CYP2B6 in a 
concentration-dependent manner and resulted in a minor increase in CYP1A2 mRNA.

RD160380  Upadacitinib is a substrate for P-gp and BCRP. Upadacitinib is not a substrate for 
OATP1B1, OATP1B3 or OCT1. 

 A-1293543 is an inhibitor of P-gp, BCRP, BSEP, OATP1B1, OAT3, MATE1 and 
MATE2K, with IC50 values of 510 µM, 120 µM, 220 µM, 48 µM, 35 µM, 10 µM and 
10 µM, respectively.  

 A-1293543 shows <10% inhibition of OATP1B3, OCT1, OCT2 and OAT1 at 3 and 30 
µM, therefore the IC50 values for these transporters were >30 µM. 

RD170322 This integrated report summarized the metabolism and drug transporter interactions for 
upadacitinib: 

 At 15 mg and 30 mg QD doses, upadacitinib Cmax,ss is 41.3 ng/mL (0.109 µM) and 
83.4 ng/mL (0.219 µM), respectively.  

 The metabolism of upadacitinib is attributed predominantly to CYP3A4. The exposure 
of upadacitinib is predicted to be affected by coadministration of strong CYP3A4 
inhibitors or inducers. 

 At 15 mg, upadacitinib is not predicted to be an inhibitor or inducer of the CYP 
enzymes evaluated.  

 Upadacitinib is a substrate for the efflux transporters P-gp and BCRP. 
 Upadacitinib is not predicted to inhibit efflux transporters, P-gp and BCRP, hepatic 

transporters, OATP1B1, OATP1B3 and OCT1, and renal transporters OCT2, OAT1, 
OAT3, MATE1 and MATE2K based on the clinical dose and exposures (15 mg and 30 
mg). 

(Source: summarized from in-vitro study reports) 
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Figure 4. Mean upadacitinib plasma concentrations versus time profiles following administration of 
single dose of 15 mg strength of the to-be-marketed ER formulation (ER17) and Phase 3 clinical 
study ER formulation (ER7) under fasted conditions (Study M15-878, Part 2) 
(Source: adapted form Figure 2 of Study M15-878 CSR) 
 
Table 13. Summary of upadacitinib PK comparison using the to-be-marketed formulation and 
Phase 3 clinical study formulation under fasted condition (Study M15-878, Part 2) 
Parameters Geometric means Geometric mean ratio 

(90% CI) 
(Test/Reference) 

To-be-marketed 
formulation 

(Test) 

Phase 3 study 
formulation 
(Reference) 

Cmax (ng/mL) 25.0 24.4 1.02 (0.94, 1.11) 
AUC0-t (h*ng/mL) 222 219 1.02 (0.97, 1.06) 
AUC0-inf (h*ng/mL) 228 224 1.02 (0.97, 1.07) 
 (Source: Adapted from Table 9 of Study M15-878 CSR) 
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4. Appendix 
 
 
4.1 Appendix – Individual Study Review 
 
Note that upadacitinib is also known as A-1293543 and ABT-494. 
 
4.1.1 In-vitro Studies  

 
A total of 8 in-vitro studies using human biomaterials were submitted under NDA 211675. The brief 
conclusions are summarized in the table below. 
 
Table 4.1.1-1. List of In Vitro Studies with Human Biomaterials  
Study Study Report # Study Title 

1 RD170325 Determination of the Unbound Fraction of A-1293543 in Plasma and Microsomal 
Protein and Blood-to-Plasma Concentration Ratios

2 Memo-06 Assessment of A-1293543 Stability in Hepatic Enzyme Systems 
3 Memo-09 Assessment of the Enzymes Involved in the Metabolism of [14C]A-1293543 using 

Recombinant Enzymes
4 RD12256 In Vitro Biotransformation of [14C]A-1293543
5 RD170324 Assessment of Inhibitory Effects on Drug Metabolizing Enzyme Activity by A-

1293543 
6 RD161011 Assessment of Cytochrome P450 mRNA Induction by A-1293543 in Cultured Human 

Hepatocytes 
7 RD160380 A-1293543: In Vitro Drug Transporter Assessment
8 RD170322 Pharmacokinetic Drug-Drug Interactions: Metabolism and Transporters
 

 
Table 4.1.1-2. Results Summary of Upadacitinib in vitro Studies Using Human Biomaterials 
Study Study 

Report  
Study Conclusions 

Distribution RD170325  No concentration dependence in plasma binding was observed with upadacitinib 
concentrations ranging from 0.1 to 100 μM for any species. 

 The mean unbound fraction (fu) of upadacitinib (at 1 µM) was 0.28, 0.41, 0.69, 0.47 
and 0.48 for mouse, rat, dog, monkey and human plasma respectively. 

 The mean blood-to-plasma ratios of upadacitinib are 0.99, 1.28, 1.18,1.31 and 1.00 in 
mouse, rat, dog, monkey and human, respectively.

Metabolism Memo-06  The scaled intrinsic clearance of upadacitinib (1µM concentration) was 25.6, 4.07, 
0.413, 0.415 and 0.366 L/h/kg in mouse, rat, monkey, dog and human hepatocytes, 
respectively.

Memo-09  Upadacitinib is a substrate for in vitro metabolism by cytochrome P450 3A (CYP3A) 
with a potential very minor contribution of CYP2D6. 

 The apparent Km for CYP3A4 and 2D6 were estimated to be 8.32 µM and 165.3 µM, 
respectively.

RD12256  The in vitro metabolism of [14C]A-1293543 was investigated using liver cytosol and 
hepatocytes from mouse, rat, dog, monkey and human, as well as recombinant human 
cytochrome P450 enzymes (CYP 2D6, 3A4 and 3A5).  

 There was no metabolism of [14C]A-1293543 in incubations with liver cytosols across 
species. 

 In hepatocytes, a total of five metabolites were characterized across species, four of 
them were detected in human. 

 Seven metabolites were observed in incubations of [14C]A-1293543 with recombinant 
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human CYP3A4, six in CYP3A5, and three in CYP2D6. M11, a major metabolite, was 
proposed to be formed via oxidation at the pyrrolopyrazine moiety, followed by ring 
opening.

Drug-drug 
interactions 

RD170324  Upadacitinib was not an inhibitor in vitro of drug metabolizing enzymes or 
transporters at clinically-relevant concentrations. 

 In the direct inhibition assays, upadacitinib inhibited CYP2C9 with an IC50 value of 
40.3 µM and inhibited CYP3A4 with IC50 values of 181 µM and 212 µM when using 
midazolam and testosterone as substrates, respectively. Upadacitinib exhibited IC50 
values >250 µM for all other tested isoforms (CYP1A2, 2B6,2C8, 2C19, 2D6).  

 Upadacitinib caused no detectable time-dependent inhibition of any isoform tested up 
to a concentration of 50 µM.

RD161011  In vitro, upadacitinib increased mRNA expression of CYP3A and CYP2B6 in a 
concentration-dependent manner and resulted in a minor increase in CYP1A2 mRNA.

RD160380  Upadacitinib is a substrate for P-gp and BCRP. Upadacitinib is not a substrate for 
OATP1B1, OATP1B3 or OCT1. 

 A-1293543 is an inhibitor of P-gp, BCRP, BSEP, OATP1B1, OAT3, MATE1 and 
MATE2K, with IC50 values of 510 µM, 120 µM, 220 µM, 48 µM, 35 µM, 10 µM and 
10 µM, respectively.  

 A-1293543 shows <10% inhibition of OATP1B3, OCT1, OCT2 and OAT1 at 3 and 30 
µM, therefore the IC50 values for these transporters were >30 µM. 

RD170322 This integrated report summarized the metabolism and drug transporter interactions for 
upadacitinib: 

 At 15 mg and 30 mg QD doses, upadacitinib Cmax,ss is 41.3 ng/mL (0.109 µM) and 
83.4 ng/mL (0.219 µM), respectively.  

 The metabolism of upadacitinib is attributed predominantly to CYP3A4. The exposure 
of upadacitinib is predicted to be affected by coadministration of strong CYP3A4 
inhibitors or inducers. 

 At 15 mg, upadacitinib is not predicted to be an inhibitor or inducer of the CYP 
enzymes evaluated.  

 Upadacitinib is a substrate for the efflux transporters P-gp and BCRP. 
 Upadacitinib is not predicted to inhibit efflux transporters, P-gp and BCRP, hepatic 

transporters, OATP1B1, OATP1B3 and OCT1, and renal transporters OCT2, OAT1, 
OAT3, MATE1 and MATE2K based on the clinical dose and exposures (15 mg and 30 
mg). 

(Source: summarized from in-vitro study reports) 
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Figure 4. Mean upadacitinib plasma concentrations versus time profiles following administration of 
single dose of 15 mg strength of the to-be-marketed ER formulation (ER17) and Phase 3 clinical 
study ER formulation (ER7) under fasted conditions (Study M15-878, Part 2) 
(Source: adapted form Figure 2 of Study M15-878 CSR) 
 
Table 13. Summary of upadacitinib PK comparison using the to-be-marketed formulation and 
Phase 3 clinical study formulation under fasted condition (Study M15-878, Part 2) 
Parameters Geometric means Geometric mean ratio 

(90% CI) 
(Test/Reference) 

To-be-marketed 
formulation 

(Test) 

Phase 3 study 
formulation 
(Reference) 

Cmax (ng/mL) 25.0 24.4 1.02 (0.94, 1.11) 
AUC0-t (h*ng/mL) 222 219 1.02 (0.97, 1.06) 
AUC0-inf (h*ng/mL) 228 224 1.02 (0.97, 1.07) 
 (Source: Adapted from Table 9 of Study M15-878 CSR) 
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4. Appendix 
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conclusions are summarized in the table below. 
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Table 4.1.1-2. Results Summary of Upadacitinib in vitro Studies Using Human Biomaterials 
Study Study 

Report  
Study Conclusions 

Distribution RD170325  No concentration dependence in plasma binding was observed with upadacitinib 
concentrations ranging from 0.1 to 100 μM for any species. 

 The mean unbound fraction (fu) of upadacitinib (at 1 µM) was 0.28, 0.41, 0.69, 0.47 
and 0.48 for mouse, rat, dog, monkey and human plasma respectively. 

 The mean blood-to-plasma ratios of upadacitinib are 0.99, 1.28, 1.18,1.31 and 1.00 in 
mouse, rat, dog, monkey and human, respectively.

Metabolism Memo-06  The scaled intrinsic clearance of upadacitinib (1µM concentration) was 25.6, 4.07, 
0.413, 0.415 and 0.366 L/h/kg in mouse, rat, monkey, dog and human hepatocytes, 
respectively.

Memo-09  Upadacitinib is a substrate for in vitro metabolism by cytochrome P450 3A (CYP3A) 
with a potential very minor contribution of CYP2D6. 

 The apparent Km for CYP3A4 and 2D6 were estimated to be 8.32 µM and 165.3 µM, 
respectively.

RD12256  The in vitro metabolism of [14C]A-1293543 was investigated using liver cytosol and 
hepatocytes from mouse, rat, dog, monkey and human, as well as recombinant human 
cytochrome P450 enzymes (CYP 2D6, 3A4 and 3A5).  

 There was no metabolism of [14C]A-1293543 in incubations with liver cytosols across 
species. 

 In hepatocytes, a total of five metabolites were characterized across species, four of 
them were detected in human. 

 Seven metabolites were observed in incubations of [14C]A-1293543 with recombinant 

Reference ID: 4435111



 23

human CYP3A4, six in CYP3A5, and three in CYP2D6. M11, a major metabolite, was 
proposed to be formed via oxidation at the pyrrolopyrazine moiety, followed by ring 
opening.

Drug-drug 
interactions 

RD170324  Upadacitinib was not an inhibitor in vitro of drug metabolizing enzymes or 
transporters at clinically-relevant concentrations. 

 In the direct inhibition assays, upadacitinib inhibited CYP2C9 with an IC50 value of 
40.3 µM and inhibited CYP3A4 with IC50 values of 181 µM and 212 µM when using 
midazolam and testosterone as substrates, respectively. Upadacitinib exhibited IC50 
values >250 µM for all other tested isoforms (CYP1A2, 2B6,2C8, 2C19, 2D6).  

 Upadacitinib caused no detectable time-dependent inhibition of any isoform tested up 
to a concentration of 50 µM.

RD161011  In vitro, upadacitinib increased mRNA expression of CYP3A and CYP2B6 in a 
concentration-dependent manner and resulted in a minor increase in CYP1A2 mRNA.

RD160380  Upadacitinib is a substrate for P-gp and BCRP. Upadacitinib is not a substrate for 
OATP1B1, OATP1B3 or OCT1. 

 A-1293543 is an inhibitor of P-gp, BCRP, BSEP, OATP1B1, OAT3, MATE1 and 
MATE2K, with IC50 values of 510 µM, 120 µM, 220 µM, 48 µM, 35 µM, 10 µM and 
10 µM, respectively.  

 A-1293543 shows <10% inhibition of OATP1B3, OCT1, OCT2 and OAT1 at 3 and 30 
µM, therefore the IC50 values for these transporters were >30 µM. 

RD170322 This integrated report summarized the metabolism and drug transporter interactions for 
upadacitinib: 

 At 15 mg and 30 mg QD doses, upadacitinib Cmax,ss is 41.3 ng/mL (0.109 µM) and 
83.4 ng/mL (0.219 µM), respectively.  

 The metabolism of upadacitinib is attributed predominantly to CYP3A4. The exposure 
of upadacitinib is predicted to be affected by coadministration of strong CYP3A4 
inhibitors or inducers. 

 At 15 mg, upadacitinib is not predicted to be an inhibitor or inducer of the CYP 
enzymes evaluated.  

 Upadacitinib is a substrate for the efflux transporters P-gp and BCRP. 
 Upadacitinib is not predicted to inhibit efflux transporters, P-gp and BCRP, hepatic 

transporters, OATP1B1, OATP1B3 and OCT1, and renal transporters OCT2, OAT1, 
OAT3, MATE1 and MATE2K based on the clinical dose and exposures (15 mg and 30 
mg). 

(Source: summarized from in-vitro study reports) 
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4.1.2 In-vivo Clinical Studies  
 

 
4.1.2-1 Study M14-680--Phase 1 BA and PK Study 
 
Title: Pharmacokinetics, Safety and Tolerability of Single and Multiple Doses of ABT-494 Once-Daily 
Tablet and Immediate-Release Capsule Formulations, and Assessment of the Effect of Food on the 
Pharmacokinetics of the Once-Daily Tablet Formulation in Healthy Volunteers 
 
Objectives 

 Part 1: relative BA of 15 mg ER tablet (ER7) to 12 mg IR capsule under fasting condition 
 Part 2: relative BA of 30 mg ER tablet (ER8) to 2×12 mg IR capsules under fasting condition; 

food effect 
 Part 3: PK, safety and tolerability of ER tablet 
 Part 4: PK, safety and tolerability of IR capsule 
 Part 5: relative BA of 15 mg ER tablet (ER7) QD to 6mg IR capsule BID following multiple doses 

under fasting condition 
 Part 6: relative BA of 30 mg ER tablet (ER8) QD to 12 mg IR capsules BID following multiple 

doses under fasting condition 
 
Study population: healthy subjects (Part 1: n=11; Part 2: n=12; Part 3: n=32; Part 4: n=0 (cancelled); 
Part 5: n=12; Part 6: n=11) 
 
Drug product: 

 
 
Study design: 
 
Part 1 (N = 11) was a single dose, open-label, randomized study conducted according to a two-period, 
two-sequence, crossover design. Study drug was administered in the morning on Day 1.  

 
 
Part 2 (N = 12) was a single dose, open-label, randomized study conducted according to a three-period, 
two-sequence, crossover design. Period 3 also evaluated the food effect of ABT-494 once-daily tablet 
formulation. Study drug was administered in the morning on Day 1.  
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Part 3 (N = 34) was a multiple dose, randomized, double-blind, placebo-controlled design conducted in 3 
parallel groups of subjects. Study drug was administered in the morning on Days 1 through 7. 

 
 
Part 4 was cancelled because thorough evaluation of ABT-494 PK for the IR formulation had been 
achieved. 
 
Parts 5 (N = 12) and 6 (N = 12) were conducted as multiple-dose, randomized, open-label, two-period, 
two-sequence, crossover designs. In Parts 5 and 6, study drug was administered on Days 1 through 7 in 
each Period.  

 
 

 
 
PK sampling: 
Part 1 and 2: predose, 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 16, 24, 36, 48 and 72 hours after dosing on 
Day 1 in each Period. 
 
Part 3: predose, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 16 and 24 hours after dosing on Day 1.  Predose on Days 
3, 4, 5 and 6.  Predose and 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 16, 24, 36, 48 and 72 hours after dosing on Day 
7. 
 
Part 5 and 6:  
Regimens K and M: predose and 0.5, 1, 1.5, 2, 3, 4, 6, 9, 12, 12.5, 13, 13.5, 14, 15, 16, 18, 21 and 24 
hours after the morning dose on Day 1.  Predose on Days 3, 4, 5 and 6.  Predose and 0.5, 1, 1.5, 2, 3, 4, 6, 
9, 12, 12.5, 13, 13.5, 14, 15, 16, 18, 21, 24, 36, 48 and 72 hours after the morning dose on Day 7. 
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Regimens L and N: predose and 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 16 and 24 hours after dosing on Day 1.  
Predose on Days 3, 4, 5 and 6.   
 
Results  
 
Part 1 
Under fasting conditions, single 15 mg dose of ABT-494 once-daily ER tablet formulation (Regimen B) 
provided equivalent AUC and 63% lower Cmax compared to single 12 mg dose of ABT-494 IR capsule 
(Regimen A). 
 

 
Figure 4.1.2-1. Mean ABT-494 PK Profiles Following Administration of Single Doses of 12 mg ABT-
494 IR Capsule and 15 mg ABT-494 Once-Daily Tablet Formulation (ER7) Under Fasting 
Conditions, Linear Scale 
(Source: Figure 1 of Study M14-680 CSR) 
 
Table 4.1.2-1. PK Parameters (Mean ± SD) of ABT-494 Following Administration of Single Doses 
of 12 mg IR Capsule and 15 mg of the Once-Daily Tablet Formulation (ER7) Under Fasting 
Conditions 

 
(Source: Table 10 of Study M14-680 CSR) 
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Table 4.1.2-2. PK Comparison between a Single 15 mg Dose of ABT-494 Once-Daily Tablet 
Formulation (ER7) and 12 mg ABT-494 IR Capsule Under Fasting Conditions 

 
(Source: Table 11 of Study M14-680 CSR) 
 
Part 2 
Under fasting conditions, single 30 mg dose of ABT-494 once-daily tablet formulation (Regimen D) 
provided equivalent AUC and 63% lower Cmax compared to single 24 mg dose of ABT-494 IR capsule 
formulation (Regimen C). 
 
Administration of 30 mg ABT-494 once-daily tablet formulation after a high-fat breakfast (Regimen E) 
increased ABT-494 Cmax and AUC∞ by 20% and 17%, respectively relative to administration under 
fasting conditions (Regimen D). 
 

