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Across the pilot and other phase 1 studies, the geometric mean Cmax and AUCinf  ranged 
from 36.10- 42.20 ng/mL and 253-314 ng.hr/mL, respectively under fasting conditions 
for the  proposed commercial MR 11 mg (extrudable core system [ECS] osmotic) tablet 
formulation.  The median Tmax and mean t½ values ranged from 3.00-4.00 hours and 
5.45-6.25 hours, respectively. In the single and multiple-dose PK study (A3921212), 
multiple dose to single dose accumulation ratios were approximately 1.06 and 1.12 for 
Cmax and AUC, respectively for the MR formulation, indicating negligible accumulation 
following repeat dosing of the tofacitinib MR formulation. Trough (pre-dose) 
concentration monitoring indicates that steady state concentrations are achieved within 48 
hours of repeat dosing of MR 11 mg QD. 
 
Exposure Comparison: Tofacitinib MR vs. IR 
Evaluation of relative BA for the MR 11 mg formulation compared to the IR 5 mg 
formulation has demonstrated equivalence of AUC and Cmax in pivotal PK study 
A3921212 (Table 2), as well as other studies.  At steady state, Cmin for MR 11 mg QD is 
approximately 29% lower and Ctrough is approximately 26% lower compared to IR 5 mg 
BID (Table 2). 
 
Table 2. Summary of PK of Tofacitinib MR 11mg QD compared to Tofacitinib IR 5mg BID (study 
A3921212) 

(Source: Table 13 and Table 15, study A3921212 CSR) 

1.3.3 Exposure-Response Relationship
Efficacy: The observed data and application of PK/PD modeling approaches 
consistently showed that Cav appears the most relevant parameter for efficacy and that 
the 29% lower Cmin for the MR formulation may not be clinically important to the 
efficacy of tofacitinib. Similar clinical efficacy was observed with IR 20 mg QD dose 
compared to IR 10 mg BID despite a large difference in Cmin (Figure 1), and the 
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improved goodness of fit characteristics with Cav compared to Cmax or Cmin suggested 
Cav as the most relevant PK parameter for efficacy. 

 
Black solid line represents posterior mean model prediction, black dashed line represents 80% prediction 
intervals from the model; black filled squares represent observed data for BID doses; red filled square and 
blue filled circle represent 20 mg QD data placed either at a x-axis value of 20 (reflecting the same AUC24 
as 10 mg BID) or at a x-axis value of 2.8 (reflecting the 86% lower Cmin compared to 10 mg BID), 
respectively. 
Figure 1. Observed and Posterior Predicted Mean (10th-90th Percentile) Proportion of ACR20/50/70 
Responders at Week 12 (Study A3921025)  
(Source: Figure 4, Summary of Clin Pharm) 
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Safety: All PK parameters for the MR 11 mg QD dose are equivalent (AUC and 
Cmax) or slightly lower (29% lower Cmin) as compared to those of the IR 5 mg BID 
dose.  For MR 11 mg QD and IR 5 mg BID in RA patients at steady state, both doses 
cover the in-vitro JAK1/3 IC50 of 17 ng/mL for approximately 12 -13 hours over a 
24-hour period, indicating a similar level of enzyme inhibition over the dosing 
interval (Figure 3). 

For the long term safety events, such as serious infection and malignancy, the 
information was all based on tofacitinib IR BID dosing regimens.  The exposure-
response for these adverse events (AE) is consistent with dose-response, and the 
tofacitnib concentration information did not provide additional explanation for these 
AEs.  For short term safety profile as measured by LDL, HDL, serum creatinine, 
hemoglobin and absolute neutrophil counts,  the data from 20 mg IR QD in study 
1025 suggested that the short term safety profile with daily sustained inhibition of 
JAK for 12-13 hours is comparable to the inhibition of JAK under BID dosing 
regimen (Figure 2).  Please refer to review by clinical reviewer Dr. Juwaria Waheed 
for further details of safety evaluation.

Figure 2: Dose-response relationship for safety endpoints from study 1025. Except infections all other 
endpoints are shown as placebo adjusted change from baseline to week 12 (delta baseline). Infections 
are reported as percent incidence at week 12. Except 20 mg QD all other doses were given in BID 
regimen (1, 3, 5, 10 and 15 mg BID). 
(Source: Figure 19, NDA203214 Clin pharm review by Dr. Lokesh Jain) 
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The MR clinical program was comprised of seven Phase 1 biopharmaceutic studies in healthy 
volunteers. These studies evaluated the following: 

1. Feasibility of administering tofacitinib, a highly soluble drug, as an MR formulation 
(Study A3921113); 

2. PK of pilot tofacitinib MR formulations (Studies A3921131 and A3921132); 
3. Single dose PK and relative bioavailability (BA) of tofacitinib MR 11 mg tablets 

from an initial commercial-level scale manufacture, compared to IR 2x5 mg tablets 
(Study A3921163); 

4. Effect of a high fat meal on the PK and BA of proposed-commercial tablet 
formulation of tofacitinib MR 11 mg (Study A3921180); 

5. Single and multiple dose PK and relative BA of the proposed-commercial tablet 
formulation of tofacitinib MR 11 mg QD relative to IR 5 mg BID (Study A3921212); 

6. Correlation of in-vitro dissolution with in-vivo plasma drug concentrations of MR 
tablet formulations with varying release rates (Study A3921195). 
 

In addition, the sponsor provided exposure response analysis to establish the relevant PK 
parameter to bridge efficacy. The clinical pharmacology review focused on the six 
studies listed in item 1-5 above, and the exposure-response analysis for efficacy and 
safety. Please refer to review by Office of New Drug Quality Assessment (ONDQA) 
reviewer for assessment of study A3921195 and the in vitro alcohol dumping study. 
 
2.1.1 What pertinent regulatory background or history contributes to the current 
assessment of the clinical pharmacology of this drug? 
The tofacitinib citrate IR film-coated tablet formulation has been approved in the United 
States (NDA203214) at a dose of 5 mg BID (Xeljanz®) for the treatment of adult patients 
with moderately to severely active RA who have had an inadequate response or 
intolerance to methotrexate.  
 
Pfizer has developed an MR 11 mg osmotic tablet formulation of tofacitinib, to provide a 
QD dosing option to IR 5 mg BID.  There have been several interactions between Agency 
and Sponsor to discuss the overall development program for the proposed product as 
listed in Table 3. 
 
OSI inspection was requested for study A3921212 (clinical site) and A3929023 
(analytical lab), and the Division of New Drug Bioequivalence Evaluation (DNDBE) and 
Office of Study Integrity and Surveillance (OSIS) recommended to accept data without 
on-site inspection.  See review by Dr. Shila Nkah dated 7/27/2015. 
 
On 8/7/2015, a consult was sent to Office of Regulatory Policy, to seek ORP’s input on 
the acceptability of an extended release formulation of tofacitinib (Xeljanz XR) with a 
nominal dose (11 mg once daily) different from the nominal dose of the immediate 
release formulation of tofacitinib (Xeljanz 5 mg twice daily, i.e. 10 mg total daily dose).  
Briefly, ORP suggested that as this is not a generic 505(j) submission, different daily 
doses were acceptable, and bioequivalence as stated in the 21CFR320.23 was not 
required or applicable for this submission.  For further details with ORP consult, see Dr. 
Nikolay Nikolov’s summary. 
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2.3.3 Are the active moieties in plasma and clinically relevant tissues appropriately 
identified and measured to assess pharmacokinetic parameters and exposure 
response relationships? 

Yes.  In all relevant studies only tofacitinib concentrations were measured. No 
metabolites were quantified because exposure of each metabolite was <8% of total 
tofacitinib exposure and their potency for JAK1/JAK3 inhibition was reported to be 

10% compared to parent.  

