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Note –  
In this review, early development names INCB028050 and LY3009104 sometimes were used to 
refer to baricitinib.  
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1. EXECUTIVE SUMMARY 
 
On 04/12/2017, Eli Lilly and Company resubmitted NDA 207924 (SDN 50) to address the issues raised in 
FDA’s Complete Response Letter (CRL) dated on 04/12/2017; and to seek marketing approval of 
baricitinib (Olumiant®) for the treatment of adult patients with moderately to severely active rheumatoid 
arthritis who have had an inadequate response or intolerance to methotrexate. 
 
The key clinical pharmacology review questions for this resubmission focus on appropriateness of dose 
and recommendations for baricitinib use in patients with renal impairment and patients having strong 
OAT3 (organic anion transporter 3) inhibitors as co-medication. 
 
 
1.1 Recommendation  
 
The Office of Clinical Pharmacology Divisions of Clinical Pharmacology II, Pharmacometrics have 
reviewed the information contained in NDA 207924.  This NDA is approvable from a clinical 
pharmacology perspective.  
 
The proposed dose of Olumiant is 2 mg once daily “for the treatment of adult patients with moderately to 
severely active rheumatoid arthritis who have had an inadequate response or intolerance to 
methotrexate”.  In addition, “For patients with an inadequate response or intolerance to more than one 
DMARD, a dose of 4 mg once daily is recommended. Dose tapering to 2 mg once daily may be considered 
for patients who have achieved sustained control of disease activity with 4 mg once daily.” 
 
From a clinical pharmacology perspective, the exposure-response curve for the preliminary efficacy 
endpoint ACR20 at Week 16 is generally flat within the exposure range from 2 to 4 mg.   However, there 
was a higher incidence of thrombotic events in patients in 4 mg baricitinib treatment group than placebo 
treatment group observed from Phase 3 studies.  In an Arthritis Advisory Committee Meeting held on 
4/23/2018, the Committee voted for the approval of baricitinib 2 mg (10 Yes 5 No) over 4 mg (5 Yes 10 
No) based on benefit-risk profile.  For further discussion of benefit-risk ratio of baricitinib treatment in 
RA patients, refer to Clinical Review by Dr. Raj Nair. 
 
A dedicated renal impairment Study JADL demonstrated a 2.2-fold increase of baricitinib AUC0-inf and 
50% increase of Cmax in subjects with moderate renal impairment compared to subjects with normal renal 
function.  A dedicated drug-drug interaction Study JAGG demonstrated a 2-fold increase of baricitinib 
AUC0-inf in subjects co-administered with OAT3 strong inhibitor probenecid.  However, the Applicant’s 
label did not propose a dose adjustment for these patients.  From clinical pharmacology perspective, the 
potential safety concern associated with the higher drug exposure in specific populations should be 
managed by a dose reduction or dosing regimen change.  Since the higher Cmax will not be resolved by a 
dosing regimen change, a dose reduction strategy serves as a better approach. Based on baricitinib linear 
PK, a 1 mg once daily dose is recommended in these specific populations.  Since baricitinib tablet with 1 
mg dosing strength is currently unavailable, a Post Marketing Commitment is proposed. 
 
Clinical pharmacology dose-related label recommendations/comments are summarized below: 
 

 We recommend OLUMIANT dose reduction from 2 mg once daily to 1 mg once daily in patients 
with moderate renal impairment (MDRD-GFR=30 to 59 mL/min).  Since the drug product 
(unscored tablet) of 1 mg dosing strength is currently unavailable, OLUMIANT is not 
recommended in patients with moderate renal impairment. 
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 We recommend OLUMIANT dose reduction from 2 mg once daily to 1 mg once daily in patients 

taking strong OAT3 inhibitors (e.g. probenecid).  Since the drug product (unscored tablet) of 1 mg 
dosing strength is currently unavailable, OLUMIANT is not recommended in patients taking 
strong OAT3 inhibitors. 
 
 

1.2 Post-Marketing Requirements and Commitments 
 
The Office of Clinical Pharmacology recommends one Post Marketing Commitment: 
 
Develop baricitinib tablet with 1 mg dosing strength for dose adjustment in patients with moderate renal 
impairment or patients taking strong OAT3 inhibitors. 
 

1.3.   Summary of Clinical Pharmacology Findings 

 
1.3.1 Background 

 
The original NDA 207924 (SDN 1) was submitted on 01/15/2016.  In the original submission, the 
indication of baricitinib was “for the treatment of adult patients with moderately to severely active 
rheumatoid arthritis”.  In the resubmission package, the indication narrowed to “for the treatment of adult 
patients with moderately to severely active rheumatoid arthritis who have had an inadequate response or 
intolerance to methotrexate”; and the proposed dose change from “4 mg once daily” in the original 
submission to ”2 mg once daily” in the current resubmission package.  In addition, “For patients with an 
inadequate response or intolerance to more than one DMARD, a dose of 4 mg once daily is 
recommended.  Dose tapering to 2 mg once daily may be considered for patients who have achieved 
sustained control of disease activity with 4 mg once daily.” 
 
FDA issued a CRL on 04/12/2017 with safety concerns that outweigh efficacy observed with the proposed 
dosing regimen.  The major safety concerns highlighted were: 1) potential increase of thrombotic risk 
following baricitinib treatment compared to placebo treatment; and 2) inadequate safety exposure at 
baricitinib 2 mg treatment.  In addition, FDA had recommendations for dose-ranging comments in the 
CRL: 
  

Dose-ranging Considerations 
Your Phase 3 program evaluated only baricitinib 2 and 4 mg doses, with emphasis on the 4 mg dose. 
The Phase 3 data identified dose-related adverse events at the 4 mg dose and inconsistent efficacy 
results between the 2 and 4 mg doses suggest the need to evaluate lower doses. In fact, Phase 2 dose-
ranging studies suggest that a 1 mg dose of baricitinib may be effective. Although thrombocytosis was 
not directly linked to thrombotic events observed in Phase 3 trials, it was notable that in JADN a 
significant increase from baseline in platelet counts compared to placebo was observed with the 2 mg 
dose and higher. Given these observations, it would seem prudent to evaluate the benefit-risk of 
baricitinib at 1 mg or lower doses. 
 

A pre-NDA meeting was held on 10/02/2017 and the applicant expressed intention to propose a low dose 
(2 mg) in the resubmission. FDA commented that “based on the new proposed dosing, a justification is 
needed for dose adjustment in patients with severe renal impairment or patients taking OAT3 inhibitors.” 
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In this resubmission, the applicant included following clinical pharmacology-related reports: 
 An in vitro transporter experiment report assessing the organic anion transporter 2 (OAT2) 

inhibition potential by baricitinib 
 A PBPK report assessing the effect of OAT3 strong inhibitor probenecid on baricitinib PK in RA 

patients. 
 An updated population PK report assessing the following: 

o Baricitinib PK in patients with moderate renal impairment 
o Efficacy of lower doses of baricitinib (1 mg and lower) 
o Patient subgroup that might benefit from the 4 mg dose compared to the 2 mg dose 

  
1.3.2 In vitro OAT2 transporter experiment 

 
Baricitinib is a weak inhibitor of OAT2 with an IC50 value of approximately 100 μM (37.1 μg/mL), which 
is approximately 700-fold higher than Cmax,ss (50.7 ng/mL) following 4 mg QD dosing regimen. 
 
Human embryonic kidney (HEK) cells transiently transfected with the human OAT2 were used to 
determine the inhibitory potential of baricitinib on OAT2.  [14C]-Creatinine was used as OAT2 substrate 
in this experiment.  In brief, HEK-OAT2 cells were pre-treated with different concentrations of baricitinib 
(0 to 100 μM) for 10 minutes before incubation with 25 or 36 μM creatinine for 2 minutes at 37 °C. The 
reaction was stopped by addition of ice cold HBSS.  The cells were washed and lysed for measuring the 
radio activity and protein quantity. 
 
In total, the experiment was repeated three times and the average IC50 value of baricitinib was determined 
to be 99.1 μM (Table 1). 
 

Table 1 Inhibition Potential of Baricitinib on Creatinine Uptake in HEK-OAT2 Cells 
 

 
All incubations were conducted at 37°C for 2 minutes in duplicate per concentration. 
a Average IC50 calculated using 20 and 25 January 2017 results. 
Source: from clinical-pharmacology-rep.pdf, page 10, Table 1 

 
1.3.3 Dose adjustment in specific population based on newly proposed dose 

 
Baricitinib exposure increases approximately linearly proportional to dose from 1 mg to 20 mg following 
single oral dose administration in healthy subjects (refer to Clinical Pharmacology Review dated on 
11/21/2016).  A summary of dose adjustment of baricitinib in patients with moderate renal impairment 
and patients taking OAT3 strong inhibitors (e.g. probenecid) as proposed by the applicant in the two 
submissions are listed in Table 2. 
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Table 2 Comparison of Applicant’s Proposed Dose Adjustment in Specific Population in Two 
Submissions and Reviewer’s Recommendation 

  

Label 2016 Original Submission 2017 Resubmission 

Proposed Dose 

The recommended dose of 
OLUMIANT is 4 mg once daily. A 
dose of 2 mg once daily may be 
considered for patients who have 
achieved sustained control of 
disease activity with 4 mg once 
daily and are eligible for dose 
tapering. 

The recommended dose of OLUMIANT is 2 
mg once daily. For patients with an inadequate 
response or intolerance to more than one 
DMARD, a dose of 4 mg once daily is 
recommended. 
Dose tapering to 2 mg once daily may be 
considered for patients who have achieved 
sustained control of disease activity with 4 mg 
once daily 

Proposed dose in  
OAT3 DDI 

Proposed dose in 
Patients with 

moderate renal 
impairment 

Reviewer’s 
Recommendations  

  OLUMIANT dose reduction from 2 mg once 
daily to 1 mg once daily in patients with 
moderate renal impairment (MDRD-
GFR=30 to 59 mL/min) is recommended.  
Since the drug product (unscored tablet) of 1 
mg dosing strength is currently unavailable, 
OLUMIANT is not recommended in patients 
with moderate renal impairment. 
 

 OLUMIANT dose reduction from 2 mg once 
daily to 1 mg once daily in patients taking 
strong OAT3 inhibitors (e.g. probenecid) is 
recommended.  Since the drug product 
(unscored tablet) of 1 mg dosing strength is 
currently unavailable, OLUMIANT is not 
recommended in patients taking strong 
OAT3 inhibitors. 

Source: from proposed labels 
 

1.3.3.1 Dose adjustment in patients with moderate renal impairment 
 

A dedicated renal impairment Study JADL supports a 50% dose reduction for baricitinib in patients with 
moderate renal impairment (MDRD-GFR=30 to 59 mL/min) (Table 2).  This 50% dose reduction is also 
necessary as the renal impairment is an independent risk factor of venous thromboembolism. 
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A dedicated renal impairment Study JADL was included in the original submission.  Study JADL was a 
phase 1, open-label, single-dose study to assess the effect of renal impairment on baricitinib PK.  The 
geometric mean ratio of AUC0-inf was 1.4-, 2.2-, 4.1-, and 3.2-fold higher in subjects with mild (MDRD-
GFR=60 to 89 mL/min), moderate (MDRD-GFR=30 to 59 mL/min), severe renal impairment (MDRD-
GFR=15 to 29 mL/min), and subjects with end stage renal disease (ESRD) requiring hemodialysis ESRD 
(MDRD-GFR<15 mL/min), respectively (Table 3). 

 
Table 3 Summary of Geometric Mean ratio (90% CI) for Dose-Normalized* Cmax and AUC of 
Baricitinib in Renal Impairment Subjects Relative to the Subjects with Normal Renal Function 

 
Renal 

Impairment 
N Cmax AUC0-t AUC0-inf 

Mild 10 1.16 (0.92-1.45) 1.41 (1.16-1.72) 1.41 (1.15-1.74) 

Moderate 10 1.46 (1.17-1.83) 2.20 (1.91-2.69) 2.22 (1.81-2.73) 

Severe 8 1.40 (1.11-1.78) 3.81 (3.09-4.70) 4.05 (3.25-5.03) 

ESRD 
 (Pre-dialysis) 

8 0.88 (0.70-1.12) 2.26 (1.84-2.79) 2.41 (1.94-3.00) 

ESRD  
(Post-dialysis) 

8 1.10 (0.86-1.39) 3.01 (2.44-3.71) 3.18 (2.56-3.95) 

* A single dose of 10 mg baricitinib was administered in subjects with normal renal function (MDRD-GFR >90 
mL/min), mild renal impairment (MDRD-GFR=60 to 89 mL/min), and moderate renal impairment (MDRD-GFR=30 to 
59 mL/min). A single dose of 5 mg baricitinib was administered in subjects with severe (MDRD-GFR=15 to 29 
mL/min) renal impairment; or ESRD (MDRD-GFR<15 mL/min) on hemodialysis. 
Source: Clinical Pharmacology Review dated 11/21/2016, page 14 

 
The study design is acceptable per FDA Guidance for Industry: Pharmacokinetics in Patients with 
Impaired Renal Function- Study Design, Data Analysis, and Impact on Dosing and Labeling 
(https://www.fda.gov/downloads/drugs/guidances/ucm204959.pdf).  The MDRD-GFR values in subjects 
with moderate renal impairment appears distributed evenly from 30 to 59 mL/min, which is not skewed 
towards the lower end (Figure 1).  Therefore, the observed mean AUC value from subjects with moderate 
renal impairment in Study JADL is representative for this population. 
 

 
Figure 1 Relationship of baricitinib plasma AUC0-inf (dose normalized to 10 mg) and renal function 
MDED-GFR (PK population). Data from subjects with ESRD is excluded from regression. The regression 
predicts a 2-fold increase of AUC0-inf in subjects with MDRD-GFR of 46 mL/min/1.73 m2 as compared to 
the healthy subjects. (Source: jadl-04-body.pdf, page 57, Figure 4) 
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Based on observed 2-fold increase of systemic exposure (AUC0-inf) of baricitinib in subjects with 
moderate renal impairment from a dedicated renal impairment Study JADL, and baricitinib linear PK 
from 1 mg to 20 mg, a 50% dose reduction for baricitinib is recommended in patients with moderate renal 
impairment (MDRD-GFR=30 to 59 mL/min). 
 
In this resubmission, the applicant used popPK results to justify that no dose adjustment is needed in 
patients with moderate renal impairment (Table 2).  The model predicts that baricitinib renal clearance in 
patients with RA is different from other populations, i.e., MDRD-eGFR has less effect on drug clearance 
in patients with RA compared to other population.  From reviewer’s perspective, the model proposed 
different renal clearance pattern of baricitinib in patients with RA is a hypothesis that has not been 
confirmed. Given the PK results available from a dedicated renal impairment study with rich sampling 
scheme and designed as per the FDA guidance of Pharmacokinetics in Subjects with impaired renal 
function, a lower dose of 1 mg is recommended in patients with moderate renal impairment.  Since the 
drug product (unscored tablet) of 1 mg dosing strength is currently unavailable, OLUMIANT is not 
recommended in patients with moderate renal impairment.   
 
1.3.3.2 Dose adjustment in patients co-administered with strong OAT3 inhibitors 

 
Adedicated drug-drug interaction Study JAGG supports a 50% dose reduction for baricitinib in patients 
taking strong OAT3 inhibitors (e.g. probenecid) (Table 2). 
 
A dedicated drug-drug interaction Study JAGG was included in the original submission.  Study JAGG 
was a phase 1, open-label, fixed-sequence, 2-period, drug-drug interaction study in healthy subjects.  The 
geometric mean ratio of AUC0-inf was 2-fold higher when subjects co-administered with OAT3 strong 
inhibitor probenecid (1000 mg BID for 5 days) (Table 4). 
 

Table 4 Statistical Analysis of the Baricitinib AUC0-∞ and Cmax following 4 mg Single-Dose 
Administration with or without Co-administered with Probenecid 

 

 
Source: Clinical Pharmacology Review dated 11/21/2016, page 18 
 

The study design is acceptable per FDA Guidance for Industry: Clinical Drug Interaction Studies- Study 
Design, Data Analysis, and Clinical Implications 
(https://www.fda.gov/downloads/drugs/guidances/ucm292362.pdf).   
 
In this submission, the applicant provided a PBPK analysis to predict the effect of strong OAT3 inhibitors 
in the adult subjects with moderate-to-severe RA.  The applicant proposed no dose reduction in needed by 
assuming the downregulation of OAT3 expression/activity in RA population based on animal data.  There 
are no human data available to support the Applicant’s assumption.  Thus, the applicant’s PBPK analysis 
is not adequate to support labeling claims on DDI between baricitinib and a strong OAT3 inhibitor in 
adult subjects with moderate-to-severe RA.    Refer to the PBPK review in the appendix for further details 
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Given the PK results available from a dedicated study, a lower dose of 1 mg is recommended in patients 
taking strong OAT3 inhibitors (e.g. probenecid). Since the drug product (unscored tablet) of 1 mg dosing 
strength is currently unavailable, OLUMIANT is not recommended in patients taking strong OAT3 
inhibitors. 
 
 
1.3.4 Efficacy evaluation from dose ranging studies 
 
The applicant provided additional modeling results suggesting that baricitinib doses ≤ 1 mg may be less 
efficacious than the higher dose for the primary endpoint (ACR20 response rate at Week 12).  By 
assessing the exposure-response analysis from Phase 2 dose ranging Studies, the reviewer agrees with 
applicant’s conclusion that baricitinib dose of 1 mg and lower may not be as efficacious as the higher 
dose. 
 
1.3.4.1 Efficacy results from Phase 2 dose ranging studies 

 
There were three Phase 2 dose-ranging studies (Studies JADC, JADA, and JADN) conducted under 
baricitinib RA program.  In total, a dose range of 10-fold (from 1 mg to 10 mg) was explored in patients 
with RA: 

 Study JADC was a Phase 2a, randomized, double-blind, placebo-controlled, dose-ranging, 
parallel-group study in patients with active RA who had inadequate response to disease modifying 
anti-rheumatic drug (DMARD) therapy (including biologics).  The primary endpoint was ACR 20 
response rate at Week 12.  The studies baricitinib doses were 4 mg, 7 mg, and 10 mg once daily.  
A total of 125 patients were dosed, and approximately 84% of subjects completed treatment. 
 

 Study JADA was a Phase 2b, multicenter, randomized, double-blind, placebo-controlled, parallel-
group, dose-ranging, outpatient study followed by an open-label extension period in patients with 
active RA on background methotrexate (MTX) therapy.  The primary endpoint was ACR 
(20/50/70) response rate over 12 weeks.  The studies baricitinib doses were 1 mg, 2 mg, 4 mg, and 
8 mg once daily.  A total of 301 patients were randomized to treatment, and 276 patients 
completed 12-week treatment. 
 

 Study JADN was a Phase 2b, outpatient, randomized, double-blind, placebo controlled, parallel-
group, dose-ranging study in Japanese patients with active RA on background MTX therapy.  The 
primary endpoint was ACR 20 response rate at Week 12.  The studied baricitinib doses were 1 mg, 
2 mg, 4 mg, and 8 mg once daily.  A total of 145 patients were randomized, and 142 patients 
completed treatment despite ongoing MTX therapy.   

 
Table 5 ACR20 Response Rate at Week 12 from Three Phase 2 Dose-Ranging Studies 

 

Study 
ID 

Patient Population 
ACR20 Response at Week 12* 

Placebo 
Group 

Baricitinib Groups 

JADC 

Active RA patients 
inadequately controlled 
with at least one 
DMARD# 

32% 
(10/31) 

  4 mg 7 mg  10 mg 

  
52% (16/31) 

p=0.198 
59% (19/32) 

p=0.044 
 

53% (16/30) 
p=0.124 

JADA 
Active RA patients 
with use of MTX for at 
least 12 weeks 

41% 
(40/98) 

1 mg 2 mg 4 mg  8 mg  
57% (28/49)
p=0.045 

54% (28/52)
p=0.088 

75% (39/52)
p<0.001 

 78% (39/50) 
p<0.001 
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JADN 

Active Japanese RA 
patients with use of 
MTX for at least 12 
weeks 

31% 
(15/49) 

1 mg 2 mg 4 mg  8 mg  

67% (16/24)
p=0.004 

83% (20/24)
p<0.001 

67% (16/24)
p=0.004 

 88% (21/24) 
p<0.001 

 

* listed as response rate (%) calculated by response patient number/total patient number 
# 35% patients were inadequate responder to biologic DMARD (bDMARD). 
Source: CSR JADC, page 80, Table 10; CSR JADA, page 190, Table 11.2; CSR JADN, page 104, Table 11.6 

 
The efficacy results by different doses from these studies are listed in Table 5.  In general, the ACR20 
response rate following 12 week baricitinib treatment was higher in patients who were MTX inadequate 
responders (IR), which is consistent with the historical observations.  8 mg consistently shows better 
ACR20 response rate over lower doses in all three studies.  On the other hand, there was no clear dose 
separation on ACR20 response rate from 1 mg to 4 mg. 
 
1.3.4.2 Exposure-Response Results of ACR20 from Phase 2/3 studies 

 
In order to further elucidate the dose/exposure-response relationship on ACR20, a PK/PD logistic 
regression longitudinal model was explored based on pooled dataset including patients from three Phase 2 
Studies (JADC, JADA and JADN) and four Phase 3 Studies (JADV, JADW, JADX, and JADZ).  In total, 
the data set included 28295 ACR20/50/70 measurements from 3192 RA patients. That represents 
approximately 87% of RA patients in these studies.  For model details, refer to Clinical Pharmacology 
Review dated on 11/21/2016. 
 
The model-predicted Cav,ss (average daily baricitinib plasma concentration at steady state)-ACR20 
response curve (at Week 12) and its 90% confidence intervals reasonably predict the observed results 
from 1 mg to 4 mg dose (Figure 2).  The ACR20 response curve becomes steeper below 4 ng/mL. The 
predicted median Cav,ss for the different doses are shown in Table 6 and the 5th percentile values of Cavg,ss 
(2.71 ng/mL) predicted for the 1 mg daily dose is lower than 4 ng/mL.  It is predicted that at the 1 mg 
dose, there would be a proportion of patients who would have exposures that would fall below 4 ng/ml 
and lie in the steep region of the exposure-response curve.   
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Figure 2 Model-predicted dose/exposure-response relationships for ACR20/50/70 at Week 12. Solid lines 
are model-predicted response curves. The bands are 90% prediction intervals that were constructed by 
simulation of 200 trials with 200 patients per trial. Circle, triangle, and diamond are for observed ACR20, 
50, and 70 response rates for different doses, respectively. Black and red colors are for QD and BID 
dosing regimen, respectively. Vertical solid and dashed lines indicate the range (5th percentile to 95th 
percentile) of predicted concentrations for different doses4-mg and 2-mg, respectively. (Source: 
Response_2018-1-10.pdf, page 9, Figure 4.2) 
 

Table 6 Summary of Average Daily Plasma Concentrations at Steady State (Cav,ss) of 
Dosing Predicted for 1, 2, and 4 mg Doses of Baricitinib 

 

Dose Median (ng/mL) 5th Percentile (ng/mL) 
95th Percentile 

(ng/mL) 
1 mg 4.49 2.71 9.43 

2 mg 8.98 5.42 18.9 

4 mg 18.0 10.8 37.7 
Source: Response_2018-1-10.pdf, page 11, Table 4.3 
 
 

1.3.5 Platelet count evaluation by doses 
 
In general, there is a trend of elevation of mean platelet count from baseline following baricitinib ≥ 2 mg 
treatment observed from dose ranging studies (Studies JADC, JADA and JADN).  In addition, there is a 
dose-dependent relationship of maximal platelet count increase from baseline within Week 13, from 1 mg 
QD to ≥ 7 mg (Figure 3). 
 

 
Figure 3 Maximal platelet count increase from baseline by different doses within Week 13. Platelet 
counts are pooled from dose ranging Studies JADC, JADA and JADN. (Source: platelet.xpt dated on 
2/15/2018) 
 
The same dose-dependent trend was observed in 2 Phase 3 studies (JADX and JADW) which investigated 
both 2 mg and 4 mg doses of baricitinib (Figure 4).  The elevation of mean platelet count peaked around 
Week 2 following baricitinib QD treatment with increase from baseline of 37103/μL and 55103/μL 
higher than the baseline in 2 mg group and 4 mg group, respectively.  After Week 8, the mean platelet 

Reference ID: 4261934



 

 12

count remained stable in baricitinib groups with approximately 15103/μL and 30103/μL increase from 
baseline in 2 mg group and 4 mg group, respectively. 
 
Similarly, the dose-dependent trend of thrombocytosis incidence was observed in Studies JADX and 
JADW.  There were more proportion of patients experienced at least one thrombocytosis event in 
baricitinib treatment groups than placebo treatment group (Table 7), and there were more proportion of 
patients experienced at least one thrombocytosis event in 4 mg group than 2 mg. 
 

 
Figure 4 Mean (±SE) platelet count change from baseline over time by placebo (blue), baricitinib 2 mg 
(red) and baricitinib 4 mg (green) groups from pooled results from Studies JADX and JADW.  (Source: 
adlbc.xpt from Study JADW and adlbcnc.xpt from Study JADX) 
 

Table 7 Summary of Proportion of Patients experienced Thrombocytosis in  
Studies JADA and JADN 

 
 Placebo Baricitinib 2 mg Baricitinib 4 mg 

Platelets > 600,000/μL1 
N=400 N=399 N=404 

6 (1.5%) 7 (1.8%) 12 (3.0%) 

Platelets > 450,000/μL2 
N=375 N=383 N=385 

17 (4.5%) 38 (9.9%) 61 (15.8%) 
1 Number (proportion) of patients with platelet counts greater than 600,000/uL. Seven (7) patients with their platelet 
counts greater than 600,000/uL at baseline are excluded. 

2 Number (proportion) of patients with platelet counts greater than 450,000/uL. Sixty seven (67) patients with their 
platelet counts greater than 600,000/uL at baseline are excluded. 

Source: reviewer’s analysis 
 
1.3.6 Exposure-response exploration of efficacy in subgroup patients 
 
Exposure-response analysis consistently demonstrates a flat ACR20 response curve at Week 16 within the 
exposure range from 2 to 4 mg (5th to 95th value of Cav,ss) in both 1cDMARD-IR and 2+cDMARD-IR 
patients. 
 
In this resubmission package, the applicant proposed a new patient population-based dosing strategy “The 
recommended dose of OLUMIANT is 2 mg once daily. For patients with an inadequate response or 
intolerance to more than one DMARD, a dose of 4 mg once daily is recommended”, which is different 
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from the general dosing strategy proposed in the label of original submission “The recommended dose of 
OLUMIANT is 4 mg once daily”. 
 
In the Clinical Pharmacology package of this resubmission, the applicant further divided patients with an 
inadequate response or intolerance to more than one DMARD (2+DMARD-IR) into two groups: 
1cDMARD-IR + 1bDMARD-IR group and 2+cDMARD-IR group.  Since Study JADW demonstrated 
numerically higher response rate of ACR20 of 4 mg over 2 mg in 1cDMARD-IR + 1bDMARD-IR 
patients (for details, refer to FDA Biometrics review by Dr. Abugov), the applicant only explored 
exposure-response analysis justifying the proposal of 4 mg in 2+cDMARD-IR patients.   
 
For the exposure-response analysis, data were combined from approximately 2200 patients in the five 
phase 2 and 3 studies conducted in cDMARD-IR patients (JADC, JADA, JADN, JADX, and JADV) and 
included baricitinib treatment up to 24 weeks. Patients from these studies were categorized by their prior 
cDMARD-IR status as following: 

 1cDMARD-IR: patients who failed only 1 cDMARD 
 2+cDMARD-IR: patients who failed 2 or more cDMARDs 

 
The exposure-response analysis explored primary endpoint ACR20 together with some secondary 
endpoints such as ACR50/70, DAS28-hsCRP, SDAI (simplified disease activity index), and CDAI 
(clinical disease activity index).  To be noted, the secondary endpoints listed here only represent part of the 
secondary endpoints investigated in these Phase 3 Studies.  
 
In the exposure-response analysis, the prior cDMARD-IR status was identified as a significant covariate 
on the ACR model as well as the models for the 3 disease activity endpoints of DAS28-hsCRP, CDAI, and 
SDAI (Table 8).  The results suggest that 1cDMARD-IR patients tend to have higher response rate than 
2+cDMARD-IR patients. 
 

Table 8 Summary Results of Covariate Testing for Prior cDMARDs Status 
 

 
a significant at alpha=0.01 
b significant at alpha=0.001 
Source: dose-response-eval.pdf, page 28, Table APP.8.2 

 
The ACR20 response curve at Week 16 is generally flat within the exposure range (5th to 95th value of 
Cav,ss) for the 2 mg and 4 mg dose groups  for both 1cDMARD-IR and 2+cDMARD-IR populations 
(Figure 5).  The results are consistent with the observed results in 2+cDMARD-IR patients from Study 
JADX (Figure 6) where there is minimal difference between both doses with respect to ACR 20/50/70 in 
both 1cDMARD-IR and 2+cDMARD-IR populations.   
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Figure 5 Estimated dose/exposure-response relationships for ACR20/50/70 at Week 16 for the 
1cDMARD-IR (left panels) and 2+cDMARD-IR (right panels) populations.  Solid black lines are median 
model-predicted response. The bands are 90% prediction intervals that were constructed by simulation of 
200 trials. Green and grey shaded areas indicate the range (5th to 95th percentile) of predicted 
concentrations for 2-mg, and 4-mg, respectively. (Source: dose-response-eval.pdf, page 10, Figure 4.2) 
 

 
 

Figure 6 Proportion of patients achieving ACR20/50/70 at Weeks 12 (primary time point) from 
2+DMARD population in Studies JADW and JADX. (Source: 5-3-5-32dmardir.pdf, page 6, Figure 3.1) 

 
For other explored secondary endpoints, the slopes of the exposure-response curve for DAS28-hsCRP 
appear slightly steeper in 2+cDMARD-IR patients than 1cDMARD-IR patients within the exposure range 
from 2 mg to 4 mg.  This is consistent with the integrated analysis in subgroup patients where a slightly 
numerical, but not statistical difference was observed.  For details, refer to FDA Biometrics review by Dr. 
Abugov.  For clinical meaning of these small differences, refer to the Clinical Review by Dr. Raj Nair. 
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Applicant’s exposure-response relationship for SDAI, and CDAI in 1cDMARD-IR and 2+cDMARD-IR 
populations are shown in section 2.1.3.and 2.1.4.  Based on VPC, the model under-predicts the response 
in patients with high CDAI and SDAI scores precluding inferences regarding dose/exposure-response for 
CDAI and SDAI.  
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2.1 Appendix –Evaluation of Exposure-Response Models for Subgroup Analysis 
 
In this resubmission, the applicant pooled approximately 2200 patients in the five phase 2 and 3 studies 
conducted in cDMARD-IR patients (JADC, JADA, JADN, JADX, and JADV) up to 24 weeks’ treatment 
(Table 2.1.1).  Patients are categorized by their prior cDMARD status: 

 1cDMARD-IR: patients who failed only 1 cDMARD 
 2+cDMARD-IR: patients who failed 2 or more cDMARDs 

  
Table 2.1.1 Data Disposition for the Exposure-Response Models Evaluating Prior cDMARD Status 

 

 
a Prior cDMARDs use = 0 and 1 are for 1cDMARDs IR and 2+cDMARDs IR, respectively. 
b n=number of observations 
c N=number of patients 
Source: dose-response-eval.pdf, page 28, Table APP.8.1 

 
Per protocol non-responders in placebo or 2-mg treatment arms were rescued to the 4 mg dose beginning 
at Week 16 in Phase 3 studies; as pharmacological steady state was largely reached after 16 weeks of 
treatment, Week 16 was used as the simulation endpoint in lieu of Week 24 to avoid confounding due to 
dose changes. 
 
ACR20/50/70 were modeled as dichotomous endpoints.  DAS28-hsCRP, CDAI, and SDAI disease 
activity endpoints were modeled as continuous variables (Table 2.1.2).  Prior cDMARD status is 
identified as significant covariate for four models.  
 
 
2.1.1 Evaluation of ACR20/50/70 Exposure-Response Model 
 
The VPC evaluation comparing ACR20/50/70-time prediction results between 2 mg and 4 mg from the 
logit model is summarized in Figure 2.1.1.  In general, the 90% confidence interval (orange band) of 
predicted curve predicts the observed results (black points) reasonably well.  
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Figure 2.1.1 VPC plots for final ACR response longitudinal model for 1cDMARD-IR (top 6 panels) and 
2+cDMARD-IR (bottom 6 panels) patients. (Source: dose-response-eval.pdf, page 29, Figure APP.8.1) 

 
 
2.1.2 Evaluation of DAS28-hsCRP Exposure-Response Model 
 
The exposure-response prediction curve of DAS28-hsCRP at week 16 appears a little steeper in 
2+cDMARD-IR patients than 1cDMARD-IR patients within the range from 2 mg to 4 mg (Figure 2.1.2).  
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The 90% confidence interval of the prediction curve is overlaid with the observed results from 2 mg in 
2+cDMARD-IR population in Figure 2.1.3.  VPC plot for DAS28-hsCRP is shown in Figure 2.1.4. 
 

 
  
Figure 2.1.2 Estimated dose/exposure-response relationships for DAS28-hsCRP≤3.2 and <2.6 at Week 16 
for the 1cDMARD-IR (left panels) and 2+cDMARD-IR (right panels) populations. (Source: dose-
response-eval.pdf, page 9, Figure 4.1) 
 

 
Figure 2.1.3 Observed (black points) and model-predicted change from baseline values for DAS28-
hsCRP at Week 16 for 1cDMARD-IR (Left panels) and 2+cDMARD-IR (right panels) patients. (Source: 
dose-response-eval.pdf, page 32, Figure APP.8.5) 
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Figure 2.1.4 VPC plots for final DAS28-hsCRP model for 1cDMARD-IR (left) and 2+cDMARD-IR 
(right) patients. Shaded area corresponds to 95% confidence interval of simulated results and the dashed 
lines correspond to 5th, 50th, and 95th observed values (Source: dose-response-eval.pdf, page 30, Figure 
APP.8.2) 

 
2.1.3 Evaluation of CDAI Exposure-Response Model 
 
The exposure-response prediction curve of CDAI at week 16 appears steeper in 2+cDMARD-IR patients 
than 1cDMARD-IR patients within the range from 2 mg to 4 mg (Figure 2.1.5).  However, the 90% 
confidence interval of the prediction curve does not align well with the observed results in 1cDMARD-IR 
population (Figure 2.1.6).  In addition, VPC plot suggests a trend of under-prediction by model in patients 
with medium-to-high CDAI scores (Figure 2.1.7)  
 

 
  
Figure 2.1.5 Estimated dose/exposure-response relationships for CDAI≤10 and ≤2.8 at Week 16 for the 
1cDMARD-IR (left panels) and 2+cDMARD-IR (right panels) populations. (Source: dose-response-
eval.pdf, page 10, Figure 4.2) 
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Figure 2.1.6 Observed (black points) and model-predicted change from baseline values for CDAI≤10 and 
≤2.8 at Week 16 for 1cDMARD-IR (Left panels) and 2+cDMARD-IR (right panels) patients. (Source: 
dose-response-eval.pdf, page 32, Figure APP.8.5) 

 

 
Figure 2.1.7 VPC plots for final CDAI model for 1cDMARD-IR (left) and 2+cDMARD-IR (right) 
patients. Shaded area corresponds to 95% confidence interval of simulated results and the dashed lines 
correspond to 5th, 50th, and 95th observed values (Source: dose-response-eval.pdf, page 30, Figure 
APP.8.3) 

 
2.1.4 Evaluation of SDAI Exposure-Response Model 
 
The exposure-response prediction curve of SDAI at week 16 appears steeper in 2+cDMARD-IR patients 
than 1cDMARD-IR patients within the range from 2 mg to 4 mg (Figure 2.1.8).  VPC plot suggests a 
trend of under-prediction by model in patients with high SDAI scores (Figure 2.1.10)  
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Figure 2.1.8 Estimated dose/exposure-response relationships for SDAI≤11 and ≤3.3 at Week 16 for the 
1cDMARD-IR (left panels) and 2+cDMARD-IR (right panels) populations. (Source: dose-response-
eval.pdf, page 10, Figure 4.2) 
 

 
Figure 2.1.9 Observed (black points) and model-predicted change from baseline values for SDAI≤11 and 
≤3.3 at Week 16 for 1cDMARD-IR (Left panels) and 2+cDMARD-IR (right panels) patients. (Source: 
dose-response-eval.pdf, page 34, Figure APP.8.7) 
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Figure 2.1.10 VPC plots for final SDAI model for 1cDMARD-IR (left) and 2+cDMARD-IR (right) 
patients. Shaded area corresponds to 95% confidence interval of simulated results and the dashed lines 
correspond to 5th, 50th, and 95th observed values (Source: dose-response-eval.pdf, page 31, Figure 
APP.8.4) 
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2.2 Appendix – Physiologically-based Pharmacokinetic Modeling Review 
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1 OBJECTIVES 

The main objective of this review is to evaluate the adequacy of applicant’s conclusions regarding the 
ability of a physiologically-based pharmacokinetic (PBPK) model to predict the drug-drug interaction 
(DDI) potential between baricitinib and a strong OAT3 inhibitors in subjects with rheumatoid arthritis 
(RA). 

