ARTHRITIS
ADVISORY COMMITTEE MEETING
May 9, 2012
FDA White Oak Campus, The Great Room
White Oak Conference Center
Silver Spring, Maryland

NDA 203214: tofacitinib for the treatment of adult patients
with moderately to severely active rheumatoid arthritis who
have had inadequate response to one or more diseasemodifying anti-rheumatic drugs

Disclaimer Statement
The attached package contains background information prepared by the Food and Drug
Administration (FDA) for the panel members of the advisory committee. The FDA
background package often contains assessments and/or conclusions and recommendations
written by individual FDA reviewers. Such conclusions and recommendations do not
necessarily represent the final position of the individual reviewers, nor do they necessarily
represent the final position of the Review Division or Office. The background package may
not include all issues relevant to the final regulatory recommendation and instead is intended
to focus on issues identified by the Agency for discussion by the advisory committee. The
FDA will not issue a final determination on the issues at hand until input from the advisory
committee process has been considered and all reviews have been finalized. The final
determination may be affected by issues not discussed at the advisory committee meeting.

FDA Briefing Package
I. Table of Contents
II. Division Memorandum
III. Clinical Briefing Document
IV. Statistical Briefing Document

Page 2 of 29

Division Memorandum
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Associate Director, Division of Pulmonary, Allergy, and Rheumatology
Products, CDER, FDA

To:

Members, Arthritis Advisory Committee

Subject:

Overview of the FDA background materials for New Drug Application
(NDA) 203214, tofacitinib tablets for the treatment of adult patients with
moderately to severely active rheumatoid arthritis who have had an
inadequate response to one or more disease-modifying anti-rheumatic
drugs (DMARDs)

Introduction
Thank you for your participation in the Arthritis Advisory Committee (AAC) meeting to
be held on May 9, 2012. As members of the AAC, you provide important expert
scientific advice and recommendations to the US Food and Drug Administration (the
Agency) on the regulatory decision-making process related to the approval of a drug or
biologic product for marketing in the United States. The upcoming meeting is to discuss
New Drug Application (NDA) 203214 from Pfizer for the new molecular entity (NME)
tofacitinib (also known as CP-690,550), an oral small molecule inhibitor of the Janus
associated kinases (JAK) being proposed for the treatment of adult patients with
moderately to severely active rheumatoid arthritis who have had inadequate response to
one or more disease-modifying anti-rheumatic drugs (DMARDs). The recommended
starting dose is 5 mg twice a day, with an added qualifier that some patients may benefit
from an increase to 10 mg twice a day based on clinical response.
The content of this document and the materials prepared by the Agency reflect the
preliminary findings and opinions based on reviews of the information submitted by
Pfizer. These materials do not represent the final position of the Agency. The opinions
and insights provided by you at this AAC meeting will be an important factor in our
decision on this application.
The clinical and statistical issues related to the tofacitinib clinical trial results are the
primary focus of this AAC meeting. In determining approvability of a product, the
Agency takes into consideration other factors in the regulatory decision-making process,
including the manufacturing and controls of a product. These additional factors will not
be the focus of this AAC meeting.
Attached are the background materials for this meeting. In addition to this memorandum,
the FDA background materials include the clinical and statistical briefing documents and
reference articles.
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Background
Rheumatoid Arthritis (RA) has been the prototypical autoimmune disease for drug
development; especially since the late 1990s with the success of the targeted biologic
therapies. It is a chronic, inflammatory polyarthritis affecting approximately 1% of
adults worldwide, approximately 75% of whom are women. The majority of patients
would have persistent, progressive disease which would result in increasing disability, if
untreated.1 Fortunately, many effective treatments have been developed and approved
for RA, as summarized in Table 1 below.
Table 1 FDA Approved Drugs and Biologics for RA

Since the late 1990’s, clinical development programs evaluating the efficacy of proposed
products for RA have primarily utilized American College of Rheumatology (ACR)
response criteria to assess treatment effect on signs and symptoms, the Health
Assessment Questionnaire-Disability Index (HAQ-DI) to assess treatment effect on
physical functioning, and a standardized radiographic scoring system, such as the Sharp
Score or modifications thereof, to assess treatment effect on structural damage
progression. These outcome measures will be described in greater detail later in this
memorandum.
One conundrum associated with the assessment of efficacy in RA is the possible
dissociation between clinical and radiographic outcomes. Radiographic progression may
occur in people who have very low apparent disease activity and patients with clinical
disease activity may have no evidence of radiographic progression.2 Thus,
documentation of a benefit of treatment on structural damage progression has been an
important goal of clinical development programs for new products proposed for RA,
particularly if the product has a novel target. This has become an increasingly important
aspect of the risk-benefit assessment for new RA treatments in light of the many
1

SL Scott and S Steer, “The course of established rheumatoid arthritis,” Best Practice & Research Clinical
Rheumatology 2007, 21(5):943-967
2
EC Keystone, “Clinical implications of understanding radiographic findings in relation to clinical
outcomes in rheumatoid arthritis.” J Rheumatol 2009; 36 Supple 82:11-16
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approved treatments that have documented beneficial effects in inhibiting structural
damage progression.
Relevant Regulatory History for Tofacitinib in RA
At the time the investigational new drug application (IND) for tofacitinib was submitted,
Phase 1 clinical data were already available. Dose-ranging study A3921019 was the
initial protocol submitted to the IND, which proposed monotherapy with tofacitinib at
doses of 5, 15, and 30 mg BID for a duration of 6 weeks. Lack of nonclinical coverage
for the proposed doses was noted at that time. However, because there were pre-existing
human data in approximately 180 patients at doses up to 50 mg BID for 14 days, the
Agency at that time made an internal decision that the clinical data were adequate to
support the safety of proceeding with the study, despite the lack of nonclinical support for
all of the proposed doses, which would typically be required.
In January 2007, the Agency provided written feedback regarding the proposed design of
Study A3921025 and an extension study. Study A3921025 included proposed doses of 1,
3, 5, 10, 15 mg BID and 20 mg QD, to be given with stable background methotrexate
(MTX) for a duration of 6 months. The design of the study was considered generally
acceptable, although it was noted that the nonclinical data appeared to only support
chronic dosing in patients up to 5 mg BID. The review team at that time determined that
previous clinical experience appeared to support the ability to proceed with the proposed
study.
In December 2008, an End of Phase 2 (EOP2) meeting took place to discuss the
tofacitinib development program. The Agency generally agreed with the proposed Phase
3 program elements and endpoints. Discussions included:
• Pure placebo control should be limited to 3 months, even if patients had apparent
symptomatic improvement (i.e., ACR20).
• 5 mg BID and 10 mg BID doses appear reasonable; 3 mg BID should be considered.
QD regimens may warrant further study.
• The safety database proposal appeared to be adequate (1500 patients on the to-bemarketed dose for a year or more).
• Concern regarding effects on lipids and the implications for cardiovascular safety,
and the need for this to be comprehensively evaluated for NDA.
At the Pre-NDA meeting for this application in February 2011, general agreement was
reached on the proposed format and content of NDA, and the adequacy (to support
review of the application) of the nonclinical program and clinical safety database. The
Agency did not agree with proposals to use historical control data for timepoints beyond
6 months to use as a comparison for the radiographic data.
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Product Information
Tofacitinib is an inhibitor of the Janus kinase (JAK) family. In kinase assays, tofacitinib
inhibits JAK1, JAK2, JAK3 and, to a lesser extent, TyK2. The product is being proposed
as immediate-release tablets for oral administration in 5 and 10 mg dosage strengths.
In the immune system, JAK1, JAK2, and TyK2 are ubiquitously expressed, whereas
JAK3 expression is restricted to hematopoietic cells. JAK1 knockout mice display
perinatal lethality (thought to be related to neuroapoptosis due to lack of gp130
signaling), and JAK1 inhibition would be expected to enhance susceptibility to infections
by viruses and bacteria related to defective signaling by class II cytokine receptors and
receptors that use the gp130 subunit. JAK2 has a pivotal role in the signal transduction
required in definitive erythropoiesis and JAK2 knockout mice are embryonically lethal
due to a lack of erythropoesis. TyK2 knockout mice are viable with no overt
abnormalities, but do show reduced CD4+ cell differentiation to Th1 cells. JAK3
knockout mice display T and B cell lymphopenia without effects on myeloid lineage
cells. Autosomal recessive JAK3 deficiency in humans results in a form of severe
combined immunodeficiency disease (SCID) that is characterized by lack of circulating T
cells and NK cells, but a normal number of B-cells.3
Nonclinical Pharmacology and Toxicology
Pivotal nonclinical toxicology studies were conducted in rats (6-month, doses of 0, 1, 10,
100 mg/kg/day) and cynomolgus monkeys (9-month, doses of 0, 0.5, 2, 10 mg/kg/day, 4
monkeys per sex per group). No-Observed-Adverse-Effect-Levels (NOAELs) could not
be determined as adverse effects were noted in each of the lowest doses tested. Toxicities
were associated with suppression of the immune and hematopoietic systems, to include
suppression of myeloid and erythroid bone marrow production, reductions in circulating
red and white blood cells, increased bacterial infections, and reduced or atrophied
lymphoid organs. Reversibility of these findings was not evaluated in the chronic
toxicity studies. However shorter duration repeat-dose toxicity studies in rats and
monkeys demonstrated that these findings were at least partially reversible.
In the nonclinical program, including shorter (i.e. 1 to 1.5 month) studies, adverse effects
resulting in mortality included:
• in rats, bacterial infections of the kidney, lung alveolar histiocytosis and interstitial
inflammation
• in monkeys, lymphomas, and bacterial and viral infections
In the 9-month (39-week) chronic toxicology study in cynomolgus monkeys, three
monkeys in the high dose group (10 mg/kg/day) developed lymphomas. Pfizer
concluded that these lymphomas were consistent with gamma herpes-virus induced
lymphoproliferative disorder associated with immunosuppression. Additional details are
3

L Vijayakrishnan, R Venkataramanan, and P Gulati, “Treating inflammation with the Janus Kinase
inhibitor CP-690,550.” Trends Pharmacol Sci 2011 Jan; 32(1):25-34.
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discussed in the context of the human lymphoma findings in the RA and renal transplant
settings in the safety section of this memorandum.
Tofacitinib was not mutagenic or genotoxic based on in vitro and in vivo tests for gene
mutations, chromosomal damage, and DNA damage. Carcinogenicity was assessed in a
6-month mouse study and a 2-year rat study. The mouse study did not suggest oncogenic
potential related to tofacitinib. The rat study neoplastic findings included interstitial cell
adenomas of the testes, and benign thymomas and malignant hibernomas in females.
In reproductive toxicology studies, tofacitinib did not appear to affect the fertility of male
rats, but decreased pregnancy rate, numbers of corpora lutea, implantation sites, and
viable fetuses in female rats, with an increase in early resorptions, pre-implantation loss
and post-implantation loss. Tofacitinib was teratogenic (visceral and skeletal
abnormalities) in rats and rabbits.
Clinical Pharmacology
Clinical pharmacology and dose ranging studies, among others, were conducted to assess
the relative bioavailability, mass balance, food-effect, dose proportionality,
pharmacokinetics (PK) and pharmacodynamics (PD) after single- and multiple-dose,
drug-drug interaction, and cardiac safety (thorough QT study) of tofacitinib. These
results will be described in further detail in the briefing document. Of note, the Tmax of
tofacitinib is reached by approximately 0.5 to 1 hours following oral administration.
Upon multiple dose administration, steady state is reached by 24 to 48 hours with
negligible accumulation. Tofacitinib is extensively hepatically metabolized, primarily by
the CYP3A4 enzyme, with minor contribution from CYP2C19. The terminal elimination
half-life (T1/2) of tofacitinib is approximately 3 hours, after single or multiple dose
administration. No clinically relevant QT prolongation was observed in the thorough QT
study. Dose-ranging study results will be summarized in the next section.
Clinical and Statistical
Overview of the clinical program
Five randomized placebo-controlled trials have been submitted as the primary evidence
of efficacy and safety of tofacitinib, as summarized in Table 2 below. As study numbers
all begin with “A32,” they will at times be abbreviated by the last four digits of the study
number. A single trial (A3921044) evaluated radiographic outcomes, a single trial
(A3921064) included a control arm with the TNF inhibitor adalimumab, and a single trial
(A3921045) evaluated tofacitinib monotherapy.
Patients completing the Phase 3 trials had the option to enroll in open-label long-term
extension (LTE) studies. Study A321041 is an LTE for patients completing clinical
development studies in Japan (Phase 2 studies A321039 and A321049, and Japanese
participants in global Study A321044). Study A321024 is the LTE for all other patients
in the clinical development program. These studies allowed for 5 or 10 mg BID doses, to
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be adjusted as needed for either efficacy or safety reasons. Prior to amendment 3
(January 2009), all patients were initiated on 5 mg BID upon entry in the LTE.
Subsequent to this, all patients (with exceptions in certain countries) have been initiated
on 10 mg BID.
One additional Phase 3 trial, A321069, is ongoing and still blinded; therefore no efficacy
data were included in the NDA submission. This is a 2-year study evaluating tofacitinib
monotherapy versus methotrexate (MTX) in MTX-naïve RA patients, with primary
endpoints of ACR70 and modified Sharp Scores at Month 6.
Table 2: Summary of the Phase 3 Studies in RA Submitted for the NDA

Brief Description of Efficacy Endpoints
•

ACR Response Rates

In 1995, the American College of Rheumatology (ACR) published a definition of
improvement for clinical trials in rheumatoid arthritis, which have since been used in
drug development trials to demonstrate evidence of efficacy for signs and symptoms of
RA.4 The ACR20 response is calculated as a >20% improvement in:
• tender joint count (of 68 joints) and
• swollen joint count (of 66 joints) and
• 3 of the 5 remaining ACR core set measures
4

DT Felson, et al., Arthritis & Rheum, 1995 June, 38(6):727-735
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o Patient Global Assessment of Arthritis on a visual analog scale
(VAS)
o Physician Global Assessment of Arthritis on a VAS
o Patient Assessment of Pain on a VAS
o Patient Assessment of Physical Function (e.g. Health Assessment
Questionnaire)
o Acute Phase Reactant (Erythrocyte Sedimentation Rate or Creactive protein)
Fifty percent and 70 percent improvement (ACR50 and ACR70) are similarly calculated
using these higher levels of improvement.
•

Health Assessment Questionnaire-Disability Index (HAQ-DI)

The Agency has historically recognized a distinct claim in RA for “improvement in
physical function” based on outcome measures such as the HAQ-DI.5 This instrument
assesses a patient’s level of functional ability and includes questions pertaining to fine
movements of the upper extremity, locomotor activities of the lower extremities, and
activities that involve both upper and lower extremities. There are 20 questions in 8
categories of functioning which represent a comprehensive set of functional activities:
dressing, rising, eating, walking, hygiene, reach, grip, and usual activities. Patients
respond on a four-level difficulty scale ranging from zero (no difficulty) to three (unable
to do). The 8 category scores are averaged into an overall HAQ-DI score on a scale from
zero (no disability) to 3 (completely disabled). The most widely accepted figure on the
minimal clinically important difference in the HAQ-DI score is an improvement
(decrease) of at least 0.22 units.
•

Disease Activity Score (DAS)-28

The DAS28 is a composite index of RA disease activity which incorporates the number
of tender and swollen joints (out of 28 possible), a patient global assessment of disease
activity (0-100 mm visual analog scale), and erythrocyte sedimentation rate (ESR)
results.6 An alternative equation is available for use with c-reactive protein (CRP)
results. These variables are summed and weighted mathematically into a single
numerical value ranging from 0 to 10. Comparing the DAS28 and the ACR response
criteria, beyond the differences in number of maximum tender or swollen joints counted
(e.g. DAS28 does not include the joints of the feet), additional variables of physician
global assessment, patient pain, and HAQ score are incorporated into the ACR response
criteria. The DAS28 has additional utility in measuring the level of disease activity at a
given timepoint, whereas the ACR response criteria are calculated as improvement in the
variables over a set period of time. A DAS28 score >5.1 is indicative of high disease
activity, and <3.2 of low disease activity. A score of <2.6 has been used to describe an
even lower threshold of disease activity.
5

B Bruce and JF Fries, “The Health Assessment Questionnaire (HAQ).” Clin Exp Rheumatol 2005; 23
(Suppl 39):S14-S18
6
J Fransen and PLCM van Riel, “The Disease Activity Score and the EULAR Response Criteria.” Clin
Exp Rheumatol 2005; 23 (Suppl 39): S93-S99
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Radiographic Outcome: Van der Heijde modified Sharp Score