2.4 Exposure-Response 

2.4.1 What are the characteristics of the exposure-response relationship for 
effectiveness? 

The PK profile of the MR formulation, demonstrating overall similarity in PK 
parameters, with equivalent AUC and Cmax, and 29% lower Cmin compared to the 
approved IR dosing regimen. The observed data and application of PK/PD modeling 
approaches consistently showed that Cav appears to be the most relevant parameter for 
efficacy and that the 29% lower Cmin for the MR formulation may not be clinically 
important to the efficacy of tofacitinib. 

The importance of Cmin to the efficacy of tofacitinib was assessed using data from Study 
A3921025, a Phase 2B double-blind study of placebo and IR 1, 3, 5, 10, 15 mg BID and 
20 mg QD doses of tofacitinib. Following administration of the same total daily dose in 
two different regimens (i.e. IR 20 mg QD or IR 10 mg BID), AUC24 was similar between 
the two regimens (within 10%), while Cmin was approximately 7-fold (86%) lower and 
Cmax was approximately 2-fold higher for the IR 20 mg QD dose compared to the IR 10 
mg BID dose, respectively. Despite a large difference in Cmin, the efficacy (measured by 
DAS28 improvements or American College of Rheumatology [ACR]20/50/70 responses 
at Week 12) of the IR 20 mg QD dose was similar to that of the IR 10 mg BID dose and 
consistent with the predicted BID dose response profiles across these endpoints (Figure 5, 
Figure 6). The Cmin difference observed in Study A3921025 is substantially larger than 
the 29% lower Cmin observed for MR 11 mg QD compared to IR 5 mg BID in the MR 
program, supporting that this Cmin difference is not clinically important to the efficacy of 
tofacitinib when there is equivalent AUC. 

To characterize the most relevant tofacitinib PK parameter for efficacy and assess the 
predictive value of Cmin over and above Cav, E-R analyses were conducted using DAS28 
and ACR 20, 50, 70 responses at Week 12 from the pooled Phase 2 studies (A3921025, 
A3921035, A3921039, and A3921040) of the IR RA program. Comparison of the 
goodness of fit characteristics as measured by OFV or AIC for models with different PK 
parameters (Cav vs. Cmax vs Cmin) supported Cav as the most relevant PK parameter for 
efficacy.  Furthermore, Cmin did not provide additive predictive value over and above that 
of Cav in this analysis. 

The totality of E-R evidence from the tofacitinib IR RA program, combined with 
demonstrated equivalence for AUC and Cmax between the MR and IR formulations, 
support bridging of efficacy data derived using the IR 5 mg BID formulation to the MR 
11 mg QD formulation. 
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Figure 5. Observed and Posterior Predicted Mean (10th-90th Percentile) Proportion of ACR20/50/70 
Responders at Week 12 (Study A3921025)  
(Source: Figure 4, Summary of Clin Pharm) 
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Figure 6. Dose-Response Relationship of DAS28 at Week 12 in RA Patients Receiving Tofacitinib 
Twice Daily Using IR Tablets (Study A3921025) 
(Source: Figure 3, Summary of Clin Pharm) 

2.4.2 What are the characteristics of the exposure-response relationships   for 
safety? 

All PK parameters for the MR 11 mg QD dose are equivalent (AUC and Cmax) or slightly 
lower (29% lower Cmin) as compared to those of the IR 5 mg BID dose. Benchmarking 
the expected tofacitinib exposures for MR 11 mg QD and IR 5 mg BID in RA patients 
against JAK inhibition, both doses cover the in-vitro JAK1/3 IC50 of 17 ng/mL (reported 
as 56 nM by Meyer et al, 2010) for approximately 12 -13 hours over a 24-hour period, 
indicating a similar level of enzyme inhibition over the dosing interval (Figure 7).  

The data from 20 mg IR QD in study 1025 suggested that the short term safety profile 
with once daily sustained inhibition of JAK1/3 for 12-13 hours is comparable to the BID 
dosing regimen. Short term safety of tofacitinib, as measured by laboratory parameters 
such as LDL, HDL, serum creatinine, and absolute neutrophil counts at 12 weeks, is dose 
dependent. A trend of decrease in neutrophil counts and increase in LDLC, HDLC, total 
cholesterol and serum creatinine was observed with increase in BID tofacitnib doses (1-
15 mg BID) in study1025 (Figure 8, on background of MTX). However, the 20 mg QD 
dose appears to have better safety profiles as measured by these laboratory parameters, 
compared to 10 mg BID (Figure 8).  

For the long term safety events, such as serious infection and malignancy, the AE 
information was all based on BID dosing regimens, and the PK parameters (Cmax, Cmin 
and Cav) were highly correlated. As the sponsor stated, the exposure response is 
consistent with dose response, and the tofacitnib concentration information did not 
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provide additional explanation for the AEs. Please refer to review by medical officer Dr. 
Juwaria Waheed for further details of safety evaluation.  

 
Figure 7. Predicted Steady State PK profiles in RA Patients Relative to JAK1/3 IC50 

(Source: Figure 7, Summary Clin Pharm) 
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Figure 8: Dose-response relationship for safety endpoints from study 1025. Except infections all other 
endpoints are shown as placebo adjusted change from baseline to week 12 (delta baseline). Infections 
are reported as percent incidence at week 12. Except 20 mg QD all other doses were given in BID 
regimen (1, 3, 5, 10 and 15 mg BID). 
(Source: Figure 19, NDA203214 Clin pharm review by Dr. Lokesh Jain) 

2.5   What are the PK characteristics of the drug? 

2.5.1   What are the single and multiple dose PK parameters of parent drug and 
relevant metabolites in healthy adults?

Single dose PK 
Following administration of tofacitinib MR 11 mg (single oral dose) and tofacitinib IR 10 
mg (2 tablets of 5 mg administered approximately 12 hours apart), peak concentrations 
after the morning dose (Cmax for MR and Cmax1 for IR) were similar.  Peak concentrations 
were reached later for the MR treatment (median Tmax = 4 hours) than for the IR 
treatment (median Tmax1 = 0.5 hours) and terminal half-life was longer for the MR 
formulation (mean 5.9 hours) compared to the IR formulation (mean 3.2 hours).  Total 
plasma tofacitinib exposure based on geometric mean AUCinf was similar for both 
treatments (Table 4). 
 
The extent of exposure for a single dose of tofacitinib MR 11 mg was equivalent to the 
total dose of tofacitinib IR 10 mg administered as two 5 mg doses approximately 
12 hours apart, based on the 90% CI for the ratio (MR/IR) of adjusted geometric means 
for AUCinf and Cmax being within equivalence limits (80% to 125%, Table 4). 
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Table 4. Statistical Summary of Treatment Comparisons for Plasma Tofacitinib Parameters 
Following a Single Oral Dose of Tofacitinib MR 11 mg and 2 Separate Oral Dose Administrations of 
Tofacitinib IR 5 mg (12 hours apart) on Day 1 

 
(Source: Table13, study A3921212 CSR) 

 

 
 
Figure 9: Median Plasma Tofacitinib Concentration-Time Profiles Following a Single Oral Dose of 
Tofacitinib MR 11 mg and Two Separate Oral Dose Administrations of Tofacitinib IR 5 mg (12 
hours apart) on Day 1 
(Source: Figure 2, study report A3921212) 
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Multiple dose PK 
Following administration of tofacitinib MR 11 mg QD and tofacitinib IR 5 mg BID for 5 
days, the overall results were consistent with those described above for Day 1 (single 
dose phase).  Total daily plasma tofacitinib exposure based on AUC24 was similar for 
both treatments.  Peak concentrations for Day 7 (Cmax for MR and Cmax1 for IR) were also 
similar with median Tmax of 4 hours for MR and median Tmax1 of 0.5 hours for IR, the 
same as on Day 1.  Following the second tofacitinib IR 5 mg dose at 12 hours, peak 
(evening) concentrations for the IR treatment (Cmax2) were approximately 20% lower 
than peak (Cmax1) after the morning dose and were reached slightly later with median 
Tmax2 observed 1 hour post-evening dose (13 hours post-morning dose). 
 