 
To support its conclusions the applicant provided the following PBPK modeling and simulation reports 
and updates:   

 Prediction of the Effect of OAT3 Inhibitors on the Exposure of Baricitinib (LY3009104) in 
Subjects with Rheumatoid Arthritis using PBPK Modelling [1] 

 Eli Lilly Response (15 February 2018) to FDA Information Request (08 February 2018) [2]. 
 

2 BACKGROUND 

Baricitinib (LY3009104) is an oral selective Janus Kinase (JAK)1/JAK2 inhibitor proposed to treat 
rheumatoid arthritis.  In vitro, baricitinib is a substrate for CYP3A4, organic anion transporter 3 (OAT3), 
P-glycoprotein (P-gp), breast cancer resistance protein (BCRP), and multidrug and toxin extrusion 
protein-2K (MATE2-K) [3].  The applicant conducted clinical DDI studies to evaluate these in vitro 
findings.  Only probenecid (an OAT3 inhibitor) had clinically meaningful effects on baricitinib 
pharmacokinetic (PK) in healthy subjects [3].  Co-administration of a single oral dose of baricitinib (4 mg 
s.d.) and multiple oral doses of probenecid (1000 mg twice daily) in healthy subjects resulted in a 2-fold 
increase in baricitinib area under the plasma concentration-time curve (AUC) (Table 1).  

   
Table 1. Clinical Effects of Perpetrator Drugs on Baricitinib PK 

 
Clinical DDI studies 

 
Perpetrator Drug 

 

Mean Ratio of Baricitinib 
PK with/without 
Perpetrator Drug 

Cmax Ratio AUC ratio 

JAGJ Baricitinib PK effect with a 
strong CYP3A inhibitor 

Ketoconazole 1.08 1.21 

JAGL Baricitinib PK effect with a 
strong CYP3A inducer 

Rifampin 1.05 0.66 

JAGH Baricitinib PK effect with a 
strong 

P-gp inhibitor 

Cyclosporine 0.99 1.29 

JAGG Baricitinib PK effect with a 
strong OAT3 inhibitor 

Probenecid 1.03 2.03 

(Source: [3]) 
 
In the previous submission, PBPK modeling was used to predict the effects of OAT3 inhibitors, 
specifically ibuprofen and diclofenac, on baricitinib PK in healthy subjects [4].  PBPK simulations 
reasonably described the plasma concentration-time profiles of baricitinib in healthy subjects following a 
4 mg single oral dose [5]. Likewise, PBPK simulations were deemed adequate to predict the interaction 
between baricitinib and the OAT3 inhibitors ibuprofen and diclofenac in healthy subjects [5].  
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Reviewer notes that even though the mechanism of the apparent reduced active renal secretion of 
baracitinib in subjects with RA may be due to a downregulation of OAT3, the current knowledge is 
limited to allow definitive conclusion.  
 

4.2 Can the PBPK model describe the pharmacokinetics of baricitinib when co-administered with a 
strong OAT3 inhibitor? 

The current PBPK model of baracitinib in virtual RA population cannot be used to predict the DDI effect 
between baracitinib and a strong OAT3 inhibitor because a major deficiency was identified, as described 
in details in section 4.1.  

5 CONCLUSION 
The current PBPK model of baracitinib in RA population cannot be accepted because key model 
assumption, downregulation of OAT3 expression/activity in RA population, was not sufficiently justified. 
Thus, applicant’s proposed PBPK simulations cannot be used to predict DDI between baracitinib and a 
strong OAT3 inhibitor in RA population. 
 
Although a reduction in renal secretion clearance appeared to be observed in subjects with RA, reduction 
of OAT expression/activity and its potential implication in a DDI with a OAT3 inhibitor should be further 
verified clinically.  

6 APPENDICES 

6.1 Abbreviations 
 
AUC, area under the concentration-time profile;  AUC ratio, the ratio of the area under the curve of the 
substrate drug in the presence and absence of the perpetrator; b.i.d., twice daily dosing; B/P, blood to 
plasma ratio; cLogP, calculated log of the octanol/water partition coefficient; Cmax, maximal 
concentration in plasma; Cmax ratio, the ratio of the maximum plasma concentration of the substrate drug 
in the presence or absence of the perpetrator; CL, clearance; CLr, renal clearance; DDI, drug-drug 
interaction; IC50, inhibitory concentration causing one-half of maximum effect; F, bioavailability; fa, 
fraction absorbed; Fg, fraction that escapes intestinal metabolism; fu, unbound fraction in plasma; fuinc, 
fraction unbound in in vitro incubations; ka, first order absorption rate constant; Kp, tissue-to-plasma 
partition coefficient; Ki, reversible inhibition constant; Km, Michaelis constant; NA, not applicable; OAT 
3, organic anion transporter 3; PBPK, Physiological-based Pharmacokinetic; P-gp, P-glycoprotein; q.d., 
once daily dosing; q.i.d., four times daily dosing; Vmax, maximal velocity. 
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6.3 Appendix Tables 
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Note –  
In this review, early development names INCB028050 and LY3009104 sometimes were used to 
refer to baricitinib.  
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1. EXECUTIVE SUMMARY 
 
Baricitinib (Olumiant®) is a second-in-class, reversible Janus kinase (JAK) inhibitor proposed for the 
treatment of adult patients with moderately to severely active rheumatoid arthritis (RA).  Baricitinib 
belongs to disease-modifying anti-rheumatic drugs (DMARDs) which slow down RA disease progression.  
Baricitinib was superior to placebo and MTX, a conventional DMARD, for the well-established measures 
of ACR20/50/70 response rate at the primary time points in multiple Phase 3 studies.  When this 
document is archived, Sponsor’s response to several safety Information Requests are still pending.  For 
conclusion of safety profile of baricitinib, refer to clinical review by medical officer Dr. Raj Nair. 
 
The key clinical pharmacology review questions focus on appropriateness of dose and recommendations 
for baricitinib use in patients with renal impairment and patients having strong OAT3 (organic anion 
transporter 3) inhibitors as co-medication. 
 
1.1 Recommendation  
 
The Office of Clinical Pharmacology Divisions of Clinical Pharmacology II, Pharmacometrics have 
reviewed the information contained in NDA 207924.  This NDA is approvable from a clinical 
pharmacology perspective. The key review issues with specific recommendations/comments are 
summarized below: 
 

Review Issues Recommendations and Comments 

Supportive evidence of 
effectiveness 

Four Phase 3 studies provide primary evidence (refer to clinical 
review by medical officer Dr. Raj Nair and statistical review by 
Dr. Robert Abugov) 

General dosing instructions 

The proposed 2 mg or 4 mg once daily dose is acceptable.  That’s 
based on efficacy evidence that treatment groups on both doses 
were superior to the placebo group on ACR20 response rate 
(primary efficacy endpoint) in Phase 3 studies.  In addition, the 
ACR20 response rate was slightly higher for 4 mg treatment group 
than 2 mg treatment group in Studies JADA and JADW.  The 
preliminary overview of baricitinib safety profile was generally 
similar between two dose groups.  For details, refer to clinical 
review by medical officer Dr. Raj Nair. 

Dosing in Patient subgroups 
(intrinsic and extrinsic factors) 

• The dose reduction proposal of 2 mg once daily for patients with 
moderate renal impairment is acceptable.  The proposal for not 
using baricitinib in patients with severe renal impairment is 
acceptable. 
• The dose reduction proposal of 2 mg once daily for patients 
taking strong OAT3 inhibitor, such as probenecid, is acceptable.  

Bridge between the “to-be-
marketed” and clinical trial 
formulations 

Bioequivalence was established by two formal bioequivalence 
studies bridging three formulations, including the to-be-marketed 
commercial tablet used in all the Phase 3 studies. 

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

 
2.1 Pharmacology and Clinical Pharmacokinetics  
 
Baricitinib is an ATP competitive reversible inhibitor of Janus kinase (JAK).  The IC50 value of baricitinib 
is 2.2, 2.1, 19.7, and > 149 ng/mL, for JAK1, JAK2, TYK2, and JAK3 in in vitro enzymatic assay, 
respectively.  However, in human leukocytes, baricitinib inhibited cytokine induced STAT 
phosphorylation mediated by JAK1/JAK2, JAK1/JAK3, JAK1/Tyk2, or JAK2/Tyk2 with comparable 
potencies.  The following is a summary of the clinical pharmacokinetics of baricitinib: 
 
Absorption: Baricitinib exposure increases approximately linearly proportional to dose from 1 mg to 20 

mg following single oral dose administration in healthy subjects. The median baricitinib tmax 
is 1 hour. The mean absolute bioavailability of baricitinib is 79%. High-fat meal slightly 
increases baricitinib AUC and Cmax by 11% and 18%, respectively. 

 
Distribution: The volume of distribution of baricitinib is 76 L following IV administration. Baricitinib is 

approximately 50% bound to plasma proteins and 45% bound to serum proteins. Baricitinib 
is a substrate of the Pgp, BCRP, OAT3 and MATE2-K transporters, which play roles in drug 
absorption, distribution, and elimination. 

 
Elimination: The typical clearance of baricitinib is 8.9 L/h in patients with RA as estimated by 

population PK analysis. The elimination half-life in patients with RA is approximately 12 
hours. Steady state is reached following 2 daily doses with minimal accumulation. 

    
Metabolism: Approximately 6% of the orally administered baricitinib dose is identified as 

metabolites (three from urine and one from feces). CYP3A4 is identified as one of the 
major metabolizing enzymes. None of baricitinib metabolites were quantifiable in 
plasma. 

 
Excretion: Renal elimination is the principal clearance mechanism for baricitinib. In a mass 

balance study, approximately 75% of the administered dose was excreted in the urine, 
while about 20% of the dose was eliminated in the feces. Baricitinib was excreted 
predominately as unchanged drug in urine (69% of the dose) and feces (15% of the 
dose). 

 

2.2 Dosing and Therapeutic Individualization  

2.2.1 General dosing 
 
The applicant proposed an oral dosing regimen of 2 mg or 4 mg once daily in adult patients with 
moderately to severely active rheumatoid arthritis. In total approximately 3100 RA patients were 
investigated in four Phase 3 studies (Studies JADZ, JADV, JADX, and JADW).  All Phase 3 studies 
showed superior ACR20 response rate (primary endpoint) of 4 mg QD group over placebo group 
(p<0.001) or active treatment groups [MTX alone (p=0.003) or adalimumab (p=0.014)].  In addition, 
Studies JADX and JADW which included 2 mg QD group both showed superior ACR20 response rate of 
2 mg QD group over placebo groups (p<0.001).  The exposure-response curve is generally shallow for 
both ACR responses and DAS28-hsCRP responses between 1 mg QD and 8 mg QD, though numerically 
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FDA Response: If you plan to assess the impact of specific populations and drug interactions on 
drug exposure using population PK analysis, we recommend that you prospectively develop a plan 
and submit that for FDA review.  

 
 A written response was issued on 06/12/2014 in response to review the phase 3 popPK plan 

submitted on 09/09/2013: 
The methodology of the population PK and exposure-response assessments of baricitinib are 
acceptable. 

 
 A written response was issued on 01/16/2015 in response to discuss logistical and formatting 

aspects of baricitinib prior to the pre-NDA meeting: 
 
Question 4: Does FDA agree with Lilly’s plan that no additional clinical pharmacology study is 
required to further evaluate the potential renal-based DDI interaction between baricitinib and 
ibuprofen or diclofenac? 

 
FDA Response: Your approach to assess the potential DDI with OAT3 inhibitors appears 
reasonable. 

 
Question 5: Does FDA agree with Lilly’s plan to confirm the lack of DDI of baricitinib with 
ibuprofen or diclofenac using popPK analysis with Phase 3 data? 

 
FDA Response: Your approach to assess the potential DDI with OAT3 inhibitors appears 
reasonable. The necessity for further clinical evaluation of the DDI potential will be contingent on 
the results of this analysis. 

 
Question 6: Does FDA agree with Lilly’s proposed revision to the previously submitted 
PopPK/PD analysis plan (i.e., inclusion of the data from the three Phase 2 studies)? 

 
FDA Response: Yes, we agree with your approach to include more data in your analysis. 

 
Question 7: Does FDA agree with Lilly’s plan of including the control streams/analysis files of the 
key steps of the popPK/PD analyses for combined Phase 2 and Phase 3 studies, but not for the 
initial popPK/PD analysis in the NDA? 

 
FDA Response: Yes, we agree with your plan in general. Datasets, NONMEM control streams, 
and scripts used to generate analyses and plots should be provided for the final population PK and 
exposure-response models. Data files should be submitted as SAS transport files with *.xpt 
extension (eg. Data1.xpt) and other files be submitted as ASCII text files with *.txt extension 
(e.g.:myfile_ctl.txt, myfile_out.txt). 

 
 A pre-NDA meeting was held on 09/02/2015. No clinical pharmacology-related questions were 

raised. 
 

 The Sponsor submitted a revised initial pediatric study plan (iPSP) on 11/26/2014. The Agency 
agreed the iPSP (review dated 12/18/2014). No clinical pharmacology-related comments were 
issued. 
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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. 

 Three Phase 2 dose-ranging studies (Studies JADC, JADA, and JADN) explored the treatment 
effect of baricitinib (ACR response at Week 12 as primary endpoint) in RA patients within a 10-
fold dose range from1 mg QD to 10 mg QD.  The efficacy results of different treatment groups 
from these studies are listed in Table 1. Two out of three studies showed that 4 mg treatment group 
was statistically significantly greater than placebo on ACR20 response rate at Week 12 (primary 
endpoint). Meanwhile, only one out of two studies showed that 2 mg treatment group was 
statistically significantly greater than placebo than placebo group on ACR20 response rate at 
Week 12. For detail efficacy evaluation in these studies, refer to clinical review by medical officer 
Dr. Raj Nair. 
 

Table 1 Primary Efficacy Results from Three Phase 2 Dose-Ranging Studies 
 

Study ID Patient Population 
ACR20 Response at Week 12*  

Placebo Group Baricitinib Groups 

JADC 
Active RA patients 

inadequately controlled 
with at least one DMARD 

32% (10/31) 
4 mg1 7 mg1 10 mg1 

52% (16/31) 
p=0.1978 

59% (19/32) 
p=0.0437 

53% (16/30) 
p=0.1236 

JADA 
Active RA patients with 

use of MTX for at least 12 
weeks 

41% (40/98) 
1 mg2 2 mg2 4 mg2 8 mg2 

57% (28/49)
p=0.045 

54% (28/52) 
p=0.088 

75% (39/52)
p<0.001 

78% (39/50) 
p<0.001 

JADN 
Active Japanese RA 

patients with use of MTX 
for at least 12 weeks 

31% (15/49) 
1 mg2 2 mg2 4 mg2 8 mg2 

67% (16/24)
p=0.004 

83% (20/24) 
p<0.001 

67% (16/24)
p=0.004 

88% (21/24) 
p<0.001 

* listed as response rate (%) calculated by response patient number/total patient number 
1 as primary objective 
2 as secondary objective 
Source: CSR JADC, page 80, Table 10; CSR JADA, page 190, Table 11.2; CSR JADN, page 104, Table 11.6 

 
In addition, a dose-response relationship was assessed as secondary objective in Study JADA and 
JADN (Figure 1). The dose-response curves are generally flat for ACR20/50/70 from 2 mg to 8 
mg, which supports the dose selection of 2 mg and 4 mg in Phase 3 studies.  
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Figure 1 Observed and estimated dose-response relationship for the ACR20/50/70 response rate after 12 
weeks of baricitinib treatment from Study JADA (left) and JADN (right). Lines are modeled curves with 
corresponding 90% prediction intervals; green, orange, and blue symbols are for observed ACR20, 
ACR50, and ACR70, respectively; red symbols are for observed BID dosing (Part B of Study JADA). 
(Source: CSR JADA page 301, Figure 11.46 and CDR JADN page 138, Figure 11.7) 
 

 There are some ex vivo evidence from Studies JADF and JADE showing inhibition of 
phosphorylation of STAT3, the substrate of JAK, by baricitinib. Following oral administration of 
baricitinib, blood samples were collected from healthy subjects followed by stimulation with 
human IL-6 or thrombopoietin (TPO). After lysing, the cellular extracts were analyzed by an 
ELISA assay to detect p-STAT3 concentrations. The IC50 for inhibiting IL6-dependent STAT3 
phosphorylation was 26 g/mL (69nM) and 37 ng/mL (100 nM) following single-dose and 
multiple-dose administration, respectively (Figure 2). Based on these estimations, the steady state 
Cmax in RA patients following 4 mg baricitinib is expected to be 2-fold higher than the ex vivo IC50 
values. However, the clinical meaning of these ex vivo results is unclear, as STAT3 
phosphorylation status is not defined as a surrogate biomarker for RA. 

 

 
Figure 2 Concentration-dependent inhibition of STAT3 phosphorylation by baricitinib in blood samples 
from healthy subjects following single-dose (left, Study JADF) or multiple-dose (right, Study JADE) 
administration. (Source: Figure 4.1.2.4 and 4.1.3.4) 
 
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. 
 

 Exposure-response analyses for efficacy 
 

Six Phase 2/3 studies in RA patients were included for exposure-response analysis. The exposure-
response curves of ACR-Cavg ss were generally shallow (Figure 3). The model-estimated Emax was 
87%, 64%, and 39% for ACR20, ACR50, and ACR70 response rates respectively.  The EC50 value 
was about 20% of the estimated Cavg,ss value following 2 mg QD dosing regimen.  In addition, the 
efficacy exposure-response result is consistent with the efficacy results obtained from Studies JADA 
and JADW showing that the ACR20 response rate was slightly higher in 4 mg group than 2 mg group.  
Therefore, both 4 mg and 2 mg doses are acceptable.   
 
To be noted, the previous or background therapy of RA patients were subtlety different between these 
studies due the inclusion/exclusion criteria.  Previous treatment experiences were well known to affect 
the ACR response rate for many different drugs, including biological products.  Indeed, previous 

Reference ID: 4016512



 12

treatment experiences were identified as significant covariates for this exposure-response analysis for 
efficacy (Figure 4.3.5).  RA patients without previous MTX treatment tend to have the highest ACR 
response rate followed by RA patients had previous inadequate response to conventional DMARDs. 
RA patients with previous inadequate response to biological DMARDs tend to have the lowest ACR 
response rate.  However, the number of patients with prior treatment was not balanced between 
different dose groups in the dataset used for the efficacy exposure-response analysis.  Therefore, the 
general exposure-response curve from this pooled dataset for efficacy may have limitations. 
 

    
Figure 3 Model-predicted dose/exposure-response relationships for ACR20/50/70 at Week 12. Solid lines 
are model-predicted response. The bands are 90% prediction intervals that were constructed by simulation 
of 200 trials and 200 patients per trial. Circle, triangle, and diamond are for observed ACR20, 50, and 70 
response rates for different doses, respectively. Black and red colors are for QD and BID dosing regimen, 
respectively. Vertical solid and dashed lines indicate the range (5th percentile to 95th percentile) of 
predicted concentrations for 4-mg and 2-mg, respectively. (Source: Figure 4.3.3)   
 

 Exposure-response analyses for safety 
 

JAK2 is the downstream kinase from cytokine receptors of erythropoietin and GM-CSF.  Therefore 
inhibition of JAK2 may result in hematopoietic suppression of red blood cell and neutrophil 
productions.  For this interest, exposure-response analysis was conducted to evaluate baricitinib’s 
effect on blood hemoglobin concentration and absolute neutrophil count. 
 
A total of 31766 blood hemoglobin concentration observations and 31498 absolute neutrophil count 
observations from 2748 patients were used in the exposure-response analysis.  Due to the overall small 
change in the hemoglobin level and absolute neutrophil count over about 6-fold of Cavg,ss range (Figure 
4), PK/PD models were not developed for hemoglobin concentration and absolute neutrophil count. 
Therefore, the lack of significant exposure-response results for these two lab parameters supports the 
selection of both 2 mg and 4 mg QD dosing regimen.  For comparison of other low-incidence clinical 
adverse events between 2 mg and 4 mg treatment groups, refer to clinical review by medical officer 
Dr. Raj Nair.  
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Figure 4 Observed exposure-response relationships for hemoglobin change from baseline (left) and 
absolute neutrophil change from baseline (right) at Week 24. (Source: from Figure 4.3.10 and 4.3.11) 

 
 QD and BID dosing regimen comparison 

 
The comparison of QD and BID dosing regimens on DAS28-hsCRP responses was evaluated in Part 
B of Study JADA. Active RA patients with use of MTX for at least 12 weeks were enrolled in this 
study. Patients who received either placebo (N=78) or 1 mg baricitinib QD (N=44) treatment for 12 
weeks in Part A were pooled together and reassigned (1:1 randomization) to receive either 2 mg BID 
(N=61) or 4 mg QD baricitinib (N=61) treatment for another 12 weeks. Among them, 44 subjects 
from 2 mg BID regimen and 49 subjects from 4 mg QD regimen had PK information available. The 
DAS28-hsCRP response rate is summarized in Figure 5. The DAS28-hsCRP response rates were 
similar between 2 mg BID or 4 mg QD at both re-randomization baseline (Week 12) and at Week 24. 

 

 
Figure 5 Effects of dosing regimens on DAS28-hsCRP response rate from Week 12 to Week 24 in Part B 
of Study JADA. 122 subjects on either placebo treatment or 1 mg QD baricitinib treatment in Part A were 
1:1 re-randomized to receive either 2 mg BID (blue) or 4 mg QD (brown) treatment from week 12 in Part 
B.  The graph summarized 93 subjects with PK information available (source: Figure 4.3.8). 
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3.3.3 Is an alternative dosing regimen and management strategy required for subpopulations based 
on intrinsic factors? 
 
Yes, a dose reduction to 2 mg is proposed for patients with moderate renal impairment. In addition, 
baricitinib is not recommended in patients with severe renal impairment. The alternative dosing regimen 
in renal impairment population is acceptable. There is no clinically relevant effect of hepatic impairment 
on baricitinib exposure. 
 

 Renal Impairment 
Mass balance Study JADG demonstrated that 75% of total orally administered baricitinib was 
excreted in the urine. In a dedicated renal impairment Study JADL, the geometric mean ratio of AUC0-

inf was 1.4-, 2.2-, 4.1-, and 3.2-fold higher in subjects with mild, moderate, severe renal impairment, 
and subjects with end stage renal disease (ESRD) requiring hemodialysis, respectively (Table 2 and 
Figure 6). The mean terminal t1/2 increased from 8.4 hour in healthy subjects to 19 hours in subjects 
with severe renal impairment or ESRD. The unchanged baricitinib in urine (0-72 hours post-dose) 
reduced from 67.5% in healthy subjects to 27.2% in subjects with severe renal impairment. Based on 
these facts, a dose reduction to 2 mg is proposed for patients with moderate renal impairment.  In 
addition, baricitinib is not recommended for use in patients with severe renal impairment.  

 
Table 2 Ratio (90% CI) of Dose-Normalized* Geometric Mean Exposure  

in Renal Impairment Subjects 
 

Renal 
Impairment 

N Cmax AUC0-t AUC0-inf 

Mild 10 1.16 (0.92-1.45) 1.41 (1.16-1.72) 1.41 (1.15-1.74) 

Moderate 10 1.46 (1.17-1.83) 2.20 (1.91-2.69) 2.22 (1.81-2.73) 

Severe 8 1.40 (1.11-1.78) 3.81 (3.09-4.70) 4.05 (3.25-5.03) 

ESRD 
 (Pre-dialysis) 

8 0.88 (0.70-1.12) 2.26 (1.84-2.79) 2.41 (1.94-3.00) 

ESRD  
(Post-dialysis) 

8 1.10 (0.86-1.39) 3.01 (2.44-3.71) 3.18 (2.56-3.95) 

* A single dose of 10 mg baricitinib was administered in subjects with normal renal function (MDRD-GFR >90 
mL/min), mild renal impairment (MDRD-GFR=60 to 89 mL/min), and moderate renal impairment (MDRD-GFR=30 to 
59 mL/min). A single dose of 5 mg baricitinib was administered in subjects with severe (MDRD-GFR=15 to 29 
mL/min) renal impairment; or ESRD (MDRD-GFR<15 mL/min) on hemodialysis. 
Source: adapted from Table 4.1.5.1 
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Figure 6 Baricitinib geometric mean plasma concentration-time profile following single dose 
administration in Study JADL (10 mg for healthy subjects and subjects with mild to moderate renal 
impairment; 5 mg for subjects with severe renal impairment or ESRD). Post-dose BLQ concentrations 
were imputed by 1/2 of LLOQ value (0.93 ng/mL). RI, renal impairment (Source: adapted from Figure 
4.1.5.1) 
 

 Hepatic Impairment 
In a dedicated hepatic impairment Study JAGC, the geometric mean AUC0-inf and Cmax in subjects 
with moderate hepatic impairment was 19% and 8% higher than subjects with normal hepatic 
function. Refer to individual Study JAGC review (Appendix 4.1.9) for more details. 
 
 Other intrinsic factors from population PK analysis 
Modification of diet in renal disease (MDRD)-eGFR, body weight, and baseline erythrocyte sediment 
rate (bESR) were identified as significant covariates for baricitinib CLr/F in the population PK 
analysis. However, none of these covariates other than eGFR appears to have clinical relevant effect 
on baricitinib clearance. 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. Baricitinib is a substrate of OAT3 transporter, which 
plays a role in baricitinib renal excretion. Subjects taking probenecid, an OAT3 strong inhibitor, 
approximately double the exposure of baricitinib (Study JAGG). A dose reduction to 2 mg is proposed for 
patients with OAT3 inhibitors with a strong inhibition potential, such as probenecid. There is no clinically 
relevant effect of other drugs on baricitinib exposure (Figure 7), nor does baricitinib affect other drugs’ 
exposure (Figure 8). Refer to 8 other drug-drug interaction study reviews (Studies JADB, JAGL, JAGD, 
JAGK, JAGJ, JAGF, JAGI, and JAGH). 
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Figure 7 Summary of effect of other drugs on exposures of baricitinib. A point estimate and 90% CI is 
presented for AUC0-inf and Cmax of baricitinib when co-administered with ketoconazole (CYP3A4 
inhibitor, Study JAGJ), fluconazole (CYP3A4 inhibitor, Study JAGJ), rifampin (CYP3A4 inducer, Study 
JAGK), probenecid (OAT3 inhibitor, Study JAGG), MTX (RA co-medicine, Study JADB), cyclosporine 
(P-gp, BCRP, OATP1B1, and OATP1B3 inhibitor, Study JAGH), and omeprazole (CYP2C19 inhibitor 
and gastric pH modifier, Study JAGF). 
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Figure 8 Summary of effect of baricitinib on exposures of other drugs. A point estimate and 90% CI is 
presented for AUC0-inf and Cmax MTX (OAT3 substrate, Study JADB), simvastatin (CYP3A substrate, 
Study JAGI), ethinyl estradiol (CYP3A substrate, Study JAGD), levonorgestrel (CYP3A substrate, Study 
JAGD), and digoxin (P-gp substrate, Study JAGL) when co-administered with baricitinib. 

 
 Food effect 
In a dedicated food effect Study JADH, baricitinib geometric mean AUC0-t, AUC0-inf and Cmax 
decreased 11%, 11%, and 18% following a high fat, high calorie meal. Refer to individual Study 
JADH review (Appendix 4.1.7) for more details. 

 
 OAT3 Inhibitors 

In vitro Study 2011 TP-SLC01 demonstrated that baricitinib is a substrate of OAT3. In a dedicated 
drug-interaction Study JAGG, the geometric mean AUC0-inf of baricitinib was approximately 2-
fold higher following 5-day BID administration with 1000 mg probenecid, a strong OAT3 
inhibitor (Table 3 and Figure 9). The mean terminal t1/2 of baricitinib increased from 7.3 hours to 
11.9 hours when co-administered with probenecid. Based on these facts, a dose reduction to 2 mg 
is proposed for patients taking strong OAT3 inhibitor, such as probenecid. Historically there were 
only two OAT3 strong inhibitors, probenecid and novobiocin, approved by FDA. Novobiocin was 
withdrawn from sale in the US in 2011.  
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Table 3 Statistical Analysis of the Baricitinib AUC0-∞ and Cmax following Single-Dose 
Administration with or without Co-administered with Probenecid 

 

 
Source: from Table 4.1.16.1 

 

 
Figure 9 Baricitinib geometric mean plasma concentration-time profile following single-dose 
administration as alone (blue) or co-administered with 1 g BID probenecid (brown) from Study JAGG. 
Post-dose BLQ concentrations were imputed by 1/2 of LLOQ value (0.1 ng/mL). (Source: adapted from 
Figure 4.1.16.1) 
 
Other commercially available drugs that are known OAT3 inhibitors such as ibuprofen and diclofenac are 
common co-medications in the RA population. Physiologically-based PK modeling results predicted 
minimal increase (≤ 35%) in baricitinib exposure when the drug is co-administered with diclofenac and 
ibuprofen at their highest daily doses. Refer to the Physiologically-based PK review in the Appendix 4.3 
for more details. 
 
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? 
 
In total 4 different formulations with 5 different dosing strengths were used in clinical trials (Table 4). The 
to-be-marketed formulation (Commercial Tablet) was used in all the Phase 3 studies.  Formulations used 
in the Phase 1 or 2 studies were either with minimal differences (difference of active ingredients and 
excipients compositions %) or bridged via bioequivalence studies. 
 
 
 
 
 

Reference ID: 4016512

(b) 
(4)









 22

Source: Table 4.1.18.1 
A 

 
B 

 
Figure 11 Baricitinib geometric mean plasma concentration-time profile following single-dose 
administration of 8 mg (A) or 4 mg (B) baricitinib from Study JAGO. Blue color represents Commercial 
Tablet and brown color represents Phase 2 Tablet. Post-dose BLQ concentrations were not included. 
(Source: adapted from Figure 4.1.18.1 and 4.1.18.2)  

 
The excipients composition of 2 mg Commercial Tablet was identical to that of 4 mg Commercial Tablet, 
except the  (Table 9). 
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4. Appendix 
 

List of In Vitro Studies with Human Biomaterials  
 

 
Source: from section 2.7.2 clin-pharm-sum-us-eu-ra.pdf, page 18, Table 2.7.2.1 

 
List of Clinical Pharmacology Clinical Studies  

 
Study 

ID 
Study 
Date 

Phase 
Study 

Objective(s)
Study 
Design 

Subjects 
Completed

Treatment Groups 

JADF1 
06/09/2008 

- 
05/22/2009 

1 
SAD, 

Food Effect 
R, DB, PC, SD, 

CO  
27 HS 

1 mg Phase1/2a Capsule, fasting  
2 mg Phase1/2a Capsule, fasting  
5 mg Phase1/2a Capsule, fasting  
10 mg Phase1/2a Capsule, fasting  
10 mg Phase1/2a Capsule, fasting  
5 mg Phase1/2a Capsule, fed 
5 mg Phase1/2a Capsule, fasting  
Placebo 

JADE1 07/30/2008 1 MAD R, DB, PC, MD, 79 HS 2 mg Phase1/2a Capsule QD, 9 D 
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- 
07/17/2009 

Sequential  5 mg Phase1/2a Capsule QD, 9 D 
10 mg Phase1/2a Capsule QD, 9 D 
5 mg Phase1/2a Capsule BID, 9 D 
10 mg Phase1/2a Capsule QD, 28 D 
5 mg Phase1/2a Capsule QD, 28 D 
20 mg Phase1/2a Capsule SD + 10 D 
Placebo 

JADB1 
09/09/2008 

- 
11/23/2009 

1 
DDI between 

MTX and 
Baricitinib 

OL, MD, 
Parallel 

53 RA 
Patients 

10 mg Phase1/2a Capsule, QD, 4W  
5 mg Phase1/2a Capsule, BID, 4W  
15 mg Phase1/2a Capsule, QD, 4W  

JADL1 
11/07/2009 

- 
08/05/2010 

1 
Renal 

Impairment 
OL, SD, Parallel 

46 HS and 
Subjects with 

Renal 
Impairment 

5 mg Phase1/2a Capsule 
2  5 mg Phase1/2a Capsule 

JADM 
11/16/2010 

– 
04/30/2011 

1 
 

SAD, MAD 
R, DB, PC, SD, 

MD, Parallel 
31 HS  

2 mg phase2b Capsule 
5 mg phase2b Capsule 
10 mg phase2b Capsule 
14 mg phase2b Capsule 
10 mg phase2b Capsule, QD, 10 D 
14 mg phase2b Capsule, QD, 10 D 

JADG 
02/17/2011 

– 
03/23/2011 

1 
 

Mass Balance OL, SD 6 HS  
10 mg LY3009104 containing 
approximately 100 μCi 14C-
baricitinib 

JADH 
07/15/2011 

– 
09/01/2011 

1 
 

Relative BA,  
Food Effect 

R, OL, SD, 4-
Period, 4-

Treatment, CO 
15 HS  

2  4 mg phase2b Capsule, fasting 
8 mg base Tablet μm, fasting 
8 mg base Tablet μm, fasting 
8 mg base Tablet μm, fed 

JADO3 
02/17/2012 

- 
05/07/2013 

1 TQT R, PC, DB, SD 60 HS 
20 mg phase2 Tablet 
30 mg phase2 Tablet 
40 mg phase2 Tablet 

JAGL 
05/20/2013 

- 
08/18/2013 

1 
DDI, Effect of 
Baricitinib on 

Digoxin 
OL, 2-Period 28 HS 10 mg commercial Tablet, D8 to D16 

JAGC 
06/11/2013 

- 
07/17/2013 

1 
Hepatic 

Impairment 
OL, SD, parallel 

16 HS and 
Subjects with 

Hepatic 
Impairment 

4 mg commercial Tablet 

JAGD 
07/25/2013 

- 
10/24/2013 

1 
DDI, Effect of 
Baricitinib on 

OC 
OL, 2-Period 18 HS 

2 mg commercial Tablet, QD, 8D  
2  4 mg commercial Tablet, QD, 8D 

JAGK 
08/05/2013 

- 
10/26/2013 

1 
DDI, Effect of 
Rifampin on 
Baricitinib 

OL, 2-Period 18 HS 
10 mg commercial Tablet, D1 and 
D10 
 

JAGJ 
08/27/2013 

- 
11/09/2013 

1 

DDI, Effect of 
Ketoconazole, 
Fluconazole on 

Baricitinib 

OL, 2-Period 34 HS 
10 mg commercial Tablet, D1 in 
Period 1 and D3 in Period 2 
 

JAGF 
09/13/2013 

- 
11/14/2013 

1 
DDI, Effect of 
Omeprazole on 

Baricitinib 
OL, 2-Period 30 HS 

10 mg commercial Tablet, D1 and 
D10 
 

JAGI 
10/08/2013 

- 
01/02/2014 

1 
DDI, Effect of 
Baricitinib on 
Simvastatin 

OL, 2-Period 38 HS 
10 mg commercial Tablet, D3 to D7 
 

JAGG 
10/15/2013 

- 
12/05/2013 

1 
DDI, Effect of 
Probenecid on 

Baricitinib 
OL, 2-Period 18 HS 

4 mg commercial Tablet, D1 and D5 
 

JAGH 
10/25/2013 

- 
01/02/2014 

1 
DDI, Effect of 
Cyclosporine 
on Baricitinib 

OL, 2-Period 18 HS 
4 mg commercial Tablet, D1 and D4 
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JAGO 
11/05/2014 

– 
01/05/2015 

1 
Relative BA,  
Food Effect 

R, OL. 5-Period, 
CO 

16 HS 

2  4 mg commercial Tablet, fasting 
4 mg commercial Tablet, fasting 
4 mg commercial Tablet, fed2 
8 mg phase2 Tablet, fasting 
4 mg phase2 Tablet, fasting 

JAGM 
01/14/2015 

– 
02/19/2015 

1 Absolute BA  
OL, SD, 1-

Period 
8 HS 

4 mg commercial Tablet +  
4 μg 13C4D3

15N-baricitinum IV 
1 conducted by Incyte 
2 following low-fat meal 
3 Review has been completed by QT team dated on 5/20/2014 
CO=cross-over, DB=double-blind, MD=multiple-dose, OL=open-label, PC=placebo-controlled, R=randomized, SD=single-
dose,  
Source: Section 2.7.2, clin-pharm-sum-us-eu-ra.pdf, page 28-31, Table 2.7.2.3 
 

List of Clinical Pharmacology Reports of Assessment for Multiple Studies  
 

 
Source: from section 2.7.2 clin-pharm-sum-us-eu-ra.pdf, page 61, Table 2.7.2.21 
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4.1 Appendix – Individual Study Review 
 

4.1.1 In vitro Studies  
 

In total, 15 in vitro studies using human biomaterials were submitted under NDA 207924. The brief 
summary of these studies are listed in the following Table 4.1.1.1: 

 
Table 4.1.1.1 Baricitinib in vitro Studies Using Human Biomaterials 

 
Study ADME Conclusions 

DMB-08-14-1 Distribution The average in vitro fractions unbound of INCB028050 in human plasma was 50%. 