The Van der Heijde-modified Sharp radiographic scoring method grades the presence of
erosions in the joints of the hands and feet, and the presence of joint space narrowing
(JSN) in the hands, wrists, and feet.7 The scores for each feature for the individual joints
are summed. Erosions are assessed at 16 locations in each hand and wrists and 12
locations in each foot, using a 6-point scale from 0 to 5. Scores are derived based on the
number and size of discrete erosions in each location, but are summed to a maximum of
5. Thus the maximum erosion score for the hands/wrists is 160, and the maximum
erosion score for the feet is 120, for a maximum total erosion score of 280. JSN scores
are based on 15 locations in each hand and wrist and 6 locations in each foot, scored
using a 5-point scale from 0 to 4: 0 = normal; 1 = focal or minimal and generalized
narrowing; 2 = generalized narrowing <50%; 3 = generalized narrowing >50% or
subluxation; and 4 = ankylosis or complete dislocation. The maximum total JSN for the
hands/wrists is 120, and the maximum total JSN for the feet is 48, for a maximum total
JSN score of 168. Therefore the theoretical maximum modified total Sharp Score
(mTSS) is 448, although the actual clinical range in RA drug development trials is
typically much lower because a given individual typically only has a fraction of his or her
joints affected by radiographically evident damage.
Dose selection
The proposed recommended starting dose is 5 mg twice a day, with an added qualifier
that some patients may benefit from an increase to 10 mg twice a day based on clinical
response. Pfizer selected 5 and 10 mg BID doses of tofacitinib based on dose-response
modeling of safety and efficacy data from Study A3921025, with supportive data from
Study A3921019 and Study A3921035. The key design features of these studies and
efficacy results for the American College of Rheumatology (ACR) Responses are
summarized in Table 3 below. On background methotrexate (MTX) in Study 1025, the
dose response was very flat across the range of doses from 3 mg BID to 20 mg QD.
There was some suggestion in Study 1035 (a monotherapy evaluation) that 10 mg BID
might result in additional responders over 5 mg BID.
Pfizer selected the doses of 5 mg BID and 10 mg BID for further study in Phase 3. The
key drivers of their dose selection were ACR responses for efficacy and effect on
hemoglobin (and associated anemia incidence) as a safety variable. Hemoglobin and
LDL were initially chosen as safety variables because, “effects on other endpoints were
either clinically insignificant or the incidence of events were insufficient to model.”8
Since the management of LDL requires patient-specific considerations, it was not
ultimately utilized for dose-selection. As noted in the regulatory history section above, at
EOP2 the Agency review team agreed that the selection of the 5 mg BID and 10 mg BID

7

S Boini and F Guillemin, “Radiographic scoring methods as outcome measures in rheumatoid arthritis:
properties and advantages.” Ann Rheum Dis 2001; 60:817-827
8
Module 2.7.3 Summary of Clinical Efficacy, Section 2.7.3.4.2.1, Page 150
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dose regimens appeared to be adequately justified, although 3 mg BID or QD regimens
were also thought to warrant further consideration.
Table 3: Summary of Dose-Ranging Studies A3921025, A3921035, and A3921019

Additional dose-ranging studies were performed in Japan (A3921039, A3921040), but as
these studies were not unique in design or results they will not be covered in detail in this
memorandum and briefing document.
Study conduct
Treatment groups in the studies were generally balanced with respect to demographics
and baseline characteristics. Overall completion rates were in the 75 to 85% range for
active and control groups in the studies utilizing background DMARDs and somewhat
higher in monotherapy Study 1045. Dropout rates due to adverse events were higher in
the tofacitinib treatment groups (6-12%) compared to the placebo control groups (3-7%),
with the exception of monotherapy Study 1045, where they were roughly equal.
Conversely, dropout rates due to lack of efficacy were somewhat higher in the placebo
groups of the studies (1-4% with tofacitinib, 3-8% with placebo). This pattern and
amount of missing data is consistent with other RA clinical development programs.
Pfizer’s primary analysis population definition differed from the intent-to-treat (ITT)
population in that the primary analysis was done on the “Full Analysis Set” (FAS), which
included all patients who were randomized, and received at least one dose of study drug,
AND who had at least one post-baseline measurement. Thus the FAS population
denominator changed depending on the outcome measure being analyzed. Where the
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FAS population differed most from the ITT population was in the analysis of the
radiographic endpoints. Missing data and their impact on the analyses of the respective
study endpoints will be discussed in the sections below pertaining to those endpoints.
All five studies are designed to establish superiority of the two doses of tofacitinib (5 mg
and 10 mg BID) to placebo for all the primary endpoints (ACR20, mTSS in Study 1044,
HAQ-DI, and DAS28 <2.6). In order to control the probability of type 1 error, Pfizer
assessed each endpoint sequentially using a gatekeeping/step-down approach where
statistical significance can be claimed for the next endpoint in the sequence only if the
prior endpoints have met the requirements for significance. Additionally, as there are two
doses within each endpoint, the gate-keeping/step-down approach was to be applied with
respect to dose as well, i.e., the high dose (10 mg BID) at a given endpoint could achieve
significance only if the high dose at the prior endpoint is significant. For each endpoint,
and for each dose group, the comparison with placebo was to be conducted using a
significance level (alpha) set at 0.05 (2-sided) or equivalently 0.025 (1-sided). The step
down procedure is explained diagrammatically as follows:
Figure 1: Primary Analysis Stepdown Procedure in the 5 Phase 3 RA Studies

For studies 1032, 1045,
1046 and 1064
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Efficacy findings
•

ACR Response Rates

The primary endpoint for all 5 Phase 3 trials was the proportion of patients experiencing
an ACR20 response at Month 3 (Studies 1032, 1044, and 1045) or at Month 6 (Studies
1045 and 1064). As shown in Table 4 below, tofacitinib treatment was associated with a
higher proportion of ACR20 responders in all 5 trials at both 5 mg and 10 mg doses, and
the differences were statistically significant compared to the placebo control groups.
Because missing data were conservatively imputed as equating to non-response, Pfizer’s
primary analysis using the FAS population and FDA’s analysis using the ITT population
produced essentially the same results (data not shown). Although the 10 mg dose was
associated with a slightly higher proportion of responders in 4 of 5 studies, the proportion
of responders in the 5 mg dose group was similar. The studies were not designed to
assess whether patients who began with 5 mg BID would experience a benefit from
increasing their dose to 10 mg BID.
Table 4: Summary of ACR20 Response Rates (Primary Endpoint) in Phase 3 RA Studies

•

Health Assessment Questionnaire-Disability Index (HAQ-DI)

All Phase 3 trials also assessed the treatment effect of tofacitinib on HAQ-DI. The
change in HAQ-DI score was assessed from baseline to Month 3 in all five studies.
Tofacitinib treatment was associated with a statistically significant improvement
(decrease) in HAQ-DI (mean change from baseline), with the tofacitinib treatment groups
experiencing a 0.3 to 0.4 unit improvement over placebo in the studies. In four of the
five Phase 3 studies the 10 mg dose group appeared to be associated with slightly greater
improvement in HAQ-DI. As mentioned previously, the studies were not designed to
assess whether increasing from the 5 mg to the 10 mg dose would be associated with an
increased likelihood or greater degree of benefit.
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For this continuous endpoint, Pfizer’s analysis assumed a missing-at-random mechanism
for missing data regardless of reason and used a mixed-effect repeated-measure model.
FDA reanalyzed the data by applying a baseline-observation-carried-forward imputation
for missing data and produced similar results. Analysis of HAQ-DI results in Study 1044
fell lower in the statistical hierarchy than the analyses of the radiographic endpoint for the
corresponding tofacitinib dose. Thus, the statistical significance of the HAQ-DI results in
Study 1044 is dependent on the statistical significance of the radiographic results, which
are in question (and described in further detail below).
•

Disease Activity Score (DAS)-28 <2.6

The proportion of patients achieving a DAS28 less than 2.6 was the final endpoint in the
sequence of primary endpoints in the statistical hierarchy of the Phase 3 RA trials. This
was assessed at Month 3 in Studies 1045 and 1032 and at Month 6 in Studies 1044, 1046,
and 1064. A low proportion of patients in each group achieved this low level of disease
activity, although the proportion of responders was higher in the tofacitinib groups by 2
to 12% compared to placebo. There was a trend toward a higher proportion of responders
in the 10 mg group compared to the 5 mg group in each of the studies, but the proportion
of responders was numerically similar between groups.
In the primary analysis of the FAS population, using a nonresponder imputation for
missing data, the difference between each tofacitinib dose group and the placebo group
was statistically significant, with the exception of monotherapy Study 1045, where
neither the 5 mg nor the 10 mg dose group was associated with a statistically significant
difference. In FDA’s analysis using the ITT population and nonresponder imputation for
missing data, the 5 mg dose groups in Studies 1032 and 1064 do not reach statistical
significance. Therefore only results from Studies 1046 and 1044 would support the
efficacy of the 5 mg dose for this endpoint. Using either the FAS or ITT population, the
efficacy of the 10 mg dose is supported by all studies except monotherapy Study 1045.
•

Radiographic Outcomes: Modified Total Sharp Score

The primary radiographic endpoint in Study 1044 was assessed at Month 6, after which
all placebo control group patients were transitioned to tofacitinib. At Month 3, patients
who had not experienced a 20% improvement in tender and swollen joint counts were
advanced to active treatment. Approximately 49% of placebo patients left the placebo
group at Month 3 for this reason, compared to 26% of patients in the tofacitinib 5 mg
group and 18% of patients in the tofacitinib 10 mg group.
Patients with missing data at Month 6 or Month 12 had their data imputed using linear
extrapolation from baseline to their last radiographs prior to exiting their assigned
treatment group. This imputation method has been used historically in other RA
development programs assessing structural damage, but has inherent limitations,
particularly as the length of the extrapolation period increases and the amount of missing
data increases. Binary variables (e.g., rates of patients with no progression in mTSS)
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were analyzed using normal approximation to the binomial. Scoring of all radiographs
was done by two separate central blinded assessors.
The primary analysis of the radiographic outcome in Study 1044 excludes patients from
sites with data integrity or procedural issues, as well as additional patients for whom
valid post-baseline radiographs were not obtained. Thus the primary radiographic
analysis excludes 21 (13%) placebo patients, 44 (14%) patients in the tofacitinib 5 mg
group, and 24 (8%) patients in the tofacitinib 10 mg group. This amount of missing data
does not appear to be excessive; however given the small treatment effect size and the
distribution of the data (see below), it is difficult to rule out a major impact of the missing
data on overall results.
As illustrated in Figure 2 below, which contains Study 1044 results and is consistent with
the distribution observed in other RA programs, only a fraction (approximately 20%) of
patients experience progression in the time frame of the study. Placebo patients
(designated by circles in Figure 1) did appear to have more worsening in mTSS scores
than did tofacitinib-treated patients.
Figure 2: Cumulative Probability Plot of Radiograph Score Changes from Baseline to Month 6

Source: Figure 23 of the A3921044 Clinical Study Report

A primary analysis using the analysis of covariance (ANCOVA) model and a sensitivity
analysis using rank-based ANCOVA were pre-specified in the protocol’s statistical
analysis plan. Results of the parametric primary analysis versus the non-parametric
sensitivity analysis are summarized in Table 5 below. In the primary analysis, only the
change from baseline in mTSS for the tofacitinib 10 mg group achieved statistical
significance compared to the placebo group. The statistical significance of the findings
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treated patients. There were no deaths in the Phase 1 studies. In the 12-month pooled
safety population, the exposure-adjusted rate of death was similar in the tofacitinib and
placebo treatment groups (0.5/100 patient-years for placebo, 0.8/100 patient-years for
tofacitinib 5 mg BID, and 0.4/100 patient-years in the tofacitinib 10 mg BID group). The
exposure-adjusted incidence of death remained stable in the long-term extension. The
causes of death are consistent with the profile of an immunosuppressant and also with the
underlying patient population, with infections, malignancy and cardiovascular disorders
being most common.
•

Serious adverse events (SAE)9and discontinuations due to adverse events

The exposure-adjusted incidence of serious adverse events (SAE) was generally similar
between treatment groups in the 12-month pooled safety population (15/100 patient-years
for placebo, 11/100 patient-years in the adalimumab group, 12/100 patient-years in the
tofacitinib 5 mg BID group and 10/100 patient-years in the tofacitinib 10 mg BID group).
However, when broken down by System-Organ-Class (SOC), tofacitinib treatment
appears to be associated with an increased risk of infections. In the LTE, the rate of
neoplasms and malignancies appeared to increase. These SAE will be discussed in detail
in sections to follow.
The proportion of patients discontinuing due to an adverse event was higher in the adalimumab
(11%) and tofacitinib (8%) groups when compared to placebo (4%). Infections were the most
common reason for discontinuation (approximately 2.5% in the tofacitinib groups compared to
0.3% in the placebo group). However, investigations were also a common reason (up to 2% in
the tofacitinib 10 mg group), and there were pre-specified laboratory abnormalities that were to
trigger discontinuation (see laboratory abnormality section below).
•

Malignancy

No malignancies occurred in placebo-treated patients during the placebo-controlled
portions of the Phase 3 RA trials. During the 12-Month Pooled Safety period, the
exposure-adjusted incidence of malignancies was 0.6/100 patient-years in the
adalimumab and tofacitinib 5 mg BID groups, but higher (0.9/100 patient-years) in the
tofacitinib 10 mg group. The rate of malignancies numerically increased in the LTE and
will be further described in additional analyses below. Overall, the types of malignancies
observed followed the pattern of malignancies that would generally be expected in the
underlying patient population, with certain exceptions, such as liposarcoma and synovial
sarcoma. Non-melanoma skin cancer (NMSC) and solid tumors (e.g., lung and breast)
occurred most commonly.

9

Serious Adverse Drug Experience is defined in 21 CFR 312.32 as any adverse drug experience occurring
at any dose that results in any of the following outcomes: Death, a life-threatening adverse drug experience
(defined in the same regulation as any adverse drug experience that places the patient or subject, in the
view of the investigator, at immediate risk of death from the reaction as it occurred), inpatient
hospitalization or prolongation of existing hospitalization, a persistent or significant disability/incapacity,
or a congenital anomaly/birth defect.

Page 18 of 29

FDA Division Summary Memo

NDA 203214, Pfizer Inc.
CP-690,550/tofacitinib
for Rheumatoid Arthritis

presence of lymphoma cases in the development program, including the nonclinical
program and clinical development in other indications, as will be described in further
detail below.
Nonclinical lymphoma findings
A 39-week chronic toxicology study in cynomolgus monkeys was performed, which
evaluated CP-690,550 at doses of 0, 0.5, 2, or 10 mg/kg/day (4 monkeys per sex per
group). Three of eight monkeys in the high dose group (10 mg/kg/day) developed
lymphomas. Two of the 3 lymphomas were B cell lymphomas and positive for
lymphocryptovirus by immunohistochemical positive for Epstein-Barr Virus (EBV)encoded small RNA (EBNA-2) and in situ hybridization for the EBER-1 gene staining.
One of 3 monkeys had a lymphoma in the peri-thymic fat that was determined to be a Tcell lymphoma based on immunohistochemical staining. Pfizer’s conclusion was that
“effects of exaggerated pharmacology were observed at a dose of 10 mg/kg/day and the
target tissues were red blood cells, peripheral blood lymphocytes, and lymphoid tissues.
The lymphoproliferative changes observed in this study, including the development of
malignant lymphomas, are consistent with gamma herpesvirus-induced
lymphoproliferative disorder observed in immunosuppressed monkeys.”10
Lymphoma in the Post-Transplant Setting
Five cases of post-transplant lymphoproliferative disorder (PTLD) were reported in 218
tofacitinib-treated patients in a renal allograft Phase 2b study, for a cumulative incidence
of 2.3%. In that study, patients were randomized 1:1:1 to one of two CP-690,550
(tofacitinib) regimens or to a cyclosporine control regimen. One tofacitinib arm was
dosed at 15 mg BID for the first 6 months, then reduced to 10 mg BID, and the other arm
received 15 mg BID for the first 3 months, then reduced to 10 mg BID. A summary of
these cases is as follows:
• A 62 year old male who developed a lymphoproliferative disorder involving the
brain, stomach, colon, and pericardium (EBV positive) after ~9 months of exposure
• A 39 year old male who developed a Non-Hodgkin’s Lymphoma (NHL) of the brain
(EBV positive) after ~10 months of exposure
• A 53 year old male who developed post-transplant Hodgkin’s Lymphoma of the lungs
(EBV positive) after ~10 months of exposure
• A 71 year old male who developed NHL of the brain (EBV positive) after ~19
months of exposure
• A 46 year old male who developed large B-cell lymphoma of the brain (EBV
positive) after ~29 months of exposure
No patients randomized to the cyclosporine control regimen in the study have been
reported with a PTLD to date.