Results of the statistical analysis are summarized in Table 5. The 90% CIs for the ratio 
(MR/IR) of adjusted geometric means for AUC24 and Cmax values (Cmax for MR and Cmax1 
for IR) were within the 80% to 125% interval, demonstrating equivalence of tofacitinib 
total daily exposure for tofacitinib MR 11 mg QD and tofacitinib IR 5 mg BID.  
  

 
Figure 10. Median Plasma Tofacitinib Concentration-Time Profiles For Tofacitinib MR 11 mg Once 
Daily and Tofacitinib IR 5 mg BID on Day 7 (Day 5 of Multiple Dosing) 
 (Source: Figure 4, study A3921212 CSR) 
 
Table 5. Statistical Summary of Treatment Comparisons for Plasma Tofacitinib Parameters for 
Tofacitinib MR 11 mg QD and Tofacitinib IR 5 mg BID on Day 7 (Day 5 of Multiple Dosing) 

 
(Source: Table15, study A3921212 CSR) 
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2.5.12 Based on PK parameters, what is the degree of the proportionality of the 
dose-concentration relationship? 

Studies A3921132 evaluated dose proportionality for ECS osmotic MR formulation in 
the fasted state. MR 11 mg (QD equivalent of IR 5 mg BID) and MR 22 mg (QD 
equivalent of IR 10 mg BID) demonstrated dose-proportional exposures (Table 6). 
 
Table 6. Descriptive Summary of Plasma Tofacitinib Pharmacokinetic Parameter Values for MR 11 
mg Tablets and MR 22 mg Tablets 

 
 (Source: Table 12, study A3921132 CSR) 

2.5.14 Is there evidence for a circadian rhythm of the PK? 
Following the second tofacitinib IR 5 mg dose at 12 hours, peak (evening) concentrations 
for the IR treatment (Cmax2) were approximately 30% lower than peak (Cmax1) after the 
morning dose (Figure 9 and Figure 10) and were reached more slowly, with median Tmax2 
observed 2 hours post-evening dose (14 hours post-morning dose). 

Geometric mean AUC for the 0 to 12 hour, and 12 hour to 24 hour dosing interval 
(AUC ) values following the morning and evening doses of the tofacitinib IR 5 mg dose 
were similar (Table 7, 115.8 ng.hr/mL and 118.4 ng.hr/mL, respectively on day 1; Table 
31, 131.6 ng.hr/mL and 131.5 ng.hr/mL, respectively on day 5). 
Table 7. Descriptive Summary of Plasma Tofacitinib Pharmacokinetic Parameter Values for a Single 
Oral Dose of Tofacitinib MR 11 mg and Two Separate Oral Dose Administrations of Tofacitinib IR 5 
mg (12 hours apart) on Day 1 

 
(Source: Table 12, study A3921212 CSR) 
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2.6 Intrinsic Factors 

2.6.2   Based upon what is known about E-R relationships in the target population 
and their variability, what dosage regimen adjustments are recommended 
for each group? 

Dosing adjustments with the tofacitinib MR 11 mg formulation for subjects with renal or 
hepatic impairment and for drug-drug interactions (DDIs) with potent CYP3A4 inhibitors 
such as ketoconazole and moderate CYP3A4 and potent CYP2C19 inhibitors such as 
fluconazole were derived based on a modeling and simulation approach. 
 
The PK model for the IR and MR formulation was established with the data from study 
A3921212.  To simulate the plasma concentration-time profile in special populations and 
in presence of co-administered drugs, it is assumed that the fractional changes in CL/F 
observed from the individual clinical pharmacology studies of the IR formulation were 
applicable to the MR formulation. 
 
The daily exposure at steady state for each population with proposed dosing regimens 
were summarized based on simulation data using WinNonlin version 5.2.1.  These 
simulated concentration – time profiles for alternative dosing regimens were used to 
guide dosing recommendations by matching the daily exposure. 

 
Reviewer’s comment 
In the IR to MR transition, it is reasonable to assume the same fractional changes in CL/F 
for the intrinsic factors and DDIs. 

2.6.2.6 Renal Impairment 
Based on study A3921006 with the tofacitinib IR formulation, subjects with mild, 
moderate, and severe renal impairment had 41% (-6%, 112%), 71% (13%, 159%), and 
150% (61%, 287%) respective increase in AUC compared to subjects with normal renal 
function. Utilizing the mean AUCinf ratios, the mean clearance ratios (renal impairment 
vs. normal renal function) were 58% and 40% for moderate and severe renal impairment, 
respectively. 
 
Assuming the same fractional changes in CL/F for tofacitinib MR, The simulated plasma 
concentration-time profiles for the  are shown in Figure 11 
(moderate renal impairment) and Figure 12 (severe renal impairment) along with those of 
the IR 5 mg QD dose. The resulting PK parameters from this simulation are shown in 
Table 8. 
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Table 14: Effect of Food on the PK of Tofacitinib MR Formulation (Studies A3921131 and 
A3921180) 

 
(Source – Table 30, Section 2.7.1, Summary of Biopharmaceutic Studies and Associated Analytical Methods) 

2.8.4 Was the bioequivalence of the different strengths of the to be marketed 
formulation tested? If so were they bioequivalent or not?  

No, there is only one strength (11 mg) of the to-be-marketed formulation. 

2.9 Analytical Section 

2.9.1 How are parent drug and relevant metabolites identified and what are the 
analytical methods used to measure them in plasma and other matrices?

The analytical methods used to measure tofacitinib in the pivotal PK study and other 
studies are summarized in Table 15.  The bioanalytical methods used to measure 
tofacitinib in human plasma PK samples from the first two tofacitinib MR studies 
(A3921113 and A3921131) were developed and validated at  
under Pfizer validation report number A3929011. The bioanalytical method was then 
transferred to and validated at  under Pfizer 
validation number A3929023. 
 
Analytical method report # A3929023 
Tofacitinib was extracted from human sodium heparinized plasma by 96-well solid phase 
extraction. Before the extraction, radiolabeled tofacitinib (i.e., [13C,15N] CP-690,550) 
was added as an internal standard.  The samples were eluted with 13% ammonium 
hydroxide (NH4OH) in methanol, evaporated to dryness, and reconstituted with 50% 
methanol in water.  The reconstituted sample was injected into an LC/MS/MS system 
using a Synergi Polar-RP column with a mobile phase of 0.03% formic acid and 4 mM 
ammonium acetate in 40% water and 60% methanol.  The lower limit of quantitation 
(LLOQ) for tofacitinib in human plasma was 0.1 ng/mL, with linearity demonstrable to 
350 ng/mL, using a sample volume of 50 L (Table 16). 
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2.9.5 What is the range of the standard curve? How does it relate to the 
requirements for clinical studies? What curve fitting techniques were used? 
The standard curve for tofacitinib’s analysis in plasma using method A3929023 ranged 
from 0.100 to 350 ng/mL.  A quadratic regression model, with weighting factor of 
1/concentration2

 was used for the curve fitting for tofacitinib. 

2.9.5.1 What are the lower and upper limits of quantitation? 
LLOQ and ULOQ for A3929023 analytical method were 0.1 ng/mL and 350 ng/mL, 
respectively.  For concentrations above 350 ng/mL, a 10-fold dilution factor was 
validated for 700 ng/mL concentration. 