DMB-08-20-1 

Metabolism 

There were four metabolites identified by LC/MS from human hepatic microsome 
and S-9 fraction samples. The metabolites accounted < 10% of the parent 
compound at the end of 60 minutes incubation. 

DMB-08-18-1 

INCB028050 was metabolized by recombinant CYP3A4 (86% of the initial 
concentration of INCB028050 remaining after 60 minutes incubation) which 
produced metabolite M3. CYP1A2, 2B6, 2C8, 2C9, 2C19 and 2D6 isozymes did 
not apparently metabolize INCB028050. 

XT105043 

DDI 

A maximum of 11%, 1.2%, 4.3%, 12%, 22%, 8.3%, and 4.2% inhibition of CYP3A, 
2D6, 2C19, 2C9, 2C8, 2B6, and 1A2 in human liver microsomes was observed over 
a range of LY3009104 concentration from 0.02 to 20 μM.  

DMB-08-17-1 
The IC50 values of INCB028050 for inhibition of recombinant CYP 1A2, 2B6, 2C8, 
2C9, 2C19, 2D6, and 3A4 were all > 25 μM. 

CD1323 
No potentially clinically relevant increases in CYP1A2, 2B6, or 3A activity were 
observed after 72-hour treatment human hepatocytes culture with baricitinib up to 
50 μM. 

DMB-08-16-1 
INCB028050 did not induce human pregnane X receptor reporter gene assay at 
concentration of 10 μM, suggesting the potential for INCB028050 to induce 
CYP3A4 in clinical studies is low. 

2011 TP-
Pgp05 

Transporter 
 

In Madin-Darby Canine Kidney (MDCK) cells transfected with human MDR1, the 
bi-directional transport ratio of LY3009104 reduced from 39.1 to 1 following P-gp 
inhibitor LSN335984 incubation, indicating LY3009104 is a substrate of P-gp. 
Up to 50 μM LY3009104 did not inhibit the accumulation of [3H] vinblastine in the 
inside-out membrane vesicle from transformed human embryonic kidney (PEAK) 
cells stably over-expressing MDR1, indicating LY3009104 is not a P-gp inhibitor. 

2011 TP-
SLC01 

The IC50 of LY3009104 for inhibition of OCT1, OCT2, OAT1, and OAT3 was 6.9, 
11.6, >100, and 8.4	μM, respectively, in transporter-transfected PEAK cells. 
LY3009104 did not inhibit OATP1B1.   

LY3009104-
2015TP-

BCRP-Inhib 

The average IC50 value of LY3009104 for inhibition BCRP in inside-out membrane 
vesicles prepared from human BCRP transfected Sf9 cells was 50 μM. 

2013 TP-
SLC01 

The uptake of [14C] LY3009104 in PEAK cells transfected with OAT1, OCT1, 
OCT2 and OATP1B1 was largely similar to the uptake measured in PEAK Vector 
Control (VC) cells, indicating LY3009104 is not the substrate of these transporters. 
The uptake of LY3009104 into OAT3-transfected cells was approximately twice 
that in VC cells and this uptake was inhibited by probenecid, an OAT3 inhibitor. 

14ELIP1R2 

In MDCK cells transfected with human BCRP, the bi-directional transport ratio of 
LY3009104 reduced from 12.1 to 5.84, 4.80, and 3.61 in the presence of the BCRP 
inhibitors Ko143, FTC, and GF120918, respectively, indicating LY3009104 is a 
substrate of BCRP. 

LY3009104-
OATP1B3-

Sub Inh 

The uptake of LY3009104 in PEAK cells transfected with OATP1B3 was similar to 
the uptake measured in PEAK Vector Control (VC) cells, indicating LY3009104 is 
not the substrate of OATP1B3. OATP1B3-mediated [3H]CCK-8 transportation was 
inhibited by LY3009104 with an average IC50 of 49.4 μM, indicating LY3009104 
is a OATP1B3 inhibitor. 

LY3009104-
MATE1-and-

The accumulation of LY3009104 in human MATE2-transfected HEK cells was 
approximately three fold higher than the accumulation in control cells and inhibited 
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2KSub-Inh by known MATE inhibitor, cimetidine, indicating LY3009104 is a substrate of 
MATE2-K. The accumulation of LY3009104 in human MATE1-transfected HEK 
cells was similar to the accumulation in control cells. Therefore, LY3009104 is not 
a substrate of MATE1. MATE1- and MATE2K-mediatred transport of metformin 
was inhibited by LY3009104 with IC50 of 76.7 μM and 13.7 μM, respectively, 
indicating LY3009104 is an inhibitor of MATE1 and MATE2-K. 

DMB-08-13-1 

INCB028050 exhibits a low-to-moderate apparent permeability coefficient 
(2.41 x 10-6 cm/sec) and high B-A/A-B transport ratio (>5), suggesting that 
INCB028050 undergoes active efflux. P-gp inhibitors could partially reduce 
the transport ratio, suggesting that INCB028050 is likely a substrate of P-gp. 

Source: summarized from section 2.7.2 clin-pharm-sum-us-eu-ra.pdf, page 18-26 
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4.1.2 Study JADF  
 

Study Type: Phase 1 single dose, dose-escalation PK, PD, and safety study in healthy adults 
Study Dates: 06/09/2008 – 05/22/2009 
Sponsor: Incyte 
Formulation: Phase 1/2a Capsule, 1mg and 5 mg 
 
Title:  
A Phase 1, Double-blind, Randomized, Placebo-controlled, Single-dose Escalation Study to Assess 
Safety, Tolerability, and Pharmacokinetics of INCB028050 When Administered Orally to Healthy Adult 
Volunteers 
 
Objective:  

 Primary: 
o To determine the safety and tolerability of INCB028050 in healthy adult subjects when 

administered orally as a single dose; 
o To determine the pharmacokinetics of rising single doses of INCB028050 in the blood plasma 

of adult healthy subjects; 
o To determine the effect of food on the pharmacokinetics of a single oral dose of INCB028050 

capsules in healthy adult subjects. 
 

 Secondary: To explore preliminary evidence of pharmacodynamic activity by assessing the effect 
of INCB028050 on predose and postdose 
o cytokine-stimulated signal transducer and activator of transcription protein (STAT3) 

phosphorylation in whole blood; 
o absolute reticulocyte count (ARC) and absolute neutrophil count (ANC). 

 
Study Design and Method:  
This study was a phase 1, single-center, randomized, double-blind, placebo-controlled, single-dose, dose-
escalating, crossover study to evaluate safety, tolerability, PK and PD of INCB028050 capsule in healthy 
adult subjects. In the dose escalation phase, there were 2 cohorts of 12 subjects each that alternated dosing 
with 3 consecutive dosing periods for each cohort. Each subject received 2 doses of INCB028050 and 1 
dose of placebo, with doses within a cohort separated by 14 days. In total, 

8 subjects received 1 mg INCB028050 
9 subjects received 2 mg INCB028050 
8 subjects received 5 mg INCB028050 
7 subjects received 5 mg INCB028050 under fed condition 
16 subjects received 10mg INCB028050 
24 subjects received placebo 

 
Cohort 3 was enrolled in the food-effect phase. 23 subjects received 5 mg INCB028050 following a 
standardized high-fat, high-calorie meal; and 24 subjects received 5 mg INCB028050 under fasting 
condition. 
 
Blood samples for PK evaluation were obtained prior to drug administration and at 0.25, 0.5, 1, 1.5, 2, 3, 
4, 6, 8, 12, 16, 24, 36, and 48 hr postdose for each dosing period. Urine PK samples were collected 
predose and complete urine output was collected from 0 to 12, 12 to 24, and 24 to 48 hours following each 
treatment. INCB028050 concentration data were analyzed using non-compartmental methods. PD blood 
samples were obtained on the Day of dosing at time intervals as follows:  
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 STAT3: 0 hour (prior to dose), 1, 2, 4, 6, 12, 16, and 24 hours postdose;  
 ARC at: 0 hour (prior to dose), 24, and 48 hours postdose;  
 ANC at: 0 hour (prior to dose) and 4, 8, 12, 16, and 24 hours postdose. 

 
INCB028050 was extracted from plasma samples using a liquid-liquid extraction procedure; and analyzed 
by turbo ion spray liquid chromatography/tandem mass spectrometry. The assay range for the method was 
0.50 to 500 nM using 50 μL plasma. The batch-to batch accuracy and precision of bioanalytical method 
across sample analyses were all within 11%. 
 
For STAT3 phosphorylation analysis, the blood samples were stimulated with IL-6 followed by an ELISA 
assay to detect the p-STAT3 concentrations. 
 
Trial Endpoints: 

 Primary 
o Safety and tolerability were assessed by monitoring adverse events, measuring vital signs and 

electrocardiograms (ECGs), and clinical laboratory blood and urine sample assessments. 
o Primary PK endpoints included: Cmax, tmax, AUC0-t, AUC0-∞, t½, λz, CL/F, and Vz/F. 

 Secondary 
o Secondary PK endpoints included: Ae48h, CLr, and fe. 
o PD endpoints included:  

. percent inhibition of cytokine-stimulated STAT3 protein phosphorylation in whole blood;  

. percent change of ARC and ANC in peripheral blood.  
 

PK Results: 
Randomized subjects who took at least 1 drug dose and had at least had 1 predose and postdose PK 
sample collected comprised the PK evaluable population, and were included in all PK analyses. Of the 27 
subjects enrolled in the dose escalation phase, 24 subjects received all planned doses of study medication 
and completed all study procedures. Three subjects prematurely discontinued the study. Of the 26 subjects 
enrolled in the food-effect phase, 24 (92.3%) subjects received all planned doses of study medication and 
completed all study procedures. 
 
Following fasting, oral, single-dose administration of INCB028050 capsules, the typically peak plasma 
concentrations of INCB028050 reached within 1 to 3 hours postdose, and subsequently, INCB028050 
plasma concentrations declined in a multiphasic fashion (Figure 4.1.2.1) with a mean terminal-phase 
disposition t1/2 of 6.0 to 8.4 hours. The oral-dose clearance of INCB028050 ranged from 14.4 to 18.8 L/h 
and the volume of distribution ranging from 132 to 190 L. The mean INCB028050 Cmax and AUC values 
increased approximately linearly proportional to dose for the entire dose range (Table 4.1.2.1).  
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Figure 4.1.2.1 INCB028050 plasma concentrations (Mean ± SE) in healthy subjects receiving fasted, oral 
single dose of INCB028050 (Source: CSR jadf-body.pdf, page 78, Plot 11.1) 
 

Table 4.1.2.1 Summary of INCB028050 PK Parameters in Healthy Subjects following Single-Dose 
Administration  

 

 
 

Source: CSR JADF-body.pdf, page 81, Panel 11.4 
 

Administration of the high-fat meal moderately prolonged the mean INCB028050 tmax by 1.6 hours 
(Figure 4.1.2.2), and slightly decreased the geometric mean Cmax by approximately 10%. The 90% 
confidence interval of geometric mean ratios of AUCs were contained within limits of 80% to 125% 
(Table 4.1.2.2). 
 

 
Figure 4.1.2.2 INCB028050 plasma concentrations (Mean ± SE) in healthy subjects receiving fasted, oral 
single dose of INCB028050 (Source: CSR jadf-body.pdf, page 82, Plot 11.6) 
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Table 4.1.2.2 Food Effect on INCB028050 PK Parameters in Healthy Subjects following Single-Dose 
Administration  

 

 
Source: CSR JADF-body.pdf, page 84, Panel 11.5 
 

Reviewer’s comments: 
On page 72 of clinical study report jadf-body.pdf, the sponsor stated during the food effect phase, 23 
subjects received 5 mg INCB028050 under fed status and 24 received 5 mg under fasting status. It’s 
unclear why the PK data from only 12 subjects under fed status and 12 subjects under fasting status were 
reported and analyzed in this phase (101-1626-individ-resp.pdf, page 163 to 167, Table 7 to Table 9). 
  
PD Results: 

 Blood sample STAT3 phosphorylation change from baseline 
Subjects receiving INCB028050 showed dose-dependent inhibition of STAT3 phosphorylation in 
response to IL-6 stimulation (Figure 4.1.2.3). Maximal inhibition of p-STAT3 ranged from 
approximately 40% at 1 mg to approximately 70 to 80% inhibition at 5 mg and 10 mg. Significant 
inhibition was observed from 2 to 12 hours postdose, and p-STAT3 levels returned close to baseline 
by 24 hours. 

 

 
Figure 4.1.2.3 Dose-dependent inhibition of STAT3 phosphorylation by INCB028050 in blood samples 
from healthy subjects following single-dose INCB028050 administration. Data for the 20 mg dose are 
from the study JADE. (Source: CSR jade-body.pdf, page 88, Plot 11.7) 
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A PK/PD model showed that the IC50 value of INCB028050 for p-STAT3 inhibition was 
approximately 70 nM (Figure 4.1.2.4). 
 

 
Figure 4.1.2.4 PK/PD relationship between INCB028050 plasma concentration and inhibition of blood 
sample p-STAT3 (Source: CSR jadf-body.pdf, page 91, Plot 11.14) 

 
 Blood ANC change from baseline 
A dose-dependent decrease of mean ANC following administration of single dose of INCB028050 
was observed. The ANC in these treatments reached lowest levels approximately 8 hours postdose, 
then returned to baseline around 12 to 24 hours postdose (Figure 4.1.2.5). The maximal reduction was 
about 1.3 103 cells/μL following 10 mg single-dose INCB028050 administration. 

 

 
Figure 4.1.2.5 Mean absolute neutrophil count (109/L) change from baseline (cohort 1 and cohort 2) 
following administration of single dose INCB 028050 (Source: CSR jadf-body.pdf, page 99, Plot 12.1) 

 
 Blood ARC change from baseline 
There was a small reduction (~10%) of ARC from Day 2 to Day 17 following administration of single 
dose 2, 5, and 10 mg INCB028050. However, there was approximately 25% fluctuation of ARC in the 
placebo-treated subjects within the same period. Therefore, the small reduction may not represent 
clinical meaningful changes. 
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Safety Results: 
There were no deaths or serious adverse events reported during the study. No subjects were discontinued 
from the study due to adverse events. Overall, 26 TEAEs were reported for 17 (63.0%) subjects during the 
dose escalation phase of the study. There was no increase in the overall incidence of TEAEs with 
increasing dose and the frequency of TEAEs was similar following dosing with placebo compared to the 
INCB028050. 
 
Three subjects experienced adverse events related to abnormal laboratory, vital sign, or ECG findings: 

 Subject , a 21-year-old, white male, experienced an adverse event of ECG PR elongation 
(234 to 294 ms) that began predose on Day 14 approximately 13 days after receiving a placebo 
treatment in Period 1 and remained ongoing at study conclusion. 

 
 Subject , a 19-year-old, white female, experienced an adverse event of decreased systolic 

blood pressure (78/41 mmHg) that began on Day 15 approximately 1 hour after receiving a 5-mg 
treatment in Period 2. The subject also experienced an adverse event of postural dizziness (lasted 6 
minutes) that began approximately 3 hours postdose in the same dosing period. The subject 
withdrew consent on Day 17 and was withdrawn from the study. 

 
 Subject , a 23-year-old, white male, experienced an adverse event of elevated ALT on Day 

46 that began 17 days after receiving a 5-mg fed treatment in Period 3. Values for ALT and AST 
were elevated at the follow-up assessment on Day 43 and an unscheduled assessment on Day 46. 

 
Conclusions: 

 The INCB028050 study medication administered in this study was generally well tolerated. There 
was no increase in the overall incidence of TEAEs with increasing dose and the frequency of 
TEAEs was similar following dosing with placebo compared to the INCB028050. 
 

 Following fasting, oral, single-dose administration of INCB028050 capsules, the typically peak 
plasma concentrations of INCB028050 reached within 1 to 3 hours postdose. The mean terminal 
t1/2 was 6.0 to 8.4 hours. The oral-dose clearance of INCB028050 ranged from 14.4 to 18.8 L/h. 
The mean INCB028050 Cmax and AUC values increased approximately linearly proportional to 
dose for the entire dose range. 
 

 Food did not have clinically significant changes in INCB028050 systemic exposure. 
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4.1.3 Study JADE  
 

Study Type: Phase 1 multiple dose, dose-escalation, PK, PD, and safety study in healthy adults 
Study Dates: 07/30/2008 – 07/17/2009 
Sponsor: Incyte 
Formulation: Phase 1/2a Capsule, 1 mg and 5 mg 
 
Title:  
A Phase 1, Double-blind, Randomized, Placebo-controlled, Multiple-dose Escalation Study to Assess 
Safety, Tolerability, and Pharmacokinetics of INCB028050 When Administered Orally to Healthy Adult 
Volunteers 
 
Objective:  

 Primary: 
o To determine the safety and tolerability of single and multiple doses of INCB028050 in 

healthy adult subjects when administered orally; 
o To determine the pharmacokinetics of rising single and multiple doses of INCB028050 in the 

blood plasma of adult healthy subjects; 
 

 Secondary: To explore preliminary evidence of pharmacodynamic activity by assessing the effect 
of INCB028050 on predose and postdose 
o cytokine-stimulated signal transducer and activator of transcription protein (STAT3) 

phosphorylation in whole blood; 
o absolute reticulocyte count (ARC) and absolute neutrophil count (ANC). 
 

Study Design and Method:  
This study was a phase 1, single-center, randomized, double-blind, placebo-controlled, multiple-dose, 
dose-escalating, parallel group study to evaluate safety, tolerability, PK and PD of INCB028050 capsule 
in healthy adult subjects. A total of 80 to 92 healthy subjects were planned to be enrolled in the study, 
with 4 cohorts of 12 subjects each (randomized 9:3 active: placebo) enrolled in the escalation phase of the 
study. Additionally, 32 subjects were planned to be enrolled in the 28-day dosing phase with 24 subjects 
randomized to INCB028050 and 8 subjects randomized to placebo. A total of 93 subjects (all cohorts 
combined) were enrolled in the study and 79 subjects completed. The actual treatments were as follows: 

 Part 1 
Cohort A: 2 mg INCB028050 or placebo administered orally once daily for 10 days 
Cohort B: 5 mg INCB028050 or placebo administered orally once daily for 10 days 
Cohort C: 10 mg INCB028050 or placebo administered orally once daily for 10 days 
Cohort E: 5 mg INCB028050 or placebo administered orally twice daily for 10 days 
 

 Part 2 
Cohort D1: 10 mg INCB028050 or placebo administered orally once daily for 28 days 
Cohort D2: 5 mg INCB028050 or placebo administered orally twice daily for 28 days 
 

 Part 3 
Cohort F: 20 mg INCB028050 (once daily) or placebo (once daily) for 1 day, washout for 
1 week, then 20 mg INCB028050 (once daily) or placebo (once daily) for 10 days 

 
Different blood sampling schemes were employed by different Parts: 

 Part 1 
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o On Day 1: at 0 hour (prior to AM dosing), and 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, and 12 hours 
(prior to PM dosing, if needed)  

o Trough PK blood samples were obtained predose on Days 2, 3, 5, 7, and 9  
o On Day 10 a full PK profile was obtained at 0 hour, and at 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16, 

24, 36, and 48 hours postdose 
 

 Part 2 
o On Day 1: at 0 hour (prior to AM dosing), and 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, and 12 hours 

(prior to PM dosing, if needed)  
o Trough PK blood samples were obtained predose in the morning on Days 8, 15, and 22  
o On Day 28 a full PK profile was obtained at 0 hour, and at 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16, 

24, 36, and 48 hours postdose 
 

 Part 3 
o On Day 1 and 17: at 0 hour, and 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16, 24, and 48 hours 

postdose  
o Trough PK blood samples were obtained predose in the morning on Days 8, 15, and 22  

 
INCB028050 plasma concentration data were analyzed using non-compartmental methods. Urine PK 
samples were collected predose and complete urine output was collected from 0 to 12, 12 to 24, and 24 to 
48 hours on Day 1 and Day 10 for Cohort A, B, C, E, and F. 
 
INCB028050 was extracted from plasma samples using a liquid-liquid extraction procedure; and analyzed 
by turbo ion spray liquid chromatography/tandem mass spectrometry. The assay range for the method was 
0.5 to 500 nM (0.186 ng/mL to 186 ng/mL) using 50 μL plasma. The batch-to batch accuracy and 
precision of bioanalytical method across sample analyses were all within 10%. 
 
For STAT3 phosphorylation analysis, the blood samples were stimulated with human IL-6 or 
thrombopoietin (TPO). After lysing, the cellular extracts were analyzed by an ELISA assay to detect p-
STAT3 concentrations. 
 
Trial Endpoints: 

 Primary 
o Safety and tolerability were assessed by monitoring adverse events, measuring vital signs and 

electrocardiograms (ECGs), and clinical laboratory blood and urine sample assessments. 
o Primary PK endpoints included: Cmax, tmax, AUC0-12h, AUC0-24h, t½, λz, CL/F, and Vz/F. 

 Secondary 
o Secondary PK endpoints included: Cmin, Cavg, AUC0-t (single dose), AUC0-∞ (single dose), 

Ae48h and CLr. 
o PD endpoints included:  

. percent inhibition of cytokine-stimulated STAT3 protein phosphorylation in whole blood;  

. percent change of ARC and ANC in peripheral blood.  
 

PK Results: 
Randomized subjects who took at least 1 drug dose and had at least had 1 predose and postdose PK 
sample collected comprised the PK evaluable population, and were included in all PK analyses. Of the 48 
subjects enrolled in Cohorts A, B, C, and E, 40 (83.3%) subjects received all planned doses of study 
medication and completed all study procedures. Eight (16.7%) subjects prematurely discontinued the 
study; 6 subjects withdrew consent, 1 subject was withdrawn due to an adverse event, and 1 subject was 

Reference ID: 4016512



 37

discontinued by the Investigator. Of the 32 subjects enrolled in Cohort D, 28 (87.5%) subjects received all 
planned doses of study medication and completed all study procedures. Four (12.5%) subjects 
prematurely discontinued the study; 2 subjects withdrew consent and 2 subjects were withdrawn due to 
adverse events. Of the 13 subjects enrolled in Cohort F, 11 (84.6%) subjects received all planned doses of 
study medication and completed all study procedures. Two (15.4%) subjects prematurely discontinued the 
study; 1 subject withdrew consent and 1 subject was withdrawn due to an adverse event. 
 
Following the first dose on Day 1, INCB028050 typically attained peak plasma concentrations at 
approximately 2 hour after administration (Figure 4.1.3.1), and the INCB028050 plasma concentrations 
declined in a multiphasic fashion with an apparent t1/2 between 4 and 7 hours for all regimens. The oral 
clearance ranged from 15.1 to 22.1 L/h. The mean INCB028050 first-dose Cmax and AUC values 
increased approximately linearly proportional to dose for the entire dose range (Table 4.1.3.1).  
 

 
Figure 4.1.3.1 Mean (± SE) INCB028050 plasma concentration-time profile on Day 1, Day 10 (Cohort C, 
E), and Day 28 (Cohort D) in healthy subjects (Source: CSR jade-body.pdf, page 80, Plot 11.1) 
 

Table 4.1.3.1 Summary of INCB028050 First-Dose PK Parameters in Healthy Subjects  
 

 
 

AUC0-t=AUC0-12h 
Source: CSR JADE-body.pdf, page 83, Panel 11.4 
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The serial trough plasma concentrations indicate that the subjects were essentially at steady-state after 3-5 
days of dosing for all regimens (Figure 4.1.3.2 and Table 4.1.3.2). 
 

 
Figure 4.1.3.2 Mean (± SE) INCB028050 plasma trough concentration-time profiles following different 
dosing regimens in healthy subjects (Source: CSR jade-body.pdf, page 80, Plot 11.2) 

 
Table 4.1.3.2 Summary of INCB028050 Trough Concentrations (nM)  

following Different Dosing Regimen  
 

 
Source: CSR JADE-body.pdf, page 84, Panel 11.5 
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Following the last dose of INCB028050, steady state plasma Cmax was attained typically within 2 hours 
after administration (Figure 4.1.3.3), and the INCB028050 plasma concentrations declined in a 
multiphasic fashion with an estimated terminal t1/2 between 6 and 11 hours for the dose regimens studied. 
Little accumulation (<1.2-fold) of Cmax and AUC were observed at steady state (Day 10) for QD dosing 
regimen (Table 4.1.3.3). The mean INCB028050 steady state (Day 10) Cmax and AUC values increased 
approximately linearly proportional to dose from 2 mg to 20 mg QD. 
 

 
Figure 4.1.3.3 Mean (± SE) INCB028050 steady state plasma concentration-time profile on Day 10 
(Cohort A, B, C, E, and F), and Day 28 (Cohort D) in healthy subjects (Source: CSR jade-body.pdf, page 
81, Plot 11.3). 
 

Table 4.1.3.3 Summary of INCB028050 Steady state PK Parameters in Healthy Subjects  
 

 
Source: CSR JADE-body.pdf, page 85, Panel 11.6 

 
The mean percent dose excreted (fe0-24h) as unchanged INCB028050 ranged from 62% to 81%, and the 
mean renal clearance (CLr) ranged from 10.8 to 13.3 L/hr (Table 4.1.3.4). 
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Table 4.1.3.4 Summary of INCB028050 Steady state PK Parameters in Healthy Subjects  
 

 
Source: CSR JADE-body.pdf, page 86, Panel 11.7 

 
PD Results: 

 Blood sample STAT3 phosphorylation change from baseline 
The maximal inhibition of p-STAT3 following 20 mg single dose administration of INCB028050 was 
similar (~80%) to that observed in Study JADF (Figure 4.1.2.3). Therefore, it appeared that the p-
STAT3 inhibition plateau was reached no higher than 5 mg INCB028050. Similar level of inhibition 
was observed for TPO-induced STAT3 phosphorylation.  
 
A PK/PD model showed that the IC50 value of INCB028050 for p-STAT3 inhibition was 
approximately 100 nM following multiple-dose administration (Figure 4.1.3.4). The mean time of 
INCB028050 concentrations above IC50 increased with dose increase (Table 4.1.3.5) 

 
Figure 4.1.3.4 PK/PD relationship between INCB028050 plasma concentration and inhibition of blood 
sample p-STAT3 following multiple-dose administration. (Source: CSR jade-body.pdf, page 93, Plot 
11.10) 
 

Table 4.1.3.5 Mean Time above Ex Vivo IC50 by Different INCB028050 Dosing Regimen  
 

  
Source: CSR JADE-body.pdf, page 94, Panel 11.8 
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 Blood ANC change from baseline 
The post-dose dose-dependent decrease of mean ANC pattern was similar on Day 1 and Day 10 
following 10 days QD administration of INCB028050 (Figure 4.1.3.5). The lowest levels of ANC 
reached approximately 8 hours postdose followed by rebound to predose levels by approximately 16 
hours after dosing. The decrease in ANC was greatest in the 20-mg treatment group (-50% at Day 1, 8 
hours postdose). 
 

 
Figure 4.1.3.5 Mean absolute neutrophil count (109/L) change from baseline (Cohort A, B, C, E) on Day 
1 (left panel) and Day 10 (right panel) following administration of INCB 028050 (Source: CSR jadf-
body.pdf, page 125, Plot 12.1) 

 
The incidence of neutropenia was 14% (10/70) in INCB028050-treated group and 9% (2/23) in 
placebo-treated group. 
 
 Blood ARC change from baseline 
A dose-dependent gradual decrease of mean ARC following 10 days QD administration of 
INCB028050 was observed. The ARC in these treatments reached lowest levels on Day 10 followed 
by rebound to levels higher than the baseline on Day 17 and Day 24 (Figure 4.1.3.6) The maximal 
reduction was about -36% from baseline following 10 mg treatment (Day 10). ARC assessment 
following 28 days 10 mg QD treatment (Cohort D) showed that the reduction might reached plateau 
phase from Day 8. 
 
 

  
Figure 4.1.3.6 Relative mean ARC change from baseline following 10 days (left panel, Cohort A, B, C, 
E) and 28 days (right panel, Cohort D1 and D2) administration of INCB 028050 (Source: CSR JADE-
body.pdf, page 128, Plot 12.3 and page 134, Plot 12.6) 
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Safety Results: 
There were no deaths reported for Cohorts A, B, C, D, E, or F. One serious adverse event (SAE) reported 
from Cohort F. Subject (20 mg QD) with a history of migraine discontinued the study due to a 
SAE of complicated migraine occurred on Day 3 approximately 2 days after dosing. Another adverse 
event of head injury from Cohort D (Subject ; placebo, twice daily) assessed as severe but 
unrelated to study drug was reported. Three other subjects discontinued the study due to adverse events: 

 Subject  in Cohort E (5 mg BID) discontinued the study due to conjunctivitis.  
 Subject  in Cohort D (10 mg QD) discontinued the study due to elevated total bilirubin (29 

μM) on Day 15.  
 Subject  discontinued due to an influenza-like illness that began on Day 15. 

 
Overall, 183 TEAEs were reported for 68 (73%) subjects during the dose escalation phase of the study. 
There incidence of TEAEs in Cohort F (20 mg QD for 10 days) was higher (77%) than TEAEs in Cohort 
A, B, C, E (71%).  
 
Conclusions: 

 There were no deaths during the study. One serious adverse event of complicated migraine 
headache (severe and unlikely related) was reported. One adverse event of head injury (severe and 
unrelated) was reported. The incidence of neutropenia was 14% (10/70) in INCB028050-treated 
group and 9% (2/23) in placebo-treated group. There were no clinically significant changes in red 
blood cell count, hemoglobin, or hematocrit during the study for all the Cohorts.  
 

 Following fasting, oral, multiple-dose administration of INCB028050 capsules, the typically peak 
plasma concentrations of INCB028050 reached within 2 hours postdose. The mean terminal t1/2 
ranged from 6 to 11 hours. The CL/F ranged from 15.1 to 22.1 L/h. Majority of INCB028050 
(62% to 81%) was excreted as unchanged in urine within 24 hours.  The steady-state was reached 
after 3-5 days of dosing for both QD and BID dosing regimens. Little accumulation (<1.2-fold) of 
Cmax and AUC were observed at steady state (Day 10) for QD dosing regimen. The oral-dose 
clearance of INCB028050 ranged from 14.4 to 18.8 L/h. The mean INCB028050 steady state (Day 
10) Cmax and AUC values increased approximately linearly proportional to dose from 2 mg to 20 
mg QD. 
 

 Maximal inhibition of p-STAT3 ranged from approximately 20% to 30% at the lowest dose (2 mg) 
to approximately 70% to 80% inhibition at the highest dose (20 mg). The inhibition plateau phase 
was reached approximately at 5 mg. the IC50 value of INCB028050 concentration for p-STAT3 
inhibition was approximately 100 nM following multiple-dose administration. 
 

 Dose-dependent decrease of mean ANC was observed. The lowest levels of ANC reached 
approximately 8 hours postdose followed by rebound to predose levels by approximately 16 hours 
after dosing. The maximal decrease of ANC was -50% following 10-mg treatment (Day 1, 8 hours 
post-dose). A dose-dependent gradual decrease of mean ARC was observed. The ARC reduction 
reached at a plateau phase approximately 8 days post-dose and started rebounding the second day 
stopped the dosing. The maximal reduction was about -36% following 10 mg treatment (Day 10).  
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4.1.4 Study JADB 
 
Study Type: Phase 1 study assessing DDI potential between INCB028050 and MTX in RA patients  
Study Dates: 09/09/2008 – 11/23/2009 
Sponsor: Incyte 
Formulation: Phase 1/2a Capsule, 1 mg and 5 mg 
 
Title:  
An open-label study evaluating the safety and pharmacokinetic (PK) interaction between INCB028050 
and methotrexate in rheumatoid arthritis patients 
 
Objective:  

 Primary: 
o Determine the effect of administration of MTX (subjects’ standard weekly dose) on the PK of 

1-15 mg INCB028050 in subjects with RA. 
o Determine the effect of administration of 1-15 mg INCB028050 on the PK of MTX and its 

metabolite, 7-OH-methotrexate, in subjects with RA on a stable regimen of MTX administered 
once per week. 

o Obtain safety information on INCB028050 in RA patients. 
 

 Secondary: obtain preliminary efficacy and PD data for INCB028050 in RA patients. 
 

Study Design and Method:  
This study was a phase 1, open-label, controlled, drug-drug interaction study to assess the potential PK 
interaction between MTX and INCB028050. A total of 53 RA patients were enrolled in the study with 
45 patients completed the study. Cohort 1 (N=18), Cohort 2 (N=17), and Cohort 3 (N=18) received 
INCB028050 dosing regimen of 10 mg QD, 5 mg BID, and 15 mg QD, respectively. The treatment 
schedule of this study was: 

 MTX was given on Days 1, 8, 15, and 22 
 INCB028050 was given on Days 3-28  

 
Blood samples were obtained for determination of MTX and 7-hydroxy-MTX plasma concentrations 
(Cohort 1 and Cohort 3) at predose and 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16, 24, 36, and 48 hours postdose 
on Days 1-3, and 8-10. Blood samples were obtained for determination of INCB028050 plasma 
concentrations (Cohort 1, 2, and 3) at predose and 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16, and 24 hours 
postdose on Days 7-10 and predose on Day 28. INCB028050 and MTX plasma concentration data were 
analyzed using non-compartmental methods. 
 
For INCB028050, the plasma samples were analyzed using a validated, GLP, LC/MS/MS method with a 
lower limit of quantification of 0.5 nM (0.186 ng/mL). For MTX and 7-hydroxy-MTX, the plasma 
samples were analyzed using a validated, GLP, LC/MS/MS method with a lower limit of quantification of 
1 ng/mL. 
 