10

Study Report for Study 2003-0301, pg. 6
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Per recent reviews, the incidence of PTLD in renal transplant recipients would be
expected to be up to 1 to 2%11, and CNS PTLD comprises approximately 10 to 20% of
cases.12 Thus, the findings in the aforementioned study appear to suggest increased risk
with tofacitinib.
Lymphoma in RA
A total of 7 cases of lymphoproliferative disorder had been reported as of the writing of
this document—5 cases as of the 120-day safety update (data cut-off date September 29,
2011) and 2 cases reported since that update:
• A 78 year old female on CP-690,550 at 5 mg BID + MTX developed Primary CNS
diffuse B-cell lymphoma (EBV negative) after 818 days of exposure
• A 51 year old female on CP-690,550 at 5 mg BID developed a lymphoproliferative
disorder involving the abdominal lymph nodes (EBV positive) after 227 days of
exposure
• A 61 year old female on CP-690,550 at 5 mg BID developed mantle cell lymphoma
(blastoid variant) after approximately 9 months of exposure
• A 47 year old female on CP-690,550 at 10 mg BID + MTX developed lymphoma of
the thymus after 220 days of exposure
• A 69 year old female on CP-690,550 at 10 mg BID + MTX developed diffuse large
B-cell lymphoma of the breast after 642 days of exposure
• A 65 year old male on CP-690,550 at 10 mg BID developed Non-Hodgkin’s
lymphoma (high grade B-cell Burkitt-like lymphoma) after 149 days of exposure
• A 63 year old male whose therapy has not yet been unblinded developed
“lymphoproliferation” after 449 days of exposure.
No cases have yet been identified as occurring in the placebo controlled treatment groups
of the studies, acknowledging that exposure in the placebo control groups is much less
than the exposure to tofacitinib in these studies.
There is general agreement that the underlying risk of lymphoma is increased in RA
patients, so whether the observed cases in the tofacitinib RA clinical development
program represent an additional risk is difficult to determine. However, the presence of
atypical lymphomas such as CNS lymphoma and breast lymphoma, the findings of
lymphoma in the nonclinical program, and the likelihood of increased risk in the postrenal transplant setting are suggestive of a consistent safety signal of increased risk.

11

Sampaio et al., “Impact of Epstein Barr virus donor and recipient serostatus on the incidence of posttransplant lymphoproliferative disorder in kidney transplant recipients.” Nephrol Dial Transplant 2012, Jan
24 [Epub ahead of print]
12
Jagadeesh et al., “Post transplant lymphoproliferative disorders: risk, classification, and therapeutic
recommendations.” Current Treatment Options in Oncology 2012, 13:122-136
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Infections

Infections leading to death
In the RA clinical development program for tofacitinib, through the 120-day safety
update (data cut-off September 29, 2011), a total of 15 patients died as a consequence of
infection—12 patients died of pneumonia, one from pyelonephritis, one from
appendicitis, and one from septic arthritis. All cases occurred in tofacitinib-treated
patients except the one case of pyelonephritis occurring in a placebo-treated patient. The
pattern of serious infections and deaths related to serious infection is consistent with a
conclusion that tofacitinib is immunosuppressive.
Serious nonfatal infections
During the 12-month pooled safety period, the proportion of patients experiencing a
serious infection was increased in the tofacitinib groups (3/100 patient-years) compared
to the placebo control group (1.5/100 patient-years) and the adalimumab control group
(1.7/100 patient-years). In the LTE, the proportion of patients experiencing a serious
infection was similar in the tofacitinib 5 mg group (2/100 patient-years), but was
increased in the tofacitinib 10 mg group (5/100 patient-years). The most common serious
infection by far was pneumonia. Cellulitis, abscesses, and herpes zoster events were also
common serious infections. In general, the rates of serious infection and types of serious
infection observed are consistent with other immunosuppressive products approved for
the treatment of RA, although variability in the data makes it difficult to be definitive.13
Opportunistic Infections, Including Tuberculosis
No cases of OI or TB were noted in the placebo or adalimumab control groups of the
Phase 3 RA Trials. However there 3 patients (0.2%) in the tofacitinib 5 mg BID group
and 10 patients (0.8%) in the tofacitinib 10 mg BID group who experienced opportunistic
infections during the 12-month pooled safety period. Six patients (0.5%) in the
tofacitinib 10 mg BID group and no patients in the tofacitinib 5 mg BID group
experienced infection with TB during the 12-month pooled safety period. Proportions of
patients experiencing OI or TB events in the LTE were similar or lower.
In the RA development program as a whole (not limited to the Phase 3 trials and LTE), a
total of 34 opportunistic infections, including TB, have been reported; all of which have
occurred in tofacitinib-treated patients. These include 14 patients who developed TB, 7
patients with esophageal candidiasis, 4 patients with cytomegalovirus (CMV) infection, 3
patients with Pneumocystis pneumonia, 2 patients with cryptococcal infection (1
pneumonia, 1 meningitis), 2 patients with atypical mycobacterial infection, 1 patient with
BK virus encephalitis, and 1 patient with disseminated Herpes zoster.

13

DE Furst, “The risk of infections with biologic therapies for rheumatoid arthritis.” Semin Arthritis
Rheum 2010, 39:327-346
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The number and pattern of opportunistic infections observed with tofacitinib treatment
suggests significant immunosuppression that is apparent with both doses, although
somewhat higher with the 10 mg BID dose.
Herpes Zoster
Herpes zoster events were common in the tofacitinib Phase 3 RA trials and LTE, and
occurred more frequently in the tofacitinib groups compared to the control groups.
Approximately 3% of tofacitinib-treated patients experienced a herpes zoster event
during the 12-month pooled safety period compared to 0.4% of placebo-treated patients.
In the LTE, 7% of patients receiving tofacitinib 5 mg BID and 2% of patients receiving
10 mg BID experienced a herpes zoster event. Serious herpes zoster events were
relatively infrequent, and only occurred with tofacitinib treatment.
•

Other adverse events of interest

Cardiovascular Adverse Events
Cardiovascular disorders were identified as events of interest for monitoring and analyses
because of tofacitinib-induced change in lipid parameters (an approximate 15% increase
in triglycerides, LDL, and HDL). Thus pre-specified monitoring and adjudication of
cardiovascular events were incorporated into the RA Phase 3 program. The adjudication
of CV events was performed in a blind fashion by an external Cardiovascular Safety
Endpoint Adjudication Committee (CV-SEAC) consisting of three cardiologists and
governed by a Charter.
The endpoint of major adverse cardiovascular events (MACE) was defined as the
composite of the following:
• CV death: coronary, cerebrovascular, cardiac (e.g., sudden cardiac death), and noncardiac vascular (e.g., pulmonary embolism)
• Non-fatal CV events: myocardial infarction, cerebrovascular events
The overall baseline cardiovascular risk profile was low and comparable among the
treatment arms in the Phase 3 program. The proportion of patients with 2 or more
coronary risk factors was around 22% and only 10-13% of the Phase 3 population had a
10-year Framingham risk of over 10%.
The few MACE events that were observed during the trials occurred at similar rates in
tofacitinib treatment groups (0.4/100 patient-years in the 5 mg group, 0.7/100 patientyears in the 10 mg group) compared to the placebo group (1/100 patient-years).
Importantly, the exposure-adjusted rates from the LTE studies remained consistent with
the rates observed during the controlled periods of the Phase 3 studies.
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Common adverse events

Adverse events in the Infections and Infestations System Organ Class (SOC) were the
most common adverse events in the RA Phase 3 studies. In the first 3 months of the
Phase 3 studies, approximately 20 to 21% of patients in the tofacitinib groups
experienced an infectious event, compared to 18% of patients in the placebo group and
16% of patients in the adalimumab group. The most common infections were bronchitis,
nasopharyngitis, upper respiratory tract infection, and urinary tract infection.
Gastrointestinal (GI) disorders were next most common, occurring in 16 to 17% of the
tofacitinib-treated patients compared to 14% of patients in the placebo group and 10% of
patients in the adalimumab group. The most common GI disorders were diarrhea,
dyspepsia, and nausea. Infections remained the most common adverse event over time,
with increasing exposure, in the Phase 3 studies.
•

Laboratory parameters

Tofacitinib treatment was associated with changes in certain hematologic, hepatobiliary, serum
chemistry (creatinine and creatine phosphokinase) and lipid parameters. The Phase 3 protocols
incorporated pre-specified criteria for increased monitoring or discontinuation due to laboratory
abnormalities. Discontinuation criteria were as follows:
o Absolute Neutrophil Count (ANC) <500/mm3
o Hemoglobin (Hb) <8 g/dL or decreased by >30%
o Platelets <75,000/mm3
o Elevated AST or ALT > 3 x Upper Limit of Normal (ULN) with
 Total bilirubin > 2 x ULN or
 Increased INR (coagulopathy)
o Elevated AST or ALT >5 x ULN
o Elevated creatinine >50% of baseline or >30% at end of study
Anemia, defined as hemoglobin <8 g/dL or a drop of 2 mg/dL or more, and liver enzyme
elevations, defined as AST or ALT greater than 3 times ULN, were the most common
criteria triggering further monitoring in the Phase 3 studies and LTE. These appeared to
be generally balanced between the treatment groups during the controlled periods of the
studies. Increases in serum creatinine were the most common laboratory abnormality
triggering discontinuation criteria, and the proportion of patients meeting these criteria
was higher with tofacitinib treatment. The proportion of patients meeting anemia and
serum creatinine criteria increased with increasing duration of exposure. Further details
regarding laboratory abnormalities are described below.
Hematologic abnormalities
The proportion of patients experiencing a drop in hemoglobin of 1 to 2 g/dL was
approximately 10% in the 12-month pooled safety population. Approximately 2% of
patients on tofacitinib 10 mg BID experienced a drop in hemoglobin of 2 to 3 g/dL. Few
patients experienced anemia of worse severity. The proportion of patients experiencing
neutropenia was approximately 2 to 3% in each group. No patients experienced absolute
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neutrophil counts of less than 500/mm3. A high proportion of patients experienced
moderate to severe levels of lymphopenia (between 500 to 1500/mm3). In the 12-month
pooled safety period, the proportion of patients in this category was close to 40%,
compared to 21% of adalimumab-treated patients. This proportion increased in the LTE
up to 59% of patients receiving tofacitinib 5 mg BID.
Platelets decreased in the first month of treatment in the adalimumab and tofacitinib
treatment groups and stabilized thereafter. Platelets also decreased in the placebo control
group after these patients were switched to active treatment, in a similar pattern.
Tofacitinib treatment did not appear to increase the risk of thrombocytopenia.
Infections associated with neutropenia or lymphopenia
There did not appear to be an association between neutropenia at an absolute neutrophil
count (ANC) of 500/mm3 or greater and an increased risk of infection. No patients
reached ANCs of <500/mm3. In contrast, when tofacitinib-associated lymphopenia
reached absolute lymphocyte counts less than 500/mm3, there was a clearly increased risk
of infection. Eight of 10 patients experiencing this level of lymphopenia in the long-term
extension developed infections, including 4 serious infections (3 events of herpes
zoster—one of these patients also later developed disseminated TB) and 1 case each of
pyelonephritis, urinary tract infection, pneumonia, and erysipelas.
Hepatic enzyme abnormalities
Liver test abnormalities were relatively common in the RA clinical development
program, but were mostly mild (1 x ULN, approximately 20% of patients). Most of these
abnormalities occurred in studies with background DMARD (primarily methotrexate)
therapy. Tofacitinib administration was associated with small (<10 IU/L) elevations of
mean ALT and AST. Small elevations in total bilirubin (∼0.05 mg/dL) were also
observed, which were comparable to the changes with adalimumab (0.08 mg/dL). In
monotherapy study 1045, there were no clinically significant changes in the mean values
of ALT, AST and total bilirubin (data not shown), which is consistent with data from
Phase 2 monotherapy studies (1019, 1035, and 1040). In LTE studies, similar small
increases were documented in ALT, AST (both <5 IU/L) and total bilirubin (∼0.05
mg/dL). Significant liver test abnormalities were uncommon; 6 patients met laboratory
criteria for Hy’s law.
Hy’s law is used during clinical development to assess a drug’s potential of inducing
fulminant hepatic failure with larger/longer exposure, which is a rare and usually fatal
event. Approximately 10% of Hy’s law cases develop acute liver failure. The components
of Hy’s law are:
• Evidence of hepatocellular injury by any elevated aminotransferase of >3xULN,
• Evidence of liver dysfunction by increase in bilirubin ≥2xULN and without
evidence of cholestasis by ALP <2xULN
• No other cause such as viral hepatitis A, B, or C; preexisting or acute liver
disease; or another drug capable of causing the observed injury.
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Six patients, all in the LTE studies, met the laboratory criteria for Hy’s law (subjects
with), but five of these cases did not meet the third criterion due to the presence of
significant confounding factors. The sixth case was a 32 year old woman on tofacitinib at
10 mg BID and MTX who experienced asymptomatic transaminitis while on study, had
both MTX and tofacitinib discontinued, and 3 months later developed jaundice and
increased transaminase levels that responded to prednisolone and azathioprine, which
was suggestive of possible autoimmune hepatitis. However drug-induced liver injury
could not be ruled out.
Serum creatinine/renal function
Tofacitinib treatment was associated with a small (<0.1 mg/dL) dose- and length of
exposure-dependent elevations of serum creatinine. This effect appeared to be plateauing
by Month 12. To explore the effects of tofacitinib on renal function, Pfizer conducted a
14-day repeat dose study (Study 1033) of 15 mg BID in healthy volunteers and did not
observe effects on renal function (measured glomerular filtration rate using iohexol
serum clearance), renal plasma flow, or 24-hour urinary creatinine clearance. However,
it important to note that the observed dose- and length of exposure-dependent increases in
mean serum creatinine levels were associated with an increasing incidence of patients
meeting the protocol criteria for discontinuation due to creatinine increases, particularly
in the long-term extensions, where approximately 2% of patients were discontinued due
to confirmed creatinine increases of more than 50% of baseline. There did not otherwise
appear to be an increase in the proportion of patients experiencing serious adverse events
of renal failure.
Lipid abnormalities
Tofacitinib treatment was associated with dose-dependent increases in total, LDL, and
HDL cholesterol within one month of treatment and then generally plateaued. Mean
triglycerides, LDL levels, and HDL levels increased by approximately 15%. The overall
LDL/HDL ratios did not appear to change.
Serum creatine phosphokinase (CPK)
Tofacitinib treatment was associated with limited dose-dependent increases in CPK of
approximately 40 to 60 IU/L over the first 6 months of therapy and plateauing thereafter.
These changes did not appear to be associated with an increased risk of myopathic
adverse events.
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Benefit-risk assessment
Based on the efficacy and safety data provided, the Advisory Committee will be asked to
consider whether the benefit-risk profile of tofacitinib is adequate for the proposed
indication of treatment of adult patients with moderately to severely active rheumatoid
arthritis who have had inadequate response to one or more DMARDs. There are a
number of issues with respect to the interpretation of both the efficacy and safety
tofacitinib for the proposed indication that will require consideration:
The efficacy issues include the following:
• It is not possible to make definitive conclusions regarding the treatment effect of
tofacitinib on radiographic outcomes. Issues driving uncertainty regarding these
results include:
o A low amount of progression was observed in the placebo control group,
limiting the treatment effect size that could be demonstrated
o The small apparent treatment effect size is susceptible to change
depending on analytical approach, missing data, and missing data
imputation method, and in this case appears to be driven by a few extreme
observations
o The data are not consistent with respect to dose
o Corroborating data (i.e., from another study) are not available to help
resolve residual uncertainty
• Given the potential for lack of correlation in short term signs and symptoms and
physical function endpoints with radiographic progression, documented treatment
benefits on the short term clinical outcome measures may not be adequate reassurance
that benefits will be seen in terms of structural damage progression.
The safety issues include the following:
• The data suggest that tofacitinib treatment is associated with an increased risk of
malignancy
o The risk of malignancy appeared to increase over time in the LTE.
o There appears to be an increased risk of lymphoma in particular.
o There is also a suggestion of increasing risk with increasing dose
 Lymphomas occurred in the highest dose group (3 of 8, 37%) of
the chronic toxicology study in monkeys
 The exposure-adjusted incidence rate of malignancy was higher in
the tofacitinib 10 mg group in the LTE (1.4 events per 100 patientyears, compared to 1.0 events per 100 pt-yrs with 5 mg BID)
 Five lymphoma cases in 218 (2.3%) renal transplant patients who
had received 15 mg BID. Four of 5 patients were on 15 mg BID
for 6 months and one of 5 patients was on 15 mg BID for 3 months
prior to maintenance treatment with 10 mg BID.
• The data also suggest tofacitinib treatment is associated with an increased risk of
serious infections, including opportunistic infections.
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Tofacitinib treatment is also associated with a number of laboratory abnormalities, to
include abnormal hematologic parameters, lipid parameter changes, and serum
creatinine elevation.