2.9.5.2 What are the accuracy, precision, and selectivity at these limits? 
The accuracy and precision of analytical method A3929023 are listed in Table 17.  The  
imprecision for 10 fold dilution factor was less than 5%.  
Table 17: Accuracy and Precision of Tofacitinib Analytical LC/MS/MS Assay (Validation Report # 
A3929023) 
QC Concentration 

(ng/mL)
Accuracy (%) Precision (%) 
Range of 
Intra-assay
Daily Mean 

Inter assay 
mean

Range of 
Intra-assay
Daily Mean 

Inter assay 
mean

LLOQ 0.1  -6.0 to 16.0 8.0 7.1 to 17.2 13.1 
Low 0.3 -3.7 to 6.3 3.3 5.0 to 7.0 7.2 
Medium 40 -0.8 to 3.8 3.5 1.4 to 2.0 4.3 
High 280 -2.1 to 5.4 1.1 1.9 to 2.3 3.7 
(Source – summarized based on Table 7 and Table 8, Validation report A3929023) 
 
The selectivity was evaluated by extracting and analyzing blank human plasma from six 
individual sources both with and without addition of internal standard.  All lots were free 
from significant interfering peaks in the drug and internal standard regions ( 
Table 18). 

Table 18: Selectivity of analytical method A3929023  

 
(Source – Table on Page 6, validation report A3929023) 

2.9.5.3   What is the sample stability under conditions used in the study? 
The stability was demonstrated under different conditions as shown in Table 19: 
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Table 19: Summary of stability of analytical method A3929023 

 
(Source – Table on Page 6, validation report A3929023) 

 
3. DETAILED LABELING RECOMMENDATIONS 
At this point, labeling negotiation is still ongoing. The initial labeling recommendations 
and comments were documented here. 
 
Comment to sponsor: 
“Please update the label to reflect the dose recommendations for the following situations: 

Patients with moderate to severe renal impairment; 
Patients with moderate hepatic impairment (tofacitinib is not recommended for 
patients with severe hepatic impairment); 
Co-administration with potent inhibitors of cytochrome P450 (CYP3A4) (e.g., 
ketoconazole,  or; 
Co-administration with 1 or more medications that result in both moderate inhibition 
of CYP3A4 and potent inhibition of CYP2C19 (e.g., fluconazole). 

 
As tofacitinib IR 5 mg QD provided a much better PK profile and daily exposure (AUC) 

 we recommend tofacitinib IR 5 mg QD for 
the above situations. ” 
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4.  APPENDIX 
4.1 PHARMACOMETRIC REVIEW 

OFFICE OF CLINICAL PHARMACOLOGY: 
PHARMACOMETRIC REVIEW 

Application Number NDA 208246 
Submission Date 4/24/2015 
Compound Tofacitinib MR 
Dosing regimen (route of 
administration)

11mg QD (oral administration) 

Indication RA 
Clinical Division DPARP 
Primary PM Reviewer Jianmeng Chen, M.D.,  Ph.D. 
Secondary PM Reviewer Yaning Wang, Ph.D. 
 

Note: Any text in the review with a light background should be inferred as copied 
from the sponsor’s document. 
 

1.1. Key Review Questions 
The purpose of this review is to address the following key questions.

1.1.1. Will the difference in Cmin affect the efficacy of tofacitinib MR? 
The PK profile of the MR formulation, demonstrating overall similarity in PK 
parameters, with equivalent AUC and Cmax, and 29% lower Cmin compared to the 
approved IR dosing regimen. The observed data and application of PK/PD modeling 
approaches consistently showed that Cav appears to be the most relevant parameter for 
efficacy and that the 29% lower Cmin for the MR formulation may not be clinically 
important to the efficacy of tofacitinib. 

The importance of Cmin to the efficacy of tofacitinib was assessed using data from Study 
A3921025, a Phase 2B double-blind study of placebo and IR 1, 3, 5, 10, 15 mg BID and 
20 mg QD doses of tofacitinib. Following administration of the same total daily dose in 
two different regimens (i.e. IR 20 mg QD or IR 10 mg BID), AUC24 was similar 
between the two regimens (within 10%), while Cmin was approximately 7-fold (86%) 
lower and Cmax was approximately 2-fold higher for the IR 20 mg QD dose compared to 
the IR 10 mg BID dose, respectively. Despite a large difference in Cmin, the efficacy 
(measured by DAS28 improvements or American College of Rheumatology 
[ACR]20/50/70 responses at Week 12) of the IR 20 mg QD dose was similar to that of 
the IR 10 mg BID dose and consistent with the predicted BID dose response profiles 
across these endpoints (Figure 19 and Figure 20). The Cmin difference observed in Study 
A3921025 is substantially larger than the 29% lower Cmin observed for MR 11 mg QD 
compared to IR 5 mg BID in the MR program, supporting that this Cmin difference is not 
clinically important to the efficacy of tofacitinib when there is equivalent AUC. 

To characterize the most relevant tofacitinib PK parameter for efficacy and assess the 
predictive value of Cmin over and above Cav, E-R analyses were conducted using DAS28 
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or ACR 20, 50, 70 responses at Week 12 from the pooled Phase 2 studies (A3921025, 
A3921035, A3921039, and A3921040) of the tofacitinib IR RA program. Comparison of 
the goodness of fit characteristics as measured by OFV or AIC for models with different 
PK parameters (Cav vs. Cmax vs Cmin) supported Cav as the most relevant PK parameter for 
efficacy.  Furthermore, Cmin did not provide additive predictive value over and above that 
of Cav in this analysis. 

The totality of E-R evidence from the tofacitinib IR RA program, combined with 
demonstrated equivalence for AUC and Cmax between the MR and IR formulations, 
support bridging of efficacy data derived using the IR 5 mg BID formulation to the MR 
11 mg QD formulation. 

1.1.2. What are the characteristics of the exposure-response relationship for 
safety? 

All PK parameters for the MR 11 mg QD dose are equivalent (AUC and Cmax) or slightly 
lower (29% lower Cmin) as compared to those of the IR 5 mg BID dose. Benchmarking 
the expected tofacitinib exposures for MR 11 mg QD and IR 5 mg BID in RA patients 
against JAK inhibition, both doses cover the in-vitro JAK1/3 IC50 of 17 ng/mL for 
approximately 12 -13 hours over a 24-hour period, indicating a similar level of enzyme 
inhibition over the dosing interval (Figure 17).  

The data from 20 mg IR QD in study 1025 suggested that the short term safety profile 
with once daily sustained inhibition of JAK1/3 for 12-13 hours is comparable to the BID 
dosing regimen. The dose response of short term safety profile was assessed for phase 2 
clinical studies 1025, which is the only phase 2 study assessing efficacy and safety of  
once daily dosing with IR formulation. Short term safety of tofacitinib, as measured by 
laboratory parameters such as LDL, HDL, serum creatinine, and absolute neutrophil 
counts at 12 weeks, is dose dependent. A trend of decrease in neutrophil counts and 
increase in LDLC, HDLC, total cholesterol and serum creatinine was observed with 
increase in BID tofacitnib doses (1-15 mg BID) in study1025 (Figure 16, on background 
of MTX). However, the 20 mg QD dose appears to have better safety profiles as 
measured by these laboratory parameters, compared to 10 mg BID (Figure 16).  

For the long term safety events, such as serious infection and malignancy, the AE 
information was all based on BID dosing regimens, and the PK parameters (Cmax, Cmin 
and Cav) were highly correlated. As the sponsor stated, the exposure response is 
consistent with dose response, and the tofacitnib concentration information did not 
provide additional explanation for the AEs. Please refer to review by clinical reviewer 
Dr. Juwaria Waheed for further details of safety evaluation.  
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Figure 16: Dose-response relationship for safety endpoints from study 1025. Except infections all 
other endpoints are shown as placebo adjusted change from baseline to week 12 (delta baseline). 
Infections are reported as percent incidence at week 12. Except 20 mg QD all other doses were given 
in BID regimen (1, 3, 5, 10 and 15 mg BID). 
(Source: Figure 19, NDA203214 Clin pharm review by Dr. Lokesh Jain) 
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2. PERTINENT REGULATORY BACKGROUND 
Pfizer has developed an MR 11 mg osmotic tablet formulation of tofacitinib, to provide a 
QD dosing option to IR 5 mg BID. No new efficacy or safety studies have been 
conducted in RA patients using the tofacitinib MR formulation in support of this 
application. There have been several interactions between Agency and Sponsor to discuss 
the overall development program, including the exposure-response analysis to support the 
bridging of efficacy from IR formulation to MR formulation.  