Noteworthy Inclusion Criteria: 

 Males or females between 18 and 75 years of age, inclusive, with a diagnosis of RA who had been 
receiving methotrexate treatment at a stable dose between 7.5 and 25 mg, weekly, for at least 8 
weeks prior to dosing (including 4 weeks prior to screening). 

 For subjects receiving anti-malarials (hydroxychloroquine, chloroquine, or quinacrine) or 
sulfasalazine, they must have been receiving a stable daily dose (hydroxychloroquine no more than 
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A                                                     B                                                     C                                       

   
Figure 4.1.4.1 INCB028050 steady-state concentration-time PK profile in Cohort I (A, N=18), Cohort 2 
(B, N=17), and Cohort 3 (C, N=18) following co-administration with MTX (red, on Day 8) or 
administered alone (black, on Day 7) (Source: CSR JADB-body.pdf, page 48-50, Figure 1-3) 
 
Table 4.1.4.1 Comparison of INCB028050 Steady-State PK Parameters following Co-administration 

with MTX or Administered alone in RA Patients  
 

 PK Parameters 
Cmax (nM)1 AUC0-τ	(nM•h)1 tmax (h)2 

Cohort 1 (10 mg QD) N=18 

INCB028050 alone 350 2570 1.5 

INCB028050 + MTX 353 2522 1.5 

Ratio (MTX/alone) 1.008 (0.917, 1.108) 0.981 (0.933, 1.032) - 

Cohort 2 (5 mg BID) N=153 

INCB028050 alone 206 1342 1.5 

INCB028050 + MTX 197 1302 1.5 

Ratio (MTX/alone) 0.977 (0.884, 1.080) 0.970 (0.917, 1.026) - 

Cohort 3 (15 mg BID) N=18 

INCB028050 alone 449 3431 1.5 

INCB028050 + MTX 428 3379 1.5 

Ratio (MTX/alone) 0.954 (0.870, 1.047) 0.984 (0.941, 1.031) - 
1 geometric mean 
2 median 
3 Subjects  and  were excluded due to mis-dose. 
Source: adapted from CSR JADB-body.pdf, page 50-52, Table 7-9 

 
 

 Effect of INCB028050 on MTX PK 
The MTX and 7-OH-MTX plasma samples from Cohort 2 were not analyzed. Since RA patients 
received different doses of MTX, the plasma concentrations of MTX and 7-OH-MTX were 
normalized to a MTX dose of 10 mg. The PK profile of MTX and 7-OH-MTX following co-
administration of INCB028050 (Day 8) were similar to the profile when INCB028050 was 
administered alone (Day 1) for both Cohort1 and Cohort 3 (Figure 4.1.4.2). The ratios of dose (10mg)-
normalized AUC0-τ	and Cmax of MTX between two treatments were within 80% to 125% for both 
dosing regimens (Table 4.1.4.2). The ratio of dose-normalized Cmax of 7-OH-MTX between two 
treatments was also within 80% to 125% for both dosing regimens. The dose-normalized AUC0-τ of 7-
OH-MTX was 18% (90% CI=1.03, 1.35) and 9% (90% CI=0.95, 1.26) higher following co-
administration of INCB028050 than MTX administered alone. However, by considering the biological 
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activity of 7-OH-MTX was only one eighth of MTX, the small increase of 7-OH-MTX exposure by 
INCB028050 may not have clinical significant effect. 

 

 

 
Figure 4.1.4.2 MTX (red and black) and 7-OH-MTX (pink and blue) single-dose concentration-time PK 
profile in Cohort I (upper panel, N=18) and Cohort 3 (lower panel, N=18) following co-administration 
with INCB028050 (black and blue, on Day 8) or administered alone (red and pink, on Day 1) (Source: 
CSR JADB-body.pdf, page 53, Figure 4) 

 
Table 4.1.4.2 Comparison of MTX and 7-OH-MTX Single-Dose PK Parameters following Co-

administration with INCB028050 or Administered alone in RA Patients  
 

 MTX PK Parameters 7-OH-MTX PK Parameters 
Cmax (nM)1 AUC0-τ	(nM•h)1 tmax (h)2 Cmax (nM)1 AUC0-τ	(nM•h)1 tmax (h)2 

Cohort 1  N=18 

MTX alone 266 1041 1.25 33 652 6 

MTX + INCB028050 253 1074 1.25 35 758 6 
Ratio 

(INCB028050/alone) 
0.953 

(0.861, 1.053) 
1.031 

(0.939, 1.132) 
- 

1.052  
(0.930, 1.188) 

1.18 
(1.03, 1.35) 

- 

Cohort 3  N=18 

MTX alone 305 1246 1 37 3431 6 

MTX + INCB028050 297 1311 1 37 3379 8 
Ratio 

(INCB028050/alone) 
0.972  

(0.88, 1.07) 
1.05 

(0.97, 1. 14) 
- 

1.01 
(0.867, 1.17) 

1.09 
(0.95, 1.26) 

- 
1 geometric mean normalized to a common 10 mg MTX dose. 
2 median 
3 Subjects  and  were excluded due to mis-dose. 
Source: adapted from CSR JADB-body.pdf, page 50-52, Table 7-9 
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INCB028050 t1/2 and CL/F values were similar with or without co-administered with MTX. INCB028050 
mean t1/2 and CL/F ranged from 6.33 to 7.22 hours, and 10.0 to 11.9 L/h, respectively. MTX t1/2 and CL/F 
values were similar with or without co-administered with INCB028050. MTX mean t1/2 and CL/F ranged 
from 3.80 to 4.83 hours, and 7.5 to 9.5 L/h, respectively.   

 
PD Results: 

 IL-18 was not assayed because the assay was not available as a Luminex® bead-based assay. 
Urine CTX-II was not measured due to the low disease activity observed and the short treatment 
duration. 

 There was no significant elevation in the baseline MCP-1 and TNFα. In fact, none of the subjects 
in the cohorts presented with baseline MCP-1 or TNFα levels that exceeded the range observed in 
the healthy volunteers. MMP-3 baseline was approximately 15-fold over the levels detected in 
healthy volunteers. There was little effect of treatment on MMP-3 level over 28 days. 

 Eleven of the 46 subjects with available data showed baseline elevation of IL-6 exceeding the 
normal range. Following 28 days of treatment, all subjects showed a decrease in IL-6 from 
baseline. There was a 76%, 61%, and 39% decrease in mean plasma IL-6 following 10 mg QD, 5 
mg BID, and 15 mg QD dosing regimen. 

 Following 28 days of treatment, the ESR value of the 11 subjects with elevated baseline IL-6 
decreased by an average of 27% over the 28 days, with 9 of the 11 subjects demonstrating a 
decrease. 

 Ten of 11 subjects with elevated baseline IL-6 had CRP data available. Following 28 days of 
treatment, 9 of the 10 subjects demonstrated an average decrease of 70% in CRP by Day 28 when 
compared with baseline. 

 Four of five subjects with elevated baseline IL-15 (≥ 2-fold above the normal range) demonstrated 
an average of 52% decrease after 28 days treatment. 

 Six subjects with elevated baseline IL-12 (≥ 2-fold above the normal range) demonstrated an 
average of 44% decrease after 28 days treatment. 
  

Efficacy Results: 
The INCB028050 5 mg BID cohort generally had the highest proportion of subjects who achieved ACR20 
and ACR50 improvements at each of the time points (Days 15, 28/ET, and 56) compared with the other 
cohorts (Figure 4.1.4.3). However, the small number of subjects involved (N=20 total) and the unblinded 
study design make any interpretation of the efficacy data speculative. Only one subject in the 
INCB028050 10 mg qd cohort (11.1% of subjects) had an ACR70 improvement.  
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Figure 4.1.4.3 Proportions of RA patients who achieved ACR20 (red), 50 (yellow), and 70 (blue) 
improvements at Day 28/ET (mITT Population) following 10mg QD, 5 mg BID, and 15 mg QD 
INCB028050 treatment. (Source: CSR JADB-body.pdf, page 58, Figure 5) 

 
Similar trends also were generally observed for the proportion of subjects who achieved low/inactive 
disease activity using the DAS28 (based on ESR and CRP). The INCB028050 5 mg BID cohort 
consistently had the largest mean decreases compared with the other cohorts. Statistically significant mean 
decreases (P≤0.0448) were observed for the 5 mg BID cohort at each of the time points. 
 
Safety Results: 
There was 1 death due to myocardial infarction in the 10 mg QD cohort and a total of three subjects each 
reported at least one severe TEAE: 

 Subject  (10 mg QD cohort) had an SAE of myocardial infarction on Day 52 with an 
unlikely relationship to study medication.  

 Subject  (10 mg QD cohort) had SAEs of COPD on Days 12 and 27 that were unrelated to 
study medication.  

 Subject  (15 mg QD cohort) had an SAE of thrombocytopenia on Day 26 with a probable 
relationship to study medication. 

 
Overall, 13(72.2%), 10 (58.8%), and 11 (61.1%) subjects in 10 mg QD, 5 mg BID, and 15 mg QD Cohort 
experienced at least one TEAE (Table 4.1.4.3). Five subjects discontinued study due to TEAE. The most 
common TEAEs were lymphocyte count decreased (22.2%, 5.9%, and 0% of subjects in the INCB028050 
10 mg QD, 5 mg BID, and 15 mg QD Cohort, respectively). Neutropenia occurred in two subjects in 5 mg 
BID Cohort. Anemia occurred in one subject in 15 mg QD Cohort. 
 

Table 4.1.4.3 Summary of TEAE in Study JADB (Safety Population)  
 

 
Source: from CSR JADB-body.pdf, page 63, Table 14 

 
The changes of hematology parameters from baseline were summarized as following: 

 Lymphocytes (%): 7/17 (41.2%), 5/15 (33.3%), and 6/14 (42.9%) subjects in 10 mg QD, 5 mg 
BID, and 15 mg QD Cohort shifted from normal to high, respectively, at Day 6. A total of 3/17 
(17.6%), 8/15 (53.3%), and 2/14 (14.3%) subjects in the respective cohorts shifted from normal to 
high, respectively, at Day 9. 

 Red blood cell count: 5/14 (35.7%), 7/15 (46.7%), and 4/17 (23.5%) subjects in 10 mg QD, 5 mg 
BID, and 15 mg QD Cohort, respectively, shifted from normal to low at Day 28/ET. 
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 Hemoglobin: 2/11 (18.2%), 6/16 (37.5%), and 4/17 (23.5%) subjects in 10 mg QD, 5 mg BID, and 
15 mg QD Cohort, respectively, shifted from normal to low at Day 28. 
 

The means for ECG parameters (heart rate, PR interval, RR interval, QRS duration, QT interval, QTcB 
interval, and QTcF interval) were not substantially different over time throughout the study for any 
cohort. Additionally, the mean changes and percentage changes from baseline were not substantially 
different across dose cohorts for any ECG parameter. No subject in any cohort had a post-baseline QTcF 
interval ≥500 ms or a change ≥60 ms. One subject (  in the INCB028050 10 mg qd cohort) had a 
postbaseline QTcB ≥500 ms (value of 514 ms) and a change ≥60 ms (change of 79 ms) 28 days after the 
end of treatment. 
 
Conclusions: 

 There was no evidence of a clinically-important plasma pharmacokinetic drug-drug interaction 
between INCB028050 and methotrexate in RA patients, and from a pharmacokinetic perspective, 
the dosing regimens of INCB028050 and methotrexate need not be altered when these 2 drugs are 
co-administered.  
 

 There was 1 death due to myocardial infarction. A total of 3 subjects reported SAEs (myocardial 
infarction and COPD x 2 in the 10 mg QD cohort; thrombocytopenia in the 15 mg QD cohort), and 
1 subject discontinued from the study due to an adverse event (neutropenia in the 5 mg BID 
cohort). 
 
 

 No subjects had an ECG value that met the alert criteria, and mean changes from baseline were not 
substantially different across dose cohorts for any ECG parameter. 
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4.1.5 Study JADL 
 
Study Type: Phase 1 renal impairment study  
Study Dates: 12/07/2009 – 08/05/2010 
Sponsor: Incyte 
Formulation: Phase 1/2a Capsule, 5 mg 
 
Title:  
An open-label assessment of the effects of various degrees of renal impairment on the pharmacokinetics 
(PK) of INCB028050 compared to normal healthy adult volunteers 
 
Objective:  

 Primary: 
o Compare INCB028050 PK and PD in subjects with various degrees of renal impairment (mild, 

moderate, severe, and  hemodialysis) with healthy, adult volunteers all receiving a single 10 
mg (2 x 5 mg capsule) or 5 mg dose of INCB028050. 

o Assess the clearance, if any, of INCB028050 from systemic circulation by hemodialysis. 
o Evaluate the safety and tolerability of a single 10 mg (2 x 5 mg capsule) or 5 mg dose of 

INCB028050 in subjects with various degrees of renal impairment and in healthy, adult 
volunteers. 

 
Study Design and Method:  
This study was a phase 1, open-label, single-dose study to assess the effect of renal impairment on 
INCB028050 PK. In total 46 subjects (10, 10, 10, 8, and 8 subjects in the healthy, mild, moderate, severe, 
and ESRD cohorts) enrolled and completed the study. The treatments for different cohorts were: 

 Healthy, mild, and moderate Cohorts: a single 10 mg (2 x 5 mg capsule) dose of INCB028050 on 
Day 1. 

 Severe Cohort: a single 5 mg dose of INCB028050 on Day 1. 
 ESRD Cohort: a single 5 mg dose of INCB028050 on Day 1 pre-dialysis followed by a single 5 

mg doses on Day 15 post-dialysis. There was a 2-week wash-out period between two doses. 
 
Venous blood samples were collected for determination of INCB028050 plasma concentrations at predose 
and 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16, 24, 36, 48, and 72 hours postdose. The ESRD Cohort only had 
additional arterial- and venous line blood samples collected for PK assessments at 3 (start of dialysis), 4, 
5, 6, and 7 (or end of dialysis) hours postdose. Urine samples were obtained for determination of 
INCB028050 urine concentrations at predose and 0-12, 12-24, 24-48, and 48-72 hours postdose (Days 1-
3/Days 15-17). INCB028050 plasma concentration data were analyzed using non-compartmental 
methods. 
 
For INCB028050, the plasma and urine samples were analyzed using a validated, GLP, LC/MS/MS 
method with a lower limit of quantification of 0.5 nM (0.186 ng/mL) for plasma samples and 0.025 nM 
(9.3 pg/mL) for urine samples. 
 
Noteworthy Inclusion Criteria: 

 Males or females between 18 and 75 years of age, inclusive. 
 Body mass index (BMI) between 18 and 39 kg/m2, inclusive. 
 In good health (healthy subjects) or a stable medical condition (subjects with renal impairment) as 

determined by no clinically significant findings (healthy subjects) or clinically stable findings 
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(subjects with renal impairment) from medical history, physical examination, 12-lead ECG, and 
vital signs. 

 Normal renal function (MDRD-GFR >90 mL/min); or mild (MDRD-GFR=60 to 89 mL/min), 
moderate (MDRD-GFR=30 to 59 mL/min) or severe (MDRD-GFR=15 to 29 mL/min) renal 
impairment; or ESRD (MDRD-GFR<15 mL/min) on hemodialysis. Subjects with moderate or 
severe renal impairment (not including dialysis subjects) had stable renal function (defined as 
serum creatinine varying less than or equal to 25%) for at least 1 month prior to the study. 
 

Noteworthy Exclusion Criteria: 
 QTcF interval >460 ms. Subjects with a stable QTcF between 450 ms and 460 ms were allowed in 

the study only with the Sponsor’s approval). 
 History of myocardial infarction, unstable angina, coronary revascularization, stroke, or transient 

ischemic attack within 6 months of screening, or uncontrolled hypertension as determined by the 
Investigator. 

 Screening white blood cell (WBC) count less than or equal to 3000 cells/μL, absolute neutrophil 
count (ANC) less than or equal to 2000 cells/μL, or platelet count less than or equal to 140,000 
cells/μL. 

 History of thrombocytopenia, neutropenia or leukopenia. 
 Receiving potent CYP3A4 inhibitors or inducers. 
 Receiving agents known to affect renal tubular secretion and/or reabsorption via interaction with 

transporters who were unable to hold these medications for 5 days continuously during the study. 
 

Trial Endpoints: 
 Primary 

o Safety and tolerability as determined by monitoring of adverse events, vital signs, ECGs, 
physical examinations, and clinical laboratory blood and urine parameters 

o PK as determined by CL/F, AUC0-t, AUC0-∞	and	Cmax. 
 

 Secondary 
o Determination of the arteriovenous plasma concentration difference and impact on clearance of 

INCB028050 upon hemodialysis.  
o PK as determined by: CLr, tmax, t1/2, λz, Vz/F, Ae, and fe. In addition, the amount of drug 

recovered in the dialysate fluid (AD) and the dialysis clearance (Cld) were determined for the 
ESRD cohort only. 

o PD markers of JAK-STAT activation 
 

PK Results: 
The PK evaluable population was comprised of all 46 subjects who were enrolled and took at least 1 dose 
of INCB028050, and had at least 1 plasma sample.  
 
Following fasting, oral, single-dose administration of INCB028050 in subjects with renal impairment and 
healthy controls, the typically peak plasma concentrations were attained within 2 hours after 
administration, and subsequently the INCB028050 plasma concentrations declined in a multiphasic 
manner (Figure 4.1.5.1). The mean terminal t1/2 increased from 8.4 hours in subjects with normal renal 
function to approximately 19 hours in subjects with severe renal impairment or end-stage renal disease. 
The geometric mean AUC0-∞	of subjects with mild, moderate, severe renal impairment, and ESRD 
(predose hemodialysis on Day 15) was 1.41-, 2.22-, 4.05- and 3.18-fold higher than that of subjects with 
normal renal function (Table 4.1.5.1). 
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Figure 4.1.5.1 INCB028050 plasma concentration-time PK profile following single dose administration 
of INCB028050 (10 mg for healthy subjects and subjects with mild to moderate renal impairment; 5 mg 
for subjects with severe renal impairment or ESRD). (Source: CSR JADL-body.pdf, page 52, Figure 1) 
 

Table 4.1.5.1 Summary of INCB028050 PK Parameters (Arithmetic Mean) and ANOVA Results  
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a median (minimum-maximum) are reported. 
b Dose-dependent parameters (Cmax and AUC) were dose normalized prior to statistical comparisons. 
Source: from CSR JADL-body.pdf, page 54, Table 8 
 

INCB028050 was primarily eliminated (67.5%) by renal excretion within 72 hours post-dose in subjects 
with normal renal function. The Clr decreased 32%, 65%, and 90% in subjects with mild, moderate, and 
severe renal impairment compared to subjects with normal renal function (Table 4.1.5.2). 
 

Table 4.1.5.2 Summary of INCB028050 Urinary Recovery and Renal Clearance  
 

 
a A total of 6 subjects were excluded from this analysis due to urine collection mix-ups (2 subjects in each 
of the healthy, mild, and moderate cohorts) 

Source: from CSR JADL-body.pdf, page 58, Table 9 
 

INCB028050 was effectively dialyzed with the clearance by dialysis by comparing INCB028050 plasma 
concentration-time profile before and after the hemodialysis (Figure 4.1.5.2). The INCB028050 clearance 
by hemodialysis (CLd) was estimated to be 5.62 ± 0.61 L/h based on INCB028050 amount recovered in 
the dialysate fluids collected (AD), and estimated the mean CLd to be. Another method based on the 
change in INCB028050 plasma concentration in the arterial versus venous blood lines leading in and out 
of the dialyzer, respectively, and estimated the mean CLd to be 3.63 ± 1.86 L/h. 
 

 
Figure 4.1.5.2 INCB028050 plasma concentration-time PK profile following single dose administration 
of 5 mg INCB028050 before (square) and after (dot) subjects receiving. (Source: CSR JADL-body.pdf, 
page 53, Figure 2) 
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PD Results: 
The PD population was comprised of 45 subjects who were enrolled and took at least 1 dose of 
INCB028050, and had blood samples for PD analysis that arrived within 24 hours of collection as 
required for the assay. One set of samples from 1 subject ( ) in the healthy cohort were received 
after 24 hours from the time of collection, rendering the samples unusable. 
 
Subjects with normal renal function receiving 10 mg INCB028050 showed inhibition of pSTAT3 in 
response to IL-6 stimulation with maximal inhibition (~70%) of p-STAT3 occurring at 2 hours postdose. 
p-STAT3 levels returned to baseline levels by 24 to 48 hours postdose. All subjects with renal impairment 
showed more maximal inhibition (~75-80%), although subjects with severe renal impairment received 5 
mg INCB028050 treatment. 
 
Safety Results: 
There was 1 death. Subject  in the ESRD cohort died due to renal failure on Day 37 (22 days after 
the last dose of study medication) that was judged as unrelated to study medication by the Investigator. No 
other severe TEAEs were reported. 
 
Overall, 1 (10%), 3 (30%), 1 (10%), 1 (12.5%), and 2 (25%) subjects with normal renal function, mild, 
moderate, severe renal function, and ESRD experienced at least one TEAE. Three subjects with renal 
impairment shifted hemoglobin level from normal to low on Day 2.   
 
The means for ECG parameters (heart rate, PR interval, RR interval, QRS duration, QT interval, and 
QTcF interval) were not substantially different over time throughout the study for any cohort. 
Additionally, the mean changes and percentage changes from baseline were not substantially different 
across cohorts for any ECG parameter. There were no subjects with ECG values that met the alert criteria 
[absolute value outside the range and the percentage change >±25% (30% for QRS duration)]. One 
subject ) in the ESRD cohort had a postdose QTcF interval  ≥500 ms (value of 502 ms on Day 2). 
The QTcF for this subject subsequently returned to the normal range (425 to 435 ms on Days 14 and 15) 
and was 436 ms at the last assessment on Day 16. 
 
Conclusions: 

 The PK of INCB028050 was significantly affected by renal function. The geometric mean ratio of 
AUC0-∞ was 141%, 222%, 405% and 318% for the mild, moderate, and severe renal impairment 
cohorts and the ESRD cohort (with predose hemodialysis on Day 15), respectively. The mean 
terminal t1/2 increase from 8.4 hour in healthy subjects to 19 hours in subjects with severe renal 
impairment or end-stage renal disease. The unchanged INCB028050 in urine (0-72 hours post-
dose) reduced from 67.5% in healthy subjects to 27.2% in subjects with severe renal impairment. 
 

 There was 1 death due to renal impairment. 8 (17%) subjects experienced mild to moderate TEAE. 
No subjects had an ECG value that met the alert criteria. 
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4.1.6 Study JADM  
 

Study Type: Phase 1 single- and multiple-dose, dose-escalation, PK and safety study in Japanese healthy 
adults 

Study Dates: 11/16/2010 – 04/30/2011 
Sponsor: Eli Lilly 
Formulation: Phase 2b Capsule, 1 mg and 4 mg 
 
Title:  
A Single- and Multiple-Dose Study to Evaluate the Safety, Tolerability, and Pharmacokinetics of 
LY3009104 in Japanese Healthy Subjects 
 
Objective:  

 Primary: To evaluate the safety and tolerability of LY3009104 when given orally as single and 
multiple doses in Japanese healthy subjects. 

 
 Secondary: To evaluate the pharmacokinetics of LY3009104 when given orally as single and 

multiple doses in Japanese healthy subjects. 
 

Study Design and Method:  
This study was a phase 1, single-center, randomized, double-blind, placebo-controlled, single- and 
multiple-dose, dose-escalating, parallel-group study in Japanese healthy adult. Subjects were required to 
be up to third-generation Japanese. A total of 34 Japanese healthy subjects randomized with 31 completed 
study. For Cohort 1 to 3, 8 subjects were randomized with 6 receiving LY3009104 and 2 receiving 
placebo. For Cohort 4, 7 subjects received LY3009104 and 3 received placebo. The treatments for four 
cohorts are listed in Table 4.1.13. Single dose LY3009104 was administered on Day 1 for all four cohorts. 
During multiple-dose period, LY3009104 was administered as QD from Day 8 to Day 17. 
  

Table 4.1.6.1 Study Treatments of Study JADM  
 

 
Source: from CSR JADM-body.pdf, page 10, Table JADM.5.1 

 
Different blood sampling schemes were employed by different Cohorts: 

 Cohorts 1 and 2: predose and 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16, 24 (Day 2), 36 (Day 2), and 48 
(Day 3) hours postdose. 
 

 Cohorts 3 and 4: 
o Day 1: predose and 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16, 24 (Day 2), 36 (Day 2), and 48 (Day 

3) hours postdose. 
o Days 8, 9, 10, 11, 12, and 15: predose 
o Day 17: predose and 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16, 24 (Day 18), 36 (Day 18), and 48 

(Day 19) hours postdose. 
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LY3009104 plasma concentration data were analyzed using non-compartmental methods. Plasma and 
urine samples obtained during this study were analyzed at  

. Plasma samples were analyzed for LY3009104 using a validated liquid 
chromatography with tandem mass spectrometric (LC/MS/MS) detection method. The lower limit of 
quantification (LLOQ) was 0.54 nmol/L (0.20 ng/mL), and the upper limit of quantification (ULOQ) was 
538.47 nmol/L (200.00 ng/mL). Samples above the ULOQ were diluted and reanalyzed to yield results 
within the calibrated range. The inter-assay accuracy (% relative error) during validation ranged from 
0.7% to 3.3%. The inter-assay precision (% relative standard deviation [StD]) during validation ranged 
from 2.0% to 6.3%. Urine samples were analyzed for LY3009104 using a validated LC/MS/MS detection 
method. The LLOQ was 26.92 nmol/L (10.00 ng/mL), and the ULOQ was 26923.70 nmol/L (10000.00 
ng/mL). There were no samples with results above the ULOQ. The inter-assay accuracy (% relative error) 
during validation ranged -0.4% to 4.3%. The inter-assay precision (% relative StD) during validation 
ranged from 3.5% to 7.7%. 
 
Trial Endpoints: 

 PK endpoints 
o Single-dose period: Cmax, AUC0-24, AUC0-tlast, AUC0-∞, tmax, t½, CL/F, and Vz/F 
o Multiple-dose period: Cmax,ss, AUCτ,ss, tmax,ss, t½, CLss/F, and Vz,ss/F, RAobs (AUCτ) 

 
 Safety endpoints: Vital signs and ECG parameters were subjected to statistical analysis. 

 
PK Results: 
All 34 subjects randomized received at least one dose of medication (22 received LY3009104 and 9 
received placebo). Three subjects discontinued the study: 

 Subject  (Cohort 3) received 2 doses of 10 mg LY3009104 (single doses on Days 1 and 8) 
and was discontinued from the study because of an adverse event of oral herpes, which was 
considered by the investigator to be related to the study. 

 Subject  (Cohort 3) received 4 doses of placebo (single dose on Day 1 and QD on Days 8 to 
10) and was discontinued from the study because it was discovered that he did not meet the entry 
criterion requiring subjects to be up to third-generation Japanese. 

 Subject  (Cohort 4) received a single dose of 14 mg LY3009104 on Day 1. On Day 7, the 
subject failed to check-in to the CRU and informed staff that he would be unable to return until 
Day 10 because of a family emergency. 
 

Following single dose administration of INCB028050, peak plasma concentrations typically attained at 
approximately 1 hour post-dose (Figure 4.1.6.1). INCB028050 apparent t1/2 was between 5.2 and 8.5 
hours for all regimens. The oral clearance ranged from 10.1 to 14.8 L/h. The mean INCB028050 first-dose 
AUC0-tlast and AUC0-∞ values appeared to increase in a dose-proportion manner from 2 to 14 mg (Table 
4.1.6.2). Cmax, however, appeared to increase in a less than dose-proportional manner. 
 
LY3009104 was primarily excreted in the urine as unchanged drug. The majority of urinary excretion 
occurred over the first 24 hours after dosing, with approximately 76% and 64% of the dose eliminated 
following 10 and 14 mg LY3009104 single dose administration, respectively (Table 4.1.6.3). The renal 
clearance (CLR) was 197 and 144 mL/min following single dose of 10 and 14 mg LY3009104 
administration, respectively. 
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Figure 4.1.6.1 Arithmetic mean (± SD) LY3009104 plasma concentration-time profile following single-
dose administration in healthy Japanese subjects (Source: CSR JADM-body.pdf, page 21, Figure 
JADM.7.1) 
 

Table 4.1.6.2 Summary of LY3009104 Single-Dose PK Parameters in Healthy Japanese Subjects  
 

 
Source: from CSR JADM-body.pdf, page 22, Table JADM.7.1 

 
Table 4.1.6.3 Summary of LY3009104 Urinary PK Parameters following Single-Dose 

Administration in Healthy Japanese Subjects 

 
Source: from CSR JADM-body.pdf, page 25, Table JADM.7.3 
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Following 10 day, once daily dosing of INCB028050, values of Cmax, tmax, CL/F and Vz/F were all 
comparable to those following single dose administration (Figure 4.1.6.2 and Table 4.1.6.4). The steady 
state appeared reached following 2 consecutive days of QD dosing with 10 or 14 mg LY3009104 (Figure 
4.1.6.3). The observed accumulation ratio based on AUCτ/AUC0-24 was 1.16 and 1.11 for 10 mg and 14 
mg QD treatment, indicating minimal accumulation at steady state. 

 

 
Figure 4.1.6.2 Arithmetic mean (± SD) LY3009104 plasma concentration-time profile following 10 days’ 
once daily dosing of 10 mg (filled square) and 14 mg (open square) LY3009104 administration in healthy 
Japanese subjects (Source: CSR JADM-body.pdf, page 27, Figure JADM.7.4) 

 
Table 4.1.6.4 Summary of LY3009104 Multiple-Dose PK Parameters in Healthy Japanese Subjects 

 

 
Source: from CSR JADM-body.pdf, page 30, Table JADM.7.4 
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Figure 4.1.6.3 Arithmetic mean (± SD) LY3009104 trough plasma concentration-time profile following 
once daily administration of 10 mg (dot) and 14 mg (square) single-dose administration in healthy 
Japanese subjects (Source: CSR JADM-body.pdf, page 31, Figure JADM.7.7) 
 
Safety Results: 
No deaths or other serious adverse events occurred during this study. One subject (Subject ) was 
discontinued from the study because of a mild adverse event of oral herpes (cold sore on the right side of 
the subject's mouth) which started approximately 1 day after the subject received a single dose of 10 mg 
LY3009104 on Day 1. The subject received their next dose of 10 mg LY3009104 on Day 8 as planned, 
but was subsequently discontinued from the study and received no further doses of study drug.  
 
In both single-dose (Table 4.1.6.5) and multiple-dose period (Table 4.1.6.6), the overall incidence and 
frequency of treatment-emergent adverse events and drug-related adverse events were higher following 14 
mg LY3009104 than the other dose. The frequencies drug-related adverse events following single-dose 
administration of 2 mg, 5 mg, and 10 mg LY3009104 were similar to that of placebo group.  
 

Table 4.1.6.5 Summary of TEAE in Single-Dose Period 
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Source: from CSR JADM-body.pdf, page 35, Table JADM.8.1 
 

Table 4.1.6.6 Summary of TEAE in Multiple-Dose Period  
 

 
Source: from CSR JADM-body.pdf, page 36, Table JADM.8.2 

 
In both the single-dose and multiple-dose periods, the most commonly reported drug-related adverse event 
was transient neutropenia (<1400 cells/μL). 5 out of 7 subjects (71%) following single doses of 14 mg 
LY3009104 and 1 of 6 (17%) and 3 of 6 (50%) subjects following QD doses of 10 and 14 mg LY3009104 
experienced neutropenia. The reduction of blood ANC peaked at 8 hours postdose and the magnitude was 
dose-dependent (Figure 4.1.6.4). The maximal reduction was 1600 to 2000 cells/μL for 10 mg and 14 mg 
dosing levels, and about 950 cells/μL for 2 mg and 5 mg dosing levels. The blood ANC levels gradually 
return to the baseline within 3 days postdose for all the dosing levels. The blood ANC changing pattern 
following multiple-dose administration was similar to that of single dose treatment.     
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Figure 4.1.6.4 Arithmetic mean change of blood absolute neutrophil count-time profile following single 
dose administration (upper panel) and multiple dose administration (lower panel) of LY3009104 or 
placebo. (Source: CSR JADM-body.pdf, page 39-40, Figure JADM.8.1 and 8.2) 
 
In contrast, post-dose increase of blood absolute lymphocyte count (ALC) was observed. The increase 
peaked (close to 1000 cells/μL) approximately 8 to 16 hours post-dose and gradually returned to the base 
level within 3 days postdose for all the dosing levels (Figure 4.1.6.5). The increase of post-dose ALC 
partially cancelled postdose decrease of ANC. This resulted in a less apparent post-dose decreasing trend 
for white blood cell count (WBC) changes.  
 

 
Figure 4.1.6.5 Arithmetic mean change of blood absolute lymphocyte count-time profile (upper panel) 
and white blood cell count-time profile (lower panel) following single dose administration of LY3009104 
or placebo. (Source: CSR JADM-body.pdf, page 39, Figure JADM.8.1) 

 
In the single-dose period, there were no treatment-related changes from baseline in mean platelet count up 
to 48 hours postdose, with the mean changes being comparable to placebo. In the multiple-dose period, a 
gradual increase of platelet count was observed following LY3009104 treatment. The maximum mean 
increase was observed on Day 19 (2 days after 10 day’s QD administration) with 57600 /μL and 99700 
/μL increase from baseline following 10 and 14 mg LY3009104 treatment. One subject (Subject  in 
14 mg group) experienced thrombocytosis with a platelet count of 483000/μL prior to dosing on Day 17 
(baseline of 144000 /μL), which was recorded as an adverse event of thrombocytosis. The subject's 
platelet count (521000 to 538000 /μL) remained above the reference range (150000 to 450000 /μL) until 
the follow-up visit on Day 31, when the subject's value returned to within the reference range 
(421000/μL); the duration of the adverse event was approximately 14 days. The subject was 
asymptomatic throughout this event. The thrombocytosis was rated as mild in severity, resolved without 
intervention. 
 
No apparent treatment- or dose-related trends were observed in mean vital signs following single and 
multiple doses of LY3009104. No apparent treatment- or dose-related trends were observed in mean 12-
lead ECG parameters following single or multiple doses of LY3009104. There were no clinically 
significant changes in 12-lead ECG parameters for individual subjects following single or multiple doses 
of LY3009104. 
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Conclusions: 
 LY3009104 was safe and well tolerated in Japanese healthy subjects following single and multiple 

QD oral doses of up to 14 mg LY3009104 in this study.  
 

 LY3009104 was rapid absorbed in Japanese healthy subjects with median tmax observed at 
approximately1 hour postdose. The mean t1/2 was approximately 5 to 9 hours. 
 

 Systemic exposure to LY3009104 (as measured by AUC) increased in proportion to dose over a 
single oral dose range of 2 to 14 mg. 
 

 Steady-state plasma concentrations of LY3009104 were achieved after the second day of QD oral 
dosing, with minimal accumulation of LY3009104 in plasma (up to 16%) following 10 days of 
QD oral doses of 10 and 14 mg LY3009104. 
 

 The major elimination route of LY3009104 appeared to be as unchanged drug in the urine, with up 
to 76% of the dose excreted within 24 hours after administration of single oral doses of 10 and 14 
mg LY3009104. 
 

 Following single and multiple oral doses of LY3009104, there appeared to be transient dose-
dependent decreases in ANC, and increases in ALC, with maximal mean changes at 8 to 16 hours 
postdose, which returned to baseline levels within 3 days. The magnitude of the changes was small 
(within 2 109/L and 1 109/L). Similar but less apparent trends to those in ANC were observed in 
WBC. 
 

 5 out of 7 subjects (71%) following single doses of 14 mg LY3009104 and 1 of 6 (17%) and 3 of 6 
(50%) subjects following QD doses of 10 and 14 mg LY3009104 experienced transient 
neutropenia. One subject following QD dose of 14 mg LY3009104 experienced thrombocytosis, 
which lasted for 14 days. 
 