 
Figure 4.1.2-2. Mean ABT-494 PK Profiles Following Administration of Single Doses of 24 mg ABT-
494 IR Capsule Formulation and 30 mg ABT-494 Once-Daily Tablet Formulation (ER8) Under 
Fasting Conditions and After High-Fat Meal, Linear Scale 
(Source: Figure 2 of Study M14-680 CSR) 
 
Table 4.1.2-3. PK Parameters (Mean ± SD) of ABT-494 Following Administration of Single Doses 
of 24 mg IR Capsule and 30 mg of the Once-Daily Tablet Formulation (ER8) Under Fasting 
Conditions and After High-Fat Breakfast 
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(Source: Table 12 of Study M14-680 CSR) 
 
Table 4.1.2-4. PK Comparison between a Single 30 mg Dose of ABT-494 Once-Daily Tablet 
Formulation (ER8) and 24 mg ABT-494 IR Capsule Formulation Under Fasting Conditions and 
Single 30 mg Dose of ABT-494 Once-Daily Tablet (ER8) After High-Fat High-Calorie Meal Relative 
to Fasting Conditions 

 
(Source: Table 13 of Study M14-680 CSR) 
 
Part 3 
Following multiple QD doses of ABT-494 ER tablet formulation, steady state was achieved by Day 4.  
ABT-494 PK are linear between 15 mg and 30 mg QD doses using the once-daily ER formulation.  There 
was minimal accumulation for ABT-494 with repeated administration of the once-daily formulation.  
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Figure 4.1.2-3. Mean ABT-494 PK Profiles Following Administration of Multiple QD Doses of 15 
mg (ER7) and 30 mg (ER8) of ABT-494 Once-Daily Tablet Formulation Under Non-Fasting 
Conditions, Linear Scale 
(Source: Figure 3 of Study M14-680 CSR) 
 
Table 4.1.2-5. PK Parameters (Mean ± SD) of ABT-494 Following Administration of Multiple QD 
Doses of 15 mg (ER7) and 30 mg (ER8) of ABT-494 Once-Daily Tablet Formulation Under Non-
Fasting Conditions 

 
(Source: Table 14 of Study M14-680 CSR) 
 
Part 5 
Multiple dosing with 15 mg QD regimen of ABT-494 once-daily formulation provided equivalent AUC 
and slightly lower Cmax as compared to 6 mg BID of ABT-494 IR capsule formulation under fasting 
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conditions. The slightly higher C24 for 6 mg BID compared to 15 mg QD regimen is likely due to the short 
fasting period (only 3 hours) prior to the evening dose of the 6 mg BID regimen.  

 
Figure 4.1.2-4. Mean ABT-494 PK Profiles Following Administration of Multiple Doses of 15 mg 
QD of the Once-Daily Tablet Formulation (ER7) Compared to 6 mg BID of the IR Capsule 
Formulation Under Fasting Conditions, Linear 
(Source: Figure 4 of Study M14-680 CSR) 
 
Table 4.1.2-6. PK Parameters (Mean ± SD) of ABT-494 Following Administration of Multiple 
Doses of 15 mg QD of the Once-Daily Tablet Formulation (ER7) Compared to 6 mg BID of the IR 
Capsule Formulation Under Fasting Conditions 

 
(Source: Table 15 of Study M14-680 CSR) 
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Table 4.1.2-7. PK Comparison between Multiple Doses of 15 mg QD of the Once-Daily Tablet 
Formulation (ER7) and 6 mg BID of the IR Capsule Formulation Under Fasting Conditions 

 
(Source: Table 17 of Study M14-680 CSR) 
 
Part 6 
Administration of multiple 30 mg QD doses of ABT-494 once-daily tablet formulation provided 
equivalent AUC0-24 and slightly lower Cmax as compared to 12 mg BID of ABT-494 IR capsule 
formulation under fasting conditions. The higher C24 on Day 7 for 12 mg BID compared to 30 mg QD 
regimen is likely due to the short fasting period (only 3 hours) prior to the evening dose of the 12 mg BID 
regimen.  

 
Figure 4.1.2-5. Mean ABT-494 PK Profiles Following Administration of Multiple Doses of 30 mg 
QD of the Once-Daily Tablet Formulation (ER8) Compared to 12 mg BID of the IR Capsule 
Formulation Under Fasting Conditions, Linear Scale 
(Source: Figure 15 of Study M14-680 CSR) 
 
Table 4.1.2-8. PK Parameters (Mean ± SD) of ABT-494 Following Administration of Multiple Doses 
of 30 mg QD of the Once-Daily Tablet Formulation (ER8) Compared to 12 mg BID of the IR 
Capsule Formulation Under Fasting Conditions 
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(Source: Table 18 of Study M14-680 CSR) 
 
Table 4.1.2-9. PK Comparison between Multiple Doses of 30 mg QD of the Once-Daily Tablet 
Formulation (ER8) and 12 mg BID of the IR Capsule Formulation Under Fasting Conditions 

 
(Source: Table 20 of Study M14-680 CSR) 
 
Conclusions 
 
ABT-494 15 mg ER tablet (ER7) and 30 mg ER tablet (ER8) were used in Phase 3 studies. 

 Following single dose administration under fasting condition, ABT-494 15 mg ER tablet (ER7) 
and 30 mg ER tablet (ER8) provided comparable AUC and 63% lower Cmax compared to 12 mg 
IR tablet and 2×12 mg IR tablet, respectively. 

 High-fat breakfast increased ABT-494 ER8 tablet Cmax and AUC∞ by 20% and 17%, 
respectively, as compared to fasting condition. 

 Following QD dosing with ER tablet (ER7 and ER8), the steady state was achieved by 4 days.  
 Following multiple dosing, ABT-494 15 mg ER7 QD regimen provided comparable systemic 

exposure at steady state as compared to ABT-494 6 mg IR BID regimen.  
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 Following multiple dosing, ABT-494 30 mg ER8 QD regimen provided comparable systemic 
exposure at steady state as compared to ABT-494 12 mg IR BID regimen.  

 
 
 
4.1.2-2 Study M14-678--Phase 1 BA and PK Study 
 
Title: A Bioavailability Study of a Single Dose of 7.5 mg ABT-494 Once-Daily Tablet Formulation 
Relative to Two Doses of 3 mg ABT-494 Immediate-Release Capsule Formulation in Healthy Adults 
 
Objectives: relative BA of ER tablets (7.5 mg, ER9) 
 
Study population: healthy subjects (n=12) 
 
Drug product: 

 
 
Study design: Phase 1, single-dose, open-label, randomized study was conducted according to a two-
regimen, two-period, crossover design.  

 
 
PK sampling: 

 Regimen A: Prior to dosing (0 hour) and at 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 9, 12 (prior to the evening 
dose), 12.25, 12.5, 13, 13.5, 14, 15, 16, 18, 21, 24, 36, 48 and 72 hours after the morning dose. 

 Regimen B: Prior to dosing (0 hour) and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 16, 24, 36, 48 and 72 
hours after dosing. 

 
Results: The PK results are shown as below: 
 
Table 4.1.2-10. PK Parameters (Mean ± SD) of ABT-494 Following Administration of 3 mg ABT-
494 IR Capsule Every 12 Hours (Two Doses) and Single 7.5 mg Dose of ABT-494 Once-Daily Tablet 
(ER9) Under Fasting Conditions 
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a. See Table 5 for parameters after morning and evening doses. 
b. Median (Minimum – Maximum). 
c. Harmonic mean (Pseudo SD). 
d. N = 11 after 12 hour for 3 mg Q12H (IR) regimen. Data from one subject were excluded from calculations of AUCt, AUC∞ 
and CL/F because the subject's plasma concentrations versus time profile suggests that the subject did not take the evening 
dose. 
(Source: Table 6 of Study M14-678 CSR) 
 
Table 4.1.2-11. PK Comparison between A Single 7.5 mg Dose of ABT-494 Once-Daily Tablet (ER9) 
and 3 mg ABT-494 IR Capsule Every 12 Hours (Two Doses) Under Fasting Conditions 

 
(Source: Table 7 of Study M14-678 CSR) 
 
Conclusions 
 

 The relative BA of a single dose of 7.5 mg ER tablet (ER9) to 2 doses of 3 mg IR capsule (every 
12 hours) is about 66%-86%.  

 
 
4.1.2-3 Study M15-878--Phase 1 BA and PK Study 
 
Title: A Phase 1 Study to Evaluate the Bioavailability of Upadacitinib (ABT-494) Market-Image 
Formulation Relative to the Formulation Utilized in Upadacitinib Phase 3 Rheumatoid Arthritis Trials and 
to Assess the Effect of High-Fat Meal on Upadacitinib Exposure from the Market-Image Formulation 
 
Objectives 

 Part 1: The relative BA of the market-image (to-be-marketed) formulation at 30 mg strength 
(ER18) to Phase 3 30 mg ER formulation (ER8), food effect 

 Part 2: The relative BA of the market-image (to-be-marketed) formulation at 15 mg strength 
(ER17) to Phase 3 15 mg ER formulation (ER7) 

 
Study population: healthy subjects (n=82) 
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Drug product: 

Regimen A 
(Reference) 

Dosage Form Tablet 

F onnulation ER8 
Phase 3 RA 
Fommlation 

Strength (mg) 30 

:MMID 20012626 

Bulk Product 17-001 119 
Lot Nmnber 

Batch Size (bH~1 tablers 

Retest Date 3 l-i\far-2020 

J\ifMID = Material Master Identification 

Study design: 

Upaclacitinib Formulations 

Regimen B, C Regimen D 
(Test) (Referen ce) 

Tablet Tablet 

ERI S ER7 
Market-image Phase 3 RA 
F ommlation F ommlation 

30 15 

2001527 1 20012388 

1000186484 17-002018 

(bJ<~Yta biers (bJ<~Y ta biers 

30-Sep-2019 31-Mar-2020 

Regimen E 
(Test) 

Tablet 

ER17 
Market-image 
Formulation 

15 

20015270 

1000186479 

(b) <41tablets 
___ 

30-Sep-2019 

Pait 1 was a three-period, six-sequence, randomized, crossover study (n= 42). Pait 2 was a two-period, 
two-sequence, randomized, crossover study (n= 40). 

Regimens 

Par t Sequence Number of Subjects Period 1 Period 2 Period 3 

7 A B c 
2 7 B c A 

3 7 c A B 

4 7 A c B 

5 7 B A c 
6 7 c B A 

2 20 D E 

2 20 E D 

Regimen A: Single 30 mg close of upadacitinib Phase 3 RA fonnulation (ER8) administered tmcler fasting conditions 
(reference for B). 

Regimen B: Single 30 mg close ofupadacitinib market-image fonnulatiou (ERIS) administered tmcler fasting 

conditions (test for A reference for C). 

Regimen C: Single 30 mg dose ofupadacirinib market-image fo1mulation (ERIS) administered after 

high-fat/high-calorie meal (test for B). 

Regimen D: Single 15 mg dose ofupadacirinib Phase 3 RA fonnularion (ER7) administered under fasting conditions 

(reference for E). 

Regimen E: Single 15 mg dose of upadacitinib market-image fo1mula tion (ER! 7) administered under fasting 
conditions (test for D) . 

PK sampling: extensive blood samples were collected predose (0 hom-) and at 0.5 , 1, 1.5, 2, 3, 4, 6, 8, 10, 
12, 16, 24, 36, 48 and 72 homs after dosing in each period. 

Results 

Pait 1: Results indicated that the 30 mg sti·ength of market-image upadacitinib fo1mulation (ER18) was 
bioequivalent to upadacitinib 30 mg sti·ength of Phase 3 RA fo1mulation (ER8). High-fat/high-calorie 
increased Cmax by 40% and AUC by 30% in relative to fasting conditions. 
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Figure 4.1.2-6. Mean Upadacitinib PK Profiles Following Administration of Single Doses of 30 mg 
Strength Upadacitinib Formulations Under Fasting Conditions or After a High-Fat/High-Calorie 
Meal (Linear Scale) 
(Source: adapted form Figure 1 of Study M15-878 CSR) 
 
Table 4.1.2-12. PK Parameters (Mean ± SD) of Upadacitinib Following Administration of Single 30 
mg Doses of the Upadacitinib Formulations Under Fasting Conditions and After High-Fat/High-
Calorie Meal (Part 1) 

 
a. Median (minimum through maximum). b. Harmonic mean (pseudo-standard deviation). 
(Source: Table 6 of Study M15-878 CSR) 
 
Table 4.1.2-13. PK Comparison between a Single 30 mg Dose of Upadacitinib Market-Image 
Formulation (ER18) and the Upadacitinib Phase 3 RA Formulation (ER8) Under Fasting 
Conditions and Single 30 mg Dose of Upadacitinib Market-Image Formulation After High-
Fat/High-Calorie Meal Relative to Fasting (Part 1) 
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(Source: Table 7 of Study M15-878 CSR) 
 
Part 2: Results indicated that the 15 mg strength of market-image upadacitinib formulation (ER17) was 
bioequivalent to upadacitinib 15 mg strength of Phase 3 RA formulation (ER7). 
 

 
Figure 4.1.2-7. Mean Upadacitinib PK Profiles Following Administration of Single Doses of 15 mg 
Strength Upadacitinib Formulations Administered Under Fasting Conditions (Part 2) (Linear 
Scale) 
(Source: adapted form Figure 2 of Study M15-878 CSR) 
 
Table 4.1.2-14. PK Parameters (Mean ± SD) of Upadacitinib Following Administration of Single 
Doses of 15 mg Strength Upadacitinib Formulations Under Fasting Conditions (Part 2) 
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a. Median (minimum through maximum). b. Harmonic mean (pseudo-standard deviation). 
(Source: Table 8 of Study M15-878 CSR) 

 
Table 4.1.2-15. PK Comparison between a Single 15 mg Dose of Upadacitinib Market-Image 
Formulation (ER17) and the Upadacitinib Phase 3 RA Formulation (ER7) Under Fasting 
Conditions (Part 2) 

 
(Source: Table 9 of Study M15-878 CSR) 
 
Conclusions 
 
Uupadacitinib 15 mg ER formulation (ER17) is the proposed to-be-marketed formulation.  

 Uupadacitinib 15 mg ER formulation (ER17) is bioequivalent to upadacitinib 15 mg ER 
formulation (ER7) used in Phase 3 RA studies. 

 30 mg strength of market-image upadacitinib formulation (ER18) was bioequivalent to 
upadacitinib 30 mg ER formulation (ER8) used in Phase 3 RA studies. High-fat/high-calorie did 
not result in a clinically relevant effect on upadacitinib exposure with the market-image 
formulation (40% increase in Cmax and 30% increase in AUC relative to the fasting conditions). 
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4.1.2-4 Study M16-552--Phase 1 BA and PK Study 
 
Title: A Phase 1 Study in Healthy Adults to Evaluate the Bioavailability of Upadacitinib (ABT-494) Oral 
Solution Formulation Relative to the Once-Daily Tablet Formulation used in Phase 3 Rheumatoid 
Arthritis Studies 
 
Objectives: the relative BA and PK of ABT-494 oral solution formulation 
 
Study population: healthy subjects (n=24) 
 
Drug product: 

 
 
Study design: This was a Phase 1, open-label, randomized, two-period, two-sequence crossover study 
in 24 subjects.  

 
 
PK sampling: 

 Regimen A: prior to dosing (0 hour) and at 0.25, 0.5, 1, 1.5, 2, 3, 6, 9, 12 (prior to the evening 
dose), 12.25, 12.5, 13, 13.5, 14, 15, 18, 21, 24, 36, 48 and 72 hours after the morning dose. 

 Regimen B: prior to dosing (0 hour) and at 0.5, 1, 1.5, 2, 3, 4, 6, 9, 12, 16, 24, 36, 48 and 72 hours 
after dosing. 

 
Results  
Under fasting conditions, administration of two 6 mg doses of upadacitinib oral solution (1 mg/mL) 12 
hours apart resulted in 30% higher Cmax and 17% higher AUC0-inf relative to administration of a single 
15 mg upadacitinib ER tablet (ER7 formulation). 
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Figure 4.1.2-8. Upadacitinib PK Profiles Following Administration of Two 6 mg Doses of 
Upadacitinib Oral Solution Formulation (Regimen A) 12 Hours Apart and a Single Dose 15 mg 
Dose of Upadacitinib ER Tablet Formulation (ER7; Regimen B) under Fasting Conditions, Linear 
and Log-Linear Scale 
(Source: Figure 2 of Study M16-552) 
 
Table 4.1.2-16. PK Parameters (Mean ± SD) of Upadacitinib Following Administration of Two 6 mg 
Doses of Upadacitinib Oral Solution Formulation (Regimen A) 12 Hours Apart and a Single 15 mg 
Dose of Upadacitinib ER Tablet Formulation (ER7; Regimen B) under Fasting Conditions 

 
(Source: Table 4 of Study M16-552) 
 
Table 4.1.2-17. PK Comparison between Two 6 mg Doses of Upadacitinib Oral Solution 
Formulation (1 mg/mL) and a Single 15 mg Dose of Upadacitinib ER Tablet Formulation (ER7) 
under Fasting Conditions 
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(Source: Table 6 of Study Ml6-552) 

Conclusions 

• Under fasting conditions, administrntion of two 6 mg doses of upadacitinib oral solution (1 
mg/mL) resulted in 30% higher Cmax and 17% higher AUCO-inf relative to administrntion of a 
single 15 mg upadacitinib ER tablet (ER7). 

4.1.2-5 Study Ml 6-094--Phase 1 BA and PK Study 

Title: A Phase 1 Study to Evaluate the Bioavailability of the 45 mg ABT-494 Dose when Administered as 
a Single Tablet Relative to when Administered Using the 30 mg Strength (ER8 Fo1mulation) and the 15 
mg Strength (ER7 Formulation) Tablets and Assessment of the Effect of Food on the Bioavailability of 
the 45 mg Single Tablet 

Objectives: relative BA and food effect 

Study population: healthy subjects (n=24) 

Drug pr oduct: __ _ 

Formulation 
(b) C4Ycontent ----Formulation Process 

Strength (mg) 

Upadacltlnlb 
(Test/Reference) 

ER19Y 

(6)(41 

45 

Upadacltlnlb 
(Reference) 

ER7 ER8 
M o (b/o 
(4) Yo 

(b) (41 
(4) Yo 

(b)(4l 

15 30 

Study design: Single-dose, open-label, randomized study conducted according to a three-period, six­
sequence crossover design in 24 healthy adult subjects. 

• Regimen A: Single dose of upadacitinib 45 mg strength tablet (ERl 9Y) administered under fasting 
conditions (Test for Regimen Band Reference for Regimen C) 

• Regimen B: Single dose of upadacitinib 45 mg administered as 15 mg (ER7) and 30 mg (ER8) 
strength tablets administered under fasting conditions (Reference for Regimen A) 

• Regimen C: Single dose of upadacitinib 45 mg strength tablet (ER19Y) administered after high­
fat/high-calorie meal (Test for Regimen A) 

PK sampling: blood samples were collected prior to dosing (0-hour) and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 
12, 16, 24, 36, 48 and 72 hours after dosing in each study period. 

Results 
A single 45 mg upadacitinib dose of the ER19Y tablet fonnulation provided comparable AUC and Cmax 
to a 45 mg upadacitinib dose administered as one 15 mg (ER 7) and one 30 mg (ER8) tablet under fasting 
conditions. High-fat/high-calorie meal increased upadacitinib Cmax and AUCinf by 18% and 30% 
respectively. 