As a new molecular entity targeting a novel pathway in RA, tofacitinib may have a
unique benefit-risk balance that cannot be inferred from previous experience with other
products approved for RA. Substantial evidence to support a salutary effect of tofacitinib
for structural damage progression becomes even more important in light of the
aforementioned malignancy concerns, particularly since other therapies for RA are
available that may not have a similar malignancy risk.
Summary
The purpose of this AAC meeting is to discuss the adequacy of the efficacy and safety
data submitted by Pfizer to support the approval of tofacitinib at doses of 5 and 10 mg
BID for the treatment of moderately to severely active rheumatoid arthritis in patients
who have had inadequate response to one or more DMARDs. The Committee’s input
will be invaluable in this determination. In this regard, we ask the Committee to keep in
mind the following discussion topics.
Draft Topics for Discussion
1. Discuss the efficacy data for tofacitinib.
a) Include a discussion of the treatment effect on radiographic outcomes for the 5
mg dose and the 10 mg dose.
b) Discuss the clinical implications of the efficacy profile of tofacitinib if its
effect on radiographic outcomes cannot be ascertained with the currently
available data.
2. Discuss the safety data for tofacitinib
a) Include discussion of
• Malignancy, overall, and lymphoma in particular
• Serious infections
• Abnormal hematologic parameters
• Lipid parameter changes
• Cardiovascular safety profile
b) Include discussion of the overall safety profile of the 5 mg dose and the 10 mg
dose, and whether the data are more favorable for one dose versus the other.
3. Data submitted provide independent substantiation of the treatment effect of
tofacitinib for signs and symptoms, but data on radiographic outcomes was provided
from a single study and results varied depending on the analyses. Overall, do the data
provide substantial evidence that tofacitinib provides a clinically meaningful beneficial
effect in the treatment of rheumatoid arthritis?
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4. Is the safety profile of tofacitinib adequate to support approval of tofacitinib for the
treatment of moderately to severely active rheumatoid arthritis in patients who have had
inadequate response to one or more DMARDs?
5. Does the Committee recommend approval of tofacitinib for the treatment of
moderately to severely active rheumatoid arthritis in patients who have had inadequate
response to one or more DMARDs?
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1. Background
The focus of discussion for the May 09, 2012 Arthritis Advisory Committee meeting is
the new molecular entity (NME) tofacitinib (also known as CP-690,550), an oral Janus
kinase (JAK) inhibitor, being proposed for the treatment of adult patients with
moderately to severely active rheumatoid arthritis who have had inadequate response
to one or more disease-modifying anti-rheumatic drugs (DMARDs). This product has not
yet been approved for commercial use for any indication, anywhere in the world.
The contents of this document reflect preliminary findings and opinions based on
reviews of the information submitted by Pfizer in New Drug Application (NDA) 203214.
These materials do not represent the final position of the Agency. The opinions and
insights provided by you at this AAC meeting will be an important factor in the Agency’s
decision on this application.

Background on Rheumatoid Arthritis
Rheumatoid arthritis (RA) is a symmetric inflammatory polyarthritis, affecting
approximately 1% of the adult population. Its etiology remains elusive, but pathogenic
mechanisms have been studied extensively, and a number of effector mechanisms
have been identified. Complex interactions between putative environmental triggers and
epigenetic factors in genetically susceptible individuals likely lead to a multi-step
process of loss of self-tolerance and abnormal innate and adaptive immune responses.
This process involves multiple pro-inflammatory cytokines such as TNF-alpha, IL-1, and
IL-6, intracellular signaling pathways (e.g., NF-κB, tyrosine kinases, such as JAK and
Syk), activated T and B lymphocytes, mononuclear phagocytes, fibroblasts, etc. This
cascade of events leads to synovial inflammation and proliferation resulting in joint pain
and swelling, autoantibody production (rheumatoid factor and anti-citrullinated protein
antibodies), bone erosions, joint space narrowing and joint destruction, and systemic
features, including inflammation, cardiovascular, pulmonary, musculoskeletal, and other
manifestations. Sustained RA activity results in irreversible joint destruction, functional
impairment and increased morbidity and mortality, and significantly impacts society and
the health care system.1

Currently Available Treatments for Rheumatoid Arthritis
Many effective therapies have already been approved for the treatment of patients with
RA, as listed in Table 1 and Table 2. The classes of drugs used for treatment of RA
include: nonsteroidal anti-inflammatory drugs (NSAIDs) and selective COX-2 inhibitors,
corticosteroids, and disease modifying anti rheumatic drugs (DMARDs). NSAIDs and
COX-2 inhibitors are utilized primarily for symptomatic relief of pain and are useful co-

1 SL Scott and S Steer, “The course of established rheumatoid arthritis,” Best Practice & Research
Clinical Rheumatology 2007, 21(5):943-967
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One conundrum associated with the assessment of efficacy in RA is the possible
dissociation between clinical and radiographic outcomes. Radiographic progression
may occur in people who have very low apparent disease activity and patients with
clinical disease activity may have no evidence of radiographic progression.2 Thus,
documentation of a benefit of treatment on structural damage progression has been an
important goal of clinical development programs for new products proposed for RA,
particularly if the product has a novel target. This has become an increasingly important
aspect of the risk-benefit assessment for new RA treatments in light of the many
approved treatments that have documented beneficial effects in inhibiting the
progression of structural damage.

Relevant Regulatory History
At the time the investigational new drug application (IND) for CP-690,550 (now known
as tofacitinib) was submitted, Phase 1 clinical data were already available. Doseranging study A3921019 was the initial protocol submitted to the IND, which proposed
monotherapy with CP-690,550 at doses of 5, 15, and 30 mg BID for a duration of 6
weeks. Lack of nonclinical coverage for the proposed doses was noted at that time.
However, because there were pre-existing human data in approximately 180 patients at
doses up to 50 mg BID for 14 days, the Agency at that time made an internal decision
that the clinical data were adequate to support the safety of proceeding with the study,
despite the lack of nonclinical support for all of the proposed doses, which would
typically be required.
In January 2007, the Agency provided written feedback regarding the proposed design
of Study A3921025 and an extension study. Study A3921025 included proposed doses
of 1, 3, 5, 10, 15 mg BID and 20 mg QD, to be given with stable background
methotrexate (MTX) for a duration of 6 months. The design of the studies was
considered generally acceptable, although it was noted that the nonclinical data
appeared to only support chronic dosing in patients up to 5 mg BID. The review team at
that time determined that previous clinical experience appeared to support the ability to
proceed with the proposed studies.
In December 2008, an End of Phase 2 (EOP2) meeting took place to discuss the CP690,550 development program. The Agency generally agreed with the proposed Phase
3 program elements and endpoints. Discussions included:
• Pure placebo control should be limited to 3 months, even if patients had apparent
symptomatic improvement (i.e., ACR20).
• 5 mg BID and 10 mg BID doses appear reasonable; 3 mg BID should be considered.
QD regimens may warrant further study.
• The safety database proposal appeared to be adequate (1500 patients on the to-bemarketed dose for a year or more).

2 EC Keystone, “Clinical implications of understanding radiographic findings in relation to clinical
outcomes in rheumatoid arthritis.” J Rheumatol 2009; 36 Suppl 82:11-16
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Concern regarding effects on lipids and the implications for cardiovascular safety,
and the need for this to be comprehensively evaluated for NDA.

At the Pre-NDA meeting for this application in February 2011, general agreement was
reached on the proposed format and content of NDA, and the adequacy (to support
review of the application) of the nonclinical program and clinical safety database. The
Agency did not agree with proposals to use historical control data for timepoints beyond
6 months to use as a comparison for the radiographic data.

2. Summary of Product Information
The Molecule and Mechanism of Action
CP-690,550 (tofacitinib) is intended to be a selective inhibitor of Janus kinase (JAK)
family of kinases, which mediate signal transduction activity through the common
gamma chain family of cytokines including IL-2, -4, -7, -9, -15, and 21. These cytokines
are integral to lymphocyte activation, proliferation and function. In kinase assays,
tofacitinib inhibits JAK1, JAK2, JAK3 and, to a lesser extent, TyK2. The broad effect of
JAK inhibition on multiple cytokine pathways provided the rationale for developing
tofacitinib as a treatment for RA in which lymphocyte activation and proliferation play a
pathogenic role.

The Pharmacology/Toxicology Program
Pivotal nonclinical toxicology studies were conducted in rats (6-month, doses of 0, 1, 10,
100 mg/kg/day) and cynomolgus monkeys (9-month, doses of 0, 0.5, 2, 10 mg/kg/day, 4
monkeys per sex per group). No-Observed-Adverse-Effect-Levels (NOAELs) could not
be determined as adverse effects were noted in each of the lowest doses tested.
Toxicities were associated with suppression of the immune and hematopoietic systems,
to include suppression of myeloid and erythroid bone marrow production, reductions in
circulating red and white blood cells, increased bacterial infections, and reduced or
atrophied lymphoid organs. Reversibility of these findings was not evaluated in the
chronic toxicity studies. However, shorter duration repeat-dose toxicity studies in rats
and monkeys demonstrated that these findings were at least partially reversible.
In the nonclinical program, including shorter (i.e. 1 to 1.5 month) studies, adverse
effects resulting in mortality included:
• in rats, bacterial infections of the kidney, lung alveolar histiocytosis and interstitial
inflammation
• in monkeys, lymphomas, and bacterial and viral infections
In the 9-month (39-week) chronic toxicology study in cynomolgus monkeys, three
monkeys in the high dose group (10 mg/kg/day) developed lymphomas. Pfizer
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concluded that these lymphomas were consistent with gamma herpes-virus induced
lymphoproliferative disorder associated with immunosuppression. Additional details are
discussed in the context of the human lymphoma findings in the RA and renal transplant
settings in the safety section of this review.
Tofacitinib was determined not mutagenic or genotoxic based on the weight of
evidence. Tofacitinib was negative in the in vitro test for gene mutations, positive in an
in vitro test for chromosomal damage, and and negative in the in vivo DNA damage
assay. Two additional studies (in vitro CHO/HGPRT assay and an in vivo rat DNA
synthesis assay) were negative for genetic toxicity. Carcinogenicity was assessed in a
6-month mouse study and a 2-year rat study. The mouse study did not suggest
oncogenic potential related to tofacitinib. The rat study neoplastic findings included
interstitial cell adenomas of the testes, and benign thymomas and malignant
hibernomas in females.
In reproductive toxicology studies, tofacitinib did not appear to affect the fertility of male
rats, but decreased pregnancy rate, numbers of corpora lutea, implantation sites, and
viable fetuses in female rats, with an increase in early resorptions, pre-implantation loss
and post-implantation loss.
Tofacitinib was teratogenic (visceral and skeletal
abnormalities) in rats and rabbits.

The Clinical Pharmacology Program
The clinical pharmacology of CP-690,550 has been studied in 13 in vitro, 21 Phase 1
clinical studies, and 5 Phase 2 dose ranging studies (including their corresponding 2
long term extension studies) providing population PK and exposure response (ER)
information in healthy volunteers and patients with RA, psoriasis, and other populations.

Clinical Pharmacology
The pharmacokinetic (PK) profile of tofacitinib shows that peak plasma concentrations
are reached within 0.5-1 hour following oral administration. Systemic exposure
increased dose proportionally in dose range of 1 to 100 mg. Steady state concentrations
are achieved in 24-48 hours with minimal accumulation after BID administration.
Tofacitinib is cleared via 70% hepatic metabolism and 30% renal excretion of the parent
drug via glomerular filtration and active tubular secretion. The metabolism is primarily
mediated by CYP3A4 with minor contribution from CYP2C19. Majority of metabolites
are also eliminated through renal excretion (∼51% of administered dose) with minor
elimination in feces (∼13%). The elimination half-life of tofacitinib is ∼3 hours.
The pharmacodynamic (PD) activity of tofacitinib however is longer relative to its PK
half-life and suggests a prolonged effect on the immune system. For example, in a
dose-ranging study A3921019 in RA, where patients were treated with three doses of
tofacitinib or placebo for 6 weeks, changes observed with tofacitinib treatment in Creactive protein (CRP) and DAS28-3 (CRP) scores, and laboratory parameters,
continued to show residual activity for at least 2 weeks after cessation of treatment,
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indicating prolonged pharmacodynamic activity (data not shown). Collectively, the in
vitro, nonclinical and clinical data indicate that partial and intermittent inhibition of
multiple cytokine pathways is sufficient to elicit sustained pharmacodynamic activity.
For further details on clinical pharmacology findings, the reader is referred to Appendix
2.

Dose Selection
The proposed recommended starting dose if 5 mg twice a day, with an added qualifier
that some patients may benefit from an increase to 10 mg twice a day based on clinical
response. Two dosing regimens, 5 mg BID and 10 mg BID, were selected for testing in
the Phase 3 development based on analyses of data from non-clinical and dose-ranging
clinical studies.
Multiple doses of tofacitinib were tested in non-clinical studies with a mouse collageninduced arthritis (CIA) model using QD and BID dosing regimens. Comparison of
efficacious concentrations in these models with whole blood IC50 estimates for
inhibition of various JAK dependent cytokines suggested that effective modulation of the
inflammatory response through JAK1/3 did not require continuous coverage (i.e.,
plasma tofacitinib concentrations in excess of IC50) of the target over the day.
Pharmacodynamic area under the curves calculated based on clinical scores from CIA
model were used as efficacy endpoints. Based on sponsor’s analysis, efficacy following
various dosing schedules was better predicted by average concentration (Cavg)
compared to peak or minimum concentrations (i.e., Cmax or Cmin). In these studies, the
predicted tofacitinib dose to achieve 50% effectiveness (ED50) in animal models for a
BID vs. QD dosing regimen were 6-12.8 mg/kg and 33.5-40.5 mg/kg, respectively. BID
dosing was anticipated to provide the concentrations which were higher than the IC50
for JAK1/3 signaling for 12-13 hrs while this duration was 8.5-11 hrs with QD dosing.
These observations supported the choice of BID dosing regimen, which was further
tested in clinical programs.
The clinical development program was primarily designed to optimize a BID regimen for
tofacitinib for the treatment of RA. Five Phase 2 clinical studies evaluated more than
one dose levels of tofacitinib in RA patients ranging from 1 to 30 mg for 6 to 24-week
duration.
Pfizer selected 5 and 10 mg BID doses of tofacitinib based on dose-response modeling
of safety and efficacy data from Study A3921025, with supportive data from Study
A3921019 and Study A3921035. The key design features of these studies and efficacy
results for the American College of Rheumatology (ACR) Responses are summarized in
Table 3 below. On background methotrexate (MTX) in Study 1025, the dose response
was very flat across the range of doses from 3 mg BID to 20 mg QD. There was some
suggestion in Study 1035 (a monotherapy evaluation) that 10 mg BID might result in
additional responders over 5 mg BID.

13

FDA Clinical Briefing Document

NDA 203214, Pfizer, Inc.
CP-690,550/tofacitinib
for Rheumatoid Arthritis

severe anemia was defined as >2 g/dL decrease in hemoglobin from baseline or
an absolute hemoglobin level of <8 g/dL.
As shown in Figure 1, both 5 mg BID and 10 mg BID doses approximately met the
target effect criteria and were thus selected for further evaluation in Phase 3 studies.
The 10 mg BID dose was expected to provide additional benefit over 5 mg BID on
ACR70 (probability of target effect 80% for 10 mg BID vs. 40% for 5 mg BID) while still
maintaining >50% probability of having an acceptable incidence of anemia.
Figure 1. Probability of Achieving Target Effects for Efficacy (ACR20, ACR50 and
ACR70 Response Rates) and Safety (Anemia) Endpoints Based on DoseResponse Modeling of A3921025 Data

Source: Pfizer study-pmar-00223/Figure 3/Page 14

Pfizer selected the doses of 5 mg BID and 10 mg BID for further study in Phase 3. At
the End-Of-Phase 2 (EOP2) meeting, the Agency review team agreed that the selection
of the 5 mg BID and 10 mg BID dose regimens appeared to be adequately justified,
although 3 mg BID or QD regimens were also thought to warrant further consideration.