 

Reviewer’s comments: 
A cross-study comparison of PK parameters of INCB028050 /LY3009104 following single-dose 
administration is summarized in Table 4.1.6.7 by the common dose investigated by Studies JADE and 
JADM, respectively. The single-doses of 2 mg, 5 mg, and 10 mg were commonly studied in both trials. 
Only White and Black subjects were enrolled in Study JADE whereas only Japanese subjects were 
enrolled in Study JADM. The average body weight in Study JADE and JADM was 80 Kg and 60 Kg, 
respectively. It appeared the values of Cmax of 2 and 5 mg cohorts, and AUC0-∞ of 5 mg cohorts in 
Japanese subjects were close to 2-fold higher than the values in White and Black subjects. Although the 
formulation was almost identical between Phase 1/2a Capsule and Phase 2b Capsule (Table 5), the 
difference of PK may contributed by multiple factors, such as inter-study variability, 25% body weight 
difference and ethnicity difference.    
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Table 4.1.6.7 Cross-Study Comparisons of PK Parameters of INCB028050 /LY3009104 following 
Single-Dose Administration between Study JADE and JADM  

 
 Study JADE Study JADM 

Sponsor Incyte Eli Lilly 
Drug Product 1mg and 5 mg Phase 1/2a Capsule 1 mg and 4 mg Phase 2b Capsule 

Demographic 
Characteristics 

Ethnicity 77.8% White, 22.2% Black 100% Japanese 

Age (year)1 29.4  47  

Weight (kg)1 79.69  60.02  

2 mg Cohort 

Cmax (nM)2 41.0 (17%) 76.1 (29) 

AUC0-∞	(nM•h)
2 307 (24%) 419 (11%) 

CL/F (L/h)2 18.4 (22%) 12.9 (11%) 

5 mg Cohort 

Cmax (nM)2 122 (32%) 220 (35%) 

AUC0-∞	(nM•h)
2 770 (26%) 1330 (22%) 

CL/F (L/h)2 18.5 (28%) 10.1 (22%) 

10 mg Cohort 

Cmax (nM)2 234 (34%) 327 (43%) 

AUC0-∞	(nM•h)
2 1530 (24%) 1810 (20%) 

CL/F (L/h)2 18.4 (22%) 14.8 (20%) 
1 arithmetic mean 
2 arithmetic mean (CV%) 
Source: Table 4.1.2.1 and Table 4.1.6.2 
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4.1.7 Study JADG  
 

Study Type: Phase 1 single-dose, mass balance study in healthy males 
Study Dates: 02/17/2011 – 03/23/2011 
Sponsor: Eli Lilly 
Formulation: 10 mg unlabeled and radiolabeled LY3009104 phosphate with approximately 100 μCi of 

radioactivity in 50 mL diluted hydrochloric acid solution (0.015% wt/vol in water) 
 
Title:  
Disposition of 14C-LY3009104 Following Oral Administration in Healthy Human Male Subjects 
 
Objective:  

 Primary: To determine the disposition of radioactivity and LY3009104 in healthy human male 
subjects following oral administration of a single dose of 14C-LY3009104. 

 
 Secondary:  

o To determine the pharmacokinetics (PK) of total radioactivity in plasma and whole blood and 
LY3009104 in plasma. 

o To assess the mass balance by quantifying radioactivity excretion in urine, feces, and in breath 
(if applicable). 

o To identify the major metabolites of LY3009104 in plasma, urine, and feces. 
 

Study Design and Method:  
This study was a phase 1, single-center, open-label, single-dose study in healthy males. Subjects were 
admitted to the clinical research unit (CRU) on the day before dosing (Day -1). Each subject received 50 
mL solution containing 10 mg unlabeled and radiolabeled LY3009104 phosphate with approximately 100 
μCi of radioactivity. Subjects remained at the CRU until the recovery of at least 90% of the administered 
radioactivity or 2 consecutive 24-hour urine and fecal samples each with radioactivity levels less than 
1.0% of the total administered radioactivity in urine and feces combined. Six subjects enrolled in the study 
and all of them completed study. LY3009104 plasma concentration data were analyzed using non-
compartmental methods. 
 
Plasma samples obtained during this study were analyzed for LY3009104 using a validated liquid 
chromatography with tandem mass spectrometric detection method at  

. The lower limit of quantification (LLOQ) was 0.54 nmol/L (0.20 
ng/mL), and the upper limit of quantification (ULOQ) was 538.47 nmol/L (200.00 ng/mL). Samples 
above the ULOQ were diluted and reanalyzed to yield results within the calibrated range. The inter-assay 
accuracy (% relative error) during validation ranged from 0.7% to 3.3%. The inter-assay precision (% 
relative standard deviation) during validation ranged from 2.0% to 6.3%. Whole blood, plasma, expired 
air/breath, urine, and fecal concentrations of radioactivity were determined using liquid scintillation 
counting techniques.  
 
PK Endpoints: AUC0-tlast, AUC0-∞, CL/F, and Vz/F 

 
PK Results: 
Among 6 subjects who completed study, 5 were Whites and 1 was Asian (Subject ). 5 subjects were 
discharged 5 days postdose (Day 6) and 1 subject was discharged 6 days postdose (Day 7) after discharge 
criteria were met. 
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LY3009104 maximal plasma concentration, and total radioactivity in plasma and whole blood were 
attained by a median tmax at 1 hour post-dose (Figure 4.1.7.1). After that, plasma concentrations of 
LY3009104 declined in a generally biphasic manner with a mean t1/2 of 6.85 hours (Table 4.1.7.1). 
LY3009104 was quantifiable in plasma up to 36 hours postdose in 1 subject and up to 48 hours postdose 
in the 5 subjects. The mean t1/2 of total radioactivity in plasma and whole blood was 4.03 and 4.11 hours, 
respectively. Levels of total radioactivity in plasma and whole blood were quantifiable up to 12 hours 
post-dose in 5 subjects, and 24 hours post-dose in Subject  The geometric mean ratios of AUC0-12 
and Cmax for total radioactivity in whole blood to plasma were both 1.14, indicating a moderate 
association of LY3009104-related material with the blood cell compartment. 
 

 
Figure 4.1.7.1 Arithmetic mean (± SD) concentrations of LY3009104 in plasma and total radioactivity in 
plasma and whole blood. (Source: CSR JADG-body.pdf, page 16, Figure JADG.7.1) 
 

Table 4.1.7.1 Summary of PK Parameters of LY3009104 and Total Radioactivity following 
Administration of Single-Dose 10 mg Oral Solution in Healthy Subjects  

 

 
a Radioactivity units are h*nmol equivalents/kg 
b Geometric mean (range) data 
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c Radioactivity units are nmol equivalents/mL 
d Median (range) data 
Source: from CSR JADG-body.pdf, page 17, Table JADG.7.1 

 
A mean (± SD) of 75.2% (± 6.74%) of the dose was excreted in urine and 19.9% (±4.92%) was excreted 
in feces through the last collection interval (Figure 4.1.7.2). Quantifiable levels of radioactivity in urine 
and feces were observed through 120 hours postdose. The overall mean (± SD) recovery of radioactivity 
in urine and feces samples was 95.1 (± 5.09%) over the 144-hour study, with recovery in individual 
subjects ranging from 85.0% to 99.0%. 
 

 
Figure 4.1.7.2 Arithmetic mean (± SD) cumulative excretion of total radioactivity collected from feces, 
urine, and combined. (Source: CSR JADG-body.pdf, page 19, Figure JADG.7.2) 

 

 
Figure 4.1.7.3 Metabolic scheme for LY3009104 (Source: CSR JADG-body.pdf, page 23, Figure 
JADG.9.1) 
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The exposure to LY3009104, based on AUC0-12 and Cmax, respectively accounted for, on average, 96% 
and 98% of plasma total radioactivity. Only parent drug was observed in plasma from 0 to 24 hours. In 
urine, parent drug and 3 metabolites were observed from 0 to 48 hours (Figure 4.1.7.3). Parent drug 
accounted for a mean of 69% of the dose. Metabolite M22 accounted for 2% to 5% of the dose. 
Metabolites M3 and M10 were also identified and each accounted for approximately 1% of the dose. 
Radio-profiling of feces from 0 to 72 hours revealed parent drug and M12 metabolite. The parent drug and 
M12 represented a mean of 15% and 1% of the doses. 
 
Conclusions: 

 The disposition of LY3009104 in plasma in healthy males following oral administration of a single 
10-mg LY3009104 dose containing approximately 100 μCi of 14C-LY3009104 was characterized 
by a median tmax of 1 hour and a biphasic disposition with a mean t1/2 of approximately 7 hours.  
 

 LY3009104 accounted for 96% and 98% of the total radioactivity present in plasma, based on 
AUC0-12 and Cmax, respectively, suggesting minimal systemic metabolism of LY3009104. No 
metabolites were identified in plasma.  
 

 The mean ratios of AUC0-12 and Cmax for total radioactivity in whole blood to plasma were 1.14 
and 1.14, respectively, suggesting moderate partitioning of drug-related material into the blood 
cells. 
 

 A quantitative mass balance was obtained, with a mean recovery of 95.1%, with 75.2% recovered 
in urine and 19.9% recovered in feces. 
 

 Only parent drug was observed in plasma from 0 to 24 hours. In urine, parent drug and 3 minor 
metabolites were observed from 0 to 48 hours, parent drug was the most abundant. In feces, parent 
drug and 1 minor metabolite were observed from 0 to 72 hours. Metabolites represented <10% of 
the clearance of 14C-LY3009104. Three minor oxidative metabolites (M3, M10, and M22) were 
identified in urine, together accounting for approximately 5% of the dose (mean). One minor 
oxidative metabolite (M12) was identified in feces, accounting for approximately 1% of the dose 
(mean). 
 

 Overall, LY3009104 was safe and well-tolerated in this group of healthy male subjects. 
 
 
 
 

 

Reference ID: 4016512



 68

4.1.8 Study JADH  
 

Study Type: Phase 1 single-dose, crossover, bioequivalence and food effect study in healthy subjects 
Study Dates: 07/15/2011 – 09/01/2011 
Sponsor: Eli Lilly 
Formulation: Phase 2b Capsule, 4 mg; Phase 2 Tablet, 8 mg 
 
Title:  
Relative Bioavailability of the LY3009104 Free Base Test Formulation Compared to the Reference 
Phosphate Salt Formulation and the Effect of Food on the Bioavailability of the Test Formulation in 
Healthy Subjects 
 
Objective:  

 Primary objective is to evaluate the relative bioavailability of 8 mg LY3009104 as the free base 
tablet (2 formulations with particle sizes of  μm) compared to the phosphate salt capsule. 
 

 Secondary objectives:  
o To evaluate the effect of a high-fat meal on the bioavailability of LY3009104, administered as 

the free base tablet (particle size of  μm). 
o To evaluate the safety and tolerability of single doses of LY3009104 when administered to 

healthy subjects. 
 
Study Design and Method:  
This study was a phase 1, randomized, open-label, single-dose, 4-period, 4-sequence, crossover study in 
healthy subjects. 15 subjects (14 males and 1 female) were randomized and all of them completed the 
study. Each subject received the following four treatments: 

 2  4 mg Phase 2b Capsule (LY3009104 as phosphate salt) administered in the fasting state; 
 1  8 mg Phase 2 Tablet (LY3009104 as the free base, target API particle size of  μm), 

administered in the fasting state; 
  1  8 mg Phase 2 Tablet (LY3009104 as the free base, target API particle size of  μm), 

administered in the fasting state; 
 1  8 mg Phase 2 Tablet (LY3009104 as the free base, target API particle size of  μm), 

administered with high-fat, high calorie meal. 
When administered under fed condition, dose of LY3009104 was given 30 minutes after the start of an 
FDA-defined high fat, high calorie meal (150 kcal from protein, 250 kcal from carbohydrate and 500-600 
kcal from fat) after an overnight fast of at least 10 hours. The washout period was approximately 5 to 7 
days between dosing in one period and dosing in the next period. 
 
Venous blood samples of approximately 4 mL each for the measurement of LY3009104 in plasma were 
collected at the following times: predose and 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6, 9, 12, 24, 36, and 48 hours 
post-dose. LY3009104 plasma concentration data were analyzed using non-compartmental methods.  
 
Plasma samples obtained during this study were analyzed for LY3009104 using a validated liquid 
chromatography with tandem mass spectrometric detection method at  

. The lower limit of quantification (LLOQ) was 0.54 nmol/L (0.20 
ng/mL), and the upper limit of quantification (ULOQ) was 538.47 nmol/L (200.00 ng/mL). There were no 
samples with results above the limit of quantification. The inter-assay accuracy (% relative error) during 
validation ranged from 0.7% to 3.3%. The inter-assay precision (% relative standard deviation) during 
validation ranged from 2.0% to 6.3%.  

Reference ID: 4016512

(b) (4)

(b) (4)

(b) 
(4)

(b) 
(4)

(b) 
(4)

(b) 
(4)









 72

4.1.9 Study JAGL 
 
Study Type: Phase 1, fixed sequence, DDI study in healthy subjects  
Study Dates: 05/20/2013 – 08/18/2013 
Sponsor: Eli Lilly 
Formulation: Commercial Tablet, 2 mg and 4 mg 
 
Title:  
Effect of Baricitinib on the Pharmacokinetics of Digoxin in Healthy Subjects 
 
Objective:  

 The primary objective was to determine the effect of baricitinib on the PK of digoxin as measured 
in serum in healthy subjects. 

 The secondary objectives were: 
o to determine the effect of baricitinib on the PK of digoxin as measured in urine in healthy 

subjects; 
o to evaluate the tolerability of baricitinib when co-administered with digoxin in healthy 

subjects. 
 

Study Design and Method:  
This study was a phase 1, open-label, fixed-sequence, drug-drug interaction, inpatient study in healthy 
subjects. In total 28 subjects were enrolled in the study and all of them completed the study. Each subject 
received a loading dose of digoxin (0.5 mg BID) on Day 1, followed by 6 days of dosing with 0.25 mg 
digoxin QD (Days 2 to 7). Subjects then received 0.25 mg digoxin QD co-administered with 10 mg 
baricitinib QD for 9 days (Days 8 to 16).  
 
On Days 7 and 16, venous blood samples were collected predose and at 0.5, 1, 2, 3, 4, 6, 8, 12, and 24 
hours postdose to determine the serum concentrations of digoxin. Additional venous blood samples were 
collected predose on Days 15 and 16, and at 24 hours post Day 16 dosing, to determine the plasma 
concentrations of baricitinib. Total urine output was collected for 24 hours postdose on Days 7 and 16 for 
the characterization of renal clearance of digoxin. A sample was taken from each 24-hour urine collection 
to determine digoxin concentrations. Digoxin serum concentration data were analyzed using non-
compartmental methods. 
 
Human serum samples obtained during this study were analyzed for digoxin using a validated LC/MS/MS 
method at  located in . The lower limit of quantification 
(LLOQ) was 0.05 ng/mL and the upper limit of quantification (ULOQ) was 5 ng/mL. The inter-assay 
accuracy (% relative error) during validation ranged from -2.6% to 8.0%, and the inter-assay precision % 
relative SD) during validation was ≤12.2%. 
 
Human urine samples obtained during this study were analyzed for digoxin using a validated LC/MS/MS 
method at  located in . The LLOQ was 1 ng/mL and the 
ULOQ was 200 ng/mL. The inter-assay accuracy (% relative error) during validation ranged from 2.0% to 
7.5%, and the inter-assay precision (% relative SD) during validation was ≤8.4%. 
 
PK Endpoints: Digoxin Cmax, tmax, AUCτ, CLr 

 
PK Results: 
The mean serum digoxin concentration versus time profiles appeared similar following administration of 
digoxin alone and digoxin co-administered with baricitinib (Figure 4.1.9.1). The 90% CI of geometric 
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mean AUCτ	and Cmax were within the limits of 0.80 to 1.25 (Table 4.1.9.2). The values of median tmax, 
geometric mean Aeτ, CL/F, and CLr of digoxin were all comparable between two treatments (Table 
4.1.9.3). 
 

 
Figure 4.1.9.1 Arithmetic mean (±SD) digoxin steady-state concentration-time PK profile when 
administered alone (filled circle, 0.5 mg BID 1 Day + 0.25 mg QD 6 Days) or co-administered with 10 mg 
baricitinib (open circle, 0.25 mg QD + 10 mg baricitinib QD 9 Days). (Source: CSR JAGL-body.pdf, page 
16, Figure JAGL.7.1) 
 

Table 4.1.9.2 Statistical Analysis of the AUCτ, CLr, and Cmax of Digoxin following Daily Doses of 
Digoxin Alone or Co-administered with Baricitinib 

 

 
Model: Log(PK) = treatment + subject + random error. 
Source: from CSR JAGL-body.pdf, page 17, Table GAGL.7.2 
 

 Effect of baricitinib on digoxin 
The PK profile of INCB028050 following co-administration of MTX (Day 8) were similar to the 
profile when INCB028050 was administered alone (Day 7) for all three dosing regimens (Figure 
4.1.12). The ratios of AUC0-τ	and Cmax between two treatments were within 80% to 125% for all three 
dosing regimens (Table 4.1.8). 

 
Table 4.1.9.3 Pharmacokinetic Parameters of Digoxin following Daily Doses of Digoxin Alone or Co-

administered with Baricitinib 
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a The dosing interval τ is 24 hours for digoxin. However, AUC from zero to 23.83 hours postdose was used for the 
calculation of AUCτ and the derivation of CL/F, Aeτ, and CLr because, due to variations in the actual sampling 
time, this was the latest time point at which all subjects had digoxin concentration data available in both study 
periods. 

b Median (range) 
Source: from CSR JAGL-body.pdf, page 17, Table GAGL.7.1 

 
Safety Results: 
No deaths or other serious AEs (SAEs) occurred during this study. No subject discontinued the study 
because of an AE. During the study, 7 subjects reported a total of 10 TEAEs that were judged to be 
possibly related to study treatment by the investigator. Most drug-related AEs were judged by the 
investigator to be mild in severity, with the exception of 1 moderate AE reported following administration 
of digoxin alone. 
 
Four subjects (Subjects ) had values of total bilirubin above the upper limit of 
the reference range (21 μmol/L) at Day 17, with 2 of those subjects also having high out of range values at 
Day 12. The highest total bilirubin value observed was 35 μmol/L (Subject  Day 17). The total 
bilirubin values had returned to within the reference range by the time of the follow-up visit in 2 of the 4 
subjects. 
 
There were no changes in ECG parameters for individual subjects during the study that were considered 
clinically significant by the investigator. 
 
Conclusions: 

 Following coadministration of QD digoxin with QD baricitinib, systemic exposure to digoxin, as 
measured by AUCτ and Cmax, was similar to that following administration of QD digoxin alone, 
with the 90% CIs for the ratios of geometric LS means completely contained within the limits of 
0.8 to 1.25, indicating that baricitinib did not have a clinically significant effect on the systemic 
exposure to digoxin..  
 

 Urine PK parameters of digoxin (CLr and Aeτ) were similar following coadministration of QD 
digoxin with QD baricitinib compared with QD digoxin administered alone, suggesting that 
baricitinib does not have a clinically significant effect on the renal excretion of digoxin. 
 

 After a 0.5-mg BID loading dose of digoxin and 6 days of daily dosing with 0.25 mg digoxin 
alone, baricitinib (10 mg QD) was well tolerated when co-administered with 0.25 mg QD digoxin 
for 9 days. 
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4.1.10 Study JAGC 
 
Study Type: Phase 1 hepatic impairment study  
Study Dates: 06/11/2013 – 07/17/2013 
Sponsor: Eli Lilly 
Formulation: Commercial Tablet, 4 mg 
 
Title:  
A Pharmacokinetic Study of Baricitinib in Subjects with Hepatic Dysfunction 
 
Objective:  

 The primary objective of this study was to evaluate the pharmacokinetics (PK) of baricitinib 
following administration of a 4-mg single dose in subjects with hepatic impairment (as classified 
by Child-Pugh) compared to control subjects with normal hepatic function. 
 

 The secondary objective of this study was to evaluate the safety and tolerability of a single 4-mg 
dose of baricitinib in subjects with hepatic impairment and in control subjects with normal hepatic 
function. 
 

Study Design and Method:  
This study was a phase 1, multi-center, open-label, single-dose, parallel group study to assess the effect of 
hepatic impairment on baricitinib PK. In total 16 subjects [8 subjects with normal hepatic function and 8 
with moderate hepatic function (Child-Pugh B)] received treatment and all of them completed the study. 
Subjects were admitted to the clinical research unit (CRU) on Day -1. A single oral dose of 4 mg 
baricitinib was administered in the morning on Day 1 in the fasted state. Subjects remained resident at the 
CRU from Day -1 until after the 48-hour postdose assessments had been performed on Day 3. A follow-
up visit was planned to occur 5 to 7 days after dosing of study drug. 
 
Venous blood samples and urine to determine baricitinib concentrations were collected at predose and 
0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 16, 24, 36, and 48 hours postdose and predose, 0 to 
4, 4 to 8, 8 to 12, and 12 to 24 hours postdose, respectively. Baricitinib concentration data were analyzed 
using non-compartmental method. Urine collections were carried out to capture total urine output up to 24 
hours postdose for determination of amount of drug excreted (Ae) and renal clearance (CLr). 
 
Plasma samples obtained during this study were analyzed for LY3009104 using a validated liquid 
chromatography tandem mass spectrometry (LC/MS/MS) method at  

. The lower limit of quantification (LLOQ) was 0.20 ng/mL, 
and the upper limit of quantification was 200.00 ng/mL. There were no samples with results above the 
limit of quantification. The inter-assay accuracy (% relative error) during validation ranged from 0.7 % to 
3.3%. Urine samples obtained during this study were analyzed for LY3009104 using a validated 
LC/MS/MS method at . The 
LLOQ was 10.00 ng/mL, and the upper limit of quantification was 10000.00 ng/mL. There were no 
samples with results above the limit of quantification. The inter-assay accuracy (% relative error) during 
validation ranged from -0.4% to 4.3%. The inter-assay precision (% relative SD) during validation ranged 
from 3.5% to 7.7% 
 
PK Endpoints: Cmax, AUC0-tlast, AUC0-∞,	CL/F, Vz/F, Ae and CLr. 
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PK Results: 
The PK analysis included all data from all of the 16 subjects (8 with normal hepatic function and 8 with 
moderate hepatic impairment) who were enrolled into the study.  
 
Following fasting, oral, single-dose administration of baricitinib, the geometric LS mean AUC0-∞ and Cmax 
was approximately 20% and 8% higher, respectively, in subjects with moderate hepatic impairment 
compared to subjects with normal hepatic function (Figure 4.1.10.1 and Table 4.1.10.2). The median tmax 
was delayed approximately 0.5 hour in subjects with moderate hepatic impairment compared to subjects 
with normal hepatic impairment (Table 4.1.10.1). Renal clearance of baricitinib was approximately 19% 
lower in subjects with moderate hepatic impairment than in subjects with normal hepatic function 
 

 
Figure 4.1.10.1 Arithmetic mean (±SD) baricitinib plasma concentration-time profiles following a single 
4-mg oral dose in subjects with normal hepatic function (filled circle) or moderate hepatic impairment 
(open circle). (Source: CSR JAGC-body.pdf, page 16, Figure JAGC.7.1) 
 

Table 4.1.10.1 Summary of PK Parameters of Baricitinib following a Single-Dose of 4 mg in 
Subjects with Normal Hepatic Function or Moderate Hepatic impairment  

 

 
a Median (range). 
b Geometric mean (range). 
Source: from CSR JAGC-body.pdf, page 17, Table JAGC.7.1. 
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Table 4.1.10.2 Statistical Analysis of the PK Parameters following Administration of 4 mg 
Baricitinib in Subjects with Normal Hepatic Function or Moderate Hepatic impairment  

 

 
 

Model: Log(PK) = group + random error 
Source: from CSR JAGC-body.pdf, page 18, Table JAGC.7.2. 

 
 

Reviewer’s comments: 
Sponsor did an exploratory analysis on the effect of renal function on AUC0-∞ by introducing CLr and 
serum creatinine as covariates in an ANCOVA model. The renal function-corrected result showed that the 
ratio (moderate hepatic impairment to normal hepatic function) of geometric mean AUC0-∞ was 0.981 
(90% CI = 0.831, 1.16).  

 This is a result from an exploratory analysis 
 Regulatorily, ANCOVA analysis is not acceptable for a hepatic impairment study. 
 Renal impairment is part of hepatorenal syndrome, which is common in patients with hepatic 

impairment. It was estimated that at least 40% of patients with cirrhosis and ascites will develop 
hepatorenal syndrome during the natural history of their disease. Therefore the renal function is a 
confounding factor in hepatic impairment analysis.  

Although the AUC0-∞ increased 19% in patients with moderate hepatic impairment, by considering the 
size of inter-subject variability (25%) in subjects with normal hepatic function, the PK difference may not 
result in clinical relevant differences. 
 
Safety Results: 
No deaths or other serious AEs occurred during this study. No subject discontinued the study because of 
an AE. Of the 16 subjects who received a single dose of baricitinib, 6 reported treatment emergent Aes all 
of which were related to baricitinib treatment, as judged by the investigator. 
 
During the course of the study, there were no clinically significant changes in ECG parameters. 
 
Conclusions: 

 The geometric LS mean AUC0-∞ and Cmax was 19% and 8% higher, respectively, in subjects with 
moderate hepatic impairment compared to subjects with normal hepatic function. The median tmax 
was delayed approximately 0.5 hour in subjects with moderate hepatic impairment compared to 
subjects with normal hepatic impairment. The results suggested no clinically relevant differences 
in systemic exposure to baricitinib in moderate hepatic subjects.  
 

 Single 4-mg oral doses of baricitinib were well tolerated in subjects with normal hepatic function 
and subjects with moderate hepatic impairment. 
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4.1.11 Study JAGD 
 
Study Type: Phase 1, fixed sequence, DDI study in healthy females  
Study Dates: 07/25/2013 – 10/24/2013 
Sponsor: Eli Lilly 
Formulation: Commercial Tablet, 2 mg and 4 mg 
 
Title:  
The Effects of Multiple Doses of Baricitinib on the Pharmacokinetics of a Single Dose of an Oral 
Contraceptive in Healthy Female Subjects 
 
Objective:  

 The primary objective was to evaluate the effect of multiple doses of baricitinib on the single dose 
PK of the combination OC Microgynon in healthy female subjects. 

 The secondary objective was to evaluate the safety and tolerability of coadministration of 
baricitinib and the OC Microgynon. 

 
Study Design and Method:  
This study was a phase 1, open-label, fixed-sequence, 2-period, drug-drug interaction study in healthy 
female subjects. 20 subjects entered the study with 18 completed the study. Each subject received a single 
dose of Microgynon (30 μg ethinyl estradiol and 150 μg levonorgestrel) on Day 1 of Treatment Period 1. 
On Day 23 (±1 day), subjects began Treatment Period 2, receiving 10 mg baricitinib QD for 8 consecutive 
days, with coadministration of Microgynon on the seventh day (Day 29 ±1 day).  
 
On Days 1 and 29, venous blood samples were collected predose and at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 10, 12, 
14, 24, and 48 hours postdose to determine the plasma concentrations of ethinyl estradiol and  
evonorgestrel. ethinyl estradiol and  evonorgestrel concentration data were analyzed using non-
compartmental method. 
 
Plasma samples were analyzed for ethinyl estradiol and levonorgestrel levels using a validated liquid 
chromatography with tandem mass spectrometric detection method at  

. For ethinyl estradiol, the lower limit of quantification (LLOQ) was 2.00 pg/mL, 
and the upper limit of quantification (ULOQ) was 500.00 pg/mL. For levonorgestrel, the LLOQ was 
50.00 pg/mL, and the ULOQ was 25000.00 pg/mL. The inter-assay accuracy (% relative error) during 
validation ranged from −13.5% to 4.07% for ethinyl estradiol and from 3.88% to 7.40% for 
levonorgestrel. The inter-assay precision (% relative standard deviation) during validation ranged from 
5.17% to 15.3% for ethinyl estradiol and from 2.10% to 15.8% for levonorgestrel. 
 
PK Endpoints: ethinyl estradiol and levonorgestrel Cmax, tmax, AUC0‐∞, AUC0‐tlast, CL/F, Vz/F 

 
PK Results: 
Of the 20 subjects who entered the study, all subjects received at least 1 dose of each study drug 
(baricitinib and Microgynon), 18 completed the study, and 2 did not complete the study. Subject  was 
withdrawn from the study after receiving her sixth dose of baricitinib in Period 2, due to an AE of ear 
infection. Subject  withdrew her consent after receiving her third dose of baricitinib in Period 2, and 
was later deemed lost to follow up. 
 

 Effect of baricitinib on ethinyl estradiol  
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The mean plasma ethinyl estradiol concentration versus time profiles appeared similar following 
administration of Microgynon alone and Microgynon co-administered with baricitinib 10 mg QD 
(Figure 4.1.11.1). The 90% CI of geometric mean ethinyl estradiol AUC0‐∞	and Cmax were all within 
the limits of 0.80 to 1.25 (Table 4.1.11.1). The values of median tmax, geometric mean t1/2 and CL/F of 
ethinyl estradiol were all comparable between two treatments (Table 4.1.11.2). 

 

 
Figure 4.1.11.1 Arithmetic mean (±SD) ethinyl estradiol concentration-time PK profile following single-
dose administration as alone (filled circle) or co-administered with 10 mg baricitinib (QD for 8 days) 
(open circle). (Source: CSR JAGD-body.pdf, page 17, Figure JAGD.7.1) 
 

Table 4.1.11.1 Statistical Analysis of the Ethinyl Estradiol AUC0-∞ and Cmax following Single-Dose 
Administration of Microgynon with or without 10 mg Baricitinib QD 

 

 
Model: Log(PK) = treatment + subject + random error. 
Source: from CSR JAGD-body.pdf, page 18, Table JAGD.7.2 
 

Table 4.1.11.2 Summary of Ethinyl Estradiol PK Parameters following Single-Dose Administration 
of Microgynon with or without 10 mg Baricitinib QD 
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a Median (range) 
Source: from CSR JAGD-body.pdf, page 18, Table JAGD.7.1 
 

 Effect of baricitinib on Levonorgestrel  
The mean plasma levonorgestrel concentration versus time profiles appeared similar following 
administration of Microgynon alone and Microgynon co-administered with 10 mg QD baricitinib 
(Figure 4.1.11.2).  

 

 
Figure 4.1.11.2 Arithmetic mean (±SD) levonorgestrel concentration-time PK profile following single-
dose administration as alone (filled circle) or co-administered with 10 mg baricitinib (QD for 8 days) 
(open circle). (Source: CSR JAGD-body.pdf, page 20, Figure JAGD.7.2) 

 
The 90% CI of geometric mean levonorgestrel Cmax was within the limits of 0.80 to 1.25 (Table 
4.1.11.3). Co-Administration with baricitinib reduced levonorgestrel AUC0-∞ 13% with ratio (co-
administration/administration alone) of geometric mean AUC0-∞ of 0.869 (90%CI=0.770, 0.980). This 
might be due to a relatively high extrapolation from AUC0-tlast to AUC0-∞	as an exploratory analysis	
AUC0-tlast showed the 90% CI of AUC0-tlast ratio was within limits of 0.80 to 1.25. 
 
Table 4.1.11.3 Statistical Analysis of the levonorgestrel AUC0-∞, AUC0-tlast, and Cmax following 

Single-Dose Administration of Microgynon with or without 10 mg Baricitinib QD 
 

 
Model: Log(PK) = treatment + subject + random error. 
a AUC0-∞ was estimated with a relatively high extrapolation from tlast to infinity. 
Source: from CSR JAGD-body.pdf, page 21, Table JAGD.7.5 
 
The values of median tmax, geometric mean t1/2, and CL/F of levonorgestrel were all comparable 
between two treatments (Table 4.1.11.4). 
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Table 4.1.11.4 Summary of levonorgestrel PK Parameters following Single-Dose Administration of 
Microgynon with or without 10 mg Baricitinib QD 

 

 
a AUC0-∞ was estimated with a relatively high extrapolation from tlast to infinity  

b Median (range) 
Source: from CSR JAGD-body.pdf, page 21, Table JAGD.7.4 
 

Safety Results: 
No deaths occurred during this study. One serious AE of maternal exposure during pregnancy occurred. 
Subject  a 48-year-old female, was enrolled into the study as a postmenopausal female. 
The subject self-reported spontaneous amenorrhea of more than 12 months’ duration during the screening 
visit, prompting screening staff to record a status of ‘postmenopausal’ on the subject’s source documents. 
Per protocol, the postmenopausal status should have been confirmed by a serum follicle-stimulating 
hormone (FSH) value of >40 IU/L; however, the subject had an FSH value of 17 IU/L at screening and, 
therefore, should not have been enrolled in the study. This error was notified to the Medicines and 
Healthcare products Regulatory Agency (MHRA) as a serious breach of GCP. As the mistake was not 
identified until after the last dose of study drug, the subject went on to complete the study and received 2 
doses of Microgynon and 8 doses of 10 mg baricitinib. Subsequently, the subject was discovered to have 
been pregnant during the study (date of conception could not be estimated due to amenorrhea for the 
previous 12 months, but a positive pregnancy test result was obtained at the follow-up visit), resulting in 
an SAE of maternal exposure during pregnancy being recorded. The pregnant subject was followed up 
post-study until the pregnancy outcome (termination of the embryo) was known. 
 
During the study, 4 subjects reported a total of 8 TEAEs that were judged to be possibly related to study 
treatment by the investigator. One subject (Subject ) was withdrawn from the study due to an ear 
infection reported on Day 29 that was judged to be possibly related to study drug by the investigator. 
 
A slight increase in mean lymphocyte count was observed following administration of baricitinib, which 
reached a peak at Day 28 (Table 4.1.11.5). Seven subjects had lymphocyte counts above the upper limit of 
the reference range (>3.26 109/L) at Day 28, with 2 of those subjects also having high out of range 
values at Day 23 and/or Day 25. The lymphocyte values had returned to within the reference range by 
Day 30 or at follow-up visit. 
 
There were no findings in the 12-lead ECGs for individual subjects during the study that were considered 
clinically significant by the investigator. 
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Table 4.1.11.5 Mean Lymphocyte Counts in Study JAGD 
 

 
Source: from CSR JAGD-body.pdf, page 25, Table JAGD.8.3 

 
Conclusions: 

 Oral doses of 10 mg baricitinib QD had no clinically significant effect on AUC or Cmax of the 
ethinyl estradiol or levonorgestrel components of Microgynon. 
 

 Baricitinib (10 mg QD) was well tolerated when co-administered with a single dose of 
Microgynon. 
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4.1.12 Study JAGK 
 
Study Type: Phase 1, fixed sequence, DDI study in healthy subjects  
Study Dates: 08/05/2013 – 10/26/2013 
Sponsor: Eli Lilly 
Formulation: Commercial Tablet, 2 mg and 4 mg 
 
Title:  
The Effect of CYP3A Induction by Rifampicin on the Pharmacokinetics of Baricitinib in Healthy Subjects 
 
Objective:  

 The primary objective was to determine the impact of CYP3A induction by rifampicin on the PK 
of baricitinib in healthy subjects. 

 The secondary objective was to determine the impact of CYP3A induction by rifampicin on the 
safety and tolerability of baricitinib in healthy subjects. 

 An exploratory objective was to assess plasma levels of 4 beta-hydroxycholesterol (4β-OHC), as 
well as ratios of plasma cortisol to urinary 6 beta-hydroxycortisol (6β-OHC) for comparison 
purposes, as an indicator of CYP3A activity. 

 
Study Design and Method:  
This study was a phase 1, single-center, open-label, fixed-sequence, 2-period, drug-drug interaction study 
in healthy subjects. 18 subjects entered the study and all of them completed study. Each subject received a 
single oral dose of 10 mg baricitinib on Day 1 of Period 1. From Day 3 (the start of Period 2) to Day 11, 
inclusive, subjects received oral doses of 600 mg rifampin QD, with coadministration of 10 mg baricitinib 
on Day 10. 
 