In the preNDA meeting in Dec 2014, FDA recommended that the PK/PD analysis use all 
relevant data including different dosing regimens (QD and BID). FDA also recommended 
PK/PD analysis for additional endpoints such as ACR20, ACR50, and ACR70 to justify 
that the difference in the trough concentrations would not translate into efficacy 
difference. The initial submission to NDA208246 did not include the QD regimen or 
ACR endpoints in the exposure-response analysis. An IR was sent to the sponsor, and the 
sponsor submitted the relevant information on Jul 29th, 2015. 

In the 74 day letter, the review team communicated the potential review issue of dose 
recommendation  Subsequently, the sponsor 
provided additional justification based on the PK/PD analysis on Oct 28th, 2015. 

3. RESULTS OF SPONSOR’S ANALYSIS 
The objectives of sponsor’s Exposure-Response analysis were 

• To support bridging efficacy from tofacitinib IR Formulation to MR Formulation 

• To support bridging safety from tofacitinib IR Formulation to MR Formulation 

• To support dose recommendation  in patients whose 
previous dose recommendation is tofacitinib IR 5 mg QD. 

3.1 Bridging Efficacy Data from Tofacitinib Immediate Release Formulation to 
Modified Release Formulation  (Appendix 3 and 4, IR response 7/29/2015) 

The objectives of the exposure-response analyses for efficacy were 
To develop an exposure-response (ER) model for tofacitinib, and describe dose-
response from Study A3921025 data, which evaluated 1-15 mg twice daily (BID) 
and 20 mg once daily (QD) regimens of the immediate release (IR) formulation 
in rheumatoid arthritis (RA) patients. 
To develop an exposure-response (ER) model and identify the tofacitinib 
exposure metric that better predicts DAS28-3 C-reactive protein (CRP) response 
at Week 12. 
To develop an exposure-response (ER) model and identify which of the evaluated 
tofacitinib exposure metrics best predicts the ACR20, ACR50 and ACR70 
responses at Week 12. 

3.1.1 Methods 
Data
Pooled data from four double-blind Phase 2 studies (A3921025, A3921035, A3921039, 
A3921040), at Week 12 comprising placebo and IR 1, 3, 5, 10 and 15 mg twice daily 
(BID), and 20 mg once daily (QD), were used to support models estimating the exposure-
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Figure 19. Observed and Posterior Predicted Mean (10th-90th Percentile) Proportion of 
ACR20/50/70 Responders at Week 12 (Study A3921025)  
(Source: Figure 4, Summary of Clin Pharm) 
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Conclusion:
The exposure-response analysis supports Cav as the more relevant PK parameter for 
efficacy, with little additional predictive value of Cmin over and above Cav. 

Reviewer’s comments: A rigorous analysis assessing the relevant PK parameter for 
tofacitinib efficacy was performed using Emax model, with the primary endpoint ACR 20 
and other endpoints such as DAS 28, ACR 50 and 70. Goodness-of-fit plots based on the 
sponsor’s analyses showed that the model fitted the data reasonably well. Also, the 
reviewer’s independent analysis of ACR 20 resulted in similar results that Cav is the most 
relevant PK parameter. Overall, the reviewer concludes that the analysis, and the 
corresponding conclusions and interpretations, presented by the sponsor are reasonable.

3.2 Bridging Safety Data from Tofacitinib Immediate Release Formulation to 
Modified Release Formulation 

All PK parameters for the MR 11 mg QD dose are equivalent (AUC and Cmax) or slightly 
lower (29% lower Cmin) as compared to those of the IR 5 mg BID dose. Benchmarking 
the expected tofacitinib exposures for MR 11 mg QD and IR 5 mg BID in RA patients 
against JAK inhibition, both doses cover the in-vitro JAK1/3 IC50 of 17 ng/mL for 
approximately 12 -13 hours over a 24-hour period, indicating a similar level of enzyme 
inhibition over the dosing interval (Figure 21).  

Quantitative characterization of E-R relationships with tofacitinib IR formulation for 
several safety outcomes including serious infections and malignancies was reported in 
PMAR-00188 in NDA203214. For serious infection, both dose and concentration-based 
exposure metrics suggested that there is an exposure-dependent increase in the risk of 
these infections. The precision of the E-R relationships indicated that Cmax or Cmin did not 
provide additional predictive value over and above dose or AUC. No apparent association 
between any tofacitinib exposure parameter and malignancy risk could be identified from 
linear logistic analysis. Similar results were obtained from the E-R analyses of a number 
of additional parameters such as lymphocyte subsets, hemoglobin, LDL, neutrophils, 
creatinine, ALT, and other AEs. 

Overall, based on the PK profile of the tofacitinib MR formulation and knowledge of the 
exposure-safety relationship from the tofacitinib IR program, the overall safety profile is 
expected to be consistent with that of the IR formulation. 
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Figure 22: Dose-response relationship for safety endpoints from study 1025. Except infections all other 
endpoints are shown as placebo adjusted change from baseline to week 12 (delta baseline). Infections 
are reported as percent incidence at week 12. Except 20 mg QD all other doses were given in BID 
regimen (1, 3, 5, 10 and 15 mg BID). 
(Source: Figure 19, NDA203214 Clin pharm review by Dr. Lokesh Jain) 

 

3.3 Characterization of Delay in Time Course of Efficacy Response and Dose 
Recommendation for Special Population (Appendix 1, Appendix 2, 10/28/2015 
IR response) 

3.3.1. Methods
Data
This ER analysis was based on the clinical studies with tofacitinib IR BID (Table 25). 
Observed Disease Activity Score (DAS)28-3(C-reactive protein [CRP]) data (referred to 
as DAS28 below) were analyzed; no imputations were used. Table 25 and Table 26 
display the number of subjects and the number of observations, respectively, contributing 
to the analysis by study and randomized dose amount from the IR BID program. 
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4.2 INDIVIDUAL STUDY REVIEW 
 
 

1. Pivotal PK study 
Trial # A3921212 
Title: A Phase 1, Randomized, Open Label, 2-Period Crossover Study to Evaluate 
Single Dose and Steady State Pharmacokinetics and Bioavailability of the Modified 
Release Formulation of Tofacitinib Compared to the Immediate Release Formulation 
of Tofacitinib in Healthy Volunteers 

 
Objectives 

To demonstrate the equivalence of the extent of exposure between a single dose of 
tofacitinib MR 11 mg relative to tofacitinib IR 10 mg administered as two 5 mg doses 
approximately 12 hours apart. 

 
Study design and treatment schedule:  

A The study was a Phase 1, randomized, open-label, 2-period, 2-way crossover study 
to evaluate the PK, BA, and safety of the tofacitinib MR 11 mg proposed-commercial 
tablet formulation administered as a single dose on Day 1 followed by QD dosing on 
Days 3 through 7, relative to tofacitinib IR 10 mg administered as two 5 mg doses, 
approximately 12 hours apart, on Day 1 followed by tofacitinib IR 5 mg BID dosing 
(approximately 12 hours apart, Figure 26) from Days 3 through 7 in healthy 
volunteers. 
 
Subjects were randomized to 1 of 2 treatment sequences as described Table 28. 

Table 28. Treatment Sequence Schema 

 
(Source: Table 1, Study report A3921212) 

Reference ID: 3875837



NDA208246 Page 55 of 73

 
 

Figure 26: Treatment Dosing Schema 
(Source: Figure 1, study report A3921212) 

 
PK Sampling Schedule 

Single dose: Predose, 0.5, 1, 2, 3, 4, 6, 9, 12, 12.5, 13, 14, 15, 16, 18, 21, 24, 36, and 
48 hours postdose. 
 
Multiple dose (dosing on day 3-7): Day 3, day 5 and day 6: Predose before morning 
dose; Day 7: Predose, 0.5, 1, 2, 3, 4, 6, 9, 12, 12.5, 13, 14, 15, 16, 18, 21, and 24 
hours postdose. 
 