Table 4.1.2-18. PK Par ameters (Mean :I: SD) of Upadacitinib Following Administration of Single 45 
mg Doses of Upadacitinib Under Fasting Conditions or After a High-Fat Meal 
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a. Median (minimum through maximum). 
b. Harmonic mean (pseudo-standard deviation). 
(Source: Table 6 of Study M16-094 CSR) 
 
Table 4.1.2-19. PK Comparison of Upadacitinib Following Administration of Single 45 mg Dose of 
Upadacitinib ER19Y Formulation Relative to a Single 45 mg Dose Administered as ER7 and ER8 
Under Fasting Conditions and the Effect of High-Fat Meal on the ER19Y Formulation 

 
a. Cmax and AUC units are ng/mL and ng•h/mL, respectively. 
(Source: Table 7 of Study M16-094 CSR) 
 
Conclusions 
 

 A single 45 mg upadacitinib dose of the ER19Y tablet formulation provided comparable AUC and 
Cmax to a 45 mg upadacitinib dose administered as one 15 mg (ER7) and one 30 mg (ER8) tablet 
under fasting conditions. High-fat/high-calorie meal increased upadacitinib Cmax and AUCinf by 
18% and 30%, respectively. 

 
 
 
4.1.2-6 Study M13-401--Phase 1 PK and Safety Study 
 
Title: A Study in Healthy Adults to Evaluate the Safety, Tolerability, and Pharmacokinetics After Single 
Ascending Doses of ABT-494 and to Evaluate the Effects of Food and Ketoconazole on the Safety and 
Pharmacokinetics of ABT-494 in Healthy Adults 
 
Objectives: safety, tolerability, and PK, food effect, effect of ketoconazole (CYP3A inhibitor) 
 
Study population: healthy subjects (n=67) 
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Drug product: ABT-494 oral capsule 0.5 mg and 3 mg (Bulle Product Lot Nlllllber 12-002767, 12-
002768, 12-002768) 

Study design: 
• Substudy 1 was a randomized, double-blind, placebo-controlled study designed to assess the 

safety, tolerability and PK of single ascending doses (1, 3, 6, 12, 24, 36 and 48 mg) of ABT-494 in 
healthy subjects (8/group, 6 ABT-494 and 2 placebo). 

• Substudy 2 was an open-label, randomized study with two pa1ts: 
o Pait 1 was a two-period crossover investigation designed to assess the effect of food on the 

safety and PK of a single oral dose of ABT-494 in healthy adult subjects. 
o Pait 2 was a single period investigation designed to assess the potential metabolic 

interaction between ketoconazole and ABT-494. All subjects received 400 mg 
ketoconazole under fasting conditions once a day for 6 days (Study Days 1 - 6) and a 
single dose of ABT-494 on Study Day 4. 

Par t I Part 2 

Group St>qUt'llCt' ~ Subjt>ct Numbers Period I Pt>riod2 P t>riod 3 

(b)(6)'. ABT-494 
ABT-494 ABT-494 with Ketoconazole 

6 Fas ring Nonfasting Fasting 
6 

ABT-494 
ABT-494 ABT-494 with Ketoconazole 

II 6 Nonfasring Fasring Fasting 

Note: The dose administered in Substudy 2 was based on review of data from the single ascending dose 
smdy (~ubsn1dy 1). 

a. Subjecr (b){6)was premanu·eJy discominued after complerion of Pe1iod 2 . 

PK sampling: 
Substudy 1 (SAD): predose, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 16, 20, 24, 30, 36, 48 and 72 hours post dose 
Substudy 2 Part 1 (food effect): predose, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 16, 20, 24, 30, 36, 48 and 72 
hours post dose for Periods 1 and 2 
Substudy 2 Part 2 (DDI): 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 16, 20, 24, 30, 36, 48 and 72 hours post dose 

Results 
Substudy 1 SAD 
Following single dose of ABT-494 capsules, ABT-494 plasma concentrations reached maximum levels at 
- 1 hour (Tmax). The appai·ent terminal elimination half-life (t112) was estimated to be -3 to 15 hours. 

:::;-
~ 1000 
s 
c 
.2 
~ 100 

~ 
g 
0 10 
u 
<1l 

§ 
<1l 
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~ 0.1 
cc 
<l: 
0 (/) 0.01 

c 
~ 0.001 
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Figure 4.1.2-9. ABT-494 PK Profiles, Log-Linear Scales (Substudy 1) 
(Source: Figure 3 of Study M13-401 CSR) 
 
Table 4.1.2-20. PK Parameters of ABT-494 (Substudy 1) 

 
(Source: Table 13 of Study M13-401 CSR) 
 
Substudy 2: Food effect and Ketoconazole DDI  
Administration of ABT-494 oral capsules under nonfasting conditions resulted in ~23% decrease in Cmax 

compared to fasting conditions. Following concomitant administration of ABT-494 and ketoconazole the 
mean ABT-494 Cmax, AUCt and AUCinf values were ~70%, 76% and 75% higher, respectively, compared 
to ABT-494 administered alone. 

 
Figure 4.1.2-10. ABT-494 PK Profiles After Administration of ABT-494 under Fasting and 
Nonfasting Conditions 
(Source: Figure 5 of Study M13-401 CSR) 
 
Table 4.1.2-21. PK Parameters of ABT-494 After Administration under Fasting and Nonfasting 
Conditions 
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(Source: Table 15 of Study M13-401 CSR) 
 
Table 4.1.2-22. Effect of Food on ABT-494 PK 

 
(Source: Table 17 of Study M13-401 CSR) 
 

 
Figure 4.1.2-11. ABT-494 PK Profiles After Administration of ABT-494 With and Without 
Ketoconazole 
(Source: Figure 6 of Study M13-401 CSR) 
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Table 4.1.2-23. PK Parameters of ABT-494 After Administration With and Without Ketoconazole 

 
(Source: Table 18 of Study M13-401 CSR) 
 
Table 4.1.2-24. Effect of Ketoconazole on ABT-494 PK 

 
(Source: Table 20 of Study M13-401 CSR) 
 
Conclusions 
 

 Following single dose of ABT-494 IR capsules, ABT-494 Tmax is ~1 hour. The apparent terminal 
elimination half-life (t1/2) was estimated to be ~3 to 15 hours. Upadacitinib Cmax and AUC were 
approximately dose-proportional. 

 Following concomitant administration of ABT-494 IR capsule and ketoconazole, the mean ABT-
494 Cmax, AUCt and AUCinf values were approximately 70%, 76% and 75% higher, respectively, 
compared to ABT-494 administered alone. 

 
 
4.1.2-7 Study M13-845--Phase 1 PK and Safety Study 
 
Title: A Study in Healthy Adult Volunteers and Adult Subjects with Rheumatoid Arthritis to Evaluate the 
Safety, Tolerability, and Pharmacokinetics After Multiple Dosing of ABT-494 
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Objectives: safety, tolerability, PK, DDI with MTX 
 
Study population: 53 healthy volunteers in Substudies 1 and 3 and 14 subjects with RA in Substudy 2 
 
Drug product: ABT-494 oral capsule 3 mg (Bulk Product Lot Number 12-002768, 12-008070) 
 
Study design:  This Phase 1 study consisted of three substudies: 

 Substudy 1 was a randomized, double-blind, placebo-controlled study. 
 Substudy 2 was a randomized, double-blind, parallel-group, placebo-controlled study. 
 Substudy 3 was a single-arm, open-label study. 

 

 
In Substudy 2, subjects continued their weekly stable doses of MTX on Study Days 1, 8, 15, 22 and 29. 
 
Blood PK sampling: 
Substudy 1 (MAD/HV) for ABT-949 PK:  
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 Predose, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, and 12 hours post Day 1 morning dose.  
 Prior to the morning dose on Study Days 5, 6, 7, 13. 
 Predose, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 16, 20, 24, 30, 36, 48, and 72 hours post Day 14 

morning dose. 
 
Substudy 2 (MD/RA):  
ABT-949 PK 

 Predose, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, and 12 hours post Day 3 morning dose.  
 Prior to study drug and MTX being administered together on Study Days 8, 15 and 22. 
 Predose, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, and 12 hours post Day 28 morning dose.  
 Predose, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 16, 20, 24, 30, 36 and 48 hours post Day 29 morning 

dose. 
 
MTX PK 

 Predose, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 24 and 48 hours after the MTX dose on Day 1.  
 Prior to study drug and MTX being administered together on Study Days 8, 15 and 22. 
 Predose, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 24 and 48 hours after the MTX dose on Day 29. 

 
Substudy 3 (Tofa/HV) for tofacitinib PK: 

 Predose, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, and 12 hours post Day 1 morning dose.  
 Predose, 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 16, 20, 24, 30, 36, 48, and 72 hours post Day 14 

morning dose. 
 
Results  
Substudy 1 
ABT-494 plasma concentrations reached peak levels at ~2 hours after dosing on Days 1 and 14 under 
non-fasting conditions. The mean terminal elimination half-life of ABT-494 after multiple BID dosing 
ranged from 8 to 16 hours. 
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Figure 4.1.2-12. ABT-494 PK Profiles Following Administration of Multiple Twice-Daily Oral Doses 
to Healthy Subjects, Linear Scale (Substudy 1) 
(Source: Figure 3 of Study M13-845 CSR) 
 
Table 4.1.2-25. PK Parameters (Mean ± SD) of ABT-494 Following Administration of Multiple 
Twice-Daily Oral Doses to Healthy Subjects (Substudy 1) 

 

 
(Source: Table 15 of Study M13-845 CSR) 
 
Substudy 2: ABT-494 PK 
In subjects with RA on stable MTX doses, ABT-494 Tmax was at 1 to 2 hours after dosing on Days 3, 28, 
and 29. The mean terminal elimination half-life of ABT-494 ranged from 9.5 to 14.4 hours. The median 
accumulation ratio of ABT-494 on Study Day 28 was 0.8 to 1.4. The median ratio of ABT-494 Cmax and 
AUC0-12 on Study Day 29 (when administered with MTX) to Study Day 28 (when administered without 
MTX) ranged from 0.9 to 1.2. 
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Figure 4.1.2-13. ABT-494 PK Profiles Following Administration of Multiple Twice-Daily Oral Doses 
of ABT-494 to Subjects with Mild to Moderate RA on Stable Doses of MTX, Linear Scale (Substudy 
2) 
(Source: Figure 6 of Study M13-845 CSR) 
 
Table 4.1.2-26. ABT-494 PK Parameters (Mean ± SD) Following Administration of Multiple Twice-
Daily Oral Doses of ABT-494 to Subjects with Mild to Moderate RA on Stable Doses of MTX 
(Substudy 2) 
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(Source: Table 17 of Study M13-845 CSR) 
 
Substudy 2: MTX PK 
The median AUC∞ ratio of Day 29 (with ABT-494) to Day 1 (without ABT-494) ranged from 0.9 to 1.1. 
and the median ratio of Day 29 to Day 1 MTX Cmax ranged from 0.8 to 1.2. 

 
Figure 4.1.2-14. Methotrexate PK Profiles Following Administration With (Study Day 29) and 
Without (Study Day 1) ABT-494 to Subjects With Mild to Moderate RA, Linear Scale (Substudy 2) 
(Source: Figure 9 of Study M13-845 CSR) 
 
Table 4.1.2-27. PK Parameters of MTX (Substudy 2) 
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(Source: Table 19 of Study M13-845 CSR) 
 
Substudy 3: Tofacitinib PK 
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Figure 4.1.2-15. Tofacitinib PK Profiles Following Administration of Multiple Twice-Daily Oral 
Doses of Tofacitinib to Healthy Subjects, Linear Scale (Substudy 3) 
Note: Tofacitinib was administered BID on Study Days 1 – 13, single dose of Tofacitinib was administered in the morning on Study Day 14 
(Source: Figure 11 of Study M13-845 CSR) 
 
Table 4.1.2-28. PK Parameters (Mean ± SD) of Tofacitinib Following Administration of Multiple 
Twice-Daily Oral Doses of Tofacitinib to Healthy Subjects (Substudy 3) 

 
(Source: Table 21 of Study M13-845 CSR) 
 
Conclusions 
 

 In healthy subjects, following multiple BID dosing of ABT-494 IR capsule, ABT-494 Cmax and 
AUC were approximately dose-proportional over tested doses. 

 In subjects with RA, co-administration of MTX did not have clinically meaning effect of ABT-494 
PK.  Co-administration of ABT-494 did not have clinically meaning effect of MTX PK. 
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4.1.2-8 Study M13-548—Phase 1 ADME Study 
 
Title: Absorption, Distribution, Metabolism and Excretion Study of [14C] ABT-494 in Healthy 
Male Subjects Following Single Oral Dose Administration 
 
Objectives: evaluate the absorption, distribution, metabolism and excretion of ABT-494 
 
Study population: healthy male subjects (N=4) 
 
Drug product: [14C] ABT-494 oral solution, 30 mg active (free base equivalent) 
 
Study design: This was a Phase 1, single-dose, open-label, single-center, ADME, mass balance study in  
healthy adult male subjects (N = 4).  Each subject received a single 30 mg dose of ABT-494 
(~100 g of oral solution) containing approximately 100 μCi (actual = 108 μCi) [14C] ABT-494.  
 
PK sampling: 
Blood Samples for ABT-494 Assay, Total Radioactivity Determination and Metabolite Profiling and 
Identification:  
Blood samples were collected prior to dosing (0 hour) and at 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 18, 24, 48, 
72, 96, 120, 144, 168, 192, and 216 hours after dosing on Study Day 1. Blood sampling stopped after 168 
hours post dose if either greater than 90% of the administered radioactivity had been recovered or less 
than 1% of the radioactive dose had been recovered in two consecutive 24-hour urine and fecal collection 
periods. 
 
Urine Samples for Total Radioactivity Determination and Metabolite Profiling and Identification 
Urine for total radioactivity determination and metabolite profiling or identification was collected into a 
collection container without preservatives over the following intervals:0-6, 6-12, 12-24, 24-48, 48-72, 72-
96, 96-120, 120-144, 144-168, 168-192, and 192-216 hours after dosing on Study Day 1. Urine collection 
stopped after 168 hours post-dose if either greater than 90% of the administered radioactivity had been 
recovered or less than 1% of the radioactive dose had been recovered in two consecutive 24-hour urine 
and fecal collection periods. 
 
Fecal Samples for Total Radioactivity Determination and Metabolite Profiling and Identification 
Fecal samples were collected pre-dose (upon check-in before dosing) and quantitatively for the following 
intervals after dosing: 0-24, 24-48, 48-72, 72-96, 96-120, 120-144, 144-168, and 168-192 hours after 
dosing on Study Day 1. Fecal samples collection stopped after 168 hours post-dose if either greater than 
90% of the administered radioactivity had been recovered or less than 1% of the radioactive dose had 
been recovered in two consecutive 24-hour urine and fecal collection periods. 
 
Results  
Following administration of a single oral dose of 30 mg (100 μCi) [14C] ABT-494, 96% of the 
radioactivity was recovered in urine and feces within 216 hours of dosing. Of the total administered 
radioactive dose, approximately 53% was recovered in feces and 43% was recovered in urine. 
 
In plasma, unchanged ABT-494 accounted for 79% of the total radioactivity while metabolites M4 
(product of monooxidation followed by glucuronidation) and M11 (product of monooxidation followed by 
ring-opening) accounted for 13% and 7.1% of the total plasma radioactivity, respectively. 
 
Approximately 61% of the administered radioactive dose was excreted in urine and feces as parent ABT-
494 and 34% was excreted as metabolites. Approximately 24% of the administered radioactive dose was 
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recovered as unchanged parent drug in urine and 9.6% and 3.6% of the dose were recovered as M4 and 
M10 (product of monooxidation), respectively. In feces, approximately 38% of the total radioactive dose 
was recovered as parent drug and 6.3% was recovered as M11 metabolite. 

 
Figure 4.1.2-16. ABT-494 PK Profiles After Administration of a Single Oral Dose of 30 mg ABT-494 
(n=4) 
(Source: Figure 2 of Study M13-548 CSR) 
 
Table 4.1.2-29. PK Parameters (Mean ± SD) of ABT-494 After Administration of a Single Oral Dose 
of 30 mg ABT-494 

 
(Source: Figure 2 of Study M13-548 CSR) 
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Figure 4.1.2-17. Total Radioactivity (Mean + SD) Versus Time Profiles After Administration of a 30 
mg (100 μCi) Single Dose of [14C] ABT-494 
(Source: Figure 3 of Study M13-548 CSR) 
 
Table 4.1.2-30. PK Parameters (Mean ± SD) of Total Radioactivity in Blood and Plasma After 
Administration of 30 mg (100 μCi) [14C] ABT-494 

 
(Source: Table 7 of Study M13-548 CSR) 
 

 
Figure 4.1.2-18. Mean Cumulative Percent of Total Radioactivity Recovered in Urine and Feces 
After Administration of 30 mg (100 μCi) [14C] ABT-494 
(Source: Figure 4 of Study M13-548 CSR) 
 
Table 4.1.2-31. Mean ± SD Cumulative Percent Recovery of Radioactive Dose for [14C] ABT-494 in 
Feces and Urine up to 216 Hours After Administration 

 
(Source: Table 8 of Study M13-548 CSR) 
 
Table 4.1.2-32. Identification of Major (> 10%) ABT-494 Related Compounds in Circulation 

Reference ID: 4435111



 57

 
(Source: Table 9 of Study M13-548 CSR) 
 
Table 4.1.2-33. Total Percent Recovery of Radioactive Dose for [14C] ABT-494 and Metabolites in 
Pooled Feces and Urine 

 
(Source: Table 11 of Study M13-548 CSR) 
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Figure 4.1.2-19. Proposed Metabolic Pathway for ABT-494 and Proposed Structures of ABT-494 
Metabolites 
(Source: Figure 5 of Study M13-548 CSR) 
 
Conclusions 
 

 Following administration of a single oral dose of 30 mg (100 μCi) [14C] ABT-494, 96% of the 
radioactivity was recovered in urine and feces within 216 hours of dosing. Of which 
approximately 53% was recovered in feces and 43% was recovered in urine. 

 In plasma, unchanged ABT-494 accounted for 79% of the total radioactivity while metabolites M4 
(product of monooxidation followed by glucuronidation) and M11 (product of monooxidation 
followed by ring-opening) accounted for 13% and 7.1% of the total plasma radioactivity, 
respectively. 

 In urine, approximately 24% of the administered radioactive dose was recovered as unchanged 
parent drug and 9.6% and 3.6% of the dose were recovered as M4 and M10 (product of 
monooxidation), respectively. 

 In feces, approximately 38% of the total radioactive dose was recovered as parent drug and 6.3% 
was recovered as M11 metabolite. 

 
 
4.1.2-9 Study M13-543--Phase 1 Intrinsic Factor PK Study 
 
Title: A Double-Blinded, Randomized, Placebo-Controlled Phase 1 Study in Healthy Japanese 
and Chinese Adults to Evaluate the Safety, Tolerability and Pharmacokinetics of Single and Multiple 
Doses of ABT-494 
 
Objectives: safety, tolerability, and PK of ABT-494 under non-fasting conditions after single ascending 
and multiple doses of ABT-494 in healthy adult Japanese and Chinese subjects 
 
Study population: healthy adult Japanese and Chinese subjects (n=24 (part 1), 20 (part 2)) 
 
Drug product: 

 
 
Study design: This was a Phase 1, double-blinded, single-center study of single ascending and multiple 
oral doses of ABT-494. This study consisted of two parts. 
 