Blood sampling for baricitinib PK was performed up to 48 hours postdose on Day 1 and Day 10. 
Baricitinib concentration data were analyzed using non-compartmental method. 
 
Plasma samples obtained during this study were analyzed for baricitinib using a validated liquid-liquid 
extraction method at . The lower 
limit of quantification (LLOQ) was 0.20 ng/mL, and the upper limit of quantification (ULOQ) was 200.00 
ng/mL. There were no samples with results above the ULOQ. The inter-assay accuracy (% relative error) 
during validation ranged from 0.7% to 3.3%. The inter-assay precision (% relative standard deviation 
[SD]) during validation ranged from 2.0% to 3.8%. 
 
PK Endpoints: baricitinib Cmax, tmax, AUC0‐∞, t1/2, CL/F, Vz/F 

 
PK Results: 

 Effect of rifampicin on baricitinib PK  
The mean plasma baricitinib concentration- time profiles appeared to show a lower systemic exposure 
and a more rapid elimination phase when baricitinib was co-administered with rifampicin compared to 
baricitinib administered alone (Figure 4.1.12.1). The 90% CI for the ratio of geometric LS means for 
Cmax was completely contained within the boundary of 0.8 to 1.25 (Table 4.1.12.1). The median tmax of 
baricitinib remained unchanged (1.00 hour post-dose) when baricitinib was co-administered with QD 
rifampicin (Table 4.1.12.2). The geometric LS mean AUC0-∞ was approximately 34% lower [ratio of 
0.655 (90%CI=0.622, 0.690)] following co-administration of baricitinib with QD rifampicin than 
baricitinib alone. In addition, geometric mean CL/F was approximately 53% higher, and geometric 
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mean t1/2 was approximately 3 hours shorter, following coadministration of baricitinib with rifampicin 
compared with baricitinib administered alone.  

 

 
Figure 4.1.12.1 Arithmetic mean (one sided SD) baricitinib plasma concentration-time PK profile 
following single-dose administration as alone (filled circle) or co-administered with 600 mg rifampicin 
QD (open circle). (Source: CSR JAGK-body.pdf, page 19, Figure JAGK.7.1) 
 

Table 4.1.12.1 Statistical Analysis of the Baricitinib AUC0-∞ and Cmax following Single-Dose 
Administration with or without Co-administered with Rifampicin 

 

 
Model: Log(PK) = treatment + subject + random error. 
Source: from CSR JAGK-body.pdf, page 20, Table JAGK.7.2 

 
Table 4.1.12.2 Summary of Baricitinib PK Parameters following Single-Dose Administration with 

or without Co-administration of Rifampicin 
 

 
a Median (range) 
b Geometric mean (range) 
Source: from CSR JAGK-body.pdf, page 20, Table JAGK.7.1 
 

 Effect of rifampicin on 4β-OHC and 6β-OHC 
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There was an increase in the ratio of 4β-OHC to total cholesterol of approximately 2.7-fold from Day 
3 Day 10 (Table 4.1.12.3). There was an approximately 4.9-fold increase in the urine 6β-OHC 
clearance (normalized to plasma cortisol) from Day 3 to Day 10 following rifampicin dosing (Table 
4.1.12.4).  
 

Table 4.1.12.3 Plasma Levels of 4β-OHC Relative to Total Serum Cholesterol 
Before and After Treatment with Rifampicin 

 

 
Source: from CSR JAGK-body.pdf, page 21, Table JAGK.7.4 

 
Table 4.1.12.4 Urinary Clearance of 6β-OHC Relative to Plasma Levels of Cortisol 

Before and After Treatment with Rifampicin 
 

 
Source: from CSR JAGK-body.pdf, page 21, Table JAGK.7.5 

 
Safety Results: 
No deaths or SAEs occurred during this study. No subject discontinued the study because of an AE. 
During the study, 6 subjects reported a total of 12 TEAEs that were judged to be possibly related to study 
drug by the investigator. 
 
Mean total bilirubin values appeared to be elevated at Day 6 and Day 9 compared with baseline (Day -1) 
values (Table 4.1.12.5). Five subjects (Subjects ) had values of total 
bilirubin above the upper limit of the reference range (21 μmol/L for males and 14 μmol/L for females) at 
Day 6 and/or Day 9. All total bilirubin values for these 5 subjects had returned to within the reference 
range by the safety follow-up visit (Day 18). 
 

Table 4.1.12.5 Summary of Total Bilirubin Concentration by Day in Study JAGK 
 

 
Source: from CSR JAGK-body.pdf, page 24, Table JAGK.8.3 
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Nine subjects had urine glucose values above the ULN on Day 6 and/or 9, 10 subjects had ketones values 
above the ULN on Days 6 and/or 9, and 15 subjects had abnormal nitrite results on Days 6 and/or 9. On 
all other study days, values for urine glucose, ketones, and nitrites were within the reference range for all 
subjects. 
There were no findings in the 12-lead ECGs for individual subjects that were considered clinically 
significant by the investigator. 
 
Conclusions: 

 Following a single oral dose of 10 mg baricitinib, the AUC0-∞ of baricitinib was approximately 
34% lower when baricitinib was co-administered with 600 mg QD rifampicin than when 
baricitinib was administered alone. Cmax and tmax of baricitinib was unaffected by coadministration 
with rifampicin. 
 

 Geometric mean CL/F was approximately 53% higher, and geometric mean t1/2 was approximately 
3 hours shorter, following coadministration of baricitinib with rifampicin compared with 
baricitinib administered alone. 
 
 

 Single oral doses of 10 mg baricitinib were well tolerated when administered alone or co-
administered with 600 mg QD rifampicin. 
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4.1.13 Study JAGJ 
 
Study Type: Phase 1, fixed sequence, DDI study in healthy subjects  
Study Dates: 08/27/2013 – 11/09/2013 
Sponsor: Eli Lilly 
Formulation: Commercial Tablet, 2 mg and 4 mg 
 
Title:  
The Effect of Ketoconazole or Fluconazole on the Pharmacokinetics of Baricitinib in Healthy Subjects 
 
Objective:  

 The primary objectives were: 
o to determine the effect of ketoconazole on the pharmacokinetics (PK) of baricitinib in 

healthy subjects; 
o to determine the effect of fluconazole on the PK of baricitinib in healthy subjects. 

 
 The secondary objectives were: 

o to evaluate the tolerability of baricitinib when co-administered with ketoconazole in 
healthy subjects; 

o to evaluate the tolerability of baricitinib when co-administered with fluconazole in healthy 
subjects. 

 An exploratory objective was to assess plasma levels of 4 beta-hydroxycholesterol (4β-OHC), as 
well as ratios of plasma cortisol to urinary 6 beta-hydroxycortisol (6β-OHC) for comparison 
purposes, as an indicator of cytochrome P450 CYP3A activity. 

 
Study Design and Method:  
This study was a phase 1, single-site, open-label, fixed-sequence, 2-period, drug-drug interaction study in 
healthy subjects. 36 subjects entered the study and 34 completed the study. Subjects were divided into two 
treatment groups:  

 Subjects in Group A received a single dose of 10 mg baricitinib on Day 1 of Period 1. From Day 3 
(the start of Period 2) to Day 8, inclusive, subjects received oral dose of 400 mg ketoconazole QD, 
with co-administration of 10 mg baricitinib on Day 6. 

 Subjects in Group B received a single dose of 10 mg baricitinib on Day 1 of Period 1. On Day 3 
(the start of Period 2), subjects received one dose of 400 mg fluconazole followed by 200 mg 
fluconazole QD from Day 4 through  Day 9, inclusive. A single dose of 10 mg baricitinib was co-
administered on Day 7. 

 
Blood sampling for baricitinib PK assessments was performed up to 48 hours postdose in Period 1 and 72 
hours postdose in Period2. Baricitinib concentration data were analyzed using non-compartmental 
method. 
 
Plasma samples obtained during this study were analyzed for baricitinib using a validated liquid-liquid 
extraction method at . The lower 
limit of quantification (LLOQ) was 0.20 ng/mL, and the upper limit of quantification (ULOQ) was 200.00 
ng/mL. There were no samples with results above the ULOQ. The inter-assay accuracy (% relative error) 
during validation ranged from 0.7% to 3.3%. The inter-assay precision (% relative standard deviation 
[SD]) during validation ranged from 2.0% to 3.8%. 
 
PK Endpoints: baricitinib Cmax, tmax, AUC0‐∞, AUC0‐tlast, %AUCtlast‐∞, t1/2, CL/F, Vz/F 
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PK Results: 
18 subjects were assigned to Group A; Subjects  withdrew consent during Period 2 for personal 
reasons. 18 subjects were assigned to Group B; Subjects  was withdrawn from the study Period 2 due 
to a mild AE of diarrhea. 
 

 Effect of ketoconazole on baricitinib PK  
The mean plasma baricitinib concentration- time profiles appeared to show a slight higher systemic 
exposure and a slight slower elimination phase when baricitinib was co-administered with 
ketoconazole compared to baricitinib administered alone (Figure 4.1.13.1). The 90% CI for the ratio of 
geometric LS means for Cmax was completely contained within the boundary of 0.8 to 1.25 (Table 
4.1.13.1). The median tmax of baricitinib remained unchanged (1.00 hour post-dose) when baricitinib 
was co-administered with QD ketoconazole (Table 4.1.13.2). The geometric LS mean AUC0-∞ and 
AUC0-48 were all approximately 20% higher following co-administration of baricitinib with QD 
ketoconazole than baricitinib administered alone. In addition, geometric mean CL/F was 
approximately 17% lower, and geometric mean t1/2 was approximately 40 minutes longer, following 
coadministration of baricitinib with ketoconazole compared with baricitinib administered alone.  

 

 
Figure 4.1.13.1 Arithmetic mean (one sided SD) baricitinib plasma concentration-time PK profile 
following single-dose administration as alone (filled circle) or co-administered with 400 mg ketoconazole 
QD (open circle). (Source: CSR JAGJ-body.pdf, page 22, Figure JAGJ.7.1) 
 
Table 4.1.13.1 Statistical Analysis of the Baricitinib Exposure following Single-Dose Administration 

with or without Co-administration of Ketoconazole 
 

 
Model: Log(PK) = treatment + subject + random error. 
Source: from CSR JAGJ-body.pdf, page 20, Table JAGJ.7.2 
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Table 4.1.13.2 Summary of Baricitinib PK Parameters following Single-Dose Administration with 
or without Co-administration of Ketoconazole 

 

 
a Geometric mean (range) 
b Median (range) 
Source: from CSR JAGJ-body.pdf, page 23, Table JAGJ.7.1 

 

 Effect of fluconazole on baricitinib PK  
The mean plasma baricitinib concentration- time profiles appeared to show a slight higher systemic 
exposure and a slight slower elimination phase when baricitinib was co-administered with fluconazole 
compared to baricitinib administered alone (Figure 4.1.13.2). The 90% CI for the ratio of geometric 
LS means for Cmax was completely contained within the boundary of 0.8 to 1.25 (Table 4.1.13.3). The 
median tmax of baricitinib remained unchanged (1.00 hour post-dose) when baricitinib was co-
administered with QD fluconazole (Table 4.1.13.4). The geometric LS mean AUC0-∞ and AUC0-48 was 
23% and 22% higher, respectively, following co-administration of baricitinib with QD fluconazole 
than baricitinib administered alone. In addition, geometric mean CL/F was approximately 17% lower, 
and geometric mean t1/2 was approximately 1.5 hours longer, following coadministration of baricitinib 
with fluconazole compared with baricitinib administered alone.  

 

 
Figure 4.1.13.2 Arithmetic mean (one sided SD) baricitinib plasma concentration-time PK profile 
following single-dose administration as alone (filled circle) or co-administered with 200 mg fluconazole 
QD (open circle). (Source: CSR JAGJ-body.pdf, page 25, Figure JAGJ.7.2) 
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Table 4.1.13.3 Statistical Analysis of the Baricitinib Exposure following Single-Dose Administration 
with or without Co-administration of Fluconazole 

 

 
Model: Log(PK) = treatment + subject + random error. 
Source: from CSR JAGJ-body.pdf, page 26, Table JAGJ.7.5 
 

Table 4.1.13.4 Summary of Baricitinib PK Parameters following Single-Dose Administration with 
or without Co-administration of Fluconazole 

 

 
a Geometric mean (range) 
b Median (range) 
Source: from CSR JAGJ-body.pdf, page 26, Table JAGJ.7.4 

 
 Effect of ketoconazole on 4β-OHC and 6β-OHC 
The ratio of 4β-OHC to total cholesterol was similar across Days 3 (pre-ketoconazole dosing), 6, and 
8. There was a decrease in the urine 6β-OHC clearance (normalized to plasma cortisol) of 
approximately 71% from Day 3 to Day 8 following ketoconazole dosing (Table 4.1.13.5).  

 
Table 4.1.13.5 Urinary Clearance of 6β-OHC Relative to Plasma Levels of Cortisol 

Before and After Treatment with Ketoconazole 
 

 
Source: from CSR JAGJ-body.pdf, page 28, Table JAGJ.7.10 

 
 Effect of fluconazole on 4β-OHC and 6β-OHC 
There was an increase in the ratio of 4β-OHC to total cholesterol of approximately 38% from 
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Day 3 (pre-fluconazole dosing) to Day 9 (Table 4.1.13.6). There was a decrease in the urine 6β-OHC 
clearance (normalized to plasma cortisol) of approximately 21% from Day 3 to Day 9 following 
fluconazole dosing (Table 4.1.13.7).  
 

Table 4.1.13.6 Plasma Levels of 4β-OHC Relative to Total Serum Cholesterol 
Before and After Treatment with Fluconazole 

 

 
Source: from CSR JAGJ-body.pdf, page 29, Table JAGJ.7.11 

 
Table 4.1.13.7 Urinary Clearance of 6β-OHC Relative to Plasma Levels of Cortisol 

Before and After Treatment with Fluconazole 
 

 
Source: from CSR JAGJ-body.pdf, page 29, Table JAGJ.7.12 

 
Safety Results: 
No deaths or SAEs occurred during this study. One subject in Group B (Subject ) was withdrawn 
from the study on Day 7 due to an AE of diarrhea. This event, which began 17.5 hours after Day 1 
baricitinib dosing, was mild in severity and was considered by the investigator to be possibly related to 
study treatment. The subject also had mild AEs of anorectal discomfort, abdominal pain, nausea, retching, 
and musculoskeletal pain during the same time period as the diarrhea. 
 
Nine subjects (50.0%) in Group A and six subjects (33%) in Group B reported a total of 14 TEAEs that 
were judged to be possibly related to study drug by the investigator. 
 
In Group A only, mean creatinine was slightly elevated at predose on Day 6 compared with Day 2 (94.6 
μmol/L at Day 6, compared with 84.2 μmol/L on Day 2), and had increased further to 100.6 μmol/L by 
Day 9. Five subjects had creatinine values above the upper limit of the reference range at Day 6 and/or 9. 
At all other time points, including the follow-up visit, creatinine was within the reference range for all 
subjects. 
 
There were no findings in the 12-lead ECGs for individual subjects that were considered clinically 
significant by the investigator. 
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Conclusions: 
 Following a single oral dose of 10 mg baricitinib, the AUC0-∞ and AUC0-48 of baricitinib was 

approximately 20% higher when baricitinib was co-administered with 400 mg ketoconazole or 
200mg fluconazole QD than when baricitinib was administered alone. However, this slight 
increase of AUCs may not have clinical relevant effect as the inter-subject variability of AUCs 
was about 23% to 24% (CV). Cmax and tmax of baricitinib was unaffected by co-administration with 
ketoconazole or fluconazole. 
 

 Single oral doses of 10 mg baricitinib were well tolerated when administered alone or co-
administered with multiple doses of ketoconazole or fluconazole. 
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4.1.14 Study JAGF 
 
Study Type: Phase 1, fixed sequence, DDI study in healthy subjects  
Study Dates: 09/13/2013 – 11/14/2013 
Sponsor: Eli Lilly 
Formulation: Commercial Tablet, 2 mg and 4 mg 
 
Title:  
Evaluation of the Impact of Increased Gastric pH following Omeprazole Administration on the 
Absorption of Baricitinib in Healthy Subjects 
 
Objective:  

 The primary objective of the study was to assess the effect of increased gastric pH on the 
bioavailability of baricitinib. 

 The secondary objective of the study was to evaluate the tolerability of baricitinib and omeprazole 
when given in combination. 

 
Study Design and Method:  
This study was a phase 1, single-site, open-label, fixed-sequence, 2-period, drug-drug interaction study in 
healthy subjects. 30 subjects entered the study and all of them completed study. Each subject received a 
single oral dose of 10 mg baricitinib on Day 1 of Period 1. From Day 3 (the start of Period 2) to Day 10, 
inclusive, subjects received oral doses of 40 mg omeprazole QD, with coadministration of 10 mg 
baricitinib on Day 10. 
 
Blood sampling for baricitinib PK was performed up to 48 hours postdose on Day 1 and Day 10. 
Baricitinib concentration data were analyzed using non-compartmental method. 
 
Plasma samples obtained during this study were analyzed for baricitinib using a validated liquid-liquid 
extraction method at . The lower 
limit of quantification (LLOQ) was 0.20 ng/mL, and the upper limit of quantification (ULOQ) was 200.00 
ng/mL. There were no samples with results above the ULOQ. The inter-assay accuracy (% relative error) 
during validation ranged from 0.7% to 3.3%. The inter-assay precision (% relative standard deviation 
[SD]) during validation ranged from 2.0% to 3.8%. 
 
PK Endpoints: baricitinib Cmax, tmax, AUC0‐∞, %AUCtlast-∞, tlag, t1/2, CL/F, and Vz/F 

 
PK Results: 
Of the 30 subjects who entered the study, all received each planned dose of study drug, and completed the 
study. For Subject  following coadministration of baricitinib and omeprazole, there were 2 
baricitinib concentration results that appeared as though they may have been transposed. All data has been 
included in the PK and statistical analysis. 
 
Baricitinib Cmax was 23% lower [ratio of 0.774 (90%CI=0.722, 0.831)] when baricitinib was co-
administered with QD omeprazole compared to baricitinib administered alone (Figure 4.1.14.1 and Table 
4.1.14.2). The 90% CI for the ratio of geometric LS means for AUC0-∞ was completely contained within 
the boundary of 0.8 to 1.25 (Table 4.1.14.1). The median tmax of baricitinib delayed 1 hour when 
baricitinib was co-administered with QD omeprazole (Table 4.1.44). In addition, geometric mean CL/F 
value was comparable between two treatments.  
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Figure 4.1.14.1 Arithmetic mean (one sided SD) baricitinib plasma concentration-time PK profile 
following single-dose administration as alone (filled circle) or co-administered with 40 mg omeprazole 
QD (open circle). (Source: CSR JAGF-body.pdf, page 15, Figure JAGF.7.1) 
 

Table 4.1.14.1 Statistical Analysis of the Baricitinib AUC0-∞ and Cmax following Single-Dose 
Administration with or without Co-administered with Omeprazole 

 

 
Model: Log(PK) = treatment + subject + random error. 
Source: from CSR JAGF-body.pdf, page 20, Table JAGF.7.2 

 
Table 4.1.14.2 Summary of Baricitinib PK Parameters following Single-Dose Administration with 

or without Co-administration of Omeprazole 
 

 
a Median (range) 
b Geometric mean (range) 
Source: from CSR JAGF-body.pdf, page 16, Table JAGK.7.1 
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Safety Results: 
No deaths or SAEs occurred during this study. No subject discontinued the study because of an AE. 
During the study, 15 subjects reported a total of 33 TEAEs that were judged to be possibly related to study 
drug by the investigator. 
 
During the course of the study, there were no clinically significant alterations in laboratory values. 
 
During the course of the study, there were no clinically significant changes in ECG parameters. 
 
Conclusions: 

 Following a single oral dose of 10 mg baricitinib, the Cmax of baricitinib was 23% lower when 
baricitinib was co-administered with 40 mg QD omeprazole than when baricitinib was 
administered alone. Tmax of baricitinib was delayed 1 hour when baricitinib was co-administered 
with omeprazole. 90% Cis for the ratio of geometric LS means for AUC0-∞ were within 0.8 to 
1.25. Therefore, overall exposure change of baricitinib following co-administration with 40 mg 
QD omeprazole may not result in clinical relevant differences.   
 

 Single oral 10-mg doses of baricitinib were well tolerated when administered alone or in 
combination with 40-mg daily doses of omeprazole. 
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4.1.15 Study JAGI 
 
Study Type: Phase 1, fixed sequence, DDI study in healthy females  
Study Dates: 10/08/2013 – 01/02/2014 
Sponsor: Eli Lilly 
Formulation: Commercial Tablet, 2 mg and 4 mg 
 
Title:  
Effects of Multiple Baricitinib (LY3009104) Doses on the Pharmacokinetics of a Cytochrome P450 
3A Substrate, Simvastatin, in Healthy Subjects 
 
Objective:  

 The primary objective of this study was to assess the PK of the CYP3A substrate, simvastatin, and 
its active acid metabolite, simvastatin acid, in the presence and absence of baricitinib. 

 The secondary objective was to assess the safety and tolerability of baricitinib administered in 
combination with simvastatin in healthy subjects. 

 The exploratory objective was to assess plasma levels of 4 beta-hydroxycholesterol (4β-OHC), as 
well as ratios of plasma cortisol to urinary 6 beta-hydroxycortisol (6β-OHC) for comparison 
purposes, as an indicator of CYP3A activity. 

 
Study Design and Method:  
This study was a phase 1, single-site, open-label, fixed-sequence, 2-period, drug-drug interaction study in 
healthy subjects. 40 subjects entered the study with 38 completed the study. Each subject received a single 
dose of 40 mg simvastatin on Day 1 of Period 1. From Day 3 (the start of Period 2) to Day 7, inclusive, 
subjects received 10 mg baricitinib QD for 5 consecutive days, with coadministration of simvastatin on 
Day 6.  
 
Blood sampling for assessment of the PK of simvastatin and simvastatin acid performed up to 48 hours 
postdose.  Simvastatin and simvastatin acid concentration data were analyzed using non-compartmental 
method. 
 
Plasma samples were analyzed for simvastatin and simvastatin acid using a validated liquid 
chromatography with tandem mass spectrometric detection (LC/MS/MS) method at  

 located in . The lower limit of quantification (LLOQ) was 0.1 ng/mL, 
and the upper limit of quantification (ULOQ) was 30 ng/mL for both analytes. For simvastatin, the inter-
assay accuracy (% relative error) during validation ranged from -1.00% to 13.2% and the inter-assay 
precision (% relative SD) during validation ≤7.9%. For simvastatin acid, the inter-assay accuracy during 
validation ranged from -8.0% to 8.5% and the inter-assay precision during validation was ≤8.9%. 
 
PK Endpoints: simvastatin and simvastatin acid Cmax, AUC0‐∞, CL/F, Vz/F 

 
PK Results: 
Of all of the 40 subjects who entered the study, 38 completed the study, and 2 were discontinued. Subjects 

 and  were discontinued due to AEs of diarrhea and conjunctivitis, respectively. Both subjects 
received 40 mg simvastatin on Day 1 and 10 mg baricitinib on Day 3, and then received no further doses 
of study drug. 
 

 Effect of baricitinib on simvastatin  
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Simvastatin geometric LS means for AUC0-∞ and Cmax were approximately 15% [ratio of 0.853 
(90%CI=0.759, 0.958)] and 29% [ratio of 0.706 (90%CI=0.627, 0.796)] lower, respectively, following 
coadministration of with baricitinib 10 mg QD than administration of simvastatin alone (Figure 
4.1.15.1 and Table 4.1.15.1). The median tmax of simvastatin delayed approximately 0.5 hour when 
following co-administration with baricitinib (Table 4.1.15.2). In addition, simvastatin geometric mean 
CL/F value was 21% higher following co-administration with baricitinib.  

 

 
Figure 4.1.15.1 Arithmetic mean (±SD) simvastatin plasma concentration-time PK profile following 
single-dose administration as alone (filled circle) or co-administered with 10 mg baricitinib (QD for 5 
days) (open circle). (Source: CSR JAGI-body.pdf, page 19, Figure JAGI.7.1) 
 

Table 4.1.15.1 Statistical Analysis of the Simvastatin AUC0-∞ and Cmax following Single-Dose 
Administration with or without 10 mg Baricitinib QD 

 

 
Model: Log(PK) = treatment + subject + random error. 
Source: from CSR JAGI-body.pdf, page 21, Table JAGI.7.2 
 

Table 4.1.15.2 Summary of Simvastatin PK Parameters following Single-Dose Administration with 
or without 10 mg Baricitinib QD 
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a Median (range) 
b Geometric mean (range) 
c N=39 
d N=36 
Source: from CSR JAGI-body.pdf, page 20, Table JAGI.7.1 

 

 Effect of baricitinib on simvastatin acid  
Simvastatin acid geometric LS means for AUC0-∞ and Cmax were approximately 16% [ratio of 0.840 
(90%CI=0.749, 0.943)] and 12% [ratio of 0.879 (90%CI=0.787, 0.982)] lower, respectively, following 
coadministration of with baricitinib 10 mg QD than administration of simvastatin alone (Figure 
4.1.15.2 and Table 4.1.15.3). The median tmax of simvastatin acid delayed 2 hour when following co-
administration with baricitinib (Table 4.1.15.4). In addition, simvastatin geometric mean CL/F value 
was 26% higher following co-administration with baricitinib.  

 

 
Figure 4.1.15.2 Arithmetic mean (±SD) levonorgestrel concentration-time PK profile following single-
dose administration as alone (filled circle) or co-administered with 10 mg baricitinib (QD for 8 days) 
(open circle). (Source: CSR JAGI-body.pdf, page 22, Figure JAGI.7.2) 

 
Table 4.1.15.3 Summary of Simvastatin Acid PK Parameters following Single-Dose Administration 

with or without 10 mg Baricitinib QD 
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a Median (range) 
b Geometric mean (range) 
c N=33 
d N=32 
e N=30  
Source: from CSR JAGI-body.pdf, page 21, Table JAGI.7.4 

 
Table 4.1.15.4 Statistical Analysis of the Simvastatin Acid AUC0-∞ and Cmax following Single-Dose 

Administration with or without 10 mg Baricitinib QD 
 

 
Model: Log(PK) = treatment + subject + random error. 
Source: from CSR JAGI-body.pdf, page 24, Table JAGI.7.4 

 

 Effect of baricitinib on plasma 4β-OHC and urine 6β-OHC 
There was no apparent change in the ratio of plasma 4β-OHC to total cholesterol following dosing of 
10 mg baricitinib to steady-state (Day 6) (Table 4.1.15.5). There was also no apparent change in the 
urine 6β-OHC clearance (normalized to plasma cortisol) following dosing of 10 mg baricitinib to 
steady-state (Table 4.1.15.6). 

 
Table 4.1.15.5 Plasma Levels of 4β-OHC Relative to Total Serum Cholesterol at 

Baseline and Steady-State Baricitinib 
 

 
Source: from CSR JAGI-body.pdf, page 25, Table JAGJ.7.5 

 
Table 4.1.15.6 Urinary Clearance of 6β-OHC Relative to Plasma Levels of Cortisol 

At Baseline and Steady-State Baricitinib 
 

 
Source: from CSR JAGI-body.pdf, page 25, Table JAGJ.7.6 
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Safety Results: 
No deaths or serious adverse events occurred during this study. Two subjects discontinued the study due 
to AEs. Subject  was withdrawn from the study due to mild diarrhea, which started in the evening of 
Day 2 (34 hours post Day 1 simvastatin dosing) and lasted for 66.5 hours before resolving without 
concomitant therapy. The subject received his first dose of baricitinib on Day 3 but was subsequently 
withdrawn from the study due to the ongoing AE, prior to receiving any further study drug. Subject  
was withdrawn from the study due to moderate conjunctivitis, reported at approximately 13 hours 
postdose baricitinib on Day 3. The event was considered to be related to study drug by the investigator 
and the subject was discontinued from the study prior to receiving any further study drug. 
 
During the study, 11 (27.5%) subjects reported a total of 17 TEAEs that were judged to be possibly 
related to study drug by the investigator. 
 
During the course of the study, there were no clinically significant alterations in laboratory values. 
 
During the course of the study, there were no clinically significant findings in 12-lead ECG parameters.. 
 
Conclusions: 

 Following the coadministration of 10 mg baricitinib QD with 40 mg simvastatin, the systemic 
exposure to simvastatin and simvastatin acid was reduced by approximately 15% and 16% based 
on AUC0-∞ and 29% and 12% based on Cmax, respectively. By considering the inter-subject 
variability (AUC0-∞ CV ranged between 75% to 86%), the overall exposure change of simvastatin 
and simvastatin acid following co-administration with 10 mg QD baricitinib may not result in 
clinical relevant differences.  
 

 Oral doses of 10 mg baricitinib QD were well tolerated when administered alone or co-
administered with a single dose of 40 mg simvastatin.. 
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4.1.16 Study JAGG 
 
Study Type: Phase 1, fixed sequence, DDI study in healthy subjects  
Study Dates: 10/15/2013 – 12/05/2013 
Sponsor: Eli Lilly 
Formulation: Commercial Tablet, 4 mg 
 
Title:  
A Study to Investigate the Potential Impact of Organic Anion Transporter 3 Inhibition by Probenecid on 
the Pharmacokinetics of Baricitinib (LY3009104) in Healthy Subjects 
 
Objective:  

 The primary objective was to determine the effects of OAT3 inhibition by probenecid (1000 mg 
BID) on the PK of baricitinib (4 mg). 

 The secondary objective was to assess the safety and tolerability of a single 4-mg oral dose of 
baricitinib when administered alone and co-administered with probenecid (1000 mg BID). 
 

Study Design and Method:  
This study was a phase 1, single-site, open-label, fixed-sequence, 2-period, drug-drug interaction study in 
healthy subjects. In total 18 subjects entered the study and all of them completed study. Each subject 
received a single oral dose of 4 mg baricitinib on Day 1 of Period 1. From Day 3 (the start of Period 2) to 
Day 7, inclusive, subjects received oral doses of 1000 mg probenecid BID for 5 days with co-
administration of 4 mg baricitinib on Day 5. 
 
Blood sampling and 48-hour urine collections for baricitinib PK assessments were performed up to 48 
hours postdose on Day 1 and Day 5. Baricitinib concentration data were analyzed using non-
compartmental method. On Days 1 and 5, urine samples were collected for the characterization of renal 
clearance of baricitinib at predose and during the periods 0 to 6, 6 to 12, 12 to 24, 24 to 36, and 36 to 48 
hours post baricitinib dose; an additional sample was collected during the period 48 to 72 hours post the 
Day 5 baricitinib dose. 
 
Plasma samples obtained during this study were analyzed for baricitinib using a validated liquid-liquid 
extraction method at . The lower 
limit of quantification (LLOQ) was 0.20 ng/mL, and the upper limit of quantification (ULOQ) was 200.00 
ng/mL. There were no samples with results above the ULOQ. The inter-assay accuracy (% relative error) 
during validation ranged from 0.7% to 3.3%. The inter-assay precision (% relative standard deviation 
[SD]) during validation ranged from 2.0% to 3.8%. Urine samples obtained during this study were 
analyzed for baricitinib using a validated dilution extraction method at  

. The LLOQ was 10.00 ng/mL and the ULOQ was 10,000.00 
ng/mL. There were no samples with results above the ULOQ. The inter-assay accuracy (% relative error) 
during validation ranged from -0.4% to 4.3%. The inter-assay precision (% relative SD) during validation 
ranged from 3.5% to 7.7%. 
 
PK Endpoints: baricitinib Cmax, tmax, AUC0‐∞, AUC0-tlast, %AUCtlast-∞, t1/2, CL/F, and Vz/F 

 
PK Results: 
All of the 18 subjects who entered the study completed the study in accordance with the protocol.  
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Baricitinib geometric mean AUC0-∞ was approximately 2-fold [ratio of 2.03 (90%CI=1.91, 2.16)] higher 
following co-administration of baricitinib with 1000 mg BID probenecid than baricitinib alone (Figure 
4.1.16.1 and Table 4.1.16.1). There was no statistically significant difference in Cmax between treatments, 
with the 90% CI for the ratio of geometric LS means completely contained within 0.8 to 1.25. The median 
tmax of baricitinib remained unchanged (1 hour) when baricitinib was co-administered with 1000 mg BID 
probenecid (Table 4.1.16.2). In addition, geometric mean CL/F value was approximately half when 
baricitinib was co-administered with 1000 mg BID probenecid compared to baricitinib administered 
alone. The t1/2 of baricitinib elongated approximately 4.6 hours when baricitinib was co-administered with 
1000 mg BID probenecid. Renal excretion (Ae0-48h) of baricitinib reduced approximately 40% when co-
administered with 1000 mg BID probenecid (Table 4.1.52). The according renal clearance CLr of 
baricitinib reduced approximately 69% when co-administered with 1000 mg BID probenecid acid. 
 

 
Figure 4.1.16.1 Arithmetic mean (one sided SD) baricitinib plasma concentration-time PK profile 
following single-dose administration as alone (filled circle) or co-administered with 1000 mg BID 
probenecid (open circle). (Source: CSR JAGG-body.pdf, page 17, Figure JAGG.7.1) 
 

Table 4.1.16.1 Statistical Analysis of the Baricitinib AUC0-∞ and Cmax following Single-Dose 
Administration with or without Co-administered with Probenecid 

 

 
Model: Log(PK) = treatment + subject + random error. 
Source: from CSR JAGG-body.pdf, page 18, Table JAGF.7.2 
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Table 4.1.16.2 Summary of Baricitinib PK Parameters following Single-Dose Administration with 
or without Co-administration of Probenecid 

 

 
a Arithmetic mean (standard deviation) 
b Geometric mean (range) 
c Median (range) 
Source: from CSR JAGG-body.pdf, page 16, Table JAGG.7.1 

 
Safety Results: 
No deaths or SAEs occurred during this study. No subject discontinued the study because of an AE. 
During the study, 5 (27.8%) subjects reported a total of 10 TEAEs that were judged to be possibly related 
to study drug by the investigator. 
 
There were no changes in clinical chemistry, hematology, or urinalysis data for individual subjects during 
the study that were considered clinically significant by the investigator. 
 
There were no findings in the 12-lead ECGs for individual subjects that were considered to be clinically 
significant by the investigator. 
 
Conclusions: 

 Following a single oral dose of 4 mg baricitinib, the AUC0-∞ of baricitinib was approximately 2-
fold higher when baricitinib was co-administered with 1000 mg BID probenecid than when 
baricitinib was administered alone. There was no statistically significant difference in Cmax with or 
without the co-administration of 1000 mg BID probenecid.   
 

 CLr and CL/F of baricitinib reduced approximately 69% and 51%, respectively, when baricitinib 
was co-administered with 1000 mg BID probenecid than when baricitinib was administered alone. 
Accordingly, Ae0-48h of baricitinib reduced approximately 40% and t1/2 of baricitinib elongated 
approximately 4.6 hours when baricitinib was co-administered with 1000 mg BID probenecid.  
 
 

 Single oral doses of 4 mg baricitinib were well tolerated when administered alone or co-
administered with probenecid (1000 mg BID). 
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4.1.17 Study JAGH 
 
Study Type: Phase 1, fixed sequence, DDI study in healthy subjects  
Study Dates: 10/25/2013 – 01/02/2014 
Sponsor: Eli Lilly 
Formulation: Commercial Tablet, 4 mg 
 
Title:  
A Study to Investigate the Effect of Ciclosporin on the Pharmacokinetics of Baricitinib (LY3009104) in 
Healthy Subjects 
 
Objective:  

 The primary objective was to determine the effect of ciclosporin on the PK of baricitinib in healthy 
subjects. 

 The secondary objective was to assess the safety and tolerability of baricitinib when administered 
alone and in combination with ciclosporin in healthy subjects. 
 