Results and Conclusions
PK Results after Single Dose 
Median plasma tofacitinib concentration-time profiles following single dose 
administration on Day 1 are presented in Figure 27 and PK parameters are 
summarized descriptively in Table 29. 
 
Following administration of tofacitinib MR 11 mg (single oral dose) and tofacitinib 
IR 10 mg (2 tablets of 5 mg administered approximately 12 hours apart), peak 
concentrations after the morning dose (Cmax for MR and Cmax1 for IR) were similar. 
Peak concentrations were reached later for the MR treatment (median Tmax = 4 hours) 
than for the IR treatment (median Tmax1 = 0.5 hours) and terminal half-life was longer 
for the MR formulation (mean 5.9 hours) compared to the IR formulation (mean 3.2 
hours). Total plasma tofacitinib exposure based on geometric mean AUCinf was 
similar for both treatments (Table 29). Following the second tofacitinib IR 5 mg dose 
at 12 hours, peak (evening) concentrations for the IR treatment (Cmax2) were 
approximately 30% lower than peak (Cmax1) after the morning dose and were reached 
more slowly, with median Tmax2 observed 2 hours post-evening dose (14 hours post-
morning dose). 
 
Results of the statistical analysis are summarized in Table 30. The 90% CIs for the 
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ratio (MR/IR) of adjusted geometric means for AUCinf and Cmax were within the 80% 
to 125% interval, demonstrating equivalence of tofacitinib total exposure for 
tofacitinib MR 11 mg and tofacitinib IR 5 mg X2.  

 

 
 
Figure 27: Median Plasma Tofacitinib Concentration-Time Profiles Following a Single Oral Dose of 
Tofacitinib MR 11 mg and Two Separate Oral Dose Administrations of Tofacitinib IR 5 mg (12 
hours apart) on Day 1 
(Source: Figure 2, study report A3921212) 
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Table 29. Descriptive Summary of Plasma Tofacitinib Pharmacokinetic Parameter Values for a 
Single Oral Dose of Tofacitinib MR 11 mg and Two Separate Oral Dose Administrations of 
Tofacitinib IR 5 mg (12 hours apart) on Day 1 

 
(Source: Table12, study A3921212 CSR) 
 
Table 30. Statistical Summary of Treatment Comparisons for Plasma Tofacitinib Parameters 
Following a Single Oral Dose of Tofacitinib MR 11 mg and 2 Separate Oral Dose Administrations of 
Tofacitinib IR 5 mg (12 hours apart) on Day 1 

 
(Source: Table13, study A3921212 CSR) 
 

PK Results after Multiple Dose 
Median plasma tofacitinib concentration-time profiles following administration of 
tofacitinib MR 11 mg QD and tofacitinib IR 5 mg BID for 5 days are presented in 
Figure 28 and PK parameters are summarized descriptively in Table 31. 
 
Following administration of tofacitinib MR 11 mg QD and tofacitinib IR 5 mg BID 
for 5 days, the overall results were consistent with those described above for Day 1 
(single dose phase). Total daily plasma tofacitinib exposure based on AUC24 was 
similar for both treatments. Peak concentrations for Day 7 (Cmax for MR and Cmax1 
for IR) were also similar with median Tmax of 4 hours for MR and median Tmax1 of 
0.5 hours for IR, the same as on Day 1. Following the second tofacitinib IR 5 mg dose 
at 12 hours, peak (evening) concentrations for the IR treatment (Cmax2) were 
approximately 20% lower than peak (Cmax1) after the morning dose and were reached 
slightly later with median Tmax2 observed 1 hour post-evening dose (13 hours post-
morning dose). 

 
Results of the statistical analysis are summarized in Table 32. The 90% CIs for the 
ratio (MR/IR) of adjusted geometric means for AUC24 and Cmax values (Cmax for MR 
and Cmax1 for IR) were within the 80% to 125% interval, demonstrating equivalence 
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of tofacitinib total daily exposure for tofacitinib MR 11 mg QD and tofacitinib IR 5 
mg BID.  
 

  
 
Figure 28: Median Plasma Tofacitinib Concentration-Time Profiles For Tofacitinib MR 11 mg Once 
Daily and Tofacitinib IR 5 mg BID on Day 7 (Day 5 of Multiple Dosing) 
(Source: Figure 4, study report A3921212) 
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Table 31. Descriptive Summary of Plasma Tofacitinib Pharmacokinetic Parameter Values for 
Tofacitinib MR 11 mg QD and Tofacitinib IR 5 mg BID on Day 7 (Day 5 of Multiple Dosing) 

 
(Source: Table14, study A3921212 CSR) 
 
Table 32. Statistical Summary of Treatment Comparisons for Plasma Tofacitinib Parameters for 
Tofacitinib MR 11 mg QD and Tofacitinib IR 5 mg BID on Day 7 (Day 5 of Multiple Dosing) 

 
(Source: Table15, study A3921212 CSR) 

 
Conclusions

The extent of exposure for a single dose of tofacitinib MR 11 mg was 
equivalent to the two tofacitinib IR 5 mg doses approximately 12 hours apart, 
based on the 90% CI for the ratio (MR/IR) of adjusted geometric means for 
AUCinf and Cmax being wholly within equivalence limits (80% to 125%). 

 
The steady-state extent of exposure for tofacitinib MR 11 mg QD was 
equivalent to tofacitinib IR 10 mg (5 mg BID), based on the 90% CI for the 
ratio (MR/IR) of adjusted geometric means for AUC24 and Cmax being wholly 
within equivalence limits (80% to 125%). 

 
Steady state for tofacitinib MR 11 mg formulation was achieved within 48 
hours of QD dosing. There was minimal accumulation of systemic exposures 
upon repeated dosing. 

 
The minimum plasma concentration (Cmin) and predose plasma concentration 
(Ctrough) at steady state are approximately 29% and 26% lower, respectively, for 
MR 11 mg QD compared to IR 5 mg BID. 
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Reviewer’s comments:  Reviewer’s independent analysis confirms that the 
90% CI for the ratio (MR/IR) of adjusted geometric means for AUC and Cmax
being wholly within equivalence limits (80% to 125%) following single dose 
(day 1) and multiple dose (day 5). 

2. Other Relative Bioavailability  (113, 131, 132, 163) 
Trial # A3921113 
Title: A Phase 1, Randomized, 3-Period, Open Label, Single Dose, Cross over Study 
to Evaluate the Pharmacokinetics and Safety of Two Controlled Release Formulations 
of CP-690,550 

 
Objectives 
To determine CP-690,550 pharmacokinetics (PK) following a 20-mg single oral 
dose given as 2 different controlled release (CR) formulations and a 10-mg single 
dose given as immediate release (IR) tablet. 

 
Study design and treatment schedule:  

This was a Phase 1, randomized, 3-way crossover, single-dose, open-label study to 
compare the PK in healthy volunteers of 2 different CR CP-690,550 formulations to 
the IR tablet. Subjects were randomized to 1 of 6 treatment sequences as described in 
       Table 33. A total of 12 healthy subjects (2 per sequence) were enrolled in the 
study. 

       Table 33. Treatment Sequences 

 
(Source: Table S1, study A3921113 CSR) 
 

PK Sampling Schedule 
Predose, 15min, 0.5, 1, 2, 4, 6, 8, 12, and 24 hours postdose. 
 

Results and Conclusions
Median CP-690,550 concentration-time profiles for all treatments are presented in 
Figure 29. PK parameters are summarized descriptively in Table 34. 
 
Based on the ratios of adjusted geometric mean dose normalized AUCinf (AUCinf(dn) ) 
values, relative bioavailability was approximately 80.09% (90% CIs: 64.86%, 
98.90%) and 55.39% (90% CIs: 44.59%, 68.81%) for the CR 6- hour and CR 12-hour 
formulations, respectively. The apparent terminal half-life was longer for CR 
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formulations than the IR. This is reflected in a mean half-life of 5.8 and 6.1 hours for 
the CR 6-hour and CR 12-hour formulations, respectively, as compared to 3.4 hours 
for the IR formulation. 