3. Summary of the Clinical Development Program
The tofacitinib RA clinical development program, as of 29 March 2011 (the clinical data
cut-off), consists of:
• Phase 1: 21 completed studies,
• Phase 2: 8 studies (6 completed, 2 ongoing),
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Phase 3: 6 studies (4 completed, 2 ongoing),
Open label, long-term extension (LTE): 2 ongoing studies.

The nomenclature of all the clinical studies in the RA development consists of the prefix
A392 followed by a four digit unique study number, i.e. A3921044. For simplicity, in this
document, the studies will be referred to by the four digit unique study number, e.g.
1044. Also for simplicity, treatment groups of CP-690,550 5 mg BID and CP-690,550 10
mg BID may be referred to as CP5 and CP10, respectively. The terms CP-690,550 and
tofacitinib are used interchangeably in this document.
This NDA is comprised of 5 Phase 3, controlled clinical trials, designed to assess
clinical efficacy and safety of tofacitinib in adult patients with moderately-to-severely
active established RA, either in combination with traditional DMARDs (MTX for the most
part), or as a monotherapy (following washout of other DMARDs). The key design
features of these studies are summarized in Table 4. Detailed description of individual
protocols is provided in Appendix 1. Summary of Phase 2 and Phase 3 Clinical Studies.
In the Phase 3 studies, patients originally randomized to placebo were advanced to
either CP5 or CP10 at 3 or 6 months. In studies 1032 and 1045, all placebo patients
received CP-690,550 at Month 3. In studies 1044, 1046, and 1064, placebo
nonresponders were advanced at Month 3, and all remaining placebo patients were
advanced at Month 6. Nonresponders were defined as those patients who did not have
at least a 20% improvement from baseline levels in both the tender/painful and swollen
joint counts at the Month 3 visit.
Patients participating in Phase 3 studies had the option to enroll in the long-term
extension (LTE) studies that were initiated in Phase 2 (1024 and 1041).
• Study 1024, is a long-term, open-label safety study, which allows patients from
Phase 3 studies to “roll-over” and receive CP-690,550 (5 mg or 10 mg BID), thus
providing the opportunity for patients to receive additional CP-690,550 therapy
and to facilitate further assessment of the long-term effects of CP-690,550.
• Study 1041 is similar in design to LTE Study 1024 and allows Japanese patients
who have completed Japan Phase 2 studies 1039 and 1040 and global Phase 3
Study 1044 (restricted to patients enrolled in this study in Japan) to “roll-over”
and continue receiving CP-690,550.
One additional Phase 3 study, 1069, is ongoing and still blinded; therefore no efficacy
data are included in the NDA submission. This is a 2-year study, comparing CP-690,550
monotherapy versus methotrexate in MTX-naïve RA patients with primary endpoints of
ACR70 and modified Sharp Scores at Month 6.
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4. Review of Efficacy
This section is an overview of the major efficacy findings with attention to the primary
efficacy endpoints. For detailed analyses of efficacy data, the reader is referred to the
separate FDA statistical briefing document.

Patient Population Characteristics
The population in the tofacitinib RA development program consisted of adult patients
with long-standing, moderate-to-severely active RA who had inadequate response to
one or more DMARDs or, in Study 1032, one or more TNF inhibitors. The five Phase 3
studies submitted enrolled predominantly female patients (∼75-85%) with mean disease
duration of ∼7-13 years and high disease activity (mean DAS28-4 scores of over 6.3).
Patients’ mean age was 50-55 years ranging from 18 to 86 years. The baseline
demographics and disease characteristics were well balanced between the treatment
groups within each study (Table 46 and
Table 47).
The RA development program was global and enrolled patients from predefined
regions: US (20%), Europe/Canada (34%), Latin America (15%), and rest of the world
(31%).

Patient Disposition
Supplementary Table 48 summarizes patient disposition by trial and treatment
assignment. Overall, more patients discontinued from Phase 3 studies in the tofacitinib
and adalimumab groups compared with placebo, except in the monotherapy study
1045.
Higher proportions of tofacitinib-treated patients (6-12%), compared to placebo-treated
(3-7%) patients, discontinued study participation due to adverse events in all DMARD
background studies, in a dose-dependent manner. In monotherapy study 1045, the
rates were comparable among all groups. Reverse trends were observed for
discontinuations due to lack of efficacy across all studies (1-4% in tofacitinib groups vs.
3-8% in placebo group).

Further detail and discussion on patient disposition related to adverse
events (AEs) is provided in Table 15 in
Patient Disposition by AEs section.
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Primary Efficacy Endpoints
All five studies Phase 3 were designed to establish superiority of two doses (5 mg and
10 mg BID) of CP-690,550 to placebo for all primary endpoints.
Primary efficacy endpoint hierarchy
Studies 1032, 1045, 1046, and 1064 have three primary efficacy endpoints (in
sequence):
1. Signs and symptoms as measured by ACR 20 at Month 3 (Studies
A3921045 and A3921032) or at Month 6 (Studies A3921046 and
A3921064);
2. Physical function as measured by the HAQ-DI change from baseline at
Month 3;
3. Incidence of DAS <2.6 at Month 3 (Studies A3921045 and A3921032) or
at Month 6 (Studies A3921046 and A3921064).
Study 1044 has four primary efficacy endpoints (in sequence):
1. Signs and symptoms as measured by ACR 20 at Month 6;
2. Structural preservation as measured by modified Sharp score at Month 6
3. Physical function as measured by the HAQ-DI change from baseline at
Month 3;
4. Incidence of DAS <2.6 at Month 6.
Multiplicity adjustments
In order to control for multiplicity of endpoints and dosing regimens (the probability of
type 1 error), the Sponsor assessed each endpoint sequentially using a gate-keeping or
step-down approach where statistical significance can be claimed for the second
endpoint only if the first endpoint in the sequence meets the requirements for
significance. Additionally, as there are two doses within each endpoint, the gate-keeping
or step-down approach will also be applied, i.e., the high dose (10 mg BID) at a given
endpoint can achieve significance only if the high dose at the prior endpoint is
significant (Figure 2). For each endpoint, and for each dose group, the comparison with
placebo will be conducted using a significance level (alpha) set at 0.05 (2-sided) or
equivalently 0.025 (1-sided).
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Figure 2. Primary Analyses Algorithm for Phase 3 Studies in RA

Source: Summary of Clinical Efficacy, Figure 1

Handling of missing data:
• For the primary analysis of ACR20, ACR50, ACR70 and DAS28-4(ESR)<2.6, the
Non Responder Imputation (NRI) method was be used.
• For continuous endpoints, such as HAQ-DI, the missing values post-baseline
were handled in a linear mixed-effect model with repeated measures where the
values are assumed to be missing at random.
• For the mTSS and its components (erosion score and joint space narrowing
score) in Study 1044, missing values due to patient advancement at Month 3
were imputed at Month 6 using linear extrapolation based on radiographs at
Month 3. Missing values due to patient dropout (before advancement, i.e. Month
3 or Month 6) were imputed using linear extrapolation based on radiographs prior
to withdrawal. For the Month 12 analyses, missing values due to patient
advancement at Month 3 or Month 6, or patient withdrawal, were imputed using
linear extrapolation based on their radiographs prior to advancement or prior to
withdrawal, respectively.
• In general, missing values were not imputed for descriptive statistics or
laboratory values.
20
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to be a consistent dose-response effect between the 5 mg and 10 mg BID doses.
DAS28
In addition to assessing ACR criteria for response to treatment, disease activity was
also measured in all Phase 3 studies using Disease Activity Score (DAS) which is a
composite endpoint with differential weighting given to each component. The
components of the DAS28 arthritis assessment include:
• tender joint count (28 joints to include bilateral shoulders, elbows, wrists,
metacarpophalangeal joints, proximal interphalangeal joints, and knees.),
• swollen joint count (28),
• an acute phase reactant (ESR or CRP)
• patient’s global assessment of arthritis.
The components are summed mathematically into a single numerical value ranging
from 0 to 10. A DAS28 score >5.1 is indicative of high disease activity, and <2.6 of low
disease activity. A change of ≥1.2 in DAS28 score is considered clinically significant.
DAS28-4(ESR) uses all 4 components listed above and ESR as the acute-phase
reactant. DAS28-3(CRP) uses CRP as the acute-phase reactant but does not include
the Patient’s Global Assessment of Arthritis.
The proportion of patients with low disease activity defined as DAS28-4(ESR) of less
than 2.6 at Months 3 (studies 1032 and 1045) or Month 6 (studies 1044, 1046, 1064)
was measured as the last in the sequence of primary endpoints in all Phase 3 studies.
As shown in Table 7 below, the overall proportions of patients with DAS28-4(ESR) <2.6
were small (<16%) across treatment arms, although there were higher proportions of
tofacitinib–treated patients achieving this endpoint compared to placebo-treated
patients. Statistical significance was reached only for studies 1032, 1046 and 1064 but
not for study 1045. Note, for study 1044 this endpoint was the last in the hierarchy of
endpoints and would not have been eligible for testing if the radiographic endpoints
failed. The radiographic endpoint results are discussed below, in the section on “Effects
on Radiographic Progression (Study 1044).”
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As illustrated in Figure 3 below, which contains Study 1044 results and is consistent
with the distribution observed in other RA programs, only a fraction (approximately 20%)
of patients experience progression in the time frame of the study. Placebo patients
(designated by circles in Figure 3) did appear to have more worsening in mTSS scores
than did tofacitinib-treated patients. For detailed assessment of data distribution, the
reader is referred to the separate FDA statistical briefing document.
Figure 3: Cumulative Probability Plot of Radiograph Score Changes from
Baseline to Month 6, Study 1044

Source: Figure 23 of the A3921044 Clinical Study Report

A primary analysis using analysis of covariance (ANCOVA) model and a sensitivity
analysis using rank-based ANCOVA were pre-specified in the protocol’s statistical
analysis plan. Results of the parametric primary analysis versus the non-parametric
sensitivity analysis are summarized in Table 10 below. In the primary analysis, only the
change from baseline in mTSS for the tofacitinib 10 mg group achieved statistical
significance compared to the placebo group. The statistical significance of the findings
changes when non-parametric analyses are used—only the tofacitinib 5 mg group
results achieved statistical significance. For additional sensitivity analyses of
radiographic outcomes, the reader is referred to the separate FDA statistical briefing
document.
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•

Effects of tofacitinib on signs and symptoms of RA:
All five Phase 3 studies provided consistent evidence of improvement on signs
and symptoms of RA. In all studies, a statistically significantly higher proportion
of patients in the tofacitinib group (CP5 or CP10) achieved ACR20 response
compared to placebo. In addition, three studies (1032, 1046, and 1064) showed a
significantly higher proportion of patients in the tofacitinib group (CP5 or CP10)
achieved DAS28-4(ESR)<2.6 response compared to placebo.

•

Effects of tofacitinib on physical function:
Four studies (1032, 1045, 1046, and 1064) also provided evidence of
improvement in physical function as measured by HAQ-DI. Based on FDA
statistical reviewer analyses, in all four studies, a statistically significant difference
in HAQ-DI score was observed in patients treated with tofacitinib 5 mg (except in
study 1064) or tofacitinib 10 mg compared to placebo.

•

Effects of tofacitinib on structural damage progression:
It is not possible to make definitive conclusions about the treatment effect of
tofacitinib on structural damage progression (study 1044). This is particularly
important in determining the overall benefit-risk profile of tofacitinib, which is
associated with serious safety concerns, as will be discussed in the sections that
follow. Issues driving uncertainty regarding these results include:
o A low amount of progression was observed in the placebo control group,
limiting the treatment effect size that could be demonstrated
o The small apparent treatment effect size is susceptible to change
depending on analytical approach, missing data, and missing data
imputation method, and in this case appears to be driven by few extreme
observations
o The data are not consistent with respect to dose
o Corroborating data (i.e., from another study) are not available to help
resolve residual uncertainty

Proposed dosing regimen:
The proposed recommended starting dose is 5 mg twice a day, with an added qualifier
that some patients may benefit from an increase to 10 mg twice a day based on clinical
response. This proposed dose escalation from 5 mg BID to 10 mg BID however, is not
supported by the design of the Phase 3 studies, controlled data or pre-determined
analyses.

5. Review of Safety
Discussion of Clinical Studies Used to Evaluate Safety
Safety data in this submission are derived from:
• Phase 2 in RA: 8 studies:
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o 6 completed (1019, 1025, 1035, 1039, 1040, 1109)
o 2 ongoing (1068, 1073)
Phase 3 in RA: 6 studies:
o 4 completed (1032, 1045, 1046, 1064)
o 2 ongoing (1044 12-month interim data, 1069 blinded safety data)
Open label, long-term extensions (LTE) in RA: 2 ongoing studies (1024, 1041)
Additional studies from non-RA populations, such as renal allograft patients.

This submission contained 12-month safety data from 5 pivotal trials (see Table 4),
including 12-month interim data from study 1044, which is designed as a 2-year study.
In addition, safety data is reported from the ongoing blinded monotherapy study 1069.
These studies were of sufficiently similar design to allow for pooled analyses of the
controlled data, by treatment group.
Long-term safety information from RA patients treated in the open-label LTE studies
was also provided in this summary. The data are derived from two-open label extension
studies, 1024 and 1041, which are ongoing. The clinical cut-off date for the provision of
data from the extension study program was March 29th, 2011, with updated data
through September 29th, 2011 submitted in the 120-day safety update.
Additional safety information was provided for adverse events of interest from studies in
non-RA development programs, such as prevention of renal allograft rejection.
As of March 29th, 2011 (clinical data cut-off date), the RA Phase 2, 3 and LTE studies
included 4816 patients across all treatment groups with 5716 patient-years of exposure
to all doses as shown on Table 12. The submitted exposure data represents a safety
database that meets the Agency’s previously expressed expectations for a premarketing exposure of at least 1000 to 1500 patients treated for a minimum of one year
to allow for reasonable safety assessment of a chronic immunosuppressive therapy with
tofacitinib.
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tofacitinib-treated patients, one in placebo, and three in adalimumab-treated patients.
There were no deaths in Phase 1 studies. Summaries of all reported deaths and deaths
in the Phase 3 and LTE studies are provided in Table 17 and Table 18 respectively.
The causes of death are consistent with the profile of an immunosuppressant drug, and
also with those seen in the underlying population with comparable disease and
demographic characteristics. Infections, malignancies, and cardiovascular disorders
were the most common causes of death. In the Phase 3 and LTE studies 15 died from
infection, with pneumonia being the most common (12 cases); 12 patients died from
malignancies; 11 patients died of cardiovascular etiologies (4 cardiac arrests, 2
cerebrovascular accidents, 2 arrhythmias, 1 cardiac failure, 1 pulmonary embolism, 1
pulmonary hypertension); other deaths are summarized in Table 17.
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Table 17. Listings of Deaths in Tofacitinib RA Development Program
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Nonfatal Serious Adverse Events
Overview of Nonfatal Serious Adverse Events
Treatment-emergent nonfatal SAEs were observed in all treatment groups with
comparable rates during the Phase 3 studies as shown in Table 20. The most common
nonfatal SAEs were reported in the Infections and Infestation system organ class, with
exposure-adjusted rates ranging between 1.7 events/100 patient-years for adalimumab
and 6.7 events/100 patient-years for tofacitinib 10 mg BID dose in the LTE studies.
During the LTE studies, the exposure-adjusted rates of all SAEs, Infections and
Infestation, and Neoplasms increased for the 10 mg BID dose group compared with the
5 mg dose group and with the Phase 3 rates, indicating a possible dose-dependent
increased risk of infections and neoplasms with prolonged exposure. These potential
safety signals are discussed in the separate sections later in this document.
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Malignancy
Overall Malignancy
In the RA clinical development program, including Phase 2 studies, a total of 68 patients
were diagnosed with solid tumors or hematologic malignancy and 33 with nonmelanoma skin cancer (NMSC).
The types of malignancies in the Phase 3 RA and LTE studies are described in Table
21 below. Five malignancies, not included in Table 21, were reported in the Phase 2 RA
development program: well differentiated adenocarcinoma of the colon, malignant
melanoma, basal cell carcinoma, and squamous cell carcinoma of the skin, all in
tofacitinib-treated patients and renal cell carcinoma in one adalimumab-treated patient.
No malignancies occurred in placebo-treated patients during the placebo-controlled
portions of the Phase 3 RA trials. During the 12-month pooled safety period, the rate of
malignancies appeared to be similar between the adalimumab and tofacitinib 5 mg BID
group but higher in the tofacitinib 10 mg BID group. The rate of malignancies
numerically increased in the LTE and will be further described in additional analyses
below.
Overall, the types of malignancies observed followed the pattern of
malignancies that would generally be expected in the underlying patient population,
though there were cases of rare malignancies, such as liposarcoma and synovial
sarcoma. There were also additional concerns pertaining to lymphoma, which will be
discussed in greater detail below.
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PTLD events. No PTLD events have been reported among the patients randomized to
the cyclosporine control regimen. These observations suggest an increased risk of
PTLD with tofacitinib treatment.
The concern about the potential tofacitinib effect on lymphoma-genesis is further
supported by findings in the pivotal 39-week cynomolgus monkey study (see also The
Pharmacology/Toxicology Program section above) Three of eight monkeys in the high
dose group (10 mg/kg) had lymphomas and multiple monkeys of all treated groups had
lymphocyte hyperplasia in lymphoid tissue. Two were B cell lymphomas and one was T
cell lymphoma in the peri-thymic fat.
In summary, there appears to be a consistent safety signal of increased risk of LPD with
tofacitinib use. In the RA development program, seven cases of LPD have been
observed with tofacitinib treatment versus no cases in the placebo- and adalimumabcontrol control groups. In two of the cases, the lymphoma location was highly atypical
(central nervous system and breast). Further, findings in the transplant program
corroborate an increased risk of PTLD, with an unusual predominance of CNS PTLD.
Findings in the RA and post-renal transplant indications are supported by a signal of
lymphomas in the high-dose tofacitinib group in the chronic monkey study, suggesting a
consistent signal of increased risk.