Study Design and Method:  
This study was a phase 1, single-site, open-label, fixed-sequence, 2-period, drug-drug interaction study in 
healthy subjects. In total 18 subjects entered the study and all of them completed study. Each subject 
received a single oral dose of 4 mg baricitinib on Day 1 of Period 1. On Day 4 (the start of Period 2), each 
subjected received a single dose of 600 mg ciclosporin co-administered with 4 mg baricitinib. 
 
Blood and urine samples were collected up to 72 hours postdose for both Period and Period 2. Baricitinib 
plasma concentration data were analyzed using non-compartmental method. 
 
Plasma samples obtained during this study were analyzed for baricitinib using a validated liquid-liquid 
extraction method at . The lower 
limit of quantification (LLOQ) was 0.20 ng/mL, and the upper limit of quantification (ULOQ) was 200.00 
ng/mL. There were no samples with results above the ULOQ. The inter-assay accuracy (% relative error) 
during validation ranged from 0.7% to 3.3%. The inter-assay precision (% relative standard deviation 
[SD]) during validation ranged from 2.0% to 3.8%. Urine samples obtained during this study were 
analyzed for baricitinib using a validated dilution extraction method at  

. The LLOQ was 10.00 ng/mL and the ULOQ was 10,000.00 
ng/mL. There were no samples with results above the ULOQ. The inter-assay accuracy (% relative error) 
during validation ranged from -0.4% to 4.3%. The inter-assay precision (% relative SD) during validation 
ranged from 3.5% to 7.7%. 
 
PK Endpoints: baricitinib Cmax, tmax, AUC0‐∞, AUC0-tlast, %AUCtlast-∞, t1/2, CL/F, CLr,Vz/F, and Ae0-72h 

 
PK Results: 
All of the 18 subjects who entered the study completed the study in accordance with the protocol. There 
was one sample for Subject  at nominal 6 hours postdose on Day 1 that was confirmed as anomalous 
(atypical value); this sample was excluded from the PK analyses. 
 
Baricitinib geometric mean AUC0-∞ was 29% [ratio of 1.29 (90%CI=1.23, 1.36)] higher following co-
administration of baricitinib with 600 mg ciclosporin than baricitinib alone (Figure 4.1.17.1 and Table 
4.1.17.1). There was no statistically significant difference in Cmax with or without co-administration of 
600 mg ciclosporin; the 90% CI for the ratio of geometric LS means completely contained within 0.8 to 
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1.25. The median tmax of baricitinib delayed 1 hour when baricitinib was co-administered with 600 mg 
ciclosporin (Table 4.1.17.2). In addition, geometric mean CL/F value reduced 22% when baricitinib was 
co-administered with 600 mg ciclosporin than baricitinib administered alone. The t1/2 of baricitinib 
remained unchanged when baricitinib was co-administered with 600 mg ciclosporin.  
 

 
Figure 4.1.17.1 Arithmetic mean (one sided SD) baricitinib plasma concentration-time PK profile 
following single-dose administration as alone (filled circle) or co-administered with 600 mg single dose 
ciclosporin (open circle). (Source: CSR JAGH-body.pdf, page 15, Figure JAGH.7.1) 
 

Table 4.1.17.1 Statistical Analysis of the Baricitinib AUC0-∞ and Cmax following Single-Dose 
Administration with or without Co-administered with Ciclosporin 

 

 
Model: Log(PK) = treatment + subject + random error. 
Source: from CSR JAGH-body.pdf, page 17, Table JAGH.7.4 

 
Table 4.1.17.2 Summary of Baricitinib PK Parameters following Single-Dose Administration with 

or without Co-administration of Ciclosporin 
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a Geometric Mean (range) 
b Median (range) 
Source: from CSR JAGH-body.pdf, page 16, Table JAGH.7.1 

 
Renal excretion amount (Ae0-48h) of baricitinib remained unchanged with or without co-administration of 
600 mg ciclosporin (Table 4.1.17.3).  

 
Table 4.1.17.3 Summary of Effect of Ciclosporin on Baricitinib Renal Clearance and Creatinine 

Clearance 
 

 
4 mg Baricitinib (N=18) 

4 mg Baricitinib + 600 mg 
Ciclosporin (N=18) 

Ae0-72 (mg)* 2.72 (0.411) 2.81 (0.456) 

CLr (L/h)* 11.6 (3.34) 9.46 (3.46) 

CRCL (L/h)* 120.09 (21.88) 123.10 (25.15) 
*Arithmatic mean (SD) 
Source: adapted from CSR JAGH-body.pdf, page 16, Table JAGH.7.2 and JAGH.7.3 

 
 

Safety Results: 
No deaths or SAEs occurred during this study. No subject discontinued the study because of an AE. 
During the study, 15 (83.3%) subjects reported a total of 62 TEAEs that were judged to be possibly 
related to study drug by the investigator. The most commonly reported drug-related TEAEs were 
headache, nausea, feeling hot, and dizziness. 
 
There were no changes in clinical chemistry, hematology, or urinalysis data for individual subjects during 
the study that were considered clinically significant by the investigator. 
 
There were no findings in the 12-lead ECGs for individual subjects that were considered to be clinically 
significant by the investigator. 
 
Conclusions: 

 Following a single oral dose of 4 mg baricitinib, the AUC0-∞ of baricitinib was 29% higher when 
baricitinib was co-administered with single dose of 600 mg ciclosporin than when baricitinib was 
administered alone. There was no statistically significant difference in Cmax with or without the co-
administration of 600 mg ciclosporin. By considering the inter-subject variability (AUC0-∞ CV 
ranged between 24% to 26%), the overall exposure change of baricitinib following co-
administration with 600 mg ciclosporin may not result in clinical relevant differences.  
 

 CLr and CL/F of baricitinib reduced approximately 22% and 18%, respectively, when baricitinib 
was co-administered with 600 mg ciclosporin than when baricitinib was administered alone. 
However, values of Ae0-72h and t1/2 of baricitinib were comparable with or without co-
administration of single dose of 600 mg ciclosporin.  
 
 

 Single oral doses of 4 mg baricitinib were well tolerated when administered alone and generally 
well tolerated when co-administered with 600 mg ciclosporin. 
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4.1.18 Study JAGO  
 

Study Type: Phase 1 single-dose, crossover, bioequivalence study in healthy Japanese males 
Study Dates: 11/05/2014 – 01/05/2015 
Sponsor: Eli Lilly 
Formulation: Phase 2 Tablet, 4 mg and 8 mg; Commercial Tablet, 4 mg 
 
Title:  
Relative Bioavailability of the Baricitinib (LY3009104) Commercial Tablet Compared to the Phase 2 
Tablets and the Effect of Food on the Bioavailability of the Commercial Tablet in Healthy Japanese 
Subjects 
 
Objective:  

 The primary objective was to evaluate the relative bioavailability of two 4-mg baricitinib 
commercial tablets compared with one 8-mg baricitinib Phase 2 tablet in healthy subjects. 
 

 Secondary objectives:  
o To evaluate the effect of a low-fat meal on the bioavailability of the 4-mg baricitinib 

commercial tablet in healthy subjects. 
o To evaluate the relative bioavailability of one 4-mg baricitinib commercial tablet compared 

with one 4-mg baricitinib Phase 2 tablet in healthy subjects. 
o To evaluate the safety and tolerability of single doses of baricitinib when administered to 

healthy subjects. 
 

Study Design and Method:  
This study was a phase 1, single-center, randomized, open-label, single-dose, 5-period, 4-sequence, 
incomplete crossover study in healthy Japanese males. 16 Japanese males were randomized and all of 
them completed the study. Each subject received the following five treatments: 

 T1: 2 × 4-mg baricitinib commercial tablets, which are being used in Phase 3 trials, administered 
in the fasting state; 

 T2: 1 × 4-mg baricitinib commercial tablet, which is being used in Phase 3 trials, administered in 
the fasting state; 

 T2F: 1 × 4-mg baricitinib commercial tablet, which is being used in Phase 3 trials, administered 
with a low-fat meal; 

 R1: 1 × 8-mg baricitinib Phase 2 tablet, which was used in used in Study JADH (relative 
bioavailability study), administered in the fasting state; 

 R2: 1 × 4-mg baricitinib Phase 2 tablet, which was used in Study JADN (Japanese Phase 2), Part 
B, administered in the fasting state. 
 

In Periods 1 through 4, baricitinib doses were administered following an overnight fast (water only 
permitted) of at least 10 hours. In Period 5, following an overnight fast (water only permitted) of at least 
10 hours, dose of baricitinib was given 30 minutes after the start of a low-fat meal consisted of 
approximately 600 kilocalories (700 kilocalories or less), with fat comprising no more than 20% of the 
total caloric content of the meal. The washout period was at least 7 days between dosing in one period and 
dosing in the next period. 
 
Venous blood samples for measuring baricitinib plasma concentrations were collected up to 48 hours 
post-dose. Baricitinib plasma concentration data were analyzed using non-compartmental method.  
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Plasma samples obtained during this study were analyzed for baricitinib using a validated liquid-liquid 
extraction method at . The lower 
limit of quantification (LLOQ) was 0.20 ng/mL, and the upper limit of quantification (ULOQ) was 200.00 
ng/mL. There were no samples with results above the ULOQ. The inter-assay accuracy (% relative error) 
during validation ranged from 0.7% to 3.3%. The inter-assay precision (% relative standard deviation 
[SD]) during validation ranged from 2.0% to 3.8%.  
 
PK Endpoints: Cmax, tmax, AUC0-tlast, AUC0-∞, t1/2, CL/F, and Vz/F 
 
PK Results: 
All 16 subjects who entered the study were dosed and completed the study. There was no protocol 
deviations that occurred that could have affected the safety of the subjects or the results or conclusions 
presented in this report. 
 

 Relative bioavailability of two 4-mg baricitinib Commercial Tablets and one 8-mg baricitinib 
Phase 2 Tablet administered in the fasting state 
 

In the fasting state, the observed PK profiles of the 2 × 4-mg baricitinib Commercial Tablets (T1) and 
the 1 × 8-mg baricitinib Phase 2 Tablet used in the relative bioavailability Study JADH (R1) were 
similar (Figure 4.1.18.1 and Table 4.1.18.1), and the 90% CIs for AUC0-tlast, AUC0-∞, and Cmax were 
all contained within the boundary of 0.8 to 1.25. The median tmax was similar between two treatments, 
with 0.88 hour and 0.75 hour for 2 × 4-mg Commercial Tablets and 1 × 8-mg Phase 2 Tablet, 
respectively (Table 4.1.18.2).  
 

 
Figure 4.1.18.1 Arithmetic mean (± SD) baricitinib plasma concentration-time profiles following single-
dose administration of two 4-mg Commercial Tablets (T1, open circle) or one 8-mg Phase 2b Tablets (R1, 
filled circle).  (Source: CSR JAGO-body.pdf, page 16, Figure JAGO.7.1) 
 

 Relative bioavailability of one 4-mg baricitinib Commercial Tablets and one 4-mg baricitinib 
Phase 2 Tablet administered in the fasting state 
 

In the fasting state, the observed PK profiles of the 1 × 4-mg baricitinib commercial tablets (T2) and 
the 1 × 4-mg baricitinib Phase 2 tablet used in the relative bioavailability Study JADH (R2) were 
similar (Figure 4.1.18.2 and Table 4.1.18.1), and the 90% CIs for AUC0-tlast, AUC0-∞, and Cmax were 
all contained within the boundary of 0.8 to 1.25. The median tmax was similar between two treatments, 
with 0.88 hour and 0.75 hour for 1 × 4-mg Commercial Tablets and 1 × 4-mg Phase 2 Tablet, 
respectively (Table 4.1.18.2).  
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Figure 4.1.18.2 Arithmetic mean (± SD) baricitinib plasma concentration-time profiles following single-
dose administration of one 4-mg Commercial Tablets (T2, open square) or one 8-mg Phase 2b Tablets 
(R2, filled square).  (Source: CSR JAGO-body.pdf, page 18, Figure JAGO.7.3) 
 

 Effect of a low-fat meal on the PK of one 4-mg baricitinib Commercial Tablet 
 

The observed PK profiles of the 1 × 4-mg baricitinib commercial tablets (T2) administered under 
fasting condition (T2) and fed (low-fat meal) condition (T2F) were similar (Figure 4.1.18.3 and Table 
4.1.56), and the 90% Cis for AUC0-tlast, AUC0-∞, and Cmax were all contained within the boundary of 
0.8 to 1.25. The median tmax was similar between two treatments, with 0.88 hour and 1.00 hour under 
fasting condition and fed condition, respectively (Table 4.1.57).  
 

 
Figure 4.1.18.3 Arithmetic mean (± SD) baricitinib plasma concentration-time profiles following single-
dose administration of one 4-mg Commercial Tablets under fasting condition (T2, square) or fed 
condition (T2F, diamond).  (Source: CSR JAGO-body.pdf, page 17, Figure JAGO.7.2) 
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Table 4.1.18.1 Statistical Analysis of the Relative Bioavailability of Different Baricitinib 
Formulations  

 

 
Model: Log (PK) = Treatment + Sequence + Period + Subject + Random Error, where subject was fitted as a random 
effect 
Source: from CSR JAGO-body.pdf, page 20, Table JAGO.7.2 

 
Table 4.1.18.2 Summary of PK Parameters of Different Baricitinib Formulations 

 

 
a Median (range) 
b Geometric mean (range) 
Source: from CSR JAGO-body.pdf, page 19, Table JAGO.7.1 
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Safety: 
No deaths or other serious adverse events occurred during this study. No subject discontinued the study 
because of an adverse event. No Aes were reported in this study. 
 
During the course of the study, there were no clinically significant changes in laboratory values. 
 
There were no clinically significant findings in ECG assessments. 
 
Conclusions: 

 The AUC0-tlast, AUC0-∞, and Cmax of baricitinib were similar for the 2  4-mg Commercial Tablets 
and 1  8-mg Phase 2 Tablet; the 90% Cis for the ratios of geometric LS means were all 
completely contained within the limits of 0.8 to 1.25. There was no difference in median tmax 
between the 2 formulations. 
 

 A low-fat meal only slightly decreased (approximately 15%) the systemic exposure with 90% Cis 
for the ratios of geometric LS means were all completely contained within the limits of 0.8 to 1.25. 
A low-fat did not affect the rate of baricitinib absorption. This food effect was consistent with 
results from Study JADH, and shows that baricitinib can be administered in either the fed or the 
fasted state.  
 
 

 The AUC0-tlast, AUC0-∞, and Cmax of baricitinib were similar for the 1  4-mg Commercial Tablets 
and 1  4-mg Phase 2 Tablet; the 90% Cis for the ratios of geometric LS means were all 
completely contained within the limits of 0.8 to 1.25. There was no difference in median tmax 
between the 2 formulations. 
 
 

 Single oral doses of 4 mg or 8 mg baricitinib were safe and well tolerated in healthy subjects when 
administered as commercial and Phase 2 tablet formulations.  
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4.1.19 Study JAGM  
 

Study Type: Phase 1 single-dose, mass balance study in healthy subjects 
Study Dates: 01/14/2015 – 02/19/2015 
Sponsor: Eli Lilly 
Formulation: Commercial Tablet, 4 mg; 4 μg [13C4D3

15N]-baricitinib as 0.25 μg/mL solution (16 mL) 
 
Title:  
An Absolute Bioavailability Study of Baricitinib in Healthy Subjects Using the Intravenous Tracer 
Method 
 
Objective:  

 The primary objective was to estimate the absolute bioavailability of baricitinib following 
simultaneous administration of a single oral dose of 4 mg baricitinib and a single 1.5-hour IV 
infusion of 4 μg [13C4D3

15N]-baricitinib in healthy subjects. 
 

 Secondary objective was to characterize the PK of baricitinib following a single oral dose of 4 mg 
baricitinib and a single IV dose of 4 μg [13C4D3

15N]-baricitinib in healthy subjects.  
 

Study Design and Method:  
This study was a phase 1, single-site, open-label, single-dose, single-period study in healthy subjects. 8 
subjects (7 males and 1 female) entered the study and all of them completed the study. On Day 1, subjects 
received a single oral dose of 4 mg baricitinib, and at approximately the same time an IV infusion of 
approximately 4 μg/16 mL [13C4D3

15N]-baricitinib was started. The infusion continued for approximately 
1.5 hour with infusion rate of 10.7 mL/hour. PK blood samples for measurement of baricitinib and 
[13C4D3

15N]-baricitinib were collected predose and serially up to 72 hours postdose. Baricitinib plasma 
concentration data were analyzed using non-compartmental methods. 
 
Human plasma samples obtained during this study were analyzed for baricitinib and [13C4D3

15N]-
baricitinib using a validated liquid chromatography with tandem mass spectrometry method at  

. The lower limit of quantification was 0.1 ng/mL for 
baricitinib and 0.002 ng/mL for [ C4D3 N]-baricitinib; the upper limit of quantification was 100 ng/mL 
for baricitinib and 2 ng/mL for [13C4D3

15N]-baricitinib. The inter-assay accuracy (% relative error) during 
validation ranged from 98.9% to 104.0% for baricitinib and 91.0% to 97.5% for [13C4D3

15N]-baricitinib. 
The inter-assay precision (% relative SD) during validation ranged from 2.2% to 5.8% for baricitinib, and 
1.7% to 11.0% for [13C4D3

15N]-baricitinib.  
 
PK Endpoints: AUC0-tlast, AUC0-72, AUC0-∞, Cmax, Tmax, CL/F, Vz/F, and bioavailability (F) 

 
PK Results: 
Eight subjects entered and completed the study. The protocol deviations that occurred were reviewed by 
the sponsor and were considered unlikely to have affected the safety of the subjects or the results or 
conclusions presented in this report. 

 
The plasma concentration versus time profile for orally administered baricitinib was characterized by a 
rapid absorption phase with a median tmax of 1 hour (Figure 4.1.19.1, Table 4.1.19.1). The geometric mean 
t1/2 of baricitinib was 8.6 hours and 4.1 hours following oral administration and IV infusion, respectively. 
The discrepancy might be due to a shorter PK sampling scheme of IV infusion (12 hours) than oral 
administration (48 hours). The geometric LS mean (90% CI) absolute bioavailability of baricitinib after 
oral administration, based on AUC0-∞, was 0.789 (0.769, 0.810) (Table 4.1.19.2). 
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 A              B 

 
 

Figure 4.1.19.1 Arithmetic mean (± SD) plasma concentration-time profile following single-dose oral 4 
mg baricitinib administration (A) or 4 μg [13C4D3

15N]-baricitinib IV infusion (B). (Source: CSR JAGM-
body.pdf, page 15-16, Figure JAGM.7.1 and JAGM.7.2) 
 

Table 4.1.19.1 Summary of PK Parameters of Baricitinib following Single Oral and IV Doses  
 

 
a Median (range) 
b Geometric mean (range)  
Source: from CSR JAGM-body.pdf, page 17, Table JAGM.7.1 

 
Table 4.1.19.2 Statistical Analysis of the Absolute Bioavailability of Baricitinib 

 

  
Model: Log(PK) = Treatment + Subject + Random Error, where Subject was fitted as a random effect. 
Source: from CSR JAGM-body.pdf, page 17, Table JAGM.7.2 
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Safety: 
No deaths or other serious adverse events occurred during this study. No subject discontinued the study 
because of an adverse event. During the study, one subject reported 2 TEAEs that were judged to be 
possibly related to study drug by the investigator. 
 
During the course of the study, there were no clinically significant changes in laboratory values. 
 
There were no findings in the 12-lead ECGs for individual subjects that were considered to be clinically 
significant by the investigator. 
 
Conclusions: 

 The geometric LS mean (90% CI) absolute bioavailability of a 4-mg oral dose of baricitinib was 
0.789 (0.769, 0.810). For individual subjects, the absolute bioavailability ranged from 0.73 to 0.84. 
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4.2 Appendix – Population PK Analysis 
 

4.2.1 Are the PK parameters reported in the label supported by the population PK analysis 
submitted by the sponsor? 
 
Yes, the PK parameters reported in the label are supported by the population PK (popPK) analysis 
submitted by the sponsor. 
 
Three Phase 2 studies (Studies JADC, JADA and JADN) and four Phase 3 studies (Studies JADV, 
JADW, JADX, and JADZ) were included in popPK analysis (Phase 2-3 PopPK Report) for RA patients 
(Table 4.2.1). In total the popPK analysis included 14034 observed plasma concentration data from 2403 
RA patients. 61% of patients provided 5 to 7 PK samples. The dosing range of baricitinib in this analysis 
covered from 1 mg QD to 10 mg QD. A 2 mg BID dosing regimen (from Study JADA) was also included. 
All four baricitinib formulations were covered by these studies. 
 

Table 4.2.1 List of Clinical Studies included in Phase2-3 Population PK Analysis 
 

Study 
ID 

Phase 
Patient 

Population 
Patients 
Number1 

PK Sample 
Number2 

Treatment Groups Formulation

JADC 2a 

Active RA patients 
inadequately 

controlled with at least 
one DMARD 

127 (119) 6.2 

Up to 24 weeks QD treatments of: 
4 mg baricitinib, or 
7 mg baricitinib, or 
10 mg baricitinib, or 
Placebo 

Phase 1/2a 
Capsule 

JADA 2b 
Active RA patients 

with use of MTX for 
at least 12 weeks 

301 (279)  7.6 

Up to 128 weeks QD treatments of: 
1 mg baricitinib, or 
2 mg baricitinib, or 
4 mg baricitinib, or 
8 mg baricitinib, or 
Placebo 

BID treatments of: 
2 mg baricitinib 

Phase 2b 
Capsule/ 

Phase 2 Tablet 

JADN 2b 

Active Japanese RA 
patients with use of 
MTX for at least 12 

weeks 

145 (143) 11.9 

Up to 64 weeks QD treatments of: 
1 mg baricitinib, or 
2 mg baricitinib, or 
4 mg baricitinib, or 
8 mg baricitinib, or 
Placebo 

Phase 2b 
Capsule/ 

Phase 2 Tablet 

JADV 3 

Active RA patients 
who had an 

insufficient response 
to MTX and had not 

been treated with 
biologic DMARD 

1305 (599) 5.2 

Up to 52 weeks QD treatments of: 
4 mg baricitinib, or  
Placebo 

OR, 
Up to 52 weeks Biweekly SC of: 

40 mg adalimumab, or 
Placebo 

Commercial 
Tablet 

JADW 3 

Moderate to severe 
active RA patients 

who had an 
insufficient response 
to or were intolerant 
of at least 1 biologic 
TNF inhibitor and 

were taking 
background 

cDMARD therapy 

527 (395) 4.4 

Up to 24 weeks QD treatments of: 
2 mg baricitinib, or 
4 mg baricitinib, or  
Placebo 

 

Commercial 
Tablet 
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JADX 3 

Moderate to severe  
active RA patients 

who had an 
insufficient response 
to cDMARDs, and 
had not previously 
been treated with a 
biologic DMARD 

684 (491) 5.7 

Up to 24 weeks QD treatments of: 
2 mg baricitinib, or 
4 mg baricitinib, or  
Placebo 

 

Commercial 
Tablet 

JADZ 3 

Moderate to severe  
active, early RA 
patients who had 

limited or no 
treatment with MTX 

and were naive to 
other DMARDs 

584 (369) 5.6 

Up to 52 weeks QD treatments of: 
4 mg baricitinib, or  
MTX 
 

Commercial 
Tablet 

 1 number of patients randomized (number of patients included in popPK analysis with non-zero baricitinib plasma concentration 
record) 

 2 average post-dose blood samples collected for measuring baricitinib plasma concentration per subject 
Source: adapted from Section 5.2, Tabular Listing of Clinical Studies 
 

The final popPK model of baricitinib was characterized by a 2-compartment model with zero-order 
absorption (including lag time) and a CL/F that was partitioned into CLr/F (73% of CL/F) and CLnr/F 
(27% of CL/F). The PK parameters of baricitinib derived from the final model were listed in Table 4.2.2: 
 

Table 4.2.2 List of Clinical Studies included in Phase2-3 Population PK Analysis 
 

 
bESR = baseline erythrocyte sediment rate 
MDRD = Modification of Diet in Renal Disease 
CLr/F = Apparent renal clearance  [(baseline MDRD/93) + Covariate for change in MDRD eGFR  (ΔMDRD)]  
e(bESR-40)  Covariate for bESR  [1 + (body weight-74)  Covariate for body weight] 
Source: from Phase 2-3 PopPK 02 Report.pdf, page 55, Table 8.4 
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Visual inspection indicated that the percentage of observations outside the prediction intervals created 
from the simulated distribution was in reasonably good agreement with the expected range of values 
(Figure 4.2.1).  
 

 
Figure 4.2.1 Visual predictive check for 2 mg and 4 mg for the final pharnmacokinetics model. Solid 
orange lines represent median, 5th, and 95th percentiles for model prediction. Dashed red lines represent 
median, 5th, and 95th percentile for the observed data (source: from Phase 2-3 popPK 02 Report.pdf, page 
59, Figure 8.6). 
 
Prior to Phase2-3 popPK analysis, a Phase 1/2a popPK analysis including five Phase 1 studies were 
developed to provide an initial parameters and covariates estimates of baricitinib in healthy subjects. 
Based on the fact that all these Phase 1 studies had been analyzed by pre-defined non-compartment 
method, the PK parameters from these Phase 1 studies were displayed as results from non-compartment 
method in this review.   
 

4.2.2 What are the effects of intrinsic factors on the PK of baricitinib? 

Modification of diet in renal disease (MDRD)-eGFR, body weight, and baseline erythrocyte sediment rate 
(bESR) were identified as significant covariates for baricitinib CLr/F in the final model (Table 4.2.2). 
Age, sex, liver function tests (ALT, AST, bilirubin), race, and duration of RA were evaluated in the model 
and not identified as significant covariates.  
 

 Renal function 
The renal function used in popPK analysis was MDRD-eGFR as estimated by following equation: 

eGFR (mL/min/1.73 m2) =175  (Scr, std)
-1 154(Age) -0 203  (0.742 if female)  (1.212 if African American) 

 
where Scr, std is serum creatinine measured with a standardized assay. 
 

The coefficient of baseline MDRD-eGFR on baricitinib baseline CLr/F in RA patients was fixed as 1 in 
the final model, though an extra coefficient of MDRD-eGFR change from baseline (ΔMDRD) was 
introduced to better estimate CLr/F in a real-time manor (CLr/F∝ baseline MDRD/93 + 0.00951  
ΔMDRD). The relationship between baseline CLr/F and baseline MDRD was illustrated in Figure 4.2.1. A 
subject with BMDRD of 45 mL/min/1.73m2 is estimated to reduce CLr/F and CL/F by 50% and 37%, 
respectively, compared to subject with MDRD of 90.5 mL/min/1.73m2 (median baseline MDRD of all 
patients). 
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Figure 4.2.1 Scatter plot of baricitinib CLr/F over baseline modification of diet in renal disease. The red 
line represents CLr/Ftv (BMDRD/93) prediction curve. The blue line represents local smoothing curve 
(source: adapted from Phase 2-3 popPK 02 Report.pdf, page 56). 

 
The relationship between change of CLr/F from baseline and ΔMDRD was illustrated in Figure 4.2.2. A 
subject with MDRD change of to 45 mL/min/1.73m2 from baseline 90.5 mL/min/1.73m2 (median baseline 
MDRD of dataset) is estimated to reduce CLr/F and CL/F by 44% and 33%, respectively. The results were 
consistent with the relationship between CLr/F and baseline MDRD. 

 

 
Figure 4.2.2 Scatter plot of baricitinib CLr/F change from baseline over BMDRD change from baseline. 
The red line represents CLr/Ftv (ΔBMDRD  0.00951) prediction curve. The blue line represents local 
smoothing curve (source: ph2-3-final-pk-model-t1-tb001-csv.txt). 
 

 Body weight  
The coefficient of baseline body weight on baricitinib baseline CLr/F in RA patients was estimated as 
0.00894 [CLr/F∝ 1 + (body weight-74)  0.00894] (Figure 4.2.3). Between subject variability (BSV) on 
CLr/F decreased from 39.4% to 36.2% with the addition of body weight covariate on CLr/F. Patients with 
body weight of 52 Kg (median body weight of 1st quartile of body weight) and 96 Kg (median body 
weight of 4th quartile of body weight) were estimated to have 12% decrease and 17% increase of CL/F 
compared to patients weighing 70 kg (median body weight of all patients), respectively.    
 

Reference ID: 4016512



 119

 
Figure 4.2.3 Scatter plot of baricitinib baseline CLr/F over body weight. The red line represents 
CLr/Ftv[1+(body weight-74)0.00894] prediction curve. The blue line represents local smoothing curve 
(source: ph2-3-final-pk-model-t1-tb001-csv.txt). 
 

 bESR 
The power function of bESR on CLr/F in RA patients was estimated as -0.00217 [CLr/F∝ e (BSR-40)  (-

0.00217)] (Figure 4.2.4). Patients with bESR of 19 mm/hr (median value of 1st quartile of bESR) and 75 
mm/hr (median value of 4th quartile of bESR) were estimated to have 3.4% decrease and 5.4% 
increase of CL/F compared to patients with bESR of 40 mm/hr (median bESR of all patients), 
respectively.    

 
Figure 4.2.4 Scatter plot of baricitinib baseline CLr/F over baseline erythrocyte sediment rate. The red 
line represents CLr/Ftv e (BSR-40)  (-0.00217) prediction curve. The blue line represents local smoothing curve 
(source: ph2-3-final-pk-model-t1-tb001-csv.txt). 

 
4.2.3 What are the effects of extrinsic factors on the PK of baricitinib? 

 
Dose, formulation (Commercial Tablet vs. non-commercial tablet/capsule), patients’ previous DMARDS 
treatment history, concomitant medications (corticoids, MTX, diclofenac, ibuprofen, NSAIDS, 
bDMARDs, HCQ, LEF, and SSZ) were evaluated in the model and none of them was identified as 
significant covariate.  
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4.3 Appendix – Exposure-Response Analysis 
 

4.3.1 Exposure-response relationship for efficacy  
 
4.3.1.1 Is there an exposure-response relationship for ACR20/50/70? 
 
Although there is an exposure-response relationship for ACR20/50/70, the response curve is generally 
flat. 
 
Two Phase 2 studies (Studies JADA and JADN) and four Phase 3 studies (Studies JADV, JADW, JADX, 
and JADZ) were included in exposure-response analysis for ACR20, ACR50, and ACR70. Phase 2 Study 
JADC (911 ACR20, 956 ACR50, and 1005 ACR70 observations) was excluded since ACR20/50/70 was 
evaluated with 28 joints in this Phase 2a study as opposed to 66/68 joints evaluated in the other Phase 2 
and Phase 3 studies. The data set included 28295 ACR20/50/70 measurements (within 24-week post-first-
dose) from 3192 RA patients. That represents approximately 87% of RA patients in these studies. Among 
them, 1032 patients received placebo treatment. For patients received baricitinib treatment, only those 
having PK data were included in this dataset. Baricitinib doses in this dataset covered 1 mg, 2 mg, 4 mg, 
and 8 mg. The dosing regimen covered both BID (only for 2 mg BID) and QD (1 mg, 2 mg, 4 mg, and 8 
mg). 

 
The final PK/PD model was a logistic regression model is illustrated in Figure 4.3.1 with following 
equation: 

 
Where r = 20, 50, or 70; the logit parameter for a particular ACRr responder status and prob 
[ACRr=1] is the likelihood of a patient achieving that status of four possibilities: nonresponder, and 
responder to ACR20/50/70. Because of the nature of logit (1 – ACRL), the model does not need to 
estimate the intercept values. In this context, the intercept was fixed as logit (1-r/100). ACR latent-
dependent variable (ACRL) is the latent variable value (spanning a value from 0 to 1). At time=0, 
ACRL was set at 1, as this is desirable where the logit (1-ACRL) is 0 and translates to ACRr not 
achieved at the baseline. ACRL is the underlying RA disease condition depicted by type I indirect 
response model, with smaller values indicating symptom improvement: 
 

 
 

Where Kin is zeroth-order rate constant for formation of ACRL; Kout is the first-order rate constant for 
loss of ACRL. PBO(t) is the placebo effect over time. Emax is the maximum inhibition of formation 
elicited by drug concentration, and EC50 is the half-maximal response concentration. The drug inhibits 
the formation of the disease as described by the Emax function. To express PBO(t), the effect of placebo 
over time, the empirical structure as follows was used: 

 
Where Eplcm is the maximum placebo effect, t is the time after the first dose and Tplb is the half-life in 
hours.  
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Figure 4.3.1 Schematic representation of the population exposure response model for ACR efficacy 
following oral administration of baricitinib (source: Phase 2-3 popPK 02 Report.pdf, page 40, Figure 7.8). 

 
The final model parameter estimates were summarized in Table 4.3.1.  Biological DMARDS 
(bDMARDS) IR (inadequate response), conventional DMARDS IR, previous MTX treatment (MTX 
naive) were identified as significant covariates for ACR response. 
 
Table 4.3.1 PD Parameter Estimates from the Final Exposure-Response Model for ACR 20/50/70 in 

Rheumatoid Arthritis Patients on Baricitinib 
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ACRL = ACR latent-dependent variable 
bDMARDs = biologic disease-modifying anti-rheumatic drug 
bDMARDs IR = JADW + patients from Study JADN who had previously received biologic therapy 
cDMARDs = conventional disease-modifying anti-rheumatic drug 
cDMARDs IR= JADA, JADN, JADV, and JADX, except for patients from Study JADN who had previously 

received biologic therapy 
BSV = between subject variability 
Source: from Phase 2-3 PopPK 02 Report.pdf, page 65, Table 8.6 

 
Visual inspection indicated the model adequately described the time course of ACR20/50/70 with 
reasonable agreement between observed and the predicted response rate for placebo, 2 mg baricitinib and 
4 mg baricitinib treatment groups (Figure 4.3.2).  
 

 
Figure 4.3.2 Visual predictive checks for probabilities of ACR20 (upper panel), ACR50 (middle panel), 
and ACR70 (lower panel) response following placebo (left panel), 2 mg baricitinib (middle panel) and 4 
mg baricitinib (right panel) treatment. Circles depict actual observed ACR response rate, and bold lines 
and shaded regions depict the model-predicted median and 90% prediction intervals, respectively (from 
Phase 2-3 PopPK 02 Report.pdf, page 68 to 70, Figures 8.9, 8.10, and 8.11). 
 
The model-estimated Emax was 87%, 64%, and 39% for ACR20, ACR50, and ACR70 response rates 
respectively. The model-estimated EC50 (baricitinib plasma concentration for half-maximal response) was 
5.27 nM (1.95 ng/mL). The EC50 value is about 20% of the estimated Cavg,ss value following 2 mg QD 
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dosing regimen. The model-predicted Week-12 exposure-response curves agreed with the observed 
ACR20/50/70 at different doses when estimated Cavg,ss  was 4.4, 8.8, 17.7, and 35.4 ng/mL for the studied 
dose 1, 2, 4, and 8 mg, respectively (Figure 4.3.3). The ACR20 response rate increased from 63% to 71% 
when baricitinib dose increased from 2 mg to 4 mg. The ACR50 response rate increased from 29% to 
45% when baricitinib dose increased from 2 mg to 4 mg. The ACR70 response rate increased from 16% 
to 23% when baricitinib dose increased from 2 mg to 4 mg. The relative higher ACR20/50 response of 1 
mg baricitinib group compared to 2 mg group is mostly due to the small population (N=58) of 1 mg 
baricitinib group studied in Phase 2 Studies (JADA and JADN).  