In Part 1, single ABT-494 doses were assessed in ascending order in three sequential groups. Each dose 
was taken orally under non-fasting conditions (~30 minutes after a meal). 
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In Part 2, multiple administrations of ABT-494 at 18 mg dose for 14 days in two groups (Groups 4 and 5) 
were assessed. Each dose of study drug was taken under non-fasting conditions (~30 minutes after a 
meal).  

 
 
PK sampling: 
Part 1:  

 Pre-dose (0 hour) and 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 16, 20, 24, 30, 36, 48, and 72 hours after 
dosing on Study Day 1. 

 
Part 2:  

 Day 1: pre-dose (0-hour) and at 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, and 12 hours post Day 1 morning 
dose. pre-dose for the evening dose. 

 Days 5, 6, 7, and 13: pre-dose for morning dose. 
 Day 14: pre-dose (0-hour) and at 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 16, 20, 24, 30, 36, 48, and 72 

hours post Day 14 morning dose. 
 
Results  
 
Part 1 
ABT-494 Tmax was approximately 2 hours. The mean terminal phase elimination half-life (t1/2) ranged 
from 6 to 9 hours. Cmax and AUC increase dose-proportionally.  
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Figure 4.1.2-20. ABT-494 PK Profiles Following Administration of Single Doses to Healthy 
Japanese Subjects, Linear Scale – Part 1 
(Source: Figure 2 of Study M13-543 CSR) 
 
Table 4.1.2-34. PK Parameters (Mean ± SD) of ABT-494 Following Administration of Single Doses 
to Healthy Japanese Subjects –Part 1 

 
(Source: Table 12 of Study M13-543 CSR) 
 
Part 2 
 

 
Figure 4.1.2-21. ABT-494 PK Profiles Following Administration of Multiple Twice Daily Oral Doses 
to Healthy Japanese and Chinese Subjects, Linear Scale – Part 2 
(Source: Figure 5 of Study M13-543 CSR) 
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Table 4.1.2-35. ABT-494 PK Parameters (Mean ± SD) Following Administration of 18 mg Twice 
Daily Oral Doses to Healthy Japanese and Chinese Subjects – Part 2 

 
(Source: Table 14 of Study M13-543 CSR) 
 
Conclusions 
 

 Following multiple BID dosing of ABT-494 IR capsule, steady state appeared to be achieved 
within 5 days. ABT-494 PK are generally comparable between Japanese and Chinese subjects.  

 
 
4.1.2-10 Study M13-539--Phase 1 Intrinsic Factor PK Study 
 
Title: A Phase 1 Study to Evaluate the Safety and Pharmacokinetics of a Single Dose of ABT-494 in 
Subjects with Mild or Moderate Hepatic Impairment 
 
Objectives: PK and safety of upadacitinib following oral administration of a single dose of upadacitinib 
in subjects with hepatic impairment 
 
Study population: subjects with hepatic impairment (n=18) 
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Drug product: Upadacitinib 15 mg  tablet (ER7) (Bulk Product Lot Number 15-005421) 
 
Study design: This was a Phase 1, single-dose, open-label, multicenter study to assess the PK and safety 
of upadacitinib following oral administration of a single 15 mg dose of upadacitinib once-daily tablet 
(ER7) in subjects with mild and moderate hepatic impairment (according to Child-Pugh classification) 
relative to healthy subjects. Six subjects were enrolled into each of the three groups: normal hepatic 
function (Group 1); mild hepatic impairment (Group 2); and moderate hepatic impairment (Group 3). 
 
PK sampling: pre-dose (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 post-dose 
 
Results  
Upadacitinib AUC was 28% and 24% higher in subjects with mild and moderate hepatic impairment, 
respectively, compared to subjects with normal hepatic function. Upadacitinib Cmax was similar in 
subjects with mild hepatic impairment and 43% higher in subjects with moderate hepatic impairment 
compared to subjects with normal hepatic function. 
 

 
Figure 4.1.2-22. Upadacitinib PK Profiles Following Administration of 15 mg Dose of Upadacitinib 
in Subjects with Normal and Impaired Hepatic Function Under Fasting Conditions 
Sensitivity Analysis excludes Subject  with low exposures from moderate hepatic impairment group. 
(Source: adapted from Figure 1 of Study M13-539 CSR) 
 
Table 4.1.2-36. PK Parameters (Mean ± SD) of Upadacitinib Following Administration of a Single 
15 mg Dose of Upadacitinib to Subjects with Normal and Impaired Hepatic Function Under Fasting 
Conditions 
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Phannacokinetic 
Parameters 
(units) 

C= (ng/mL) 

Tm,,/ (h) 

AUCt (ng·h/mL) 

AUC;nt 
(ng•h/mL) 

t11/ (h) 

CL/F (L/h) 

Group 1 

Subjects with 
Normal H epatic 

Function 
(N = 6) 

26.6 ± 8.39 

2.5 (l. 5 to 3.0) 

2 12 ± 56.5 

2 15 ± 56.l 

8.93 ± 4.8 7 

74.5 ± 2 1.6 

a. SensitiYity analysis excluding Subject 

b. Median (minimum to maximum). 

G rou12 2 

Subjects with 
Mild Hepatic 
lmpain nent 

(N = 6) 

27.3 ± 6.98 

2.5 ( 1.5 to 3 .0) 

(b)(6} 

270 ± 75.0 

2 74 ± 74.5 

7.99 ± 4.60 

58.1 ± 15.4 

c. Hannonic mean± pseudo-standard deviation. 

(Source: Table 4 of Study Ml3-539 CSR) 

Grotm 3 

Subjects with 
Moderate Hepatic 

Impairment 
(N = 6) 

33.0± 13.1 

1.5 (1.5 to 4.0) 

251±157 

252 ± 157 

4.06 ± l.27 

94.8 ± 80.9 

Group 3 
SeusUM ty Analysts: 

Subjects with 
Moderate Hepa tic 

Impair ment 
(N = 5)" 

37.2 ± 8.94 

1.5 (1.5 to 4.0) 

289± 141 

290 ± 141 

4 .14 ± l.46 

64. 1 ± 32.9 

Table 4.1.2-37. Effect of Hepatic Function on Upadacitinib Pharmacokinetic Parameters -Full 
Analysis Dataset 

Hepatic Function 
Ttst vs. 
Rt ft r t nce 

Mild vs . Nonna!• 

Moderate vs. 
Nonna lb 

Pharmacokinetic 
Parameter 

Cmax 

AUCt 

AUCinr 

Cm.u 

AUC, 

A UC inf 

Central Value 

Test Reference 

26.4 25.4 

312 245 

316 248 

30.1 25.4 

243 245 

243 248 

R atio of Central Values 

Point 90% Confidence 
Estimate I ntt r val 

l.038 0.702, 1.536 

1.274 0.796, 2.038 

1.278 0.800. 2.041 

1.185 0.800, 1.753 

0.991 0.620, 1.586 

0.983 0.616, 1.570 

a. Upadacitinib 15 mg single dose in subjects with mild hepatic i.mpainnem (Test) relative to upadacitinib 15 mg 
single dose in subjects with normal hepatic function (Reference). 

b. Upadacirinib 15 mg single dose in subjects with moderate hepatic impainnent (Test) relative to upadacitinib 15 mg 
single dose in subjects with nonnal hepatic function (Reference). 

(Source: Table 5 of Study Ml3-539 CSR) 

Table 4.1.2-38. Effect of Hepatic Function on Upadacitinib Pharmacokinetic Parameters -
Sensitivity Analysis Excluding Outlier Subject (3004) with Low Exposures from the Moderate 
Hepatic Impairment Group 
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One subject (Subject ) in the moderate hepatic impairment group (Group 3) had 72% lower upadacitinib AUC compared to the mean 
AUC in subjects with normal hepatic function group (Group 1). Additionally, the subject's upadacitinib Cmax and AUC were noticeably 
lower than all other subjects in the study. 
(Source: Table 6 of Study M13-539 CSR) 
 

Conclusions 
 
Following a single dose of upadacitinib 15 mg ER tablet, 

 Upadacitinib Cmax was similar in subjects with mild hepatic impairment and 43% higher in 
subjects with moderate hepatic impairment compared to subjects with normal hepatic function. 

 Upadacitinib AUC was 28% and 24% higher in subjects with mild and moderate hepatic 
impairment, respectively, compared to subjects with normal hepatic function. 

 

 
 
4.1.2-11 Study M13-551--Phase 1 Intrinsic Factor PK Study 
 
Title: A Phase 1 Study to Evaluate the Safety and Pharmacokinetics of a Single Dose of ABT-494 in 
Subjects with Normal and Impaired Renal Function 
 
Objectives: PK and safety of a single upadacitinib dose in subjects with normal renal function, and in 
subjects with mild, moderate and severe renal impairment 
 
Study population: 

 
 
Drug product: 
Upadacitinib 15 mg extended-release tablet (Bulk Product Lot Number 15-005421) 
 
Study design: This was a Phase 1, single-dose, open-label, multicenter study.  Upadacitinib 15 mg was 
taken orally after an approximate 10-hour fast and 4 hours before lunch. 
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PK sampling: 
Blood samples were collected prior to 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 were collected 0 to 12, 12 to 24, 24 to 48, 48 to 72, 72 to 96, and 96 to 120 hours after 
dosing. 
 
Results  
 Upadacitinib mean Cmax were similar and mean AUCinf were 18%, 33% and 44% higher in subjects 
with mild, moderate, and severe renal impairment, respectively, compared to subjects with normal renal 
function.  
 

 
Figure 4.1.2-23. Upadacitinib PK Profiles Following Administration of a Single 15 mg Dose of 
Upadacitinib in Subjects with Normal and Impaired Renal Function Under Fasting Conditions, 
Linear Scale 
One subject (Subject ) in the moderate renal impairment group (Group 3) had 77% lower upadacitinib AUC compared to the mean AUC 
in subjects with normal renal function group (Group 1). Additionally, the subject's upadacitinib Cmax and AUC were noticeably lower than 
all other subjects with moderate renal impairment (Group 3). 
(Source: Figure 1 of Study M13-551 CSR) 
 

Table 4.1.2-39. PK Parameters (Mean ± SD) of Upadacitinib Following Administration of a Single 
15 mg Dose of Upadacitinib in Subjects with Normal and Impaired Renal Function Under Fasting 
Conditions 
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Subj ect Group 

Grouu 1 Group 2 Grou1> 3 Grouu 3 Grouu 4 
Sensitivity 
Analysis: 

Normal Mild Moderat t' Mocleratt' Sevt'rt' 
Phannacokinetic Renal Ren al Renal Renal R enal 
Pa r amt'tt'r Function Impairmt'nt Impain n t'nt Impain neu t Impair ment 
(units) (N = 6) (N = 6) (N = 6) (N = 5)" (N = 6) 

Cm.,_" (ng/mL) 31.l ± 11 .8 32.5 ± 10.2 25 .2 ± 10.2 28.2 ± 8.05 33.7 ± 5.96 

T maxb (h) 1.8 (1.0 - 6.0) 2 .5 ( 1.5 - 6.0) 1.5 (0.5 - 6.0) 1.5 (1.0 - 6.0) 3 .5 (2.0 - 6.0) 

AUC. (ng•h/mL) 265 ± 75 .5 314 ± 87.9 309 ± 144 358 ± 85.8 337 ± 63 .6 

AUCinf (ng•h/mL) 270 ± 77.7 323 ± 90.7 3 11± 145 361±86.9 341±63.2 

l 112 (. (h) 11.0 ± 5.5 1 10.5±7.00 8.14 ± 7.08 10.4 ± 11.2 8.63 ± 4.43 

4 (%) 9 .9 1 ± 4.05 7.03 ± 3.05 4 .10 ± 2.02 4.76 ± 1.34 2 .48 ± 1.62 

CLR (L/h) 5.64 ± 2. 13 3.42 ± 1.53 2. 10 ± 0.837 2 .14 ± 0 .930 1.06 ± 0.547 
. .. . . . 00~ . . . . . . 

a. Seus1h\'1ty analysis exclndu1g Sub1ect who had d1stmct1\·ely low npadac1tuub exposure. 

b. Median (mil1innuu d1rough maxiluum). 

c. Hannonic mean (pseudo-standard deviation): evahk1tions of t112 were based on statistical tests for~ (BETA). 
(Source: Table 5 of Study M l 3-551 CSR) 

Table 4.1.2-40. Effect of Renal Impairment on Upadacitinib Cmax and AUC [Full Dataset Analysis] 
Regr t>ssion Analysis Rt>gression Analysis of 

ofeGFR CL<r A~COVA 

Grnup 
Tt>st vs. Point Point Point 
Refrnn ce P11n1111t-tt>r Estinrntt> 90% CI Esti11111tt' 90% CI Estimllfe 90% CI 

Cmax 1.060 0.899 - 1.102 0.947 - 1.071 0.789 -
1.250 1.281 1.453 

Mild 
AUC, 1.150 0.966 - 1.202 1.029 - 1.211 0.846 -

VS 
l.37 1 1.404 1.735 

Nonna! 
AUCinf 1.146 0.961 - 1.201 1.027 - 1.224 0.854 -

1.367 1.404 1.755 

Cmax 1.102 0.837 - 1.175 0.914 - 0.702 0.5 14 -
1.451 1.5 11 0.960 

Moderate 
AUC, 1.263 0.943 - 1.358 1.048 - 0.885 0.612 -

VS 
1.691 1.760 1.278 

Nom1al 
AUCin! 1.255 0.936 - 1.357 1.046 - 0.882 0.610 -

1.683 l.759 1.275 

Cmax 1.134 0.793 - 1.233 0.890 - 1.225 0.900 -
1.622 1.710 1.668 

Severe 
AUC, 1.355 0.927 - 1.489 1 063 - 1.432 0.996 -

VS 
1.980 2.085 2.059 

No1mal 
AUCinf 1.344 0.917 - 1.487 1.060 - 1.424 0.989 -

l.968 2 .084 2.050 

CI = Confidence Ime1Yal 

(Source: Table 6 of Study M l 3-551 CSR) 

Table 4.1.2-41. Effect of Renal Impairment on Upadacitinib Cmax and AUC [Sensitivity Analysis 
Excluding an Outlier with Low Exposure in the Moderate Renal Impairment Category] 
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(Source: Table 7 of Study M13-551 CSR) 
 
Conclusions 
 
Following a single dose of upadacitinib 15 mg ER tablet, 

 Upadacitinib Cmax were similar in subjects with mild, moderate, and severe renal impairment 
compared to subjects with normal renal function.  

 Upadacitinib AUCinf were 18%, 33% and 44% higher in subjects with mild, moderate, and severe 
renal impairment, respectively, compared to subjects with normal renal function 

 
 
4.1.2-12 Study M15-558--Phase 1 Intrinsic Factor PK Study 
 
Title: A Double-Blind, Randomized, Placebo-Controlled Phase 1 Study in Healthy Chinese Adults to 
Evaluate the Safety, Tolerability and Pharmacokinetics of Multiple Doses of ABT-494 
 
Objectives: safety, tolerability and PK of multiple once-daily oral doses of upadacitinib (ABT-494) in 
healthy Chinese subjects 
 
Study population: healthy Chinese subjects (n=36) 
 
Drug product: Upadacitinib ER tables 15 mg (ER7, Bulk Lot 16-005249) and 30 mg (ER8, Bulk Lot 16-
005870) 
 
Study design: This was a Phase 1, double-blind, randomized, placebo-controlled study in 36 healthy 
Chinese adults residing in China. Subjects were given multiple doses of upadacitinib 15 mg, 30 mg, and 
45 mg QD for 7 days.  
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PK sampling: 
Day 1: predose and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 16, and 24 hours after dosing;  
Day 7: predose and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10, 12, 16, 24, 36, 48, and 72 hours after dosing;  
Days 3, 4, 5, 6: predose 
 
Results  
Upadacitinib PK in healthy Chinese subjects were consistent with previous studies in healthy Western 
subjects.   

 
Figure 4.1.2-24. Upadacitinib PK Profiles Following Administration of Multiple Doses of 15 mg, 30 
mg, or 45 mg Using Upadacitinib ER Tablet Formulation in Healthy Chinese Subjects Under Non-
Fasting Conditions, Linear Scale 
(Source: Figure 1 of Study M15-558 CSR) 
 
Table 4.1.2-42. PK Parameters (Mean ± SD) of Upadacitinib Following Administration of Multiple 
Doses of 15 mg, 30 mg, or 45 mg of Upadacitinib ER Tablet Formulation in Chinese Subjects Under 
Non-Fasting Conditions 

Reference ID: 4435111



 69

 
(Source: Table 5 of Study M15-558 CSR) 

 
Table 4.1.2-43. Comparison of Day 7 Dose-Normalized Upadacitinib PK Parameters Between 
Healthy Chinese and Western Subjects Under Non-Fasting Conditions 

 
(Source: Table 6 of Study M15-558 CSR) 
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Conclusions 
 

 Upadacitinib PK in healthy Chinese subjects were consistent with previous studies in healthy 
Western subjects.   

 
 
4.1.2-13 Study M13-540--Phase 1 Extrinsic Factor PK Study 
 
Title: A Phase 1 Study to Evaluate the Effects of the Co-Administration of Rifampin on the 
Pharmacokinetics and Safety of a Single Dose of ABT-494 in Healthy Adult Subjects 
 
Objectives: PK, safety and tolerability of ABT-494 (a CYP3A substrate) when administered with 
rifampin (a potent CYP3A inducer) 
 
Study population: healthy adult subjects (n=12) 
 
Drug product: ABT-494 capsule 12 mg (Bulk Product Lot Number 13-003488) 
 
Study design: 
This Phase 1, open-label study was conducted according to a two-period, sequential design to evaluate the 
effects of rifampin on a single dose of ABT-494.   
 

 

 
 
PK sampling: 
Predose and 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 10, 12, 15, 18, 24, 30 and 36 hours after ABT-494 dosing on 
Study Day 1 of Period 1 and Study Days, 1 and 8 of Period 2. 
 
Blood samples were obtained for the rifampin assay 2 hours after rifampin dosing on Study Days 1, 4, 6, 
and 8 of Period 2. 
 
Results  
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Single doses of rifampin had no clinically meaningful effect on ABT-494 exposure. Administration of 
ABT-494 on Day 8 of a 9-day regimen of rifampin decreased the central values of ABT-494 Cmax and 
AUC by approximately 50% and 60%, indicating that administration of ABT-494 with repeated doses of a 
strong CYP3A inducer results in a moderate decrease in ABT-494 exposure. 
 

 
Figure 4.1.2-25. ABT-494 PK Profiles Following Administration of ABT-494 Alone and with Single 
and Multiple QD Doses of Rifampin to Healthy Subjects, Linear Scale 
(Source: Figure 3 of Study M13-540 CSR) 
 
Table 4.1.2-44. PK Parameters (Mean ± SD) of ABT-494 Following Administration of ABT-494 
Alone and with Single and Multiple QD Doses of Rifampin to Healthy Subjects 

 
(Source: Table 5 of Study M13-540 CSR) 
 
Table 4.1.2-45. Bioavailability of ABT-494 When Administered with Single and Multiple Doses of 
Rifampin Relative to that When Administered Alone 
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(Source: Table 7 of Study M13-540 CSR) 
 
Conclusions 
 

 Single doses of rifampin (as an OATP1B inhibitor) had no clinically meaningful effect on ABT-
494 exposure. 