Infections
Phase 3 and LTE studies generally excluded patients at increased infection risk, such
as patients who had a significant infection within 6 months, a WBC of <3 x 103/mm3, an
ANC <1.2 x 103/mm3, evidence of infection with TB (by X-ray, and/or skin testing, and/or
Quantiferon), repeated episodes of VZV or HSV infections, or evidence of HCV, HBV or
HIV infection.

Common Infections
Infections occurred with overall higher incidence in tofacitinib-treated patients, without a
clear dose-relationship, as shown in Table 26 below. The most common treatmentemergent infections, occurring in at least 2% of patients in any treatment group, were
upper respiratory tract infections, urinary tract infections, herpes zoster and influenza.
The proportion of patients with moderate and severe infections in tofacitinib groups
appears comparable to the control groups in the 12-month pooled Phase 3 studies
(Table 27). The data on infection severity were not reported by the Sponsor for the LTE
studies.
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Figure 6. Mean Changes From Baseline in Neutrophil Counts (x1000/mm3) in All
Phase 3 Studies (Upper Panel) and LTE Studies (Lower Panel)

Source: Integrated Summary of Safety, adapted from Figures 30 and 31;

Lymphocytes:
Tofacitinib use resulted in initial lymphocytosis for the first month, followed by gradual
decline in mean counts which continued for at least 12 months. These changes are in
contrast to the changes caused by adalimumab use which was associated with
sustained lymphocytosis (Figure 7).
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Figure 7. Mean Changes From Baseline in Lymphocyte Counts (x1000/mm3) in All
Phase 3 Studies (Upper Panel) and LTE Studies (Lower Panel)

Source: Integrated Summary of Safety, adapted from Figures 33 and 34

Five patients treated with tofacitinib 10 mg BID in the Phase 3 studies (all on
background DMARD) experienced marked lymphopenia (two consecutive ALC
<500/mm3). Of these, 3 (60%) developed infections (periodontitis, Herpes simplex, and
a urinary tract infection).
In the LTE studies, 10 patients experienced marked lymphopenia. Notably, 80% (8/10)
of these patients developed infections, including 4 serious infections (3 cases of herpes
zoster, 1 of which later developed disseminated TB, and 1 case each of pyelonephritis,
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urinary tract infection, pneumonia and erysipelas). In contrast, the incidence of
infections was 24% and serious infections 2.8%, among patients who did not develop
life-threatening lymphopenia.
These observations indicate that tofacitinib-induced lymphopenia confers an increased
risk of infections, including serious ones.

Adverse Events Leading to Discontinuation
The discontinuations due to adverse events that occurred in the Phase 3 RA Trials and
LTE are summarized in Table 34 below. Infections were the most common reason for
discontinuation. However, investigations were also a common reason, and there were
pre-specified laboratory abnormalities that were to trigger discontinuation, as follows:
o Absolute Neutrophil Count (ANC) <500/mm3
o Hemoglobin (Hb) <8 g/dL or decreased by >30%
o Platelets <75,000/mm3
o Elevated AST or ALT > 3 x Upper Limit of Normal (ULN) with
 Total bilirubin > 2 x ULN or
 Increased INR (coagulopathy)
o Elevated AST or ALT >5 x ULN
o Elevated creatinine >50% of baseline or >30% at end of study
Discontinuations otherwise mirrored the pattern observed with SAE in the studies.
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Adverse Events of Special Interest
Cardiovascular Disorders
Cardiovascular disorders were identified as events of interest for monitoring and
analyses because of tofacitinib-induced change in lipid parameters (an approximate
15% increase in triglycerides, LDL, and HDL), which are discussed in detail in Lipid
Abnormalities section.
The overall baseline cardiovascular risk profile was low and comparable among the
treatment arms in the Phase 3 program. The proportion of patients with 2 or more
coronary risk factors was around 22% and only 10-13% of the Phase 3 population had a
10-year Framingham risk of over 10%.
The adjudication of CV events was performed in a blind fashion by an external
Cardiovascular Safety Endpoint Adjudication Committee (CV-SEAC) consisting of three
cardiologists and governed by a Charter.
Major Cardiovascular Events
The endpoint of major adverse cardiovascular events (MACE) was defined as the
composite of the following:
• CV death: coronary, cerebrovascular, cardiac (e.g., sudden cardiac death), and
non-cardiac vascular (e.g., pulmonary embolism)
• Non-fatal CV events: myocardial infarction, cerebrovascular events
Table 36 summarizes the MACE and other relevant cardiovascular events by treatment
assignment. The few MACE events, including fatal events, non-fatal myocardial
infarction, and cerebrovascular accidents, were proportionally distributed among the
treatment arms and were comparable to placebo- and adalimumab-comparator arms.
These rates were also comparable to background rates in the RA population of 1.2 and
2.0 per 100 patient-years for women and men respectively.3 Importantly, the exposureadjusted rates from the LTE studies remained consistent with the rates observed during
the controlled Phase 3 studies.

3 DH Solomon et al., “Patterns of cardiovascular risk in rheumatoid arthritis.” Ann Rheum Dis 2006;
65:1608-12
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there were minimal, no clinically significant changes in the mean values of ALT, AST
and total bilirubin (data not shown), which is consistent with data from Phase 2
monotherapy studies (1019, 1035, and 1040). In LTE studies, similar small increases
were documented in ALT, AST (both <5 IU/L) and total bilirubin (∼0.05 mg/dL).
Significant liver test abnormalities were uncommon and remained balanced among
treatment groups throughout the Phase 3 background DMARD studies and LTE studies
(Table 39).
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event. Approximately 10% of Hy’s law cases develop acute liver failure. The
components of Hy’s law are:
• Evidence of hepatocellular injury by any elevated aminotransferase of >3xULN,
• Evidence of liver dysfunction by increase in bilirubin ≥2xULN and without
evidence of cholestasis by ALP <2xULN
• No other cause such as viral hepatitis A, B, or C; preexisting or acute liver
disease; or another drug capable of causing the observed injury.
Six patients, all in the LTE studies, met the laboratory criteria for Hy’s law, but five of
these cases did not meet the third criterion due to the presence of significant
confounding factors. Brief narratives of these cases are as follows:
•

1024-11361014: A case of a 61-year-old female patient with RA and Sjögren’s
syndrome who was diagnosed with miliary TB and TB meningoencephalitis in
January 2011 while being treated with tofacitinib since March 03, 2008.
Tofacitinib was permanently discontinued on January 13, 2011 at the time of TB
diagnosis and on February 09, 2011 liver tests were reported to be normal. A
combination anti-TB treatment was initiated with isoniazid, ethambutol,
rifampicin, pyrazinamide, pyridoxine, levofloxacin and amikacin, with recovery
from the infection. On March 22, 2011, the subject was admitted with jaundice
and LFT elevations: ALT 432 IU/L (normal 0-40 IU/L), AST 416 IU/L (normal 0-40
IU/L), and Total bilirubin 20.8 mg/dL (normal 0.2-1.2 mg/dL). The clinical scenario
is consistent with drug-induced hepatotoxicity; however, the case is significantly
confounded by the use of combination anti-TB medications, well known to be
associated with such toxicity. Therefore, the case does not meet the definition of
Hy’s law.

•

1041-10211003: A case of a 59-year-old female with history of RA, HTN, gastric
ulcer, mediastinal tumor and osteoporosis, who was diagnosed with interstitial
pneumonia and acute hepatitis after being treated with tofacitinib for about six
months. Concomitant medications included diclofenac, celecoxib, loxoprofen,
prednisolone. Tofacitinib was discontinued as of 08/18/2010 after the diagnosis
of interstitial pneumonia. Liver enzymes were normal at that time. The patient
was admitted for shortness of breath on 09/04 and was found to have acute
hepatitis (reportedly LFTs were normal on 08/18/2010) with ALT-2000, AST2300, AP-1500, LDH-800, GGT-600, Bilirubin from 1.4 to 3.2. Therapeutic
measures from 04 Sept. 2010 to 06 Sept. 2010 included the following:
prednisolone 5 mg daily, isoniazid, 100 mg twice daily, loxoprofen sodium 60 mg
twice daily and celecoxib 200 mg BID. On 07 Sept. 2010, the prednisolone,
isoniazid, loxoprofen sodium and celecoxib were discontinued. However,
diclofenac was continued. Subsequently the patient developed disseminated
intravascular coagulation, thrombotic thrombocytopenic purpura, and multiorgan
failure and died 69 days after tofacitinib discontinuation. This event is significantly
confounded by concomitant medications, such as NSAIDs and isoniazid, and
concurrent illness (interstitial pneumonia) of potentially viral etiology; also the
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laboratory assessment suggests a cholestatic rather than hepatocellular pattern
of liver injury. Therefore, the case does not meet the definition of Hy’s law.
•

1024-11521020: A case of a 63-year-old male with RA and multiple comorbidities treated concomitantly with leflunomide, allopurinol and ramipril, who
developed acute polyserositis with pericardial tamponade, right heart failure and
congested hepatopathy with ascites and liver enzyme elevations while being
treated with tofacitinib for 2 months. Therefore, the case does not meet the
definition of Hy’s law.

•

Patient 1041-10061023: A case of a 70 year-old female who was treated with
tofacitinib 5 mg BID for 161 days prior to being found to have increased alanine
aminotransferase. On Day 196, 35 days after discontinuing study drug, the
patient had an ALT of 577 IU/L (reference range 5 to 40 IU/L), AST of 300 IU/L
(reference range 10 to 40 IU/L), total bilirubin of 6.4 mg/dL (reference range 0.2
to 1 mg/dL) and alkaline phosphatase of 742 IU/L (reference range 115 to 359
IU/L). The patient was diagnosed with obstructive jaundice with compression of
the common bile duct on CT scan. Therefore, the case does not meet the
definition of Hy’s law.

•

Patient 1024-10431005: A case of a 46-year-old male who developed liver
enzyme elevations in the setting of appendicitis with septicemia and necrosis of
the ascending colon. Therefore, the case does not meet the definition of Hy’s
law. On Day 679 of tofacitinib treatment, the patient presented to the hospital
with diffuse abdominal pain and abdominal distention, and had an ALT of 100
U/L (reference range 5 to 50 U/L), AST of 90 U/L (reference range 4 to 46 U/L)
and total bilirubin of 9.7 mg /dL (reference range 0.22 to 1.28 mg/dL).
Background immunosuppressive treatment included MTX 15 mg/week and
prednisone 5 mg bid. His condition deteriorated and he underwent surgery
diagnosed with retrocecal necrotizing appendicitis, necrosis of ascending colon.
The cause of death was attributed to appendicitis and necrosis of the ascending
colon.

One of the six cases that met Hy’s law laboratory criteria, one case was identified as a
potential case of Drug-Induced Liver Injury (DILI):
• Patient 1024-15081007: A case of a 32-year-old female with RA diagnosed in
09/2006. There is no medical history of liver disease in the subject or family. She
received tofacitinib at 10 mg BID for RA from 02/24/2011 to 05/05/2011. On
05/06/2011 tofacitinib was decreased to 5 mg BID due to asymptomatic
transaminitis initially documented on 04/19/2011 (see Table 41). Methotrexate
was stopped on 05/05/2011 and the subject was withdrawn from the study, and
(b) (6)
study drug was permanently discontinued. On
, the subject was
hospitalized due to jaundice and high transaminase levels (see Table 41).
(b) (6)
Starting on
, the subject was treated with prednisolone 60mg/day and
azathioprine 100 mg/day and reportedly experienced a clinical and laboratory
(b) (6)
response. On
she was discharged from the hospital recovering.
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Serum Creatinine Elevations and Renal Disorders
Serum Creatinine
Tofacitinib administration resulted in small (<0.1 mg/dL) but significant dose- and length
of exposure-dependent elevations of serum creatinine (Figure 8). Mean serum
creatinine appeared to plateau with prolonged exposure in the Phase 3 and during the
LTE studies.
Figure 8. Mean Changes From Baseline in Serum Creatinine (mg/dL) in All Phase
3 Studies (Upper Panel) and LTE Studies (Lower Panel)

Source: Integrated Summary of Safety, Figures 41 and 42.

A higher proportion (20% vs 15%) of patients in the 10 mg BID groups compared with 5
mg BID groups had a deterioration of calculated creatinine clearance from normal (>90
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ml/min) to mildly impaired (60-90 ml/min) across all Phase 3 studies but did not
progress further (data not shown).
Renal Failure
Table 44. summarizes the treatment-emergent AEs and SAEs related to renal
dysfunction from the tofacitinib clinical program in RA. The renal dysfunction in these
cases appeared to be mostly reversible back to baseline within 6 weeks of tofacitinib
discontinuation. These cases were also confounded by comorbidities such as
hypertension, diabetes, CHF, sepsis and dehydration. Almost all patients were taking
concomitant medications with effect on renal function, such as ACE inhibitors, ARBs,
NSAIDs and diuretics.
The observed dose- and time-dependent increases in mean serum creatinine levels
were associated with increasing incidence of patients meeting the protocol criteria for
discontinuation (confirmed creatinine increases ≥ 50% from baseline) as shown in Table
43 above. There were few SAEs of renal failure, which were more common with
prolonged exposure, particularly in the 10 mg dose group (Table 44 below). Based on
the relatively small number of events and significant confounding factors, it is difficult to
draw definite conclusions about the clinical significance of these observations.
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contrast to adalimumab and placebo which remained largely unchanged throughout the
Phase 3 studies as seen in Figure 9. The overall magnitude and trends of the changes
in total cholesterol paralleled the changes in LDL. Similarly, in Phase 3 studies, mean
HDL levels also increased by approximately 12-15% from baseline in the tofacitinib
groups, whereas levels increased to a lesser extent (10%) in adalimumab group, and
remained unchanged in placebo group (Figure 10). Triglycerides also increased by 1020% from baseline in tofacitinib groups without clear dose-dependence and remained
stable with prolonged exposure (data not shown). The overall LDL/HDL ratios were
small and remained unchanged over time.
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Figure 9. Mean Changes From Baseline in LDL (mg/dL) in All Phase 3 Studies
(Upper Panel) and LTE Studies (Lower Panel)

Source: Integrated Summary of Safety, adapted from Figures 43 and 44
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Figure 10. Mean Changes From Baseline in HDL (mg/dL) in All Phase 3 Studies
(Upper Panel) and LTE Studies (Lower Panel)

Source: Summary of Clinical Safety, adapted from Figure 30;