 
 
Figure 29: Median Plasma CP-690,550 Concentration-Time Profiles by Treatment Following Single 
Oral Doses 
(Source: Figure S1, study A3921113 CSR) 

 
Table 34. Statistical Summary of Treatment Comparisons 

 
 (Source: Table S6, study A3921113 CSR) 

Conclusions
The rate and extent of absorption from the osmotic capsules decreased with 
increasing duration of drug release. The two CR capsule formulations were not 
developed further due to suboptimal bioavailability. 
 
Trial # A3921131 
Title: A Phase 1, Randomized, Open Label, Partial Crossover Study to Evaluate the 
Pharmacokinetics (PK) and Safety of Three Modified Release (MR) and One 
Immediate Release (IR) Formulations of Tofacitinib (CP-690,550) in Healthy 
Volunteers 
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Objectives 
o To evaluate the PK of tofacitinib (CP-690,550) under fasting conditions following 

a 22-mg single oral dose of 3 different MR formulations: (1) MR-A; (2) MR-
B1; (3) MR-B2; and (4) a 10-mg single oral dose of the current IR formulation. 

o To assess the effect of a high-fat meal on 2 different MR technologies, MR-A and 
MR-B1. 

o To estimate the relative bioavailability of the 3 different MR formulations (MR-
A, MR-B1, MR-B2) relative to the IR formulation of tofacitinib (CP-690,550). 

 
Study design and treatment schedule:  

This was a Phase 1, randomized, open label, 4-period, 6-sequence, partial cross-over, 
single-dose study to evaluate the PK of 3 MR formulations as compared to the IR 
formulation of tofacitinib under fasting conditions. The effect of food on the PK from 
MR-A and MR-B1 formulations was also assessed. 
Subjects were randomized to 1 of the 6 treatment sequences as described in Table 35. 
A total of 30 healthy subjects (5 per sequence) were enrolled in the study. 
 
Table 35. Study Sequence Schema 

 
(Source: Table 1, study A3921131 CSR) 
 

PK Sampling Schedule 
Predose, 0.5, 1, 2, 3, 4, 6, 9, 12, 24, 36, 48 and 72 hours postdose. 
 

Results and Conclusions
Median plasma tofacitinib concentration-time profiles for all treatments are presented 
in Figure 30. Plasma tofacitinib PK parameters are summarized descriptively in Table 
36. 
 
All 3 MR formulations (MR-A, MR-B1, and MR-B2) resulted in later Tmax compared 
to the IR formulation. For all 3 formulations, the estimated daily exposure of 
tofacitinib following once-daily oral dose of 22mg MR tablet is similar to estimated 
exposure of twice-daily administration of 10mg IR tablets. Based on the ratios of 
model adjusted geometric mean AUCinf (adj) values, relative total daily exposure were 
100.35%, 106.00%, and 98.53% for MR-A, MR-B1, and MR-B2, respectively, and 
the 90% CIs were within (80%, 125%) for all 3 formulations. 
 
Coadministration with a high-fat meal increased Cmax for the MR-A formulation by 
13% (ratio: 113.09%, 90% CI: 99.54%, 128.48%) with no change in AUCinf (ratio: 
100.22%, 90% CI: 94.86%, 105.90%). For the MR-B1 formulation, a high-fat meal 
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increased Cmax by 53% (ratio: 153.33%, 90% CI: 134.97%, 174.20%) with no effect 
on AUCinf (ratio: 104.50%, 90% CI: 98.91%, 110.42%) (Table 37). 

 

 

 
Figure 30: Median Plasma CP-690,550 Concentration-Time Profiles by Treatment Following Single 
Oral Doses 

(Source: Figure 1, study A3921131 CSR) 

 
Table 36. Total Daily Exposure Comparison: Dose adjusted AUCinf, Dose adjusted AUClast

 
AUClast adj and AUCinf adj (fasted treatments only) = AUClast and AUCinf adjusted for expected total daily exposure, assuming once-
daily administration for MR formulations (adjusted values same as observed) and twice-daily administration for IR (adjusted values = 
2 x observed). 

 (Source: Table 18, study A3921131 CSR) 
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Table 37. Statistical Summary of Treatment Comparisons for Food Effect 

 
(Source: Table 19, study A3921131 CSR) 
 

Conclusions
The relative bioavailability for all 3 MR formulations were 10% lower compared to 
for the IR formulation. A 10% increase in total daily dose for MR formulation 
was incorporated following analyses of these data to match the AUC between MR 
and IR formulations.  
 
For all 3 formulations, the estimated daily exposure of tofacitinib following once-
daily oral dose of 22mg MR tablet is similar to estimated exposure of twice-daily 
administration of 10mg IR tablets. Based on lack of food effect, MR-A was chosen 
for further development. 

 
Trial # A3921132 
Title: A Phase 1, Randomized, Open-Label, 2-Way, Crossover Study to Evaluate the 
Pharmacokinetics (PK), Safety, and Bioavailability of Tofacitinib Following Single 
Oral Dose of Modified-Release (MR) 11 mg Compared to MR 22 mg in Healthy 
Volunteers 

 
Objectives 
To evaluate the PK and estimate the bioavailability (BA) of tofacitinib following 
a single oral dose of MR 11 mg compared to a single oral dose of MR 22 mg in 
healthy volunteers in a fasted state. 

 
Study design and treatment schedule:  

This was a Phase 1, randomized, open label, 2-period, 2-way cross-over study to 
evaluate the PK and safety of 2 doses (11 mg and 22 mg) of an MR formulation of 
tofacitinib in healthy volunteers under fasting conditions.  
 
Subjects were randomized to 1 of the 2 treatment sequences as described in Table 38. 
A total of approximately 20 healthy subjects (10 per sequence) were enrolled in the 
study. 
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Table 38. Treatment Sequences 

 
(Source: Table 1, study A3921132 CSR) 
 

PK Sampling Schedule 
Predose, 0.5, 1, 2, 3, 4, 6, 9, 12, 24, 36, 48, and 72 hours. 
 

Results and Conclusions
PK parameters are summarized descriptively in Table 39. 
 
Both MR tablet doses exhibited identical median Tmax values of 3.0 hours and similar 
terminal t½ values of 6.3 hours and 7.3 hours for the MR 11 mg and MR 22 mg 
tablets, respectively. AUCinf and Cmax from MR 22 mg were approximately twice that 
of MR 11 mg, suggesting a linear and proportional increase in exposures with 
increase in dose. Tofacitinib exposures normalized for dose were essentially identical 
for both MR doses. 

 
Table 39. Descriptive Summary of Plasma Tofacitinib Pharmacokinetic Parameter Values for 
MR 11 mg Tablets and MR 22 mg Tablets 

 
 (Source: Table 12, study A3921132 CSR) 
 

Conclusions
Tofacitinib MR has linear PK across doses 11 mg to 22 mg. 

Trial # A3921163 
Title: A Phase 1, Randomized, Open-Label, Single Dose, 2-Way Crossover Study in 
Healthy Volunteers to Evaluate the Pharmacokinetics, Bioavailability, and Safety of a 
Modified Release Formulation of Tofacitinib Compared to the Immediate Release 
Formulation of Tofacitinib 

 
Objectives 

To determine the equivalence of extent of exposure of the tofacitinib MR 11 mg 
formulation compared to a 10 mg dose of the IR formulation in a fasted state.  
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Study design and treatment schedule:  
This was a Phase 1, open-label, randomized, 2-period, 2-treatment, 2-sequence 
crossover study.  
 
Subjects were randomized to 1 of the 2 treatment sequences as described in Table 40. 
A total of 26 healthy subjects (13 per sequence) were enrolled in the study. 
 