 Administration of repeated doses of rifampin as a strong CYP3A inducer decreased ABT-494 Cmax 

and AUC by approximately 50% and 60%. 
 
 
4.1.2-14 Study M13-541--Phase 1 Extrinsic Factor PK Study 
 
Title: A Phase 1 Study to Assess the Effects of Co-Administration of ABT-494 on the Pharmacokinetics 
of Select Statins 
 
Objectives: PK and safety of rosuvastatin and atorvastatin when administered in combination with ABT-
494; effect of single doses of rosuvastatin and atorvastatin on the steady-state PK of ABT-494 
 
Study populations: healthy subjects (n=12) 
 
Drug product: ABT-494  tablet, 30 mg (Bulk Product Lot Number 15-005425)  
 
Study design: 
This was a Phase 1, single center, two-part, study. Each Study Part followed a single-sequence 2-period, 
open-label design.   
 

 

Reference ID: 4435111

(b) (4)



 73

 
PK sampling: 
Rosuvastatin Assay (Part 1) 

 Day 1, Period 1: Prior to rosuvastatin dosing (0 hour) and at 0.5, 1, 2, 3, 4, 5, 6, 8, 11, 15, 23, 36, 
48, 72 and 96 hours after rosuvastatin dosing. 

 Day 7, Period 2: Prior to rosuvastatin dosing (0 hour) and at 0.5, 1, 2, 3, 4, 5, 6, 8, 11, 15, 23, 36, 
48, 72 and 96 hours after rosuvastatin dosing. 

 
Atorvastatin and Ortho-Hydroxyatorvastatin Assay (Part 2) 

 Day 1, Period 1: Prior to atorvastatin dosing (0 hour) and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 11, 15, 23, 36, 
48, 72 and 96 hours after atorvastatin dosing. 

 Day 7, Period 2: Prior to atorvastatin dosing (0 hour) and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 11, 15, 23, 36, 
48, 72 and 96 hours after atorvastatin dosing. 

 
ABT-494 Assay (Parts 1 and 2) 

 Day 6, Period 2: Prior to ABT-494 dosing (0 hour) and at 0.5, 1, 2, 3, 4, 7, 9, 12, and 16 hours 
after ABT-494 dosing. 

 Day 7, Period 2: Prior to ABT-494 dosing (0 hour; 24 hours after Day 6 ABT-494 dose) and at 0.5, 
1 (prior to the statin dose), 2, 3, 4, 7, 9, 12, 16, 24 hours after ABT-494 dosing. 

 
Results  
Following the administration of rosuvastatin or atorvastatin on Day 7 of a 10-Day multiple-dose regimen 
(30 mg QD using IR formulation) of ABT-494, the ratios for concomitant administration with ABT-494 
relative to administration alone were 0.77, 0.71, and 0.67 for rosuvastatin Cmax, AUCt, and AUCinf and 
0.88, 0.77, and 0.77 for atorvastatin Cmax, AUCt, and AUCinf, respectively. Administration of single 
doses of 5 mg rosuvastatin or 10 mg atorvastatin had no relevant effect on ABT-494 AUC0-24 and Cmax 
at steady-state.  
 
Rosuvastatin PK (Part 1) 
 

 
Figure 4.1.2-26. Rosuvastatin PK Profiles Following Administration of 5 mg Single Doses of 
Rosuvastatin Alone and with a Multiple-Dose Regimen of ABT-494 30 mg QD 
Period 1, Day 1: Rosuvastatin 5 mg single dose 
Period 2, Day 7: ABT-494 30 mg QD + rosuvastatin 5 mg single dose 
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(Source: Figure 1 of Study M13-541) 
 
Table 4.1.2-46. PK Parameters of Rosuvastatin Following Administration of 5 mg Single Doses of 
Rosuvastatin Alone and with a Multiple-Dose Regimen of ABT-494 30 mg QD 

 
(Source: Table 4 of Study M13-541) 
 
Atorvastatin and Ortho-Hydroxyatorvastatin (Part 2) 
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Figure 4.1.2-27. Atorvastatin and Ortho-Hydroxyatorvastatin PK Profiles Following 
Administration of 10 mg Single Doses of Atorvastatin Alone and with a Multiple-Dose Regimen of 
ABT-494 30 mg QD 
Period 1, Day 1: Atorvastatin 10 mg single dose 
Period 2, Day 7: ABT-494 30 mg QD + atorvastatin 10 mg single dose 
(Source: Figure 2 of Study M13-541) 

 
Table 4.1.2-47. PK Parameters of Atorvastatin and Ortho-Hydroxyatorvastatin Following 
Administration of 10 mg Single Doses of Atorvastatin Alone and with a Multiple-Dose Regimen of 
ABT-494 30 mg QD 

 
(Source: Table 5 of Study M13-541) 
 
Table 4.1.2-48. PK Comparison of Rosuvastatin, Atorvastatin and Ortho-Hydroxyatorvastatin 
when Administered with a 30 mg Multiple-Dose Regimen of ABT-494 Relative to when 
Administered Alone 
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(Source: Table 6 of Study M13-541) 
 
ABT-494 PK 

 
Figure 4.1.2-28. Mean Steady-State ABT-494 Plasma Concentration Versus Time Profiles Following 
Administration of ABT-494 30 mg QD Alone and with Single Doses of Rosuvastatin (Part 1) and 
Atorvastatin (Part 2) 
Part 1: Period 2, Day 6: ABT-494 30 mg QD alone 
Part 1: Period 2, Day 7: ABT-494 30 mg QD + rosuvastatin 5 mg single dose 
Part 2: Period 2, Day 6: ABT-494 30 mg QD alone 
Part 2: Period 2, Day 7: ABT-494 30 mg QD + atorvastatin 10 mg single dose 
(Source: Figure 4 of Study M13-541) 
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Table 4.1.2-49. Steady-State PK Parameters of ABT-494 Following Administration of ABT-494 30 
mg QD Alone and with Single Doses of Rosuvastatin (Part 1) and Atorvastatin (Part 2) 

 
(Source: Table 7 of Study M13-541) 
 
Table 4.1.2-50. Steady-State ABT-494 PK Comparison when Administered with Rosuvastatin and 
Atorvastatin Relative to when Administered Alone 

 
(Source: Table 8 of Study M13-541) 
 
Conclusions 
 

 Following the administration of rosuvastatin or atorvastatin on Day 7 of a 10-Day multiple-dose 
regimen (30 mg QD using ER) of ABT-494, co-administration of ABT-494 had no clinically 
meaningful effect on rosuvastatin and atorvastatin exposure. 

 Co-administration of single dose of 5 mg rosuvastatin or 10 mg atorvastatin had no clinically 
meaningful effect on ABT-494 AUC0-24 and Cmax at steady-state.  

 
 
4.1.2-15 Study M14-624--Phase 1 Extrinsic Factor PK Study 
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Title: A Phase 1 Study to Evaluate the Effect of Multiple Doses of ABT-494 on the Pharmacokinetics and 
Safety of Cytochrome P450 Substrates Midazolam, Caffeine, Warfarin, Omeprazole, and 
Dextromethorphan in Healthy Adult Subjects 
 
Objectives: the effect of repeated doses of ABT-494 on the PK of specific substrates of CYP enzymes 
 
Study population: healthy subjects (n=20) 
 
Drug product: ABT-494 tablets, 30 mg (Bulk Product Lot Number 15-005424) 
 
Study design: This single-center, multiple-dose, open-label, single-arm study evaluated the impact of co-
administration of multiple-doses of ABT-494 on specific probe drug substrates for different CYP 
enzymes.   

 
 
PK sampling: 
Blood Samples for CYP Probe Substrates Assays 
Midazolam: Period 1 Day 1 and Period 2 Day 11: predose and at 0.5, 1, 2, 3, 4, 6, 8, 10, 12 and 24 hours 
after dosing. 
 
Caffeine: Period 1 Day 2 and Period 2 Day 12: predose and at 0.5, 1, 2, 3, 4, 6, 8, 10, 12, 24, and 36 hours 
after dosing. 
 
Omeprazole and 5-hydroxy-omeprazole (omeperazole metabolite): Period 1 Day 2 and Period 2 Day 12: 
predose and at 0.5, 1, 2, 3, 4, 6, 8, 10, 12 and 24 hours after dosing. 
 
Dextromethorphan: Period 1 Day 2 and Period 2 Day 12: predose and at 0.5, 1, 2, 3, 4, 6, 8, 10, 12, 24, 48, 
and 72 hours after dosing. 
 
Warfarin: Period 1 Day 2 and Period 2 Day 12: predose and at 0.5, 1, 2, 3, 4, 6, 8, 10, 12, 24, 48, 72, and 
96 hours after dosing. 
 
Urine Samples for Dextromethorphan and Dextrorphan Assays 
Urine was collected in containers without preservatives over the following intervals: 0 to 6 and 6 to 12 
hours Period 1 Day 2 and Period 2 Day 12. 
 
Results  
Administration of multiple 30 mg QD doses of ABT-494 resulted in 26% decrease in AUC and Cmax of 
midazolam, a very sensitive CYP3A substrate, and no clinically relevant effect on exposure of the 
sensitive in vivo probe substrates/markers for CYP1A2, CYP2C9, CYP2C19, and CYP2D6. 
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Table 4.1.2-51. Effect of ABT-494 on Pharmacokinetic Parameters of CYP Probe Substrates 
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(Source: Table 9 of Study M14-624 CSR) 
 
 

 
Figure 4.1.2-29. Point Estimate and 90% Confidence Intervals for the Effect of ABT-494 on PK 
Parameters of CYP Probe Substrates 
(Source: Figure 6 of Study M14-624 CSR) 
 
Midazolam PK 
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Figure 4.1.2-30. Mean Midazolam PK Profiles Following Administration of a Single Dose of 5 mg 
Midazolam Alone and with Repeated ABT-494 30 mg QD 
(Source: Figure 1 of Study M14-624 CSR) 
 
Table 4.1.2-52. PK Parameters of Midazolam Following Administration of a Single Dose of 5 mg 
Midazolam Alone and with Repeated ABT-494 30 mg QD 

 
(Source: Table 4 of Study M14-624 CSR) 
 
Caffeine PK 
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Figure 4.1.2-31. Mean Caffeine PK Profiles Following Administration of CYP Cocktail Alone and 
with Repeated ABT-494 30 mg QD 
(Source: Figure 2 of Study M14-624 CSR) 
 
Table 4.1.2-53. PK Parameters of Caffeine Following Administration of CYP Cocktail Alone and 
with Repeated ABT-494 30 mg QD 

 
(Source: Table 5 of Study M14-624 CSR) 
 
Warfarin PK 
 

 
Figure 4.1.2-32. Mean S-Warfarin and R-Warfarin PK Profiles Following Administration of CYP 
Cocktail Alone and with Repeated ABT-494 30 mg QD 
(Source: Figure 3 of Study M14-624 CSR) 
 
Table 4.1.2-54. PK Parameters of Warfarin Following Administration of CYP Cocktail Alone and 
with Repeated ABT-494 30 mg QD 
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(Source: Table 6 of Study M14-624 CSR) 
 
Dextromethorphan PK 

 
Figure 4.1.2-33. Mean Dextromethorphan PK Profiles Following Administration of CYP Cocktail 
Alone and with Repeated ABT-494 30 mg QD 
(Source: Figure 4 of Study M14-624 CSR) 
 
Table 4.1.2-55. PK Parameters of Dextromethorphan Following Administration of CYP Cocktail 
Alone and with Repeated ABT-494 30 mg QD 
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(Source: Table 7 of Study M14-624 CSR) 
 
PK of Omeprazole and its metabolite 5-Hydroxy-Omeprazole 
 

 
Figure 4.1.2-34. Mean Omeprazole and 5-Hydroxy-Omeprazole PK Profiles Following 
Administration of CYP Cocktail Alone and with Repeated ABT-494 30 mg QD 
(Source: Figure 5 of Study M14-624 CSR) 
 
Table 4.1.2-56. PK Parameters of Omeprazole and 5-Hydroxy-Omeprazole Following 
Administration of CYP Cocktail Alone and with Repeated ABT-494 30 mg QD 

 
(Source: Table 8 of Study M14-624 CSR) 
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Conclusions 
 

 Administration of multiple 30 mg QD doses of ABT-494 resulted in 26% decrease in AUC and 
Cmax of midazolam, a very sensitive CYP3A substrate, and no clinically relevant effect on 
exposure of the sensitive in vivo probe substrates/markers for CYP1A2, CYP2C9, CYP2C19, and 
CYP2D6. 

 
 
4.1.2-16 Study M14-625--Phase 1 Extrinsic Factor PK Study 
 
Title: A Phase 1 Study to Assess the Effect of Multiple Doses of ABT-494 on the Pharmacokinetics of 
Ethinylestradiol and Levonorgestrel 
 
Objectives: the effect of multiple doses of upadacitinib on the pharmacokinetics of ethinylestradiol and 
levonorgestrel in healthy female subjects 
 
Study populations: healthy female subjects (n=20) 
 
Drug product: Upadacitinib ER tablets 30 mg (ER8) (Bulk Product Lot Number 15-005425) 
 
Study design: This was a Phase 1, single center, open-label study.   

 
 
PK sampling: 
Blood samples for ethinylestradiol and levonorgestrel were collected pre-dose (0 hour) and at 0.25, 0.5, 1, 
1.5, 2, 3, 4, 6, 8, 12, 16, 24, 48, 72 and 96 hours. 
 
Results  
Administration of multiple doses of upadactinib 30 mg QD does not have clinical meaningful effect on 
plasma exposures of ethinylestradiol or levonorgestrel. 
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Figure 4.1.2-35. Mean Ethinylestradiol and Levonorgestrel PK Profiles Following Administration of 
Single Doses of 0.03 mg Ethinylestradiol and 0.15 mg Levonorgestrel Alone and With Repeated 
Administration of Upadacitinib 30 mg QD 
(Source: Figure 2 of Study M14-625 CSR) 
 
Table 4.1.2-57. PK Parameters of Ethinylestradiol and Levonorgestrel Following Administration of 
Single Doses of 0.03 mg Ethinylestradiol and 0.15 mg Levonorgestrel Alone and With Repeated 
Administration of Upadacitinib 30 mg QD 
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(Source: Table 3 of Study M14-625 CSR) 
 
Table 4.1.2-58. Effect of Upadacitinib 30 mg QD on Ethinylestradiol and Levonorgestrel PK  

 
(Source: Table 4 of Study M14-625 CSR) 
 
Conclusions 
 

 Administration of multiple doses of upadactinib 30 mg QD does not have clinical meaningful 
effect on plasma exposures of ethinylestradiol or levonorgestrel. 

 
 
4.1.2-17 Study M17-221--Phase 1 Extrinsic Factor PK Study 
 
Title: A Phase 1 Study to Evaluate the Effect of Multiple Doses of Upadacitinib on the Pharmacokinetics 
of Bupropion in Healthy Adult Subjects 
 
Objectives: the effect of multiple doses of upadacitinib on PK bupropion, a probe CYP2B6 substrate 
 
Study population: healthy subjects (n=22) 
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Drug product: Upadacitinib ER tablet 15 mg (ER7) (Bulk Product Lot Number 16-005249) 
 
Study design: This Phase 1, single-center, multiple-dose, open-label, two-period, one sequence study was 
conducted in 22 healthy adult male and female subjects.  

 Period 1: Bupropion 150 mg single dose was administered under fasting conditions on Day 1. 
 Period 2: Upadacitinib 30 mg (2 × 15 mg ER tablets) was administered in the morning under non-

fasting conditions on Days 1 - 11 and Days 13 - 16. Bupropion 150 mg single dose was co-
administered with upadacitinib 30 mg in the morning under fasting conditions  on Day 12. 
 

 
 
PK sampling: 
Blood samples for assay of bupropion and hydroxybupropion (metabolite of bupropion formed mainly 
through CYP2B6) were collected pre-dose (0 hour) and at 1, 2, 3, 4, 5, 6, 8, 10, 12, 16, 24, 36, 48, 72, 96 
and 120 hours after the morning dose on Day 1 in Period 1 and on Day 12 in Period 2. 
 
Blood samples for assay of upadacitinib were collected pre-dose (0 hour) and at 1.5, 3, 4, 6, 8, 12 and 24 
hours after the morning dose on Day 11 in Period 2. 
 
Results  
Upadacitinib had no clinically relevant impact on bupropion exposure, suggesting that 30 mg upadacitinib 
QD dose does not induce CYP2B6 activity. 
 

 
Figure 4.1.2-36. Mean Bupropion PK Profiles Following Administration of Bupropion Alone and 
With a Multiple-Dose Regimen of Upadacitinib 30 mg QD 
(Source: Figure 2 of Study M17-221 CSR) 
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Table 4.1.2-59. PK Parameters of Bupropion Following Administration of Bupropion Alone and 
After Multiple Doses of Upadacitinib 30 mg QD Doses 

 
(Source: Table 4 of Study M17-221 CSR) 
 
Table 4.1.2-60. Point Estimates and 90% Confidence Intervals for the Pharmacokinetic Parameters 
of Bupropion when Administered on Day 12 of 16-day Multiple-Dose Regimen of Upadacitinib 30 
mg Relative to when Administered Alone 

 
(Source: Table 5 of Study M17-221 CSR) 
 
Conclusions 
 

 Administration of multiple doses of upadactinib 30 mg QD does not have clinical meaningful 
effect on plasma exposures of ethinylestradiol or levonorgestrel. 

 
 
4.1.2-18 Study M13-537--Phase 2 Dose-Ranging Study 
 
Title:  A Randomized, Double-Blind, Placebo-Controlled, Phase 2 Study to Investigate the Safety and 
Efficacy of ABT-494 with Background Methotrexate (MTX) in Subjects with Active Rheumatoid 
Arthritis (RA) Who Have Had an Inadequate Response to MTX Alone 
 
Objectives: efficacy and safety 
 
Study population: subjects with moderately to severely active RA who had shown inadequate response 
to MTX and were naïve to biologic therapy (n=299, (50 placebo; 249 ABT-494)) 
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Drug product: 
ABT-494 3 mg IR capsules for oral administration; Bulk lot number: 13-004590; 15-000327 
ABT-494 12 mg IR capsules for oral administration; Bulk lot number: 13-004770; 15-000395  
 
Study design:  This was a Phase 2, randomized, double-blind, parallel-group, placebo-controlled 
multicenter study comparing the safety and efficacy of multiple doses of ABT-494 versus placebo 
administered for 12 weeks in subjects with moderately to severely active RA who had shown inadequate 
response to MTX and were naïve to biologic therapy. Subjects were randomized in a 1:1:1:1:1:1 ratio to 1 
of 6 treatment arms. The primary efficacy endpoint was the ACR20 response rate at Week 12. 
 

 
 
PK sampling: 

 PK trough (prior to morning dose) samples were collected at each visit. 
 If a visit could not be scheduled in the morning, the subject was instructed to take the morning 

dose at the regular schedule, and the PK sample was to be collected at any time during the visit, 
preferably within 1 to 8 hours after dose. 

 For ~30% of subjects, in addition to trough PK samples at each visit, PK samples were collected 
on Day 1 (Baseline) and Week 8 at 1, 2, and 3 hours post-morning dose. 