The clinical significance of the observed lipid abnormalities is unclear at this time as
these did not result in elevated cardiovascular morbidity and mortality in the clinical
development program to date, as discussed in Cardiovascular Disorders section above.
To document the ability of lipid-lowering agents to ameliorate these changes, the
Sponsor conducted study 1109, designed as a randomized, double-blind trial of
atorvastatin 10 mg/day or placebo in addition to tofacitinib 10 mg BID for 6 weeks, to
evaluate the safety and efficacy in reducing LDL in 111 patients with active RA. As
expected, treatment with atorvastatin significantly reduced mean LDL levels in patients
with tofacitinib-induced LDL elevations (data not shown) without unexpected or
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Figure 11. Mean Hemoglobin Changes from Baseline in All Phase 3 Studies
(Upper Panel) and LTE Studies (Lower Panel)

Source: Integrated Summary of Safety, adapted from Figures 25 and 26

Platelet Abnormalities
Tofacitinib administration, lead to small decreases from baseline of about 30-40,000 in
mean platelet counts, comparable to adalimumab Figure 12. Few patients developed
thrombocytopenia of <75,000/mm3, none of which was associated with clinically
significant bleeding.
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Figure 12. Mean Changes From Baseline in Platelet Counts (x 1,000/mm3) in All
Phase 3 Studies (Left Panel) and LTE Studies (Right Panel)

Source: Integrated Summary of Safety, adapted from Figures 37 and 38

Liver Test Abnormalities
Tofacitinib administration was associated with small (<10 IU/L) elevations of mean ALT
and AST and small elevations in total bilirubin (∼0.05 mg/dL). These abnormalities are
discussed in detail in the context of potential hepatotoxicity in Hepatobiliary Disorders
section above.
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Serum Creatine Phosphokinase
Serum creatine phosphokinase (CPK) was routinely monitored in all Phase 3 studies
and open-label study 1024. Treatment with tofacitinib resulted in dose-dependent
increases in mean CK levels from a baseline within the first 6 months (increases of
about 40-60 IU/L) and remained relatively stable thereafter. The mean values remained
within normal limits. Similar increases were seen in the LTE study 1024. There was no
change in the mean CPK levels for placebo patients over the 6 months of therapy,
whereas the adalimumab group mean CPK levels increased by about 20 IU/L.
Overall, a higher proportion of tofacitinib-treated patients developed AEs related to CPK
increases rated as mild or moderate, and only a few resulted in permanent
discontinuation (2 patients at 10 mg BID dose in Phase 3 studies and in LTE studies 3
patients at 5 mg and 1 patient at 10 mg BID dose).
Rhabdomyolysis in RA clinical development:
One SAE of rhabdomyolysis (highest CPK level was 2942) occurred in the context of a
critically ill patient (1046-10091004) with severe pulmonary hypertension, congestive
heart failure, and respiratory failure who died. The cause of death was adjudicated as
non-cardiovascular event of infection by the CV adjudication committee. No SAE of
rhabdomyolysis were reported in the LTE studies.
Myopathy in RA clinical development:
Two SAEs of myopathy were reported in tofacitinib RA development program: one in a
patient with CMV hepatitis (1024-11741006) and normal CPK levels; and one in patient
who was diagnosed with polymyositis, likely present prior to enrollment in a Phase 2
study (1040-10061009). A total of 8 patients in Phase 3 and 10 patients in LTE studies,
had AE indentified by SMQ (standard MedDRA Query) of rhabdomyolysis/myopathy
with concomitant elevation of CPK ≥5 x ULN. Of these patients, only one discontinued
(1024-11921005) diagnosed subsequently with biopsy-proven polymyositis.
Thus overall, it did not appear that elevations of CPK related to tofacitinib-treatment
resulted in an increased risk of myopathic adverse events.
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Safety Conclusions
The review of tofacitinib clinical safety database identified several areas of major
concern associated with tofacitinib administration:
1. An increased risk of solid tumor and hematologic malignancies, including
lymphoproliferative disorder (LPD), indicating a potential safety signal.
a. The risk of malignancy appeared to increase in a dose and timedependent fashion. The exposure-adjusted incidence rate of malignancy
was:
i. Higher in the tofacitinib 10 mg BID compared to 5 mg BID group in:
• Phase 3 studies (0.6 vs. 0.9 events per 100 pt-yrs) and
• LTE studies (1.4 vs. 1.0 events per 100 pt-yrs)
ii. Increased with prolonged tofacitinib exposure (from 0.8 events per
100 pt-yrs for <6 months exposure to 1.4 events per 100 pt-yrs for
>24 months exposure)
b. There appears to be an increased risk of lymphoma in particular.
i. Seven cases of LPD occurred, all in tofacitinib-treated patients.
Two of the cases occurred in highly atypical locations (CNS and
breast)
ii. Five lymphoma cases in 218 (2.3%) renal transplant patients who
had received 15 mg BID. Four of 5 patients were on 15 mg BID for
6 months and one of 5 patients was on 15 mg BID for 3 months
prior to maintenance treatment with 10 mg BID.
iii. Lymphomas occurred in the highest dose group (3 of 8, 37%) of the
chronic toxicology study in monkeys
2. An increased risk of serious infections, including opportunistic infections,
identifying a profile of tofacitinib of a major immunosuppressant.
a. Serious infections associated with tofacitinib use were common in the RA
program with pneumonia being the most common (occurring only in
tofacitinib-treated patients). These infections also appear to be dose- and
exposure-related.
b. Opportunistic infections were not uncommon and included cases of
tuberculosis, cryptococcal infections, PCP, and BK encephalitis, which are
seen exclusively in severely immunocompromised patients.
3. Laboratory abnormalities, to include abnormal hematologic parameters, lipid
parameter changes, liver enzymes, and serum creatinine elevation. Tofacitinib
administration was associated with:
a. Dose-dependent sustained neutropenia and progressive lymphopenia.
Severe lymphopenia was also associated with increased risk of infections.
b. Dose-dependent sustained elevations in total, LDL, and HDL cholesterol.
Total and LDL cholesterol levels reversed with lipid-lowering therapy.
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These lipid abnormalities did not appear to translate into increases in
cardiovascular events.
c. Liver enzymes elevations which were observed mostly in patients on
background DMARDs and significant liver abnormalities were uncommon.
These abnormalities did not appear to translate into clinically significant
hepatotoxicity, except in one case where drug-induced liver injury could
not be definitively excluded.
d. Dose-dependent small but significant elevations of mean serum
creatinine. These increases were associated with an increasing incidence
of patients meeting the protocol criteria for discontinuation due to
creatinine increases (confirmed creatinine increases of more than 50% of
baseline). There did not otherwise appear to be an increase in the
proportion of patients experiencing serious adverse events of renal failure.

6. Conclusions
Tofacitinib is an oral JAK inhibitor, a new class of anti-rheumatic agents, which may
have a unique benefit-risk balance that cannot be inferred from previous experience
with other products approved for RA. The Agency is asking the Committee to critically
review the safety and efficacy data for tofacitinib and to consider whether the benefit-torisk profile of tofacitinib is acceptable for the treatment of patients with moderately-toseverely active RA who have had inadequate response to one or more DMARDs.
Efficacy and safety issues to be considered include the following:
•

It is not possible to make definitive conclusions regarding the treatment effect of
tofacitinib on radiographic outcomes because of the small apparent treatment
effect size with changing significance depending on analytical approach and
which does not have corroboration from a second study. Given the potential for
lack of correlation between signs and symptoms and physical function endpoints
and radiographic progression, documented treatment benefit on the clinical
outcome measures may not be adequate reassurance of the disease-modifying
properties of the drug and the overall clinically meaningful beneficial effect in the
treatment of rheumatoid arthritis.

•

The safety data from the controlled Phase 3 and long-term extension studies in
RA, suggest tofacitinib is associated with an increased risk of malignancy,
including lymphoproliferative disorders.
It also appears to be a potent
immunosuppressant associated with dose- and exposure-dependent increases in
serious infections, including opportunistic infections. In addition, tofacitinib
treatment is also associated in a number of laboratory abnormalities, to include
abnormal hematologic parameters, lipid parameter changes, and serum
creatinine elevation.
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7. Appendices
Appendix 1. Summary of Phase 2 and Phase 3 Clinical Studies
Background DMARD Studies in RA
Study A3921032 (Phase 3) was a 6-month study in which 399 patients with moderate
to severe active rheumatoid arthritis who had an inadequate response to at least one
approved TNF-inhibitor biologic agent received CP-690,550 5 or 10 mg BID or placebo
added to background MTX. At the Month 3 visit, all patients randomized to placebo
treatment were advanced in a blinded fashion to a second predetermined treatment of
CP-690,550 5 or 10 mg BID. The primary endpoints at Month 3 were the proportion of
patients who achieved an ACR20 response, changes in HAQ-DI and proportion with
DAS28-4(ESR) less than 2.6. The last efficacy endpoint (DAS28-4(ESR) less than 2.6
response) was amended to the protocol prior to final database lock.
Study A3921044 (Phase 3) is an ongoing 2-year study with a planned analysis at 1
year in which 797 patients with moderate to severe active rheumatoid arthritis who had
an inadequate response to MTX received CP-690,550 5 or 10 mg BID or placebo added
to background MTX. At the Month 3 visit, non-responding placebo patients were
advanced in a blinded fashion to a second predetermined treatment of CP-690,550 5 or
10 mg BID. At the end of Month 6, all placebo patients were advanced to their second
predetermined treatment in a blinded fashion. The primary endpoints were the
proportion of patients who achieved an ACR20 response at Month 6, change from
baseline in mean modified Total Sharp Scores at Month 6, HAQ-DI at Month 3, and
DAS28-4(ESR) less than 2.6 at Month 6. The last efficacy endpoint (DAS28-4(ESR)
less than 2.6 response) was amended to the protocol prior to final database lock.
Study A3921046 (Phase 3) was a 12-month study in which 792 patients with moderate
to severe active rheumatoid arthritis who had an inadequate response to a nonbiologic
DMARD received CP- 690,550 5 or 10 mg BID or placebo added to background
DMARD treatment (excluding potent immunosuppressive treatments such as
azathioprine or cyclosporine). Placebo patients were advanced as in Study A3921044.
The primary endpoints were the proportion of patients who achieved an ACR20
response at Month 6, changes in HAQ-DI at Month 3 and rates of DAS28-4(ESR) less
than 2.6 at Month 6. The last efficacy endpoint (DAS28-4(ESR) less than 2.6 response)
was amended to the protocol prior to final database lock.
Study A3921064 (Phase 3) was a 12-month study in which 717 patients with moderate
to severe active rheumatoid arthritis who had an inadequate response to MTX received
CP-690,550 5 or 10 mg BID, adalimumab 40 mg subcutaneously every other week, or
placebo added to background MTX. Placebo patients were advanced as in Study
A3921044. The primary endpoints were the proportion of patients who achieved an
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ACR20 response at Month 6, HAQ-DI at Month 3, and DAS28-4(ESR) less than 2.6 at
Month 6. The last efficacy endpoint (DAS28-4(ESR) less than 2.6 response) was
amended to the protocol prior to final database lock.
Study A3921025 (Phase 2) was a 6-month dose-ranging study in which 507 patients
with moderate to severe active rheumatoid arthritis who had an inadequate response to
MTX received one of the following doses of CP-690,550 (1, 3, 5, 10, or 15 mg BID or 20
mg QD) or placebo added to background MTX treatment. Non-responders to CP690,550 doses of 1 or 3 mg BID or 20 mg QD or placebo were all advanced to CP690,550 5 mg BID at 12 weeks. The primary endpoint was ACR20 response at Month 3.
Study A3921039 (Phase 2) was a 3-month dose-ranging study conducted in Japan in
which 136 patients with moderate to severe active rheumatoid arthritis who had an
inadequate response to MTX received one of the following doses of CP-690,550 (1, 3,
5, or 10 mg BID) or placebo. ACR20 response was measured at Month 3. The primary
endpoint was ACR20 response at Month 3.

Monotherapy Studies in RA
Study A3921045 (Phase 3)was a 6-month monotherapy study in which 610 patients
with moderate to severe active rheumatoid arthritis who had an inadequate response to
a DMARD (nonbiologic or biologic) received CP-690,550 5 or 10 mg BID or placebo. At
the Month 3 visit, all patients randomized to placebo treatment were advanced in a
blinded fashion to a second predetermined treatment of CP-690,550 5 or 10 mg BID.
The primary endpoints at Month 3 were the proportion of patients who achieved an
ACR20 response, changes in HAQ- DI, and rates of DAS28-4(ESR) <2.6. The last
efficacy endpoint (DAS28-4(ESR) less than 2.6 response) was amended to the protocol
prior to final database lock.
Study A3921035 (Phase 2) was a 6-month monotherapy study in which 384 patients
with moderate to severe active rheumatoid arthritis who had an inadequate response to
a DMARD (nonbiologic or biologic) received one of the following doses of CP-690,550
(1, 3, 5, 10, or 15 mg BID) or adalimumab 40 mg SC injection (monotherapy) every
other week or placebo. Patients on adalimumab, and non-responders to CP-690,550
dosed at 1 or 3 mg BID or to placebo were all advanced to CP-690,550 5 mg BID at 12
weeks. The primary endpoint was ACR20 response at Month 3.
Study A3921040 (Phase 2) was a 3-month monotherapy study conducted in Japan in
which 317 patients with moderate to severe rheumatoid arthritis who had an inadequate
response to at least 1 DMARD (nonbiologic or biologic, including MTX) received one of
the following doses of CP-690,550 (1, 3, 5, 10, or 15 mg BID) or placebo. The primary
endpoint was ACR20 response at Month 3.

Long-Term Extension Studies in RA
Study A3921024 is an ongoing long-term, open-label study to further assess the long86
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term safety and efficacy of CP-690,550 in patients with moderate to severe rheumatoid
arthritis who have completed participation in a randomized study of CP-690,550 for the
treatment of RA. Patients from Phase 2 studies receive CP-690,550 5 mg BID, and
patients from Phase 3 studies receive CP-690,550 10 mg BID (with the exception of
China, in which patients are dosed at 5 mg BID). CP-690,550 doses could be adjusted
for safety concerns, lack of tolerance or lack of efficacy. As of 29 March 2011, 2823
patients were participating; 4000 patients are planned.
Study A3921041 is an ongoing long-term, open label study conducted in Japan to
further assess the long-term safety and efficacy of CP-690,550 in patients with
moderate to severe rheumatoid arthritis who have completed Japan Phase 2 studies
A3921039 and A3921040 and global Phase 3 study A3921044. Patients continue to
receive CP-690,550 5 mg BID. CP-690,550 doses could be adjusted for safety
concerns, lack of tolerance or lack of efficacy. As of 29 March 2011, 404 patients were
participating; 500 patients are planned.