 

   
Figure 4.3.3 Model-predicted dose/exposure-response relationships for ACR20/50/70 at Week 12. Solid 
lines are model-predicted response. The bands are 90% prediction intervals that were constructed by 
simulation of 200 trials and 200 patients per trial. Circle, triangle, and diamond are for observed ACR20, 
50, and 70 response rates for different doses, respectively. Black and red colors are for QD and BID 
dosing regimen, respectively. Vertical solid and dashed lines indicate the range (5th percentile to 95th 
percentile) of predicted concentrations for 4-mg and 2-mg, respectively. (source: Phase 2-3 popPK 02 
Report.pdf, page 67, Figure 8.8)   
 
The comparison of QD and BID dosing regimens on ACR responses was evaluated in Part B of Study 
JADA. Active RA patients with use of MTX for at least 12 weeks were enrolled in this study. Patients 
who received either placebo (N=78) or 1 mg baricitinib QD (N=44) treatment for 12 weeks in Part A were 
pooled together and reassigned (1:1 randomization) to receive either 2 mg BID (N=61) or 4 mg QD 
baricitinib (N=61) treatment for another 12 weeks. Among them, 44 subjects from 2 mg BID regimen and 
49 subjects from 4 mg QD regimen had PK information available. The ACR20/50/70 response rate is 
summarized in Figure 4.3.4. The ACR 20/50/70 response rates were similar between 2 mg BID or 4 mg 
QD at both re-randomization baseline (Week 12) and at Week 24. 
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Figure 4.3.4 Effects of dosing regimens on ACR20/50/70 response rate from Week 12 to Week 24 in Part 
B of Study JADA. 122 subjects on either placebo treatment or 1 mg QD baricitinib treatment in Part A 
were 1:1 re-randomized to receive either 2 mg BID (blue) or 4 mg QD (brown) treatment from week 12 in 
Part B.  The graph summarized 93 subjects with PK information available (source: Reviewer’s summary 
on jadacnvwxz_combined_updated4.xpt). 

 
RA patients with previous inadequate response to bDMARDs had smaller response rate to baricitinib 
compared to RA patients with previous inadequate response to cDMARDs; and RA patients with previous 
inadequate response to cDMARDs generally had smaller response rate to baricitinib compared to RA 
patients without previous MTX treatment (Figure 4.3.5).   
 

 
Figure 4.3.5 Effects of previous DMARDs treatment on Week 12 ACR20/50/70 response rate to 
baricitinib treatment. IR = inadequate response. The median Cavg,ss values for four quartiles in MTX naïve 
patients were 12.7, 16.0, 20.2, and 32.4 ng/mL, respectively. The median Cavg,ss values for four quartiles in 
cDMARD IR patients were 8.8, 13.7, 17.9, and 26.6 ng/mL, respectively. The median Cavg,ss values for 
four quartiles in bDMARD IR patients were 7.1, 11.1, 15.5, and 21.9 ng/mL, respectively (source: 
adapted from Phase 2-3 popPK 02 Report.pdf, page 63, Table 8.5). 
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Where the formation rate (kin) of the PD marker was a zero-order process, elimination rate (kout) of the 
PD marker was a first-order process; Tplb is the half-life of the placebo effect in days.  
 

The final model parameter estimates were summarized in Table 4.3.2.  bDMARDS IR, cDMARDS IR, 
MTX naive were identified as significant covariates for ACR response. 
 
Table 4.3.2 PD Parameter Estimates from the Final Exposure-Response Model for DAS-hsCRP in 

Rheumatoid Arthritis Patients on Baricitinib 
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a Baseline DAS28-hsCRP score =(exp(TVbase*(1+I1*Covariate for cDMARD on TVbase) /(1+exp(TVbase 
*(1+I1*Covariate for cDMARD on TVbase); where I1=1 if patient was cDMARD IR else 0. 

b kin = ln2/Tout. 
c Eplcm =(exp(TVplcm*(1+I3*Covariate for MTX naïve on TVplcm)))/(1+exp(TVplcm*(1+I3*Covariate for MTX 

naïve on TVplcm))+ exp(TVmax*(1+I2*Covariate for bDMARD on TVmax) *(1+I3*Covariate for MTX naïve on 
TVemax))); where I2=1 if patient was bDMARD IR else 0, and I3=1 if patient was MTX naïve else 0. 

d Edrug=1/(1+exp(TVplcm*(1+I3*Covariate for MTX naïve on TVplcm))+ exp(TVmax*(1+I2*Covariate for 
bDMARD on TVmax) *(1+I3*Covariate for MTX naïve on TVemax))); where I2=1 if patient was bDMARD IR 
else 0, and I3=1 if patient was MTX naïve else 0. 

e 1 nM = 0.37 ng/mL 
f Covariance between ω2. 
g Standard deviation. 
h %CV = (SQRT(EXP(OMEGA(N))−1))*100%. 
Source: from Phase 2-3 PopPK 02 Report.pdf, page 74-5, Table 8.8 

 
Visual inspection indicated the model adequately described the time course of ACR20/50/70 with 
reasonable agreement between observed and the predicted response rate for placebo, 2 mg baricitinib and 
4 mg baricitinib treatment groups (Figure 4.3.6).  
 

 
Figure 4.3.6 Visual predictive checks for final DAS28-hsCRP model following placebo (left panel), 2 mg 
baricitinib (middle panel) and 4 mg baricitinib (right panel) treatment. Solid and dashed lines correspond 
to predicted and observed 5th, 50th, and 95th percentiles, respectively. Individual observations (●) are 
presented (from Phase 2-3 PopPK 02 Report.pdf, page 69, Figures 8.14). 
 
The model-estimated maximum placebo and drug effect was 0.112 and 0.955, respectively (logit scale on 
Das28-hsCRP unit. The baricitinib concentration required for half maximum effect (EC50) was about 30% 
of the estimated Cavg,ss value following 2 mg QD dosing regimen. The model-predicted Week-12 
exposure-response curves agreed with the observed DAS28-hsCRP response rate at different doses when 
estimated Cavg,ss  was 4.4, 8.8, 17.7, and 35.4 ng/mL for the studied dose 1, 2, 4, and 8 mg (excluding 
Study JADC), respectively (Figure 4.3.7). The DAS28-hsCRP ≤ 3.2 response rate increased from 34% to 
45% when baricitinib dose increased from 2 mg to 4 mg. The DAS28-hsCRP < 2.6 response rate 
increased from 21% to 27% when baricitinib dose increased from 2 mg to 4 mg. The relative higher 
DAS28-hsCRP response of 1 mg baricitinib group compared to 2 mg group is mostly due to the small 
population (N=59) of 1 mg baricitinib group studied in Phase 2 Studies (JADA and JADN).  
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Figure 4.3.7 Model-predicted dose/exposure-response relationships for DAS28-hsCRP at Week 12. Solid 
black lines are model-predicted response. The bands are 90% prediction intervals that were constructed by 
simulation of 200 trials with 200 patients per trial. Triangle and circle are for observed percentage of 
patients achieving DAS28-hsCRP <=3.2 and <2.6, respectively. Black and red colors are for QD and BID 
dosing, respectively. Vertical solid and dashed lines indicate the range (5th percentile to 95th percentile) of 
predicted concentrations for 4-mg and 2-mg, respectively. (Source: Phase 2-3 popPK 02 Report.pdf, page 
77, Figure 8.13)   
 
The comparison of QD and BID dosing regimens on DAS28-hsCRP responses was evaluated in Part B of 
Study JADA. Active RA patients with use of MTX for at least 12 weeks were enrolled in this study. 
Patients who received either placebo (N=78) or 1 mg baricitinib QD (N=44) treatment for 12 weeks in 
Part A were pooled together and reassigned (1:1 randomization) to receive either 2 mg BID (N=61) or 4 
mg QD baricitinib (N=61) treatment for another 12 weeks. Among them, 44 subjects from 2 mg BID 
regimen and 49 subjects from 4 mg QD regimen had PK information available. The DAS28-hsCRP 
response rate is summarized in Figure 4.3.8. The DAS28-hsCRP response rates were similar between 2 
mg BID or 4 mg QD at both re-randomization baseline (Week 12) and at Week 24. 
 

  
Figure 4.3.8 Effects of dosing regimens on DAS28-hsCRP response rate from Week 12 to Week 24 in 
Part B of Study JADA. 122 subjects on either placebo treatment or 1 mg QD baricitinib treatment in Part 
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A were 1:1 re-randomized to receive either 2 mg BID (blue) or 4 mg QD (brown) treatment from week 12 
in Part B.  The graph summarized 93 subjects with PK information available (source: Reviewer’s 
summary on jadacnvwxz_combined_updated4.xpt). 

 
RA patients with previous inadequate response to bDMARDs had smaller response rate to baricitinib 
compared to RA patients with previous inadequate response to cDMARDs; and RA patients with previous 
inadequate response to cDMARDs generally had smaller response rate to baricitinib compared to RA 
patients without previous MTX treatment (Figure 4.3.9).   
 

 
Figure 4.3.9 Effects of previous DMARDs treatment on Week 12 DAS28-hsCRP response rate to 
baricitinib treatment. IR = inadequate response. The median Cavg,ss values for four quartiles in MTX naïve 
patients were 12.7, 16.0, 20.2, and 32.2 ng/mL, respectively. The median Cavg,ss values for four quartiles in 
cDMARD IR patients were 8.9, 13.7, 17.9, and 26.6 ng/mL, respectively. The median Cavg,ss values for 
four quartiles in bDMARD IR patients were 7.1, 11.1, 15.5, and 21.9 ng/mL, respectively (source: 
adapted from Phase 2-3 popPK 02 Report.pdf, page 72, Table 8.7). 
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4.3.2 Exposure-response relationship for safety  
 
4.3.2.1 Is there an exposure-response relationship for blood hemoglobin concentration? 

 
The exposure-response relationships between Cav,ss and blood hemoglobin concentration, and Cav,ss and 
blood hemoglobin concentration change from baseline are both flat. 
 
A total of 31766 blood hemoglobin concentration observations from 2748 patients were used in the 
analysis. 
 
Due to the overall small change in the hemoglobin level and low incidence of anemia observed in Phase 3 
studies, PK/PD models were not developed for hemoglobin in the Phase 3 population. The exposure-
response relationships between baricitinib Cavg,ss and hemoglobin levels at Week 24 and Week 52 were 
examined graphically with the Phase 3 population data. A small negative slope was observed for the 
relationship between hemoglobin and Cavg,ss (Figure 4.3.10). It was estimated that increase of Cavg.ss from 
8.8 to 17.7 ng/mL only resulted in reduction of blood hemoglobin concentration of 0.11 and 0.16 g/dL 
from baseline at Week 24 and Week 52, respectively. 
 

           
Figure 4.3.10 Observed exposure-response relationships for absolute (left) and change from baseline 
(right) in blood hemoglobin concentration at Week 24 (top) and Week 52 (bottom) (source: from Phase 2-
3 popPK 02 Report.pdf, page 80, Table 8.15). 
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4.3.2.2 Is there an exposure-response relationship for absolute neutrophil count (ANC)? 
 

The exposure-response relationships between Cav,ss and ANC, and Cav,ss and ANC change from baseline 
are both flat. 
 
A total of 31498 ANC observations from 2748 patients were used in the quartile analysis in the analysis. 
 
Due to the overall small change in the ANC level and low incidence of neutropenia (defined as ANC < 
1200 cells/μL) observed in Phase 3 studies, PK/PD models were not developed for ANC in the Phase 3 
population. The exposure-response relationships between baricitinib Cavg,ss and ANC levels at Week 24 
and Week 52 were examined graphically with data from the Phase 3 population. A small trend of decrease 
in the ANC with increasing concentration was observed (Figure 4.3.11). It was estimated that increase of 
Cavg.ss from 8.8 to 17.7 ng/mL only resulted in reduction of ANC of 171 and 163 cells/μL from baseline at 
Week 24 and Week 52, respectively. 
 

 
Figure 4.3.11 Observed exposure-response relationships for absolute (left) and change from baseline 
(right) in absolute neutrophil count at Week 24 (top) and Week 52 (bottom) (source: from Phase 2-3 
popPK 02 Report.pdf, page 82, Table 8.17). 

 
4.3.3 Does the exposure-response relationship for efficacy and safety support the proposed dosing 

regimen? 
 

Yes, the flat exposure-response relationship for efficacy and safety support the proposed baricitinib dosing 
regimen “4 mg once daily, for some patients, a dose of 2 mg once daily may be acceptable”. 
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The exposure-response analysis for efficacy included 2 Phase 2 studies and all four Phase 3 studies 
conducted under Baricitinib program, the dataset included 87% of the randomized RA patients in these 
studies. An Emax model demonstrated a clear exposure-response relationship for ACR20/50/70 response 
rate in RA patients (Figure 4.3.3).  Although a consistent numerical increase of ACR20/50/70 response 
rate at Week 12 from 2 mg QD to 4 mg QD was observed (63% to 71% for ACR20, 29% to 45% for 
ACR50, and 16% to 23 for ACR70), the exposure-response curve is generally flat from 1 mg QD to 8 mg 
QD. Therefore, the results support the proposed 2 or 4 mg QD dosing regimen. 

 
The comparison of QD and BID dosing regimens on ACR responses was evaluated in Part B of Study 
JADA. Active RA patients with use of MTX for at least 12 weeks were enrolled in this study. Patients 
who received either placebo (N=78) or 1 mg baricitinib QD (N=44) treatment for 12 weeks in Part A were 
pooled together and reassigned (1:1 randomization) to receive either 2 mg BID (N=61) or 4 mg QD 
baricitinib (N=61) treatment for another 12 weeks. Among them, 44 subjects from 2 mg BID regimen and 
49 subjects from 4 mg QD regimen had PK information available. The ACR 20/50/70 response rates were 
similar between 2 mg BID or 4 mg QD at both re-randomization baseline (Week 12) and at Week 24 
(Figure 4.3.4). Therefore, the results support the selection of QD dosing regimen based on the same daily 
dose. 
 
The exposure-response analysis for safety included 3 Phase 2 studies and all four Phase 3 studies 
conducted under Baricitinib program, the dataset included 74% of the randomized RA patients in these 
studies. The results demonstrated that the exposure-response relationship was flat for both blood 
hemoglobin concentration change from baseline and absolute neutrophil count change from baseline. 
Mean blood hemoglobin concentration was estimated to decrease 0.11 and 0.16 g/dL from 2 mg QD to 4 
mg QD at Week 24 and Week 52, respectively. By considering the mean baseline hemoglobin 
concentration was 12.7 g/dL in the analyzed RA population, the decrease is not clinically meaningful. 
Mean blood absolute neutrophil count estimated to decrease 171 and 163 cells/μL from 2 mg QD to 4 mg 
QD at Week 24 and Week 52, respectively. By considering the mean baseline absolute neutrophil count 
was 5961 cells/μL in the analyzed RA population, the decrease is not clinically meaningful. Therefore, the 
exposure-response result of hemoglobin concentration and neutrophil count results support the proposed 2 
or 4 mg QD dosing regimen. 
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4.5 Appendix – Physiological-based Pharmacokinetic Modeling Review 
 

Division of Pharmacometrics, Office of Clinical Pharmacology 
 

Application Number 207924 
Drug Name Baricitinib 
Proposed Indication Janus Kinase (JAK) inhibitor for the treatment of 

patients with  rheumatoid arthritis  
Clinical Division DPARP 
PBPK Consult request  Yunzhao, Ren Ph.D. 
Primary PBPK Reviewer Yuching Yang, Ph.D. 
Secondary PBPK Reviewer Ping Zhao, Ph.D. 
Sponsor Eli Lilly and Company 
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1 OBJECTIVE 

The main objective of this review is to evaluate the adequacy of applicant’s conclusions regarding the 
ability of a physiologically-based pharmacokinetic (PBPK) model to predict the drug-drug interaction 
(DDI) potential between baricitinib and OAT3 inhibitors, specifically, probenecid, ibuprofen and 
diclofenac. 
To support its conclusions the applicant provided the following PBPK modeling and simulation reports 
and updates:   

• Predicted effect of ibuprofen and diclofenac on the systemic exposure of baricitinib (LY3009104) 
in human subjects [1] 

• Eli Lilly Response (29 March 2016) to FDA Information Request (19 March 2016) [2] 

2 BACKGROUND 

Baricitinib is an oral selective Janus Kinase (JAK)1/JAK2 inhibitor used to treat rheumatoid arthritis.  Eli 
Lilly acquired baricitinib (LY3009104) from Incyte Corporation in 2009.  In vitro, baricitinib is a 
substrate for CYP3A4, organic anion transporter 3 (OAT3), P-glycoprotein (P-gp), breast cancer 
resistance protein (BCRP), and multidrug and toxin extrusion protein-2K (MATE2-K) [3].  The applicant 
conducted clinical DDI studies to evaluate these in vitro findings.  Only probenecid (an OAT3 inhibitor) 
had clinically meaningful effects on the baricitinib pharmacokinetic (PK) [3].  Co-administration of a 
single oral dose of baricitinib (4 mg s.d.) and multiple oral doses of probenecid (1000 mg twice daily 
(b.i.d.)) in healthy volunteers resulted in the increase of 3% and 103% in baricitinib maximum observed 
plasma concentration (Cmax) and area under the plasma concentration-time curve (AUC), respectively 
[3]. Table 1 summaries the applicant’s DDI studies.    

 
Table 1. Clinical observed effects of other drugs on PK of baricitinib  
(Data: Summarized from [3])  
 
Clinical DDI studies  

 
Perpetrator drug 
  

Mean ratio of baricitinib PK 
with: without perpetrator 
drug  
Cmax Ratio  AUC ratio 

JAGJ Baricitinib PK changes with a strong 
CYP3A inhibitor 

Ketoconazole  1.08 1.21 

JAGL Baricitinib PK changes with a strong 
CYP3A inducer 

Rifampin  1.05 0.66 

JAGH Baricitinib PK changes with a strong  
P-gp inhibitor 

Cyclosporine  0.99 1.29 

JAGG Baricitinib PK changes with a strong 
OAT3 inhibitor 

Probenecid  1.03 2.03 

In the current submission, the applicant used PBPK models to predict the effects of other OAT3 inhibitors 
(such as ibuprofen and diclofenac) on the PK of baricitinib [1].  Because of the simulation results, the 
applicant proposed to include the effects of potential OAT3 inhibitors in their draft US prescription 
information [4]: “ However, simulations with diclofenac and ibuprofen (OAT3 inhibitors with less 
inhibition potential) predicted minimal effect on the PK of baricitinib”. 
On March 19, 2016, an information request was sent to the applicant (see Information Request section).  
The model files and simulation results were received on March 29, 2016 [2]. 
This review evaluates the adequacy of applicant’s PBPK analyses to predict the DDI potential of 
baricitinib as an OAT3 substrate with concomitant use of inhibitors including probenecid, ibuprofen and 
diclofenac.   
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3 METHOD 
The models and simulation results described here were performed using the population-based simulator 
Simcyp (version 13.2; Simcyp Ltd., a Certara Company, Sheffield, United Kingdom) [5, 6].  Appendix 
Table 1 summarizes baricitinib parameters used in the PBPK model.  
All simulations were conducted using Software’s built-in North European Caucasian population, using 
only males with an age range of 22 to 63 years old under a fasting condition.  Appendix Table 2 shows the 
trial designs used in PBPK simulations in the submitted report.   

3.1 PBPK model development 

Baricitinib PBPK model was developed based on its physicochemical properties, in vitro measurements 
and clinical PK observations.  Human plasma concentration-time data, urine data, and fraction absorbed 
(fa) data were obtained from a human mass balance study (Study JADG) [3] and probenecid-baricitinib 
interaction study (Study JAGG) [3].  Results from Study JADG showed that 75% of the baricitinib dose 
was excreted in the urine, while approximately 20% was excreted in the feces.   
Oral clearance of baricitinib was 17.3 L/hr following a single dose of 4mg baricitinib in healthy subjects 
(Study JAGG) [3], and the model assumed first-order oral absorption for baricitinib.  Fraction absorbed 
was set as 0.8 based on the mass balance study [3], while the value of first-order absorption rate constant 
(ka) was fitted to be 1.2 hr-1 using the plasma concentration-time data reported in Study JAGG (baricitinib 
only arm) [1].  The disposition of baricitinib is outlined in Figure 1.   
Figure 1.  Scheme of the disposition of baricitinib pathways based on human mass balance study (JADG) 
 (Extracted from Figure 1 of PBPK Report [1]) 

 
The applicant applied a mechanistic kidney (MechKiM) model implemented in the PBPK software to 
describe the glomerular filtration and active renal secretion of baricitinib.  Development of MechKiM 
model is documented in [7].  In baricitinib PBPK model, two active transport processes were enabled; one 
on the basolateral membrane of the proximal tubular cells, to simulate OAT3-mediated uptake of 
baricitinib, and the second one on the apical membrane of the proximal tubular cells (MATE), to allow 
excretion of baricitinib into the tubular fluid.  The input parameters for active membrane transport of 
baricitinib were taken from in vitro experiments [1]. 
The predicted GFR of North European Caucasian population is 116 ml/min using Cockroft and Gault 
equation [1].  The simulated mean of renal clearance (CLr) was 10.4 L/hr, slightly lower than the clinical 
observed CLr ranged from 10.8 to 13.3 L/hr [3].  Unless noted, all the parameters used in the MechKim 
model were default Simcyp values with no modification.   
The applicant assumed that the interaction between baricitinib and potential OAT3 inhibitors (including 
probenecid) happened only at the renal uptake transporter, OAT3.  To predict DDI between baricitinib 
and a potent OAT3 inhibitor, probenecid, the applicant developed a probenecid PBPK model.  Parameters 
used in this probenecid PBPK model were derived from in vitro studies or calculated based on the human 
PK data as shown in Appendix Table 3.  The clearance of probenecid was calculated by dividing the rate 
of administration by average concentration of probenecid at steady state [1].  The applicant measured the 
in vitro OAT3 half maximal inhibition concentrations (IC50) of probenecid using baricitinib as substrate 
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(Appendix Table 4).  The in vitro IC50 value was used as inhibitory parameter (Ki) in the PBPK model to 
simulate the DDI between probenecid and baricitinib in vivo.   
Two additional PBPK models of OAT inhibitors, ibuprofen and diclofenac, were developed, with 
ibuprofen model adopted from those published in Posada et al [8].  Using pemetrexed as an OAT3 
substrate, Posada and colleagues reported in vitro IC50 values of 4.2 and 3.7 �M for ibuprofen and 
diclofenac, respectively; and the fraction unbound in in vitro incubation (fuinc) values of 0.89 and 1.0 for 
ibuprofen and diclofenac, respectively [8].  The authors also used half IC50 of ibuprofen as Ki to simulate 
the effect of ibuprofen on the PK of pemetrexed.   The applicant also measured the in vitro OAT3 IC50 for 
ibuprofen using baricitinib as the substrate (Appendix Table 4), which were then used in the prediction of 
the effect of ibuprofen on the PK of baricitinib (see more discussions in Section 4.3).PBPK model 
parameters used for ibuprofen and diclofenac are shown in Appendix Table 5 and 6, respectively.    

3.2 Model verification 

The developed baricitinib model was verified by comparing simulated plasma concentration-time profiles 
of baricitinib in healthy subjects with or without co-administration of probenecid to the observed data.   
The trial design used for simulating the DDI between baricitinib and probenecid was the same as that 
described in Study JAGG.  Healthy male subjects received 1000 mg probenecid twice daily (b.i.d) for 5 
days.  The subjects received a single oral dose of 4 mg baricitinib along with the first dose of probenecid 
on day 3. 

3.3 Model application 

The applicant used PBPK models to predict DDI effects of weaker OAT inhibitors (ibuprofen and 
diclofenac) on the PK of baricitinib in virtual normal healthy humans [1].   

4 Results 

4.1 Can PBPK model provide a reasonable description of the baricitinib PK in healthy subjects? 

Yes.  Simulations using the submitted final PBPK for baricitinib reasonably described the plasma 
concentration-time profiles of baricitinib in healthy subjects following a single oral dose of 4 mg 
baricitinib in healthy subjects (Figure 2).  The reviewer also verified that the applicant’s baricitinib PBPK 
model provides an adequate description of baricitinib PK profiles to the clinical observation (Clinical 
Study JADF) following 28-day repeated dosing of baricitinib 2 mg or 5 mg once daily in healthy subjects. 

 
  Figure 2. Comparison of simulated (final model) and observed baricitinib pharmacokinetics in health subjects  
Observed vs. simulated baricitinib 
pharmacokinetics in health subjects 
administered with a single oral dose of 
4mg  
Line: thick line represent mean of simulation 
results; two thin lines represent 95% CI.   
Symbols: Clinically observed data 
(extracted from Figure 2, PBPK report) 

 

4.2 Can PBPK model provide a reasonable description of PK profiles for OAT3 inhibitors in healthy 
subjects? 

Yes.  The applicant’s PBPK models can describe the PK profiles of probenecid, ibuprofen and diclofenac 
in healthy subjects. 
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Probenecid PBPK model was verified by comparing the simulated and clinical plasma concentration-time 
profiles of probenecid following 5-day repeated dosing of probenecid 1000 mg b.i.d (as shown in Table 2 
and Appendix Figure 1).   
 
Table 2. PBPK-simulated and observed pharmacokinetic properties (Cmax, AUC) for probenecid 
Formula Parameters Observed Geometric Mean 

(%CV) (JAGG) 
Predicted Geometric Mean 
(5-95% percentile) 

1000 mg b.i.d Cmax (μg /mL) 145 (14) 159.5 (150-169) 
Css,ave (μg /mL) 115 (14) 115.64 (93.8-138.9) 

(Source: Table 6 of [1]) 
 
For ibuprofen, the applicant compared the simulated and published AUC and Cmax of ibuprofen at two 
doses.  The applicant simulated the AUC and Cmax at steady state following 5-day repeating dosing of 
400 or 800 mg ibuprofen four times per day (q.i.d).  Simulated AUC and Cmax of ibuprofen were then 
compared with those reported in healthy subjects administered with a single oral dose of 400 mg or 800 
mg ibuprofen (Table 3).  
 
Table 3. PBPK-simulated and observed pharmacokinetic properties (Cmax, AUC) for ibuprofen 
Formula Parameters Published Mean 

(SD) 
Predicted Geometric Mean 
(5-95% percentile) 

400 mg  
(Juhl et al 1983 [10]) 

Cmax (μg /mL) 27.9 (7.6) 26.38 (25.05-27.78) 
AUC (μg*hr /mL) 103 (26.1) 91.41 (85.14-98.15) 

800 mg  
(Small et al 1988 [11]) 

Cmax (μg /mL) 55.6 (13.4) 52.76 (50.1 – 55.6) 
AUC (μg*hr /mL) 218 (62.99) 182.83 (170.3 – 196.3) 

(Source: Table 7-8 of [1]) 
 
Diclofenac PBPK model was verified by comparing the simulated and published diclofenac PK 
parameters following administration of fast or slow-absorption formulation.  The model used two different 
ka to simulate a fast (ka of 1.2) or slow (ka of 0.5) absorbed formulation.  The simulated PK parameters 
for diclofenac are in good agreement with those reported in Davies and Anderson 1997 [9],  

 
 
Table 4. PBPK-simulated and observed pharmacokinetic properties (Cmax, AUC) for diclofenac 
Formula Parameters Published ranges

(Davies and 
Anderson 1997 [9]) 

 
document a  
Mean (SD) [12] 

Predicted 
Geometric Mean 

Slow absorption Cmax (μg /mL) NA NA 0.62 
(50 mg) AUC (μg*hr /mL) NA NA 1.24 
Rapid absorption Cmax (μg /mL) 0.67-1.8 1.30 (0.44) 1.25 
(50 mg) AUC (μg*hr /mL) 0.98-3.6 1.35 (0.29) 1.23 
Slow absorption Cmax (μg /mL) 0.4-0.94 NA 1.23 
(100 mg) AUC (μg*hr /mL) 2.15-6.21 NA 3.01 
Rapid absorption Cmax (μg /mL) 1.21-3.6 NA 2.7 
(100 mg) AUC (μg*hr /mL) 2.71-4.42 NA 3.02 
(Source: Table 9 of [1]; a data source : 

 

4.3 Can PBPK models reasonably describe the pharmacokinetics of baricitinib when coadminstrated 
with OAT inhibitors? 

Yes.  Baricitinib PBPK model can be used to predict the DDI effects between baricitinib and three OAT3 
inhibitors, probenecid, ibuprofen and diclofenac.    
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The ability of PBPK model to predict the DDI effect of a strong OAT3 inhibitor on the PK of baricitinib 
was verified using clinical DDI data with probenecid.  As shown in Table 5 and Appendix Figure 1, model 
simulations reasonably described the observed baricitinib exposure in the absence and in the presence of 
probenecid.  
 
Table 5.  Comparison of observed and predicted Cmax and AUC ratio for baricitinib when co-administered with 1000 
mg probenecid twice daily 
 Observed 

(10-90% percentile)
Predicted GM 

(5-95% percentile)
Observed/Predicted 

Baricitinib Cmax Ratio 1.03 (0.94-1.13) 1.17 (1.15-1.17) 0.88 
Baricitinib AUC Ratio 2.03 (1.91-2.16) 1.95 (1.85-2.08) 1.03 
(Source: Table 10 of [1]) 
 
The applicant then used the baricitinib PBPK model to predict two untested clinical DDI scenarios 
(Tables 5 and 6).  For the ibuprofen DDI simulation, ibuprofen was administered at a dose of 400 mg or 
800 mg q.i.d for 5 days.  Baricitinib was administered at an oral dose of 4 mg simultaneously with the first 
dose of ibuprofen on Day 3.  In vitro OAT3 IC50 value (4.46 μM) for ibuprofen using baricitinib as a 
substrate was used as the value of Ki to simulate the interaction between ibuprofen and baricitinib. Of 
note, half IC50 (derived in vitro using pemetrexed as substrate) was used in ibuprofen PBPK model to 
predict ibuprofen-pemetrexed DDI [8].  Although the use of IC50 acquired using baricitinib in vitro at 
concentration at around one-tenth of its Km (Appendix Table 4) seems reasonable assuming competitive 
inhibition [14],  the reviewer re-ran the ibuprofen-baricitinib DDI simulations using a Ki value at half in 
vitro IC50 as an upper bound of a sensitivity analysis.  This Ki (2.2 �M) is similar to that reported using 
pemetrexed as substrate (2.1 �M) [8]. The model predicted the increases of 24% and 35% in simulated 
AUC of baricitinib using Ki as 4.4 μM and 2.2 μM, respectively (as shown in Table 6).   
 
Table 6.  Predicted Cmax and AUC ratio for baricitinib when co-administered with ibuprofen 400 and 800 mg four 
times daily 
 Ibuprofen 400 mg q.i.d Ibuprofen 800 mg q.i.d 

Ki = 4.46 µM a Ki = 4.46 µM a Ki = 2.2 µM b 
Predicted GM (5-95% percentile) Predicted GM (5-95% percentile) 

Baricitinib Cmax Ratio 1.05 (1.04-1.05) 1.07 (1.06-1.08) 1.09 (1.08-1.1) 
Baricitinib AUC Ratio 1.14 (1.13-1.15) 1.24 (1.22-1.26) 1.35 (1.31-1.38)
(Source: a Table 12-13 of [1], b PBPK simulations conducted by a FDA reviewer) 
 
For diclofenac DDI simulation, the applicant assumed there is no substrate dependent inhibition for 
diclofenac [1] hence no attempt was made to obtain baricitinib-specific IC50 for diclofenac.  In diclofenac-
baricitinib simulations, TIn diclofenac-baricitinib DDI simulation, the applicant set the in vivo Ki of 
diclofenac the same as the in vitro IC50 value of 3.7 μM, obtained from previous experimental data using 
pemetrexed as a substrate [8].  Although the claim of substrate dependency is not fully justified, the use of 
pemetrexed-specific IC50 seems reasonable because this value was obtained in the same system reported 
in reference [8] and IC50 values of ibuprofen appears comparable using baricitinib and pemetrexed as 
substrates (see above.  The diclofenac-baricitinib simulation followed a protocol of a five-day oral 
diclofenac at 50 or 100 mg b.i.d in combination with a single oral dose of 4 mg baricitinib on Day 3.  This 
reviewer re-ran this simulation, by using a Ki value at half in vitro IC50.   Under both conditions (two Ki 
values of diclofenac), simulations predict no effects of diclofenac on the baricitinib PK (Table 7). 
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Table 7.  Predicted Cmax and AUC ratio for baricitinib simulated with two OAT3 Ki values when co-administered with 
diclofenac 100 mg twice daily 
 Diclofenac Ki as 3.7 μM a Diclofenac Ki as 1.85 μMb 
 Predicted GM 

(5-95% percentile) 
Predicted GM 

(5-95% percentile) 
Baricitinib Cmax Ratio 1 (1.0-1.0) 1 (1.0-1.0) 
Baricitinib AUC Ratio 1 (1.0-1.0) 1 (1.0-1.0) 
(Source: a Table 14 of [1] and b PBPK simulations conducted by FDA reviewer) 
 
It should be noted that the current analysis assumed the interaction between baricitinib and potential 
OAT3 inhibitors occurs only at the renal uptake transporter OAT3, expressed at the basolateral membrane 
of the proximal tubular cells; but not at MATE-2k, expressed at the apical side.  This is supported by a 
recent publication by Posada et al. [8].  Similar to baricitinib, pemetrexed is secreted and transported by 
OAT3 [8].   In that study, Posada and colleagues demonstrated that the predicted plasma clearance of 
pemetrexed was only affected by inhibition of OAT3 when co-administrated with ibuprofen.  The 
inhibition of its apical efflux transporter, OAT4 by ibuprofen was shown to have no effect on the plasma 
clearance of pemetrexed [8].    

5 CONCLUSION 
The PBPK models included in the current simulations are adequate to predict the PK of baricitinib with 
OAT3 inhibitors- probenecid, ibuprofen and diclofenac. 
The PBPK models predicted minimal increase in baricitinib exposure when the drug is co-administered 
with diclofenac and ibuprofen at their highest daily doses.   
The applicant proposes to incorporate the following to the prescription information: “... simulations with 
diclofenac and ibuprofen (OAT3 inhibitors with less inhibition potential) predicted minimal effect on the 
PK of baricitinib” [4].  Based on the PBPK review, the reviewers propose the statement to be modified as 
“The effect of OAT inhibitors that are less potent than probenecid (e.g., diclofenac and ibuprofen) is 
expected to have minimal effect on the PK of baricitinib”. 
The FDA reviewer acknowledges the scientific discussion on modeling and transporter inhibition with Dr. 
Chia-Hsiang Hsueh. 
 

6 ABBREVIATIONS 
AUC, area under the concentration-time profile;  AUC ratio, the ratio of the area under the curve of the 
substrate drug in the presence and absence of the perpetrator; b.i.d., twice daily dosing; B/P, blood to 
plasma ratio; cLogP, calculated log of the octanol/water partition coefficient; Cmax, maximal 
concentration in plasma; Cmax ratio, the ratio of the maximum plasma concentration of the substrate drug 
in the presence or absence of the perpetrator; CL, clearance; CLr, renal clearance; DDI, drug-drug 
interaction; IC50, inhibitory concentration causing one-half of maximum effect; F, bioavailability; fa, 
fraction absorbed; Fg, fraction that escapes intestinal metabolism; fu, unbound fraction in plasma; fuinc, 
fraction unbound in in vitro incubations; ka, first order absorption rate constant; Kp, tissue-to-plasma 
partition coefficient; Ki, reversible inhibition constant; Km, Michaelis constant; NA, not applicable; OAT 
3, organic anion transporter 3; PBPK, Physiological-based Pharmacokinetic; P-gp, P-glycoprotein; q.d., 
once daily dosing; q.i.d., four times daily dosing; Vmax, maximal velocity. 
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7 APPENDIX A: Information requests 
 
3/19/2016 IR 
Provide model files used to generate the final PBPK simulations (2014SIMCYP-LY3009104-01) (e.g., 
drug model files, population files, and workspace files, .cmp, .lbr, and .wks). These files should be 
executable by the FDA reviewers using Simcyp. Software specific excel files such as parameter 
estimation data files, simulation outputs, observed data should be submitted as MS Excel files. 
Submit these information by April 1, 2016. 
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Appendix Table 4: In-vitro IC50 reported for probenecide and ibuprofen using baricitinib as substrate 

 
Data extract from applicant’s study: 2013TP-SLC01, In Vitro Evaluation of Baricitinib (LY3009104) as a Potential 
Substrate for the Human OCT1, OCT2, OATP1B1, OAT1 and OAT3 Membrane Transporters 
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