 
Results  
 
Efficacy:  
 
Table 4.1.2-61. ACR20 Response Rates at Week 12 (mITT Population; LOCF) 

 
(Source: Table 9 of Study M13-537 CSR) 
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Figure 4.1.2-37. ACR20 Response Rates from Baseline Through Week 12 (mITT Population; 
LOCF) 
(Source: Figure 3 of Study M13-537 CSR) 
 
PK 
ABT-494 mean (SD) plasma concentrations are summarized by dose group and time window in the table 
as below.  The drug concentration levels were also included in ABT-494 exposure-response analyses. 
 
Table 4.1.2-62. ABT-494 Plasma Concentrations Categorized by Treatment and Time from 
Previous Dose 
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(Source: Table 24 of Study M13-537 CSR) 

 
Table 4.1.2-63. ABT-494 Cmax and Tmax on Day 1 and at Week 8 in Subjects Who Participated in 
the Intensive PK Sampling Cohort 

 
(Source: Table 25 of Study M13-537 CSR) 
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Conclusions 
 

 While the ACR20 response rates at Week 12 with 12 mg BID were slightly higher as compared to 
6 mg BID, both 6 mg BID and 12 mg BID were significantly higher than placebo and no 
additional increase in ACR20 response was observed with doses higher than 12 mg BID.   

 
4.1.2-19 Study M13-550--Phase 2 Dose-Ranging Study 
 
Title: A Randomized, Double-Blind, Placebo-Controlled, Phase 2 Study to Investigate the Safety and 
Efficacy of ABT-494 Given with Methotrexate (MTX) in Subjects with Moderately to Severely Active 
Rheumatoid Arthritis (RA) Who Have Had an Inadequate Response or Intolerance to Anti-TNF Biologic 
Therapy 
 
Objectives: efficacy and safety 
 
Study population: subjects with moderately to severely active RA on stable background MTX therapy 
who had shown an inadequate response or intolerance to anti-TNF biologic therapy (n=276 (56 placebo; 
220 ABT-494)) 
  
Drug product: 
ABT-494 3 mg IR capsules for oral administration; Bulk lot number: 13-003339; 13-004590. 
ABT-494 12 mg IR capsules for oral administration; Bulk lot number: 13-003488; 13-004770 
 
Study design: 
This was a Phase 2, randomized, double-blind, parallel-group, placebo-controlled multicenter study 
comparing the safety and efficacy of multiple doses of ABT-494 versus placebo administered for 
12 weeks in subjects with moderately to severely active RA who had an inadequate response or 
intolerance to anti-TNF biologic therapy.  Study drug was to be taken BID orally for 12 weeks. The 
primary endpoint was the ACR20 response rate at Week 12. 

 
 
PK sampling: 

 PK trough (prior to morning dose) samples were collected at each visit. 
 If a visit could not be scheduled in the morning, the subject was instructed to take the morning 

dose at the regular schedule, and the PK sample was to be collected at any time during the visit, 
preferably within 1 to 8 hours after dose. 
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 For ~30% of subjects, in addition to trough PK samples at each visit, PK samples were collected 
on Day 1 (Baseline) and Week 8 at 1, 2, and 3 hours post-morning dose. 

 
Results  
Efficacy 
 
Table 4.1.2-64. ACR20 Response Rates at Week 12 (mITT Population; LOCF) 

 
(Source: Table 9 of Study M13-550 CSR) 
 

 
Figure 4.1.2-38. ACR20 Response Rates from Baseline through Week 12 (mITT Population; LOCF) 
(Source: Figure 3 of Study M13-550 CSR) 
 
PK 
ABT-494 mean (SD) plasma concentrations are summarized by dose group and time window in the table 
as below.   
 
Table 4.1.2-65. ABT-494 Plasma Concentrations Categorized by Treatment and Time from 
Previous Dose 
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(Source: Table 23 of Study M13-550 CSR) 
 
Table 4.1.2-66. ABT-494 Cmax and Tmax on Day 1 and at Week 8 in Subjects Who Participated in 
the Intensive PK Sampling Cohorts 

 
(Source: Table 24 of Study M13-550 CSR) 
 
Conclusions 
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 While the ACR20 response rates at Week 12 with 12 mg BID were slightly higher as compared to 
6 mg BID, both 6 mg BID and 12 mg BID were significantly higher than placebo and no 
additional increase in ACR20 response was observed with doses higher than 12 mg BID.   
 

 
4.1.2-20 Study M14-663--Phase 2 Dose-Ranging Study (Japan) 
 
Title: A Phase 2b/3, Randomized, Double-Blind Study Comparing Upadacitinib (ABT-494) to 
Placebo in Japanese Subjects with Moderately to Severely Active Rheumatoid Arthritis Who Are on a 
Stable Dose of Conventional Synthetic Disease-Modifying Anti-Rheumatic Drugs (csDMARDs) and 
Have an Inadequate Response to csDMARDs 
 
Objectives: efficacy, safety and tolerability 
 
Study population: Japanese subjects with moderately to severely active RA who were on a stable dose of 
csDMARDs and had an inadequate response to csDMARDs (n=197) 
 
Drug product: 
Upadacitinib 7.5 mg ER tablets (bulk lot number: 15-006685, 16-001353, 16-004623) 
Upadacitinib 15 mg ER tablets (bulk lot number: 15-006832, 16-001357, 17-000986) 
Upadacitinib 30 mg ER tablets (bulk lot number: 15-006955, 16-001431, 17-000991) 
 
Study design: 
This is a Phase 2b/3 multicenter study that included two periods. Period 1 was a 12-week, randomized, 
double-blind, parallel-group, placebo-controlled period designed to compare the safety and efficacy of 
upadacitinib 7.5 mg QD, 15 mg QD, and 30 mg QD versus placebo for the treatment of signs and 
symptoms of subjects with moderately to severely active RA who were on a stable dose of csDMARDs 
and had an inadequate response to csDMARDs. Period 2 is a blinded long-term extension period.  
The primary efficacy endpoint collected in Period 1 was the proportion of subjects achieving ACR 20 
response at Week 12. 
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PK sampling: 

 At Weeks 1 and 2 prior to dosing in all subjects; 
 At Weeks 4, 8, and 12 at any time during the visit in all subjects. 
 Prior to dosing and at 0.5, 1, 1.5, 2, 3, 4, 6, 9, 12 and 24 hours after dose in ~32 subjects who 

participate in the intensive PK study. 
 
Results  
 
Efficacy 
 
Table 4.1.2-67. Summary of ACR20 Response Rate at Week 12 with Cochran-Armitage Test  

 
(Source: Table 9 of Study M140663 CSR) 
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Figure 4.1.2-39. ACR20 Response Rate Over Time- Long-Term (Up to Week 60) (FAS) 
(Source: Figure 3 of Study M140663 CSR) 
 
PK 
Upadacitinib mean (SD) plasma concentrations are summarized by dose group and time window in the 
table below.   
 
Table 4.1.2-68. Upadacitinib Plasma Concentrations Categorized by Treatment and Time from 
Previous Dose 

 
(Source: Table 18 of Study M140663 CSR) 
 
Table 4.1.2-69. PK Parameters of Upadacitinib Following Administration of Multiple Doses of 7.5 
mg QD, 15 mg QD, and 30 mg QD of Upadacitinib 
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(Source: Table 19 of Study M140663 CSR) 
 
Conclusions 
 

 Results showed a dose-response relationship in the primary endpoint ACR20.  
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4.2 Appendix – Summary of Bioanalytical Method Validation 
 
4.2.1 How are parent drug and relevant metabolites identified and what are the analytical 

methods used to measure them in plasma and other matrices?     
 
The bioanalytical methods used for upadacitinib measurement in human plasma and urine are listed in 

the table below: 
  
Table 4.2-1. Summary of validated analytical method reports   

 
(Source: Table 25 of Summary of Biopharmaceutic Studies and Associated Analytical Methods) 
 
Quantification of upadacitinib in human plasma 
 
A 96-well salt-assisted liquid/liquid extraction HPLC tandem mass spectrometric method was used for 
the determination of upadacitinib in human plasma.  The key descriptive parameters for the assay 
(Validation Report 12654) are summarized in Table 4.4-2.  The same method has been updated with 
additional interference and stability assessment as reported in Reports 160683 and 181039 (Table 4.4-
3).  In general, the bioanalytical method was fully validated and found to be sensitive and accurate for 
the determination of upadacitinib in human plasma.  All samples were analyzed within the 
demonstrated stability window. 
 
Table 4.2-2 Summary of the bioanalytical method validation for the determination of 
upadacitinib in human plasma (Validation report 12654) 
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*Note that samples with concentrations above the upper limit of quantitation for any given run were diluted and 
assayed with a set of QC samples with the same dilution factor. The dilution factor of 20 was reported. 
(Table source: Appendix C of Report 160683)  
 
Table 4.2-3 Updates of the bioanalytical assay validation for the determination of upadacitinib 
in human plasma in Reports 160683 and 181039 

Update Conclusions 

Interference evaluation in presence of other 
drugs (Report 160683) 

 

non-interference was established from methotrexate, 
ketoconazole, rifampicin, atorvastatin, dextromethorphan, 
levonorgestrel (Norgestrel), midazolam, caffeine, S-warfarin, 
R-warfarin, omeprazole, rosuvastatin, and ethinylestradiol. 

Freeze-thaw stability (Report 181039) Freeze thaw evaluation samples were stable for at least 7 
freeze/thaw cycles in polypropylene cryogenic vials at -20⁰C. 

Frozen storage stability (Report 181039) 1615 days stored at ~ -20°C in polypropylene cryogenic vials. 

 
Quantification of upadacitinib in human urine 
 
A 96-well salt-assisted liquid/liquid extraction HPLC tandem mass spectrometric method was used for 
the determination of upadacitinib in human urine.  The assay (Validation Report 12773) has been 
updated with additional stability assessment (Reports 140745).  The key descriptive parameters for the 
assay are summarized in Table 4.4-4. In general, the bioanalytical method was fully validated and 
found to be sensitive and accurate for the determination of upadacitinib in human urine.  All samples 
were analyzed within the demonstrated stability window. 
 
Table 4.2-4 Summary of the bioanalytical method validation for the determination of 
upadacitinib in human plasma (Validation Reports 12773 and 140745) 
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(Source: Appendix C of Reports 140745) 
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4.3 Appendix – Pharmacometrics Review 

 
4.3.1 Population Pharmacokinetic Analyses of Upadacitinib Phase 1 Through Phase 3 Studies in 

Healthy Subjects and RA Patients  

4.3.1.1 Introduction  

The objectives of this analysis were to: 
 Characterize the population pharmacokinetics of upadacitinib for both the immediate-release 

(IR) and extended-release (ER) formulations in healthy subjects and in subjects with moderate 
to severe RA using data across Phase 1, 2, and 3 clinical trials 

 Explore factors influencing upadacitinib pharmacokinetics (patient demographics, impact of 
renal impairment renal impairment, combination with Methotrexate, concomitant intake of 
antacids or proton pump inhibitors, etc.) 

4.3.1.2 Model development 

 Data 
The population pharmacokinetics of upadacitinib in RA subjects and healthy subjects were 
characterized using the data from five global Phase 3 studies (M13-542, M13-549, M15-555, M14-
465, and M13-545), one regional Phase 2b/3 study in Japan (M14-663), two Phase 2 studies (M13-537 
and M13-550), and four Phase 1 studies (M13-401, M13-543, M13-845, and M14-680). In total, PK 
data from 4170 subjects (96% with RA, and 4% healthy) were included in the analyses. Refer to the 
Clinical Pharmacology review for brief descriptions of the studies included in the population PK 
analyses. Table 4.3-1 provides summary statistics of the baseline demographics, and other intrinsic or 
extrinsic factors for subjects included in the population pharmacokinetic analyses. 
 

Table 4.3-1 Summary of Demographics, Other Intrinsic or Extrinsic Factors of Interest for Subjects 
Included in the Population Pharmacokinetic Analyses 
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(Source: Applicant’s Population Pharmacokinetic Report R&D/18/0165, Table 5) 
 
 

 Model building process 
A nonlinear mixed-effects model (NONMEM) was developed to characterize the population 
pharmacokinetics of upadacitinib after oral administration of doses ranging from 1 to 48 mg using the IR 
formulation and 7.5 mg to 30 mg using the ER formulation. 

Intrinsic and extrinsic factors that may contribute to variability in upadacitinib pharmacokinetics were 
tested using a stepwise forward inclusion, backward elimination covariate model building procedure. 
Forward inclusion and backward elimination steps were conducted at α = 0.01 and α = 0.001 significance 
levels, respectively, based on the likelihood ratio test. Continuous covariates were included in the model 
using power functions centered on the median value of each covariate in the dataset. Categorical 
covariates were tested with a multiplicative model. 

The covariates investigated for influence on upadacitinib pharmacokinetic parameters included: 

 For apparent oral clearance (CL/F): baseline serum bilirubin concentration, baseline creatinine 
clearance, baseline total bodyweight, baseline age, baseline AST, baseline ALT, baseline DAS28-
CRP, baseline hsCRP, sex, race (white, black, Hispanic, Asian), country (Taiwan, Japan, China, 
Korea), concomitant use of methotrexate (MTX), concomitant use of pH-modifying medications 
(antacids, H2 receptor antagonists, proton-pump inhibitors), concomitant use of moderate or strong 
CYP3A inhibitors, concomitant use of strong CYP3A inducers. 

 For apparent volume of distribution of the central compartment (Vc/F): Sex, race (white, black, 
Hispanic, Asian), baseline total bodyweight and country (Taiwan, Japan, China, Korea). 

 For bioavailability of the extended-release formulation: upadacitinib dose, concomitant use of 
antacids, concomitant used of H2 receptor antagonists, concomitant use of proton pump inhibitors, 
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concomitant use of any pH-modifying agents, concomitant use of moderate or strong CYP3A 
inhibitors, and concomitant use of strong CYP3A inducers. 

The final model was evaluated based on goodness-of-fit plots, visual predictive checks, and 
nonparametric bootstrap. The non-linear mixed-effects modeling software NONMEM was used for all 
data analyses and simulation-based model evaluations. 

4.3.1.3 Results  

 Final model 
A two-compartment model with first-order absorption for the IR formulation, mixed zero and first order 
absorption with lag time for the ER formulation, and linear elimination was used to describe upadacitinib 
plasma concentration-time profiles.  
Statistically significant covariates were patient population (RA versus healthy), creatinine clearance, and 
baseline bodyweight on CL/F; and body weight on Vc/F. The oral bioavailability of the ER formulation 
relative to IR formulation was estimated to be 76%.  
Visual predictive check indicated that the final model incorporating these covariates described the central 
tendency and variability of the data reasonably well. The estimated pharmacokinetic parameter values 
based on the original dataset were in good agreement with the medians of the parameter values estimated 
from the bootstrap replicates. The fixed and random effects parameter estimates for the final population 
pharmacokinetic model are listed in Table 4.3-2. The goodness-of-fit plots for the final model for all data 
are shown in Figure 4.3-1. The Visual Predictive Check (VPC) plot for the final model with all data is 
shown in Figure 4.3-2.  
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Table 4.3-2 Parameter Estimates and Bootstrap Analysis Results for the Final Model 

 

 

 

 

(Source: Applicant’s Population Pharmacokinetic Report R&D/18/0165, Table 8) 
 

Figure 4.3-1 Goodness-of-fit plots for the final model 
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 Goodness-of-fit plots for the individual-predicted and population-predicted versus observed concentrations (upper left and 
right, respectively) and conditional weighted residuals versus population-predicted concentration and time since last dose 
(bottom left and right, respectively). 

(Source: Applicant’s Population Pharmacokinetic Report R&D/18/0165, Figure 11) 

 

Figure 4.3-2 Prediction-Corrected Visual Predictive Check Plotted Versus Time Since Last Dose Using All 
Extended-Release Formulation Data 
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(Source: Applicant’s Population Pharmacokinetic Report R&D/18/0165, Figure 14) 
 

4.3.1.4 Assessment of the effect of covariates on upadacitinib pharmacokinetics 

After identifying the statistically significant covariates for upadacitinib pharmacokinetic parameters, 
simulations were performed to explore their clinical relevance or impact on upadacitinib AUC24 and 
Cmax at steady state for the clinical regimen of 15 mg QD extended-release. 
Simulations with 200 replicates of the dataset using the demographics of RA patient population from the 
Phase 2 and 3 studies were performed. Simulations for each of the statistically significant covariates of 
interest were carried out separately while fixing the other covariates to the reference value. Predicted 
upadacitinib AUC and Cmax from the simulations in each subset of subjects based on the covariate of 
interest (test group) were compared to the corresponding reference group to calculate the ratio of 
exposures in the test relative to the reference groups. The mean of the ratios across the replicates and the 
90% confidence interval for the mean (5th and the 95th percentiles of the ratios) were calculated and 
summarized graphically using a forest plot in Figure 4.3-3. The test and reference groups for the 
assessment of covariate effects were as follows: 

 Body Weight: 
o Test groups: < 60 kg and > 100 kg 
o Reference group: 60 - 100 kg 

 Creatinine clearance: 
o Test groups: 60 to < 90 mL/min and 30 to < 60 mL/min 
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o Reference group: :'.::: 90 mL/min 

The ve1iical dashed line shows the exposure ratio of 1 relative to the reference group (Figure 4.3-3). 
Based on the simulations, subjects with RA with bodyweight < 60 or > 100 kg were predicted to have 5% 
higher or lower AUC on average, and 18% higher or lower Cmax, on average, respectively, compared to 
subjects with bodyweight 60 - 100 kg. Subjects with mild (CrCl 60 to < 90 mL/min) or moderate (30 to < 
60 mL/min) renal impai1ment are predicted to have approximately 13 and 26% higher AUC, respectively, 
compared to subjects with nonnal renal function. 

Figure 4.3-3 Model-Predicted Covariate Effect on Upadacitinib Cmax and AUC24 for Different RA 
Subpopulations Relative to the Reference RA Population 

Weight < 60 kg 

Weight > 100 kg 

90 ml/min > CrCL >= 60 ml/min 

60 ml/min > CrCL >= 30 ml/min 

' ' ' ' I 
' .-.: 
' 

Mean Ratio (90% Confidence Interval) 

1.18 (1 .16· 1.20) Cmax. 

1.05 (1 .02·1.08) AUC 

0.82 (0.80-0.85) 

0.95 (0.92-0.98) 

Cm ax 

AUC 

1.06 (1 .04-1.08) Cmax. 