Table 40. Treatment Sequences 

 
(Source: Table 1, study A3921163 CSR) 
 

PK Sampling Schedule 
Predose, 0.5, 1, 2, 3, 4, 6, 9, 12, 24, 36, and 48 hours. 
 

Results and Conclusions
Median plasma tofacitinib concentration-time profiles are presented in Figure 31 and 
PK parameters are summarized descriptively in Table 41. As expected for a MR 
formulation, the peak concentrations occurred later for single dose of tofacitinib MR 
treatment (median Tmax, 3.5 hours) than the IR treatment (median Tmax, 0.5 hour). The 
arithmetic mean terminal t½ value was longer for MR treatment, with t½ of 5.7 hours, 
than the IR treatment, with t½ of 3.4 hours. The geometric mean Cmax, adjusted for 
treatment, comparing peak exposure of MR 11 mg to that expected from a dose of IR 
5 mg, was similar between MR (40.75 ng/mL) and IR (44.10 ng/mL) treatments. The 
geometric mean AUCinf was also similar for both treatments (297.5 ng•hr/mL for MR 
and 286.3 ng•hr/mL for IR). 
 
The ratios (MR Test/IR Reference) of adjusted geometric means (90% CIs) of 
tofacitinib AUCinf and AUClast were 103.91% (100.49%, 107.45%) and 103.55% 
(100.16%, 107.07%), respectively, with the 90% CIs wholly contained within the 
80% to 125% interval, demonstrating equivalence of tofacitinib total exposure for 
MR 11 mg relative to the IR 10 mg dose (Table 42). 

Reference ID: 3875837



NDA208246 Page 67 of 73

 
 
Figure 31: Median Plasma Tofacitinib Concentration-Time Profiles Following Single Oral Doses of 
MR 11 mg and IR 10 mg Formulations 
(Source: Figure 1, study report A3921163) 
Table 41. Descriptive Summary of Plasma Tofacitinib Pharmacokinetic Parameter Values for MR 
and IR Formulations 

 
(Source: Table12, study A3921163 CSR) 
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Table 42. Statistical Summary of Treatment Comparisons for Plasma Tofacitinib Parameters 
Following Single Oral Doses of MR 11 mg and IR 10 mg Formulations 

 
(Source: Table13, study A3921163 CSR) 

 
Conclusions
Single dose of tofacitinib MR 11 mg formulation has equivalent exposure to 
tofacitinib IR 10 mg dose under the fasted state, as the 90% CI for the ratio (MR/IR) 
of the adjusted geometric means for AUCinf and Cmax was wholly contained within the 
80% to 125% interval. 

3. Food Effect with commercial formulation 
Trial # A3921180 
Title: A Phase 1, Randomized, Open Label, Single Dose, 2-Period Crossover 
Study to Evaluate the Effect of Food on the Pharmacokinetics of Tofacitinib Modified 
Release (MR) 11 mg Tablets in Healthy Western and Japanese Volunteers 
 
Objective 
To evaluate the effect of food on the pharmacokinetics (PK) of a single dose of the 
tofacitinib modified release (MR) 11 mg proposed-commercial tablet formulation. 

 
 

Study design –This was a Phase 1, randomized, open label, single dose, 2-treatment, 
2-period, 2-sequence crossover study to evaluate the effect of food on the PK of 
tofacitinib MR 11 mg proposed-commercial tablet formulation in healthy Western 
and Japanese subjects. Subjects were randomized to 1 of the 2 treatment sequences as 
described in Table 43. Each treatment sequence consisted of 2 periods. 
 

Table 43. Treatment Sequence 

 
(Source: Table 1, Study report A3921180) 

 
PK Sampling Schedule 

PK blood samples were collected at predose (0), 0.5, 1, 2, 3, 4, 6, 9, 12, 24, 36, and 48 
hours post dose in Periods 1 and 2. 

 
Results and Conclusions  

PK results
Median plasma tofacitinib concentration-time profiles for Day 1 are presented in Figure 
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32. 
 
In the presence of food, absorption was slightly delayed. Following administration of a 
single tofacitinib MR 11 mg dose under fed and fasted conditions, total plasma tofacitinib 
exposure based on geometric mean AUCinf was similar for both treatments (Table 44). 
Peak concentrations for the fed treatment were higher than those for the fasted treatment 
and were reached 1 hour later (median Tmax was 4 hours for the fed treatment versus 3 
hours for the fasted treatment). Mean t½ was 4.4 hours for the fed treatment and 5.5 
hours for the fasted treatment. 
 
Table 44. Statistical Summary of Treatment Comparisons for Plasma Tofacitinib Parameters 
Following a Single Oral Dose of Tofacitinib MR 11 mg under Fed and Fasted Conditions 

 
 (Source: Table 13, study A3921180 CSR) 
 

 
Figure 32. Median Plasma Tofacitinib Concentration-Time Profiles Following a Single Oral Dose of 
Tofacitinib MR 11 mg under Fasted and Fed Conditions 
 (Source: Figure 1, study A3921180 CSR) 
 

Conclusions  
The Co-administration of the proposed-commercial tablet formulation of tofacitinib 
MR 11 mg with a high fat meal had no impact on the overall exposure of tofacitinib.
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is requesting a waiver of pediatric studies for JIA in patients less than 2 years of age and proposes to defer any 
PREA-required studies and timelines until completion of Studies A3921103 and A3921104 (Pediatric studies 
for tofacitinib IR). 

Summary of Tofacitinib_MR PK
Across the pilot and proposed commercial MR 11 mg (extrudable core system [ECS] osmotic) tablet 
formulations (Studies A3921131, A3921132, A3921163, A3921180, A3921195, and A3921212), the geometric 
mean Cmax and AUCinf ranged from 36.10- 42.20 ng/mL and 253-314 ng.hr/mL, respectively under fasting 
conditions; the median Tmax and mean t½ values ranged from 3.00-4.00 hours and 5.45-6.25 hours, 
respectively. In the single and multiple-dose PK study (A3921212), single and multiple-dose PK profiles of 
tofacitinib MR 11 mg formulation were nearly superimposable. Multiple dose to single dose accumulation 
ratios were approximately 1.06 and 1.12 for Cmax and AUC, respectively for the MR formulation, indicating 
negligible accumulation following repeat dosing of the tofacitinib MR formulation, which is similar to that 
observed for IR formulation. Trough (pre-dose) concentration monitoring indicates that steady state 
concentrations are achieved within 48 hours of repeat dosing of MR 11 mg QD. 

Evaluation of relative BA for the MR 11 mg formulation compared to the IR 5 mg formulation has 
demonstrated equivalence of AUC and Cmax in pivotal PK study A3921212 (Table 2), as well as other studies 
(Section 2.7.1.3.1 Summary of Biopharmaceutics). At steady state, Cmin for MR 11 mg QD is approximately 
29% lower and Ctrough is approximately 26% lower compared to IR 5 mg BID (Table 2). 

Table 2. Summary of PK of Tofacitinib MR 11mg QD compared to Tofacitinib IR 5mg BID (study A3921212)

Summary of Exposure Response Analysis
Sponsor conducted exposure response analysis using data on different doses and dosing regimens (QD and 
BID) of the IR formulation from clinical and nonclinical studies previously submitted in NDA 203214.  
Sponsor reported findings from these analyses in four pop PK/PD reports (Appendix 1, 2, 3, 4). Based on the E-
R relationships from the IR development program, sponsor tried to show that the slightly lower (29%) Cmin is 
not clinically important to the efficacy of tofacitinib; and to support the bridging of efficacy from IR 5 mg BID 
to MR 11 mg QD. 
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OSI inspection
OSI inspection will be requested for study A3921212 (clinical site) and A3929023 (analytical lab). 

Mid-Cycle Deliverables
Any approvability issues for this application 
Complete reviews of 

o PK equivalence 
o Exposure-Response Evaluation 
o Special population/DDI
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