1.13 (1 .11-1.16) AUC 

112 (1 .07-1.16) Cmax 

1.26(1 .19-1 .32) AUC 

0.50 0.75 1.00 1.25 1.50 

Ratio to Reference 
(Source: Applicant 's Population Phan nacokinetic Repo1i R&D/18/0165, Figure 16) 

Reviewer's comments: The applicant's p opulation PK ana~ysis is acceptable. The goodness-of-fit p lots 
and the visual p redictive check indicate that the p opulation PK model can characterize the PK profiles of 
upadacitinib for the ER formulation in healthy volunteers and RA patients. Even though the reviewer 
exp erienced rounding error while replicating the applicant 's analyses, the app licant's conclusion app ears 
reasonable, (bH~l 
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4.3.2 Population Pharmacokinetic Analyses of Upadacitinib Phase 1 and RA Phase 2 Studies 
Before the availability of the Phase 3 data, the sponsor conducted a population pharmacokinetic analyses 
(R&D/17/0334) using data from three Phase 1 studies (Studies M13-401, M13-543 and M13-845) and 
two Phase 2 studies (Studies M13-537 and M13-550). The analyses included data from 573 subjects (81% 
with RA and 19% healthy). The final pharmacokinetic model was re-fitted to include data from Phase 1 
Study M14-680 to estimate the absorption parameters for upadacitinib extended-release formulation. This 
analysis characterized upadacitinib population pharmacokinetics in healthy volunteers and subjects with 
RA using data from Phase 1 and 2 studies and was used to generate the individual empirical Bayesian 
parameter estimates which were used in upadacitinib Phase 2 exposure-response analyses. 
Similar model structure was used as descripted previously: upadacitinib pharmacokinetics were 
adequately characterized using a two-compartment model with a first-order absorption process, absorption 
lag time, and a linear elimination process. Upadacitinib absorption from the extended-release formulation 
was adequately described by a mixed zero- and first-order absorption process. CYP2D6 genotype-inferred 
phenotypes were determined for a total of 573 subjects in the combined dataset: there were 355 (62%) 
normal metabolizers, 36 (6%) intermediate metabolizers, 29 poor metabolizers (5%), and 7 (1%) ultra-
rapid metabolizers. CYP2D6 metabolic phenotype had no effect on upadacitinib apparent oral clearance 
(CL/F). Upadacitinib CL/F individual estimates were similar for subjects with different CYP2D6 
metabolic phenotypes (Figure 4.3-4). 
 
Figure 4.3-4 Distribution of Upadacitinib Model-Estimated Apparent Oral Clearance by CYP2D6 Metabolic 
Phenotype 

 
(Source: Applicant’s Population Pharmacokinetic Report R&D/17/0334, Figure 9) 
 
Reviewer’s comments: The applicant conducted population PK analysis using data from Phase 1 and RA 
Phase 2 Studies. The impact of CYP2D6 genotype-inferred phenotype on upadacitinib CL/F was assessed 

Reference ID: 4435111



in the ana~ysis. The conclusion that CYP2D6 genotype-inferred phenotype did not correlate with 
upadacitinib CLIF is acceptable. 

Table 4.3-3 S ecific Comments on A licant's Final Po ulation PK model 
Utility of the final model Reviewer 's Comments 

Support Intrinsic • "Body weight, gender, race, • The statement is acceptable. 
labeling factor ethnicity, and age did not have Covariate analysis using the 
statements a clinically meaningful effect sponsor 's final PK model 
about on upadacitinib exposme [See demonstrates that no evident 
intrinsic Use in Specific Populations effect on PK exists for body 
and (8.5)]." weight, gender, race, ethnicity, 
extrinsic 

"Renal impainnent has no 
and age. 

factors in • 
Section clinically relevant effect on • The statement regarding renal 

12.3 of the upadacitinib exposme. impai1ment is mainly 

label: Upadacitinib AUC was 18%, suppo1ted by a dedicated 
33%, and 44% higher in study, and effect of creatine 
subjects with Inild, moderate, clearance on upadacitinib PK 
and severe renal impai1ment, is also evaluated in the 
respectively, compared to population PK analysis. 
subjects with n01mal renal Creatine clearance is a 
function. Upadacitinib Cmax significant covariate in the 
was si1nilar in subjects with final population PK model and 
n01mal and impaired renal the results are consistent to the 
function." dedicated study: 13% and 26% 

• "CYP2D6 metabolic phenotype 
higher AUC in subjects with 
Inild and moderate renal 

had no effect on upadacitinib 
impai1ment, respectively, 

phaimacokinetics." 
compai·ed to nonnal renal 
function. 

• the conclusion regarding the 
effect of CYP2D6 metabolic 
phenotype on upadacitinib PK 
is acceptable. 

Extrinsic The conclusion 
(b) (4j 

• 
factor 

adequately suepo1ted] 

The 
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statement regarding methotrexate 
is acceptable.   

Derive 
exposure 
metrics for 
Exposure-
response 
analyses 

N.A. N.A. 

Predict 
exposures 
at 
alternative 
dosing 
regimen 

N.A. N.A. 

 

4.3.3 Exposure Response Analysis  

4.3.3.1 Exposure-efficacy relationship 

 Sponsor’s analysis 
The data for the full time course of ACR20, ACR50, ACR70, low disease activity (LDA) [based on 
DAS28 (CRP)], CR [based on DAS28 (CRP)] and dropout status for each subject in Studies M13-537, 
M13-550, M13-542, M13-549, M15-555 and M14-465 were used to develop continuous-time Markov 
exposure-response models of ACR scores as well as LDA/CR. Upadacitinib individual predicted plasma 
concentration versus profiles (based on population pharmacokinetic model including the same studies; 
R&D/18/0165) were used as input for the Markov models. 
The efficacy of upadacitinib was exposure-dependent. Exposure-efficacy Markov Chain models for ACR 
responses as well as for LDA/CR [based on DAS28 (CRP)] described placebo responses as well as 
response to upadacitinib treatment in subjects with RA reasonably well. Simulations were performed 
using the final efficacy models to predict the efficacy responses following dosing with upadacitinib 15 mg 
QD, and 30 mg QD regimens (Table 4.3-4). Results of the exposure-efficacy simulations demonstrate that 
upadacitinib at the 30 mg QD dose provide only a small incremental efficacy benefit compared to 15 mg 
QD, indicating that the 15 mg QD dose achieved the plateau of the response.  
 

Table 4.3-4 Model-Simulated Clinical Efficacy Responses Following Placebo and Upadacitinib 15 
mg and 30 mg QD Dosing Regimens (Based on Exposure-Response Analyses of Phase 2 and 3 
Studies) 
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(Source: Summary of Clinical Pharmacology Studies, Module 2.7.2) 

4.3.3.2 Exposure-safety relationship 

 Sponsor’s analysis 
For the exposure-safety analyses, upadacitinib individual Cavg values based on the empirical Bayesian 
individual pharmacokinetic parameter estimates from the population pharmacokinetic model were used as 
the exposure measure. The adverse events and laboratory parameters evaluated for relationships with 
upadacitinib exposures included serious infection, pneumonia, herpes zoster infection, changes in platelet 
count, changes in hemoglobin, lymphopenia (Grade 3 or higher, Grade 4 or higher), and neutropenia at 
Week 12/14 and at Week 24/26. Exploratory quartile plots were first evaluated using a pooled dataset 
across all studies (Studies M13-537, M13-550, M13-542, M13-549, M15-555, M14-465, and M13-545) to 
identify key safety variables at Week12/14 and Week 24/26 that appear to be related to upadacitinib 
exposure.  
No trends for exposure-response relationships were observed for pneumonia, herpes zoster infection, 
changes in platelet count, lymphopenia (Grade 4 or higher), and neutropenia. A trend for possible 
exposure-response relationship based on the exploratory quartile plots was observed for hemoglobin, 
lymphopenia (Grade 3 or higher at Week 12/14), and serious infections (at Week 24/26). These 
parameters which showed a trend for relationship with exposure were assessed further. Logistic regression 
models were used to describe the relationships between upadacitinib exposures and these efficacy 
parameter changes at Week 12/14 as well as with serious infections up to Week 24/26. Increased 
upadacitinib exposures were associated with higher incidence of hemoglobin decrease from baseline (> 1 
g/dL and > 2 g/dL) for both Week 12/14 and Week 24/26 and with increased incidence of serious 
infections up to Week 24/26. On the other hand, upadacitinib exposures were only associated with higher 
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incidence of lymphopenia Grade 3 or higher at Week 12/14; while the relationship with exposure was not 
statistically significant at Week 26. 
 

Reviewer’s comments: The applicant’s exposure response analyses, which are generally consistent with 
the observed efficacy and safety data, appear reasonable.  
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4.4 Appendix – Physiological-based Pharmacokinetic Modeling Review 

Executive Summary 
The objective of this review is to evaluate the adequacy of the Applicant’s PBPK report (No. RD171073) 
titled “Development and Application of Physiologically-Based Pharmacokinetic Model of Upadacitinib” 
to support the PK bridge of the drug-drug interactions studies using the immediate-release (IR) 
formulation to the extended-release (ER) to-be-marketed formulation.  Specifically, PBPK modeling 
approach was applied to assess the effects of ketoconazole (a strong CYP3A4 inhibitor), and rifampin (a 
strong CYP3A4 inducer) on the PK of upadacitinib when administered as ER formulation. 
 
The Division of Pharmacometrics has reviewed the PBPK report, modeling and simulation files, and the 
Applicant’s responses to our request for information dated 25 February 2019 and 28 March 2019, and 
concluded the following: 

 PBPK analyses were considered adequate to evaluate the effect of the CYP3A4 modulators, 
ketoconazole and rifampin, on upadacitinib IR and ER formulations.   

 PBPK analyses estimated that the effects of strong CYP3A4 inhibition or induction, including 
potential modulation of intestinal efflux transporters P-gp/BCRP, are expected to be comparable 
(<25% difference) for the IR and the ER formulations of upadacitinib.  

Background 
Upadacitinib to-be-marketed formulation is a 15 mg extended-release (ER) tablet for oral administration. 
The proposed recommended dose is 15 mg once daily (QD) with or without food. Upadacitinib was 
administered as immediate-release (IR) capsule formulation in some Phase 1 and 2 studies; while the ER 
tablet formulation in later Phase 1 and Phase 3 studies. The bioavailability of upadacitinib ER formulation 
is estimated to be 76% relative to the IR formulation.  After single dose (SD) administration of the IR 
formulation, median Tmax was 1-2 hours and terminal elimination half-life (t1/2) was 6 to 16 hours; 
while for the ER formulation, median Tmax was 2-4 hours and t1/2 ranged from 9 to 14 hours. 
Upadacitinib exposure (Cmax and AUC) were approximately dose-proportional over single and multiple 
dose ranges for both IR and ER formulations (i.e., 3 to 24 mg following SD and twice-daily 
administration of the IR formulation, and 7.5 to 45 mg SD and  15-30 mg QD administration of ER 
formulation). Multiple QD dosing of the ER formulation showed minimal accumulation in plasma and 
steady-state concentrations were achieved within 4 days (M14-680).  
 

Upadacitinib is cleared via multiple pathways. Upadacitinib is primarily metabolized by cytochrome P450 
(CYP) CYP3A4 with a minor contribution of CYP2D6. In the ADME study using a single dose of 
upadacitinib IR formulation, unchanged upadacitinib was the major drug-related moiety in plasma (79%) 
with no major circulating metabolites (<13%). About 24% and 38% of total dose of upadacitinib was 
excreted unchanged in urine and feces, respectively.  The amount of unchanged upadacitinib in the feces 
in first 24 -48 hours were minor (around 1% and 14%, respectively), suggesting upadacitinib is well 
absorbed.  
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In vitro, upadacitinib is a substrate for the efflux transporters P-glycoprotein (P-gp) and breast cancer 
resistance protein (BCRP) (RD160380), but it is not a substrate for the hepatic uptake transporters organic 
anion transporting polypeptide (OATP) 1B1 and 1B3 (RD160380). Clinically, no significant interaction 
with rifampin, a CYP3A4 and OATP1B inhibitor (postulated P-gp and BCRP inhibitor), following a 
single-dose administration, was observed with upadacitinib IR formulation (M13-540).  
 

Upadacitinib was determined to be a CYP3A4 inducer in vitro (RD16-1011); although, clinically, there 
was no significant effect on the PK of the index CYP3A4 substrate midazolam (M14-624).  The effect of 
upadacitinib on itself as a CYP3A4 inducer is expected to be not relevant considering the linear and time-
independent PK (RD18-0165, M13-845), and minor effect on midazolam 

 
Methods 

PBPK model structure and development  
The PBPK analyses were performed using the population-based PBPK software Simcyp® (V17, Simcyp 
Ltd., a Certara Company, Sheffield, United Kingdom). 
 
The upadacitinib PBPK model was developed based on in vitro, human ADME (M13-548) and PK data 
(M13-401 and M13-845). Briefly, an Advanced Dissolution, Absorption and Metabolism (ADAM) model 
and a minimal PBPK model were utilized to describe upadacitinib PK. The human intestinal effective 
permeability (Peff human 10.2 x 10–4 cm/s) was predicted using Mech Peff model. The unbound fraction 
in plasma (fup=0.48) and blood:plasma ratio (B/P=1) values were determined in vitro (RD17-0325). The 
distribution parameters (Vss, Vsac, Kin, and Kout) were estimated based on clinical data (M13-401). The 
enzyme kinetics (CLint) for CYP3A4 and CYP2D6 were derived from the in vitro study (A-1293543 
Memo No. 09) and optimized based on the DDI study with ketoconazole and CYP2D6 phenotype 
population PK analysis (RD17-0334). The renal clearance contribution was determined based on the 
ADME (M13-548) and single dose PK (M13-401) studies. Because upadacitinib was well absorbed (M13-
458), the unchanged drug in the feces was considered due to systemic clearance, assigned as non-specific 
clearance in the model. The contribution of each pathway to the total systemic clearance consisted of 
approximately 35% for CYP3A4, 5% for CYP2D6, 20% for renal clearance and 40% additional systemic 
clearance. The hepatic uptake of upadacitinib was assumed to occur via passive diffusion based on in vitro 
transporter data (RD160380). The kinetic parameters for P-gp and BCRP were based from in vitro studies 
(RD160380) and optimized based on in vivo PK (M13-401).  

 
The absorption of the ER formulation was determined by assuming the in vivo dissolution profile of 
upadacitinib followed a Weibull distribution and the systemic disposition was consistent with the IR 
formulation. Weibull function parameters alpha (α=0.45) and beta (β=0.115) were estimated to recover 
the observed PK of upadacitinib after administration of the ER formulation (M15-868). 
 
All simulations were performed using the default healthy volunteer population model (software’s library, 
V17), and in the fasted state as food had no significant effect on the exposure of upadacitinib administered 
as ER formulation (M14-680).  
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The perpetrator models for ketoconazole “Sim-Ketoconazole-400mg QD”, and rifampin single-dose “SV-
Rifampicin-SD”, and multiple-dose “SV-Rifampicin-MD” (software’s compound library, V17) were used 
in the PBPK simulations for the respective DDIs.   

As exploratory, the Applicant modified the compound files for ketoconazole and rifampin-MD to include 
P-gp interaction parameters to investigate the potential DDI effect on the efflux transporter on disposition 
of upadacitinib administered as IR or ER formulations. The default ketoconazole model was modified by 
incorporating a P-gp competitive inhibition constant (Ki) value of 2.53 µM based on collection of 
published in vitro data1. To represent rifampin MD-upadacitinib DDI, the Applicant modified upadacitinib 
model by increasing the intestinal P-gp relative expression factor (REF) value by 3.2-fold. A similar 
approach was previously proposed to predict digoxin-rifampin DDI2. The Applicant assumption was that 
rifampin has been reported to induce P-gp expression by approximately 3-fold in vitro3 and in vivo4. The 
default rifampin-SD compound file (V17) proposed rifampin as a competitive inhibitor of both intestinal 
and liver P-gp and BCRP at single-dose.  

PBPK model verification 
The performance of upadacitinib PBPK model to predict upadacitinib PK profile after administration of 
the IR or ER formulations in healthy volunteers was verified by comparison of simulated and observed 
clinical PK data (M13-845, M14-680, M15-878, M15-539-Control, M15-551-Control). The DDI study 
between multiple-dose rifampin with upadacitinib administered as single-dose IR formulation (M13-540) 
was used to verify the contribution of CYP3A4 to the disposition of upadacitinib.  
 
The PBPK simulations and respective study designs conducted for upadacitinib model verification and 
application are listed in Table 4.4-1.  

Table 4.4-1 PBPK simulations (N) and respective study design used for upadacitinib model  

# 
Trials 
x N 

Study 
Upadacitinib Formulation: 
Dosing Regimen 

Perpetrator 
Dosing 
Regimen 

Simulation  
Duration 

PBPK Model 
Objective 

1 10x10 M13-401 IR: 3, 6, 12, 24, 36 mg SD NA NA 3 days Development

2 10x10 M13-401  IR: 3 mg SD on day 4 ketoconazole 
400 mg QD  
for 6 days

7 days Development 

3 10x10 M13-845 
IR: 3, 6, 12, 24 mg BID   
for 14 days 

NA NA 15 days Verification 

4 10x10 M14-680 
IR: 6 and 12 mg BID for 7 days  
ER: 15 and 30 mg SD 
ER: 15 and 30 mg QD for 7 days 

NA NA 10 days Verification 

5 10x10 M15-878 ER: 30 mg SD, fasted NA NA 3 days Verification

6 10x10 
M13-539 
M13-551 

ER: 15 mg SD NA NA 5 days Verification 

7 10x16 M13-540 IR: 12 mg SD on days 1 and 8 rifampin 
600 mg QD  
for 9 days

10 days Verification 

8 10x10 NA ER: 15 mg QD on Days 4-8 ketoconazole 
400 mg QD  
for 8 days

9 days Application 

9 10x10 NA ER: 15 mg QD on Days 8-14 rifampin 
600 mg QD  
for 14 days

15 days Application 

                                                       
1 University of Washington DDI Database 
2 Neuhoff S, Yeo KR, Barter Z, et al. Application of permeability‐limited physiologically‐based pharmacokinetic models: part II ‐prediction of p‐glycoprotein 

mediated drug‐drug interactions with digoxin. J Pharm Sci. 2013;102(9):3161‐73. 
3 Greiner B, Eichelbaum M, Fritz P, et al. The role of intestinal p‐glycoprotein in the interaction of digoxin and rifampin. J Clin Invest. 1999;104(2):147‐53.  
4 Westphal K, Weinbrenner A, Zschiesche M, et al. Induction of p‐glycoprotein by rifampin increases intestinal secretion of talinolol in human beings: a new 
type of drug/drug interaction. Clin Pharmacol Ther. 2000;68(4):345‐55. 
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NA: Not applicable. Software's vi.ttual healthy volunteer population was used for all si.tnulations. (Som·ce: Table 3 from the PBPK repo1t, and 
Applicant's Response to Clm Pha1m IR dated 3/28/ 19). 

PBPK model application 
The upadacitinib PBPK model was used to predict the following: 

• Effect of ketoconazole as a CYP3A4 inhibitor (and potential P-gp inhibitor) on the PK of 
upadacitinib administered as ER fonnulation 

• Effect of rifampin-SD as a CYP3A4 inhibitor (and potential P-gp and BCRP inhibitor) on the PK 
of upadacitinib administered as ER fonnulation 

• Effect of rifampin-MD as a CYP3A4 inducer (and potential P-gp inducer) on the PK of 
upadacitinib administered as ER fonnulation 

Results 
Model performance 
PBPK analyses were able to describe upadacitinib PK following a single dose or multiple doses of 
upadacitinib administered as IR or ER fonnulations in healthy subjects (Table 4.4-1, simulations #1, 3-6). 
The predicted versus observed PK profiles are shown in Figure 4.4-1. 

Figure 4.4-1 PBPK predicted and observed PK proflles of upadacitinib 
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PBPK predicted mean (lines) and observed individual (circles) plasma concentration (log-scale) -time profiles of upadacitinib following (A) 
12 mg SD of upadacitinib IR (Study M13-401); (B) 6 mg BID dose of upadacitinib IR Day 1; (C) 6 mg BID dose of upadacitinib IR Day 7 
(Study M14-680-part 5); (D) 15 mg QD dose of upadacitinib ER Day 1; and (E) 15 mg QD dose of upadacitinib ER Day 7 (Study M14-680-
part 5). The solid lines are the mean data for the simulated population and the dashed lines are the 5th and 95th percentiles. (Source: 
Reviewer’s Analysis-simulation output files). 
 

Table 4.4-2 Comparison of PBPK predicted and observed mean (SD) Cmax and AUC values of 
upadacitinib 

Upadacitinib 
Formulation:      
Dosing Regimen 

Observed Predicted Predicted/observed 

Cmax (ng/mL) AUC (ng hr/mL) Cmax (ng/mL) AUC (ng hr/mL) Cmax AUC 

IR 3 mg SD 25.0 (6.88) 102 (27.5) 17.7 (6.26) 78.2 (19.8) 0.7 0.8 

IR 6 mg SD 38.9 (9.96) 159 (37.5) 35.4 (12.5) 156 (39.6) 0.9 1.0 

IR 6 mg BID day 1 36.5 (9.03) 289 (61.7) 36.6 (12.3) 299 (74.3) 1.0 1.0 

IR 6 mg BID day 7 33.9 (8.76) 288 (63.5) 36.8 (12.3) 312 (78.8) 1.1 1.1 

IR 12 mg SD 
64.6 (10.3) 231 (34.5) 70.7 (25.1) 312 (79.2) 1.1 1.3 

82.9 (12.1) 329 (48.9) 70.6 (24.8) 312 (79.2) 0.9 0.9 

IR 12 mg BID day 1 80.8 (18.9) 497 (74.8) 72.9 (24.7) 597 (149) 0.9 1.2 

IR 12 mg BID day 7 73.9 (14.2) 534 (97.8) 73.3 (24.6) 620 (157) 1.0 1.2 

IR 24 mg SD 158 (18.4) 612 (78.6) 138 (46.9) 615 (158) 0.9 1.0 

ER 15 mg SD 

26.0 (9.65) 242 (63.6) 38.6 (16.7) 191 (52.1) 1.5 0.8 

26.6 (8.39) 215 (56.5) 36.6 (47.7) 185 (18.2) 1.4 0.9 

31.1 (11.8) 270 (77.7) 36.6 (47.7) 185 (18.2) 1.2 0.7 

ER 15 mg QD day 1 31.7 (12.6) 249 (71.9) 38.6 (16.7) 187 (50.7) 1.2 0.8 

ER 15 mg QD day 7 31.9 (11.2) 279 (71.4) 38.9 (16.7) 191 (52.1) 1.2 0.7 

ER 30 mg SD 
63.7 (21.1) 491 (133) 77.2 (33.4) 382 (104) 1.2 0.8 

58.2 (17.5) 486 (115) 77.2 (33.4) 382 (104) 1.3 0.8 

ER 30 mg QD day 1 65.7 (14.2) 454 (102) 77.2 (33.5) 374 (101) 1.2 0.8 

ER 30 mg QD day 7 68.2 (20.5) 525 (123) 77.7 (33.3) 381 (104) 1.1 0.7 

Data are presented as mean (standard deviation). Predicted/observed ratio of mean values. SD: single dose; BID: twice daily; QD: once 
daily; AUC0-72h for SD, AUC0-24h for BID and QD. Trial design simulations: Table 4.4-1, simulations #1-6. (Source: Simulation output 
files, CSR M13-539, CSR M13-551, CSR M15-878, CSR M13-845, CSR M13-401, CSR M14-680). 

PBPK analysis fairly predicted the PK parameters for upadacitinib. The predicted mean Cmax and AUC 
values were within ±50% of the observed data (Table 4.4-2).  

It was noted, however, a systematic prediction bias. The PBPK model consistently under-predicted the 
terminal half-life after single or multiple dosing of the IR or ER formulations (Figure 4.4-1). For the ER 
formulation, the PBPK model consistently over-predicted Cmax values (prediction error around 20 to 
50%), under-predicted AUCtau values (prediction error around -20 to -30%) (Table 4.4-2), and under-
predicted Tmax values (prediction error around -25 to -50%) (see discussion on Model Limitations 
section). 

Model verification 
The DDI effect of ketoconazole was used to refine the contribution of CYP3A4 metabolism to 
upadacitinib administered as a single dose 3 mg IR (Table 4.4-1, simulation #2).  The predicted ratio of 
geometric means for Cmax and AUC were within ±25% of the observed values (Table 4.4-3). The 
metabolic contribution of CYP3A4 (or fmCYP3A4) for upadacitinib was estimated to be around 35% in 
the PBPK model.  
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Table 4.4-3 Comparison of observed and predicted Mean (SD) Cmax and AUC values of 
upadacitinib (3 mg SD) in the absence and presence of ketoconazole (400 mg QD)  

PK data are presented as mean (SD). Ratio of geometric means for Cmax and AUC values expressed as with inhibitor/without inhibitor. 
Observed values (N=11-12) from study M13-401. Trial design parameters:  Table 4.4-1, simulation #2. (Source: Simulation output files, CSR 
M13-401).   

The DDI effect of multiple-dose rifampin was used to verify the contribution of CYP3A4 metabolism to 
upadacitinib administered as a single dose of 12 mg IR (Table 4.4-1, simulation #7).  The predicted 
geometric mean of the ratios for Cmax and AUC were within 20% difference of the observed values 
(Table 4.4-4). The PBPK analysis suggested that upadacitinib PBPK model provided a reasonable 
estimate of the metabolic contribution of CYP3A4 in vivo. 

Table 4.4-4 Comparison of observed and predicted Mean (SD) Cmax and AUC values of 
upadacitinib (12 mg SD) in the absence and presence of rifampin (600 mg SD and QD)  

PK data are presented as mean (SD). Ratio of geometric means of Cmax and AUC values expressed as with inducer/without inducer. 
Observed values (N=12) from study M13-540. Trial design parameters:  Table 4.4-1, simulation #7. (Source: Simulation output files, 
Reviewer’s analysis, CSR M13-540).  

To evaluate a possible effect of P-gp inhibition by a strong CYP3A4 inhibitor such as ketoconazole, the 
Applicant proposed a competitive inhibition constant (Ki) for P-gp in the ketoconazole model. The 
predicted upadacitinib Cmax ratio increased as a function of the selected Ki value (higher predicted Cmax 
ratio with lower Ki value), with lesser effect on upadacitinib AUC ratio. There was a <20% impact on the 
predicted interaction if the P-gp contribution is included in the DDI ketoconazole-upadacitinib IR 
simulations (Table 4.4-5). 

Table 4.4-5 PBPK predicted changes in upadacitinib exposure (Cmax and AUC ratios) following 
concomitant administration of upadacitinib IR formulation (3 mg or 12 mg) with ketoconazole (400 
mg QD) or rifampin (600 mg SD and QD) 

DDI Scenario 
Perpetrator 
Dosing Regimen 

Perpetrator PBPK 
Model 

a Predicted Cmax Ratio 
(90% CI) 

a Predicted AUC Ratio 
(90%CI) 

CYP3A4 inhibitor KTZ 400 mg QD Default 1.32 (1.29-1.36) 1.70 (1.63-1.76) 

CYP3A4, P-gp inhibitor KTZ 400 mg QD 
Inclusion P-gp 
Ki=2.53 µM 

1.38 (1.35-1.41) 1.71 (1.65-1.77) 

CYP3A4, P-gp inhibitor KTZ 400 mg QD 
Inclusion P-gp   
Ki=0.16 µM 

1.61 (1.56-1.67) 1.75 (1.68-1.83) 

CYP3A4, P-gp, BCRP inhibitor RIF 600 mg SD Default 1.28 (1.26-1.30) 1.11 (1.10-1.12) 

Treatment 
Cmax (ng/mL) AUCinf (ng h/mL) Cmax Ratio (90%CI) AUC Ratio (90%CI) 

Predicted Observed Predicted Observed Predicted Observed Predicted Observed 

Control 
17.1 
(6.18) 

21.4 
(4.18) 

75.5 
(18.5) 

87.7  
(12.6) 1.32 

(1.29-1.36) 
1.70 
(1.55-1.89) 

1.70 
(1.63-1.76) 

1.75 
 (1.62-1.88) with 

ketoconazole 

22.3 
(7.15) 

36.3 
(6.34) 

125.9 
(22.7) 

156  
(31.8) 

Treatment 
Cmax (ng/mL) AUC36h (ng h/mL) Cmax Ratio (90%CI) AUC Ratio (90%CI) 

Predicted Observed Predicted Observed Predicted Observed Predicted Observed 

Control 
68.0 
(23.7) 

62.0 
(10.9) 

309 
(78.6) 

334  
(76.1) 

- - - - 

with rifampin SD 
86.9 
(30.5) 

71.3 
(15.5) 

342 
(83.7) 

357  
(80.9) 

1.28 
(1.26-1.30) 

1.14 
(1.02-1.28) 

1.11 
(1.10-1.12) 

1.07 
(1.01-1.14) 

with rifampin QD 
42.1 
(19.9) 

31.7 
(11.5) 

135 
(63.3) 

131  
(27.9) 

0.58 
(0.56-0.60) 

0.49 
(0.44-0.55) 

0.42 
(0.40-0.44) 

0.39 
(0.37-0.42) 
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CYP3A4 inhibitor RIF 600 mg SD 
Exclusion Ki P-gp 
and BCRP 

1.03 (1.03-1.03) 1.09 (1.09-1.10) 

CYP3A4 inducer RIF 600 mg QD Default 0.58 (0.56-0.60) 0.42 (0.40-0.44) 

CYP3A4, P-gp inducer RIF 600 mg QD 
Inclusion 3.2-fold 
induction P-gp 

0.53 (0.50-0.56) 0.38 (0.36-0.41) 

aData are presented as ratio of geometric means of Cmax and AUClast values expressed as with perpetrator/without perpetrator. Trial design 
parameters:  Table 4.4-1, simulations #2 and 7. (Source: Simulation output files- Reviewer’s analysis, Tables 8 and 9 from Applicant’s 
Response to IR dated 28 March 2019).  

The upadacitinib exposure ratios in terms of Cmax were comparable (<10% difference) between the 
default rifampin model and the modified model that included a 3.2-fold induction for intestinal P-gp 
(Table 4.4-5). Therefore, accounting for intestinal P-gp induction by rifampin had minor affect in the 
predicted exposure ratios of upadacitinib IR when concomitantly administered with multiple-dose 
rifampin.  
 
The reviewer conducted PBPK analysis evaluating the DDI effect of single dose rifampin to explore the 
relevance of intestinal P-gp and BCRP efflux (and CYP3A4 metabolism) on the disposition of 
upadacitinib administered as a single dose of 12 mg IR (Table 4.4-1, simulation #7).  The PBPK model 
predicted an increase of AUC comparable with the observed values (1.11 vs 1.07, 3% prediction error) 
(Table 4.4-4), confirming a reasonable estimate of CYP3A4 metabolism in the model. However, the 
model over-predicted the interaction in terms of Cmax ratio (1.28 versus 1.14, 13% prediction error) 
(Table 4.4-4).  Exploratory simulations without interaction towards the intestinal efflux transporters 
resulted in a 20% lower Cmax ratio (Table 4.4-5). These results suggested an overestimation of intestinal 
P-gp and BCRP contribution in upadacitinib PBPK model. Nonetheless, it would allow a conservative 
evaluation of the effect of P-gp/BCRP modulators and its potential impact on upadacitinib administered as 
ER formulation. 
 

Model application 
PBPK analysis was applied to bridge the clinical DDI effect of strong CYP3A4 modulators (and potential 
modulation of the intestinal efflux transporters P-gp and BCRP) observed with upadacitinib IR 
formulation to the ER formulation.  PBPK analysis estimated the exposures of upadacitinib following 
concomitant administration of the therapeutic proposed dose of 15 mg QD ER formulation, with the 
strong CYP3A4 inhibitor ketoconazole (400 mg QD) and the strong CYP3A4 inducer rifampin (600 mg 
QD) (Table 4.4-1, simulations #8 and 9). 
  
Using the default perpetrator models, the effects of strong CYP3A4 inhibition or induction on 
upadacitinib steady-state exposure with the ER formulation were predicted to be comparable to the effects 
previously observed in the clinical DDI studies conducted with upadacitinib IR formulation (Table 4.4-6 
versus Tables 4.4-3 and 4.4-4).  

There was a <25% impact on the predicted interaction if the P-gp involvement (P-gp inhibition by 
ketoconazole or induction by rifampin-MD) was considered in the DDI effect for the upadacitinib ER 
formulation (Table 4.4-6).  

The predicted effect of single-dose rifampin (as a CYP3A4/P-gp/BCRP inhibitor) on upadacitinib ER 
formulation was also comparable to the observed with the IR formulation (CmaxR 1.27 vs 1.14).  

Reference ID: 4435111



 124

Table 4.4-6 PBPK predicted changes in upadacitinib stead-state exposure (Cmax and AUC ratios) 
following concomitant administration of upadacitinib ER formulation (15 mg QD) with 
ketoconazole (400 mg QD) or rifampin (600 mg SD and QD) 

DDI Scenario 
Perpetrator 
Dosing Regimen 

Perpetrator PBPK 
Model 

a Predicted Cmax 
Ratio (90% CI) 

a Predicted AUC Ratio 
(90%CI) 

CYP3A4 inhibitor KTZ 400 mg QD Default 1.35 (1.32-1.38) 1.69 (1.64-1.75) 

CYP3A4, P-gp inhibitor KTZ 400 mg QD 
Inclusion                       
P-gp Ki=2.53 µM 

1.40 (1.37-1.44) 1.70 (1.65-1.76) 

CYP3A4, P-gp inhibitor KTZ 400 mg QD 
Inclusion                       
P-gp Ki=0.16 µM 

1.63 (1.58-1.68) 1.75 (1.69-1.81) 

CYP3A4, P-gp, BCRP inhibitor RIF 600 mg SD Default 1.27 (1.25-1.29) 1.11 (1.10-1.12) 

CYP3A4 inducer RIF 600 mg QD Default 0.54 (0.51-0.57) 0.39 (0.36-0.42) 

CYP3A4, P-gp inducer RIF 600 mg QD 
Inclusion                     
3.2-fold induction P-gp 

0.40 (0.39-0.43) 0.36 (0.34-0.37) 

aData are presented as ratio of geometric means of Cmaxss and AUCtauss values expressed as with perpetrator/without perpetrator. Trial 
design parameters:  Table 4.4-1, simulations #8 and 9. (Source: Simulation output files, Reviewer’s analysis, Tables 8 and 9 from Applicant’s 
Response to IR dated 28 March 2019).  

Mechanistically, PBPK analysis suggested that upadacitinib is well absorbed and do not undergo an 
extensive first-pass elimination in the intestine. The fractions absorbed (fa) and escaping gut metabolism 
(fg) were 0.95 and 1 for the IR formulation, and 0.46 and 1 for the ER formulation, respectively. Based on 
in vivo dissolution data incorporated in the PBPK model, 90% of upadacitinib was dissolved overtime 
from the ER formulation. Clinically, 15 mg QD ER formulation provided equivalent AUC0-24h and 
comparable Cmax values to 6 mg BID IR formulation (M14-680). Based on PBPK predictions, along the 
segments of GI tract, there was a <25% difference in the total intestinal lumen concentration, enterocyte 
concentration and absorption rate between a single dose of 6 mg BID IR and 15 mg ER QD.  For the 
doses used in the clinical DDI studies, single dose of 3 mg IR (DDI ketoconazole) or 12 mg IR (DDI 
rifampin), there were around 2-fold difference- lower and higher, respectively- in those 
concentrations/rates compared to 15 mg QD ER.   
 

Decrease in apical efflux clearance via inhibition of intestinal transporters resulted in a decrease in the 
lumen concentration and absorption rate, and an increase in enterocyte concentration. Inversely, increase 
in apical efflux clearance via induction of transporters resulted in an increase in the lumen concentration 
and absorption rate, and a decrease in enterocyte concentration. For each interaction mechanism, the 
percentage changes in those concentrations/rates were equivalent between the IR and ER formulation, 
despite numerical differences. Ultimately, the net effect of modulation of intestinal efflux transporters 
(and interplay with modulation of CYP3A metabolism) was expected to be comparable for the IR and the 
ER formulations of upadacitinib as represented by the predicted interaction ratios (<25% difference).  
 
Of note, in vitro assessment of upadacitinib transport in MDCK-MDR1 or -BCRP cells reported that the 
maximum efflux ratio (ERmax) for P-gp was around 2-fold higher than that of BCRP. The net P-gp efflux 
ratio was 15, which was reduced to 1.4 with a P-gp inhibitor; while the net BCRP efflux ratio was 14, 
which was reduced to 0.66 with a BCRP inhibitor (RD160380). The in vitro evidence may support the 
role of BCRP in the disposition of upadacitinib is expected to be similar or lower that of P-gp.  
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Model limitations 

 The PBPK model development process excessively utilized optimization/refining of in vitro and 
system parameters to recover PK data from a limited number of clinical studies.  Additionally, a 
systematic prediction bias on PK estimation was noted for both upadacitinib IR and ER formulations. 
It also appeared that the model overestimated the contribution of intestinal efflux transporters to the 
disposition of upadacitinib. The model was considered adequate for characterizing the DDI potential 
for the ER formulation with a strong CYP3A4 inhibitor and a strong CYP3A4 inducer, which have 
been previously characterized clinically using the IR formulation. Accordingly, the model is not 
considered adequate for quantitative predictions for untested DDI scenarios with new perpetrators.  
 

 Upadacitinib was determined to be a P-gp and BCRP substrate in vitro (RD160380). Unchanged drug 
in feces may be due to systemic secretion and/or direct gut secretion/incomplete absorption. The mass 
balance data (RD150181) suggested that upadacitinib is well absorbed and a systemic secretion 
pathway seems plausible (amount of unchanged drug in the feces was minor in first 48 hours; while it 
was prolonged to 4-7 days after dosing). The current upadacitinib model did not mechanistically 
include P-gp or BCRP in the systemic secretion of upadacitinib.  
 
In the event of P-gp and/or BCRP be involved in active secretion of upadacitinib from systemic 
circulation, changes in systemic clearance may be expected with modulators of these transporters. 
Given the magnitude of interaction observed between upadacitinib and ketoconazole (as CYP3A4 and 
postulated P-gp inhibitor, AUCR 1.70), which could be attributed by CYP3A4 in the liver, the 
involvement of systemic clearance via P-gp pathway is probably low. Additionally, interaction with a 
single dose of rifampin (as a CYP3A4 and OATP1B inhibitor, and postulated P-gp and BCRP 
inhibitor at single dose) resulted in upadacitinib CmaxR of 1.14 and AUCR of 1.07, suggesting a low 
contribution of transporters to overall clearance of upadacitinib. Furthermore, it would be expected 
that changes in systemic clearance with modulators of P-gp/BCRP transporters affecting the 
elimination half-life of upadacitinib are comparable for both IR and ER formulations.   
 
Therefore, the involvement of systemic clearance via efflux transporter, while possible, would not be 
expected to impact the current conclusions for the PBPK model.  

 
Conclusions 
PBPK analyses was deemed adequate to evaluate the effect of ketoconazole and rifampin on upadacitinib 
PK following administration of IR or ER formulations.  The model predicted the effects of strong 
CYP3A4 inhibition or induction, including potential modulation of intestinal efflux transporters P-
gp/BCRP, are expected to be comparable (<25% difference) for the IR and the ER formulations of 
upadacitinib.  
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