Key eligibility criteria
Key eligibility criteria for enrollment in Phase 3 studies were:
• Men and women 18 years of age or greater who had been diagnosed as having
rheumatoid arthritis (RA) and who had evidence of active RA as manifested by .6
out of 66 swollen and ≥6 out of 68 tender/painful joints and an elevated acute
phase reactant test (CRP>7 mg/dL and/or ESR> 28 mm/h). For Study A3921046
the minimum swollen and tender/painful joint count is ≥4. Aside from RA,
autoimmune rheumatic diseases other than Sjögren’s Syndrome were
exclusionary.
• Previous DMARD therapy and response eligibility criteria:
o For 1045 and 1046 the patients must have had an inadequate therapeutic
response to at least one traditional or biologic DMARD.
o For 1044 and 1064 the patients must have had an inadequate therapeutic
response to MTX.
o For 1032 the patients must have had an inadequate response to at least
one TNF inhibitor and must have had active disease despite stably dosed
MTX.
• Appropriate contraceptive measures were required for men (when background
traditional DMARD therapy was protocol mandated) and women of childbearing
potential (all studies). Pregnant and nursing women were excluded. Other
exclusions were: serious, chronic or current infections, including tuberculosis,
herpes zoster, hepatitis B or C, HIV; recent receipt of a live virus vaccine; a first
degree relative with a hereditary immunodeficiency; evidence or history of a
lymphoproliferative disorder; past treatment with lymphocyte depleting therapies
other than B cell selective therapies (the latter was allowed with evidence of
adequate B cell recovery); uncontrolled medical conditions; baseline clinically
significant abnormalities in safety laboratory tests including hemoglobin,
leukocyte, neutrophil and platelet counts, hepatic transaminases, serum
creatinine; use of prohibited CYP3A inhibitors or inducers; recent history of
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alcohol or drug abuse.
Key eligibility criteria for enrollment into the LTE studies (1041 in Japan, 1024 the rest of
the world) included:
• Patients must have previously completed participation in a randomized study of
CP-690,550 for the treatment of RA, or required earlier discontinuation for
reasons other than a treatment-related serious adverse event, and must have
met safety related enrollment criteria.
Eligibility criteria for Phase 2 studies were overall similar to the ones in Phase 3 studies.
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Appendix 2. Summary of Clinical Pharmacology Findings
Pharmacokinetics
Absorption
•
The absolute bioavailability of tofacitinb at 10 mg dose was 74%
•
Systemic exposure (AUC0-∞) and peak plasma concentration (Cmax) increased
in proportion to the dose in the dose range of 1 to 100 mg
•
Tmax was reached by approximately 0.5-1 hours following oral administration
•
Coadministration with food had no significant effect on the extent of
absorption (AUC0-∞) but rate of absorption (Cmax) declined by 32%
•
Upon multiple dosing, steady-state was reached by 24-48 hours with
negligible accumulation
•
Tofacitinib is a substrate of P-gp transporter
Distribution
•
Tofacitinib has a total plasma protein binding of approximately 39%.
Tofacitinib binds moderately to albumin and does not bind to alpha-1 acid
glycoprotein
•
Steady-state volume of distribution (Vdss) for tofacitinib following iv infusion
administration was 87 L, suggesting distribution into tissues
Metabolism and Transporters
•
Tofacitinib was extensively metabolized, primarily by CYP3A4 enzyme with
minor contribution from CYP2C19
•
All metabolites have less than <8% of total drug exposure in circulation
•
Based on in vitro studies, at therapeutic concentrations, it has low potential
for inhibition of CYP1A2, 2B6, 2C8, 2C9, 2C19, 2D6, 3A4 metabolic
enzymes, low potential for induction of CYP1A2 and 3A4, and low potential of
inhibition for P-gp, OCT2, OATP1B1, OATP1B3
•
Based on in vitro studies, tofacitinib is not a substrate of BCRP transporter
Elimination
•
Of the 94% drug recovered following oral administration in a mass balance
study, approximately 80% was recovered in urine, 29% as parent and 51%
as metabolites. Remaining drug was recovered in feces, approximately 1%
as parent and 13% as metabolites
•
The terminal elimination half-life of tofacitinib was approximately 3 hours after
single- or multiple-dose administration
Effect of Covariates
Effects of covariates age, weight, and gender were assessed based on population
pharmacokinetics analysis.
Special Population
Renal Impairment
•
Mean percentage change in AUC (90%CI), for subjects with mild, moderate,
and severe renal impairment compared to normal renal function were
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respectively: 41% (-5%, 109%), 71% (14%, 157%), and 156% (69%, 287%).
Mean percentage changes in Cmax (90% CI) for these cases were
respectively: 1% (-31%, 49%), 2% (-31%, 52%), and 21% (-19%, 81%).
•
A 14 days study was conducted to assess the impact of tofacitinib on renal
function by measuring the glomerular filtration rate (iohexol serum
clearance), effective renal plasma flow (p-aminohippuric acid (PAH)
clearance), and creatinine clearance (CLCr, based on 24-hour urine
collection) on day 1 and day 15. No significant change in iohexol serum
clearance, PAH clearance, and CLCr were observed with mean change of
less than 10% for comparison of Day 15 vs. Day 1
Hepatic Impairment
•
Mean percentage change in AUC (90%CI) for subjects with mild and
moderate hepatic impairment vs. normal hepatic function were respectively:
3% (-22%, 36%) and 65% (25%, 117%). Mean fold change in Cmax (90% CI)
for these cases were respectively: -1% (-25%, 32%) and 49% (12%, 97%).
•
A significant portion of tofacitinib is cleared through hepatic metabolism;
therefore, tofacitinib was not evaluated in patients with severe hepatic
impairment because potential for high systemic exposures may pose the risk
of immuno-suppression in patients who are already at risk of infection from
their hepatic disease.
Drug-Drug Interaction (DDI)
Effect of co-administered drugs on tofacitinib exposure
•
Tofacitinib co-administration with a strong CYP3A inhibitor, ketoconazole,
increased the mean tofacitinib AUC (90%CI) by 103% (91%, 116%) and Cmax
by 16% (5%, 29%).
•
Co-administration with a moderate CYP3A4 and strong CYP2C19 inhibitor,
fluconazole, increased mean tofacitinib AUC (90%CI) by 79% (64%, 96%)
and Cmax by 27% (12%, 44%).
•
Co-administration with a strong CYP3A inducer, rifampin, resulted in
substantial decreases in mean tofacitinib AUC (90%CI) by -84% (-86%, 82%) and in Cmax by -74% (-77%, -69%).
•
Co-administration with tacrolimus, a CYP3A substrate with narrow
therapeutic index, increased mean tofacitinib AUC (90%CI) by 21% (13%,
30%) and decreased Cmax by -9% (-17%, -1%).
•
Co-administration with cyclosporine, a CYP3A substrate with narrow
therapeutic index and also an inhibitor of P-gp, BCRP, OATP1B1, and
OATP1B3, increased mean tofacitinib AUC (90%CI) by 73% (62%, 85%) and
decreased Cmax by -17% (-29%, -3%).
•
Co-administration with methotrexate, had no significant effect on mean
tofacitinib AUC and Cmax
Effect of tofacitinib on exposure of co-administered drugs
•
Concomitant use of oral contraceptives (OC) with tofacitinib did not have any
significant effect on AUC and Cmax of ethinylestradiol and levonorgestrel
•
Concomitant use with tofacitinib had no substantial effect on AUC and Cmax
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of midazolam, a sensitive CYP3A substrate
Concomitant use of tofacitinib and methotrexate, decreased mean
methotrexate AUC (90% CI) by -10% (-23%, 4%) and Cmax by -13% (-24%,
0%)
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Melena
Nausea
Pancreatitis
Peptic ulcer hemorrhage
Peritonitis
Rectal hemorrhage
Reflux esophagitis
Salivary gland calculus
Salivary gland enlargement
Vomiting
General Disorders Admin. Site Cond.
Hepatobiliary Disorders (separate)
Immune system disorders
Infections and Infestation (separate)
Injury, Poisoning, Procedural Complic.
Investigations
ECG T-wave inversion
Metamyelocyte count increased
Myelocyte count increased
Transaminase increases
Metabolism and Nutrition
Musculoskeletal and Connective Tissue
Neoplasms, Benign, Malignant**
Nervous System Disorders
Amnesia
Brain injury
Brain edema
Carotid artery disease
Carpal, cubital tunnel syndrome
Cerebrovascular accident
Cranial nerves paralysis
Dysarthria
Epilepsy
Encephalopathy
Grand mal convulsion
Headache
Hemorrhage, intracranial
Ischemic stroke
Loss of consciousness
Monoplegia
Nerve root compression
Neuritis
Polyneuropathy
Radicular syndrome
Sciatica
Sensory loss
Serotonin syndrome
Spinal claudication
Spinal cord compression
Syncope
Thalamic infarction
Transient ischemia attack
Uremic encephalopathy
Pregn., Puerperium, Perinatal Cond.**
Psychiatric Disorders
Alcoholism
Anxiety
Completed suicide
Depression

1
1 (0.5)
2 (1.0)
0
4 (2.0)
8 (4.0)
0
2 (1.0)
5 (2.5)
2 (1.0)
7 (3.5)
1
1
1
1
1
1
1
1 (0.5)
0
-
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1
1 (0.6)
1 (0.6)
0
3 (1.7)
2 (1.1)
0
0
3 (1.7)
2 (1.2)
0
0
0
-

1
2
1
7 (0.8)
7 (0.8)
0
33 (3.8)
20 (2.3)
1 (0.1)
1
2 (0.2)
14 (1.6)
9 (1.0)
8 (0.9)
4
1
1
2
0
1 (0.1)
-

1
1
2
9 (1.0)
4 (0.5)
0
30 (3.4)
14 (1.6)
0
5 (0.6)
9 (1.0)
12 (1.3)
7 (0.8)
1
2
1
1
1
1
2 (0.2)
0
-
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1
2
1
1
1
2
16 (0.8)
11 (0.5)
0
63 (3.1)
34 (1.7)
1 (<0.1)
1
7 (0.3)
23 (1.1)
21 (1.0)
15 (0.7)
1
2
4
1
1
2
1
1
2
2 (0.1)
1 (<0.1)
-

2
2
1
13 (0.6)
10 (0.5)
0
76 (3.6)
35 (1.7)
0
6 (0.3)
39 (1.8)
33 (1.6)
11 (0.5)
1
1
1
1
2
1
1
2
1
2
2
1
1
1
1
3 (0.1)
1 (<0.1)
1
-

2
1
2 (0.2)
6 (0.7)
0
58 (6.7)
23 (2.7)
0
3 (0.3)
10 (1.2)
17 (1.97)
10 (1.2)
3
2
1
1
1
1
1
1
1
0
3 (0.3)
1
1
1

4
1
2
1
15 (0.5)
16 (0.5)
0
134 (4.5)
58 (2.0)
0
9 (0.3)
49 (1.6)
50 (1.7)
21 (0.7)
1
1
1
1
2
4
3
2
1
1
2
2
1
1
2
1
1
1
2
1
3 (<0.1)
4 (0.1)
1
2
1

4
1
1
2
1
21 (0.5)
19 (0.5)
3 (<0.1)
177 (4.2)
70 (1.7)
6 (0.1)
1
1
1
3
9 (0.2)
75 (1.8)
65 (1.6)
43 (1.0)
1
1
1
2
2
4
4
3
1
1
2
1
2
1
1
1
3
3
1
1
1
1
2
3
3 (<0.1)
6 (0.1)
1
1
2
1
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Mental disorder
Post-traumatic stress disorder
Renal and Urinary Disorders**
Reproductive System, Breast Disorders
Respiratory, Thoracic, Mediastinal Dz
Acute respiratory distress syndrome
Adenoidal hypertrophy
Aspiration
Asthma
Bronchiectasis
Chronic obstructive pulmonary dz
Dyspnea
Hydrothorax
Interstitial lung disease
Lung infiltration
Organizing pneumonia
Pleural effusion
Pleuritic pain
Pneumonia, aspiration
Pneumothorax
Pulmonary embolism
Pulmonary fibrosis
Pulmonary hypertension
Pulmonary sarcoidosis
Respiratory arrest
Respiratory disorder, NOS
Respiratory distress/failure
Rhinitis, allergic
Sleep apnea syndrome
Skin and Subcutaneous Tissue Dz
Social circumstances
Surgical and Medical Procedures
Vascular Disorders
Aortic aneurysm
Atherosclerosis, NOS
Circulatory collapse
Deep vein thrombosis
Extremity necrosis
Hematoma
Hypertension
Hypertensive crisis
Hypovolemic shock
Infarction, NOS
Peripheral vascular disease
Thrombophlebitis
Venous insufficiency
Venous thrombosis

4 (2.0)
3 (1.5)
2 (1.0)
1
1
0
0
0
1 (0.5)
1
-
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1 (0.6)
0
1 (0.6)
1
0
0
0
0
-

1
1 (0.1)
4 (0.5)
11 (1.3)
1
1
1
2
1
1
2
1
1
4 (0.5)
0
0
2 (0.2)
1
-

2 (0.2)
0
9 (1.0)
1
2
2
1
1
1
1
0
1 (0.1)
1 (0.1)
4 (0.5)
1
1
1
-

1
3 (0.1)
4 (0.2)
20 (1.0)
1
1
1
3
4
1
1
1
2
1
1
1
1
1
4 (0.2)
1 (<0.1)
1 (<0.1)
6 (0.3)
1
1
1
1
-

10 (0.5)
8 (0.4)
16 (0.8)
1
1
2
3
1
1
1
1
1
4
1 (<0.1)
0
0
16 (0.8)
2
5
1
1
4
4
1

4 (0.5)
1 (0.1)
7 (0.8)
1
2
1
1
1
1
1
0
0
0
4 (0.5)
1
1
1
1
-

14 (0.5)
9 (0.3)
23 (0.8)
1
1
1
4
4
2
1
1
1
1
1
1
4
1
1 (<0.1)
0
0
20 (0.7)
2
1
6
1
1
5
4
1
1

1
20 (0.5)
11 (0.2)
29 (0.7)
2
1
1
1
4
4
2
1
1
1
1
1
2
1
4
1
1
4 (0.1)
0
1 (<0.1)
31 (0.7)
2
1
9
2
2
5
6
1
1
1
1

Source: Summary of Clinical Safety (data cut-off March 29, 2011), adapted from Tables 93-106 and 120-Day Safety Update, adapted from tables 21-23
*-CP All Doses group includes patients originally assigned to CP5 or CP10 at the start of the study as well as those patients advanced to CP-690,550 after receiving placebo for 3
to 6 months; **-Separate table and review
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1.

EXECUTIVE SUMMARY

Pfizer Inc., proposes tofacitinib (CP-690,550) 5 milligrams (mg) and 10 mg orally administered
twice a day (BID) for the treatment of rheumatoid arthritis. To support this marketing
application, the applicant submitted data from 21 Phase 1 studies, six Phase 2 studies, and five
Phase 3 studies. The focus of this statistical review is on the five Phase 3 studies A3921032,
A3921044, A3921045, A3921046, and A3921064.
During my review of the clinical studies, I found several statistical issues that warrant further
exploration of data and discussion in the review. These statistical issues include the primary
analysis population, missing data handling in the analysis of Health Assessment QuestionnaireDisability Index (HAQ-DI), statistical model for the analysis of radiographic endpoint, and
multiplicity in secondary endpoints analyses combined with multiple comparisons of tofacitinib
10 mg vs. placebo and 5 mg vs. placebo.
The applicant’s primary analysis was conducted in the full analysis set (FAS) defined as all
randomized patients with at least one post-baseline measurement. In general, the division adheres
to the intent-to-treat (ITT) principle and includes all randomized patients regardless of whether
or not they have post-baseline observations in the analysis. Re-analyses of the data using the ITT
population and handling patients with missing post-baseline measurement as treatment failures
produced similar results to the applicant’s primary analyses using the FAS population. The
impact of missing data was not prominent because missing binary endpoints such as the
American College of Rheumatology’s ACR20 or Disease Activity Score(DAS)28 of less than
2.6 were treated conservatively using non-responder imputation and missing radiographic data
were imputed using a linear extrapolation method. The applicant assumed a missing-at-random
(MAR) mechanism for missing data regardless of reason and used a mixed-effect repeatedmeasures (MMRM) model to analyze continuous endpoints such as HAQ-DI. Re-analysis of the
data by applying baseline observation carried forward (BOCF) imputation for missing data gave
similar results to the applicant’s primary analysis. There was a multiplicity adjustment issue in
the analyses of the primary endpoints because their proposed sequential method does not
rigorously control the family-wise type-1 error rate (refer to sections 3.2.3 and 3.2.4.2). There
were also inconsistent findings from the applicant’s pre-specified primary analysis using
ANCOVA model and pre-specified sensitivity analysis using rank-based ANCOVA model when
evaluating the radiographic endpoint in study 1044. Outliers were identified in each dose group
and exploratory analyses were conducted. Refer to section 3.2.4.2 for more detail regarding these
findings on radiographic endpoints.
The major efficacy findings are as follows:
1. In all five efficacy studies, A3921032, A3921044, A3921045, A3921046, and A3921064,
a statistically significantly higher proportion of patients in the tofacitinib group (CP5 or
CP10) achieved ACR20 response compared to placebo.
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2. In studies A3921032, A3921045, A3921046, and A3921064, a statistically significant
difference in HAQ-DI score was observed in patients treated with tofacitinib 5 mg or
tofacitinib 10 mg compared to placebo.
3. For DAS28 response, while there is consistent evidence that a significantly higher
proportion of patients in the tofacitinib 10 mg group achieved DAS28 response compared
to placebo, only one study (study A3921046) showed a statistical significant difference
between 5 mg and placebo.
4. Based on our statistical assessment of radiographic data from study 1044, there is lack of
consistent findings when different statistical models were applied to the radiographic
data. In the primary analysis using parametric model, the difference between tofacitinib
10 mg and placebo was statistically significant for mTSS, while the difference was not
statistically significant between 5 mg and placebo, at Month 6. In contrast, when nonparametric model was applied, the difference between tofacitinib 10 mg and placebo was
not statistically significant for mTSS, while the difference was statistically significant
between 5 mg and placebo. In addition, based on the responder analysis and cumulative
distribution function, 5 mg appears to be numerically better than 10 mg, with lower
proportion of patients experienced worsening and higher proportion of patients
experienced improvement in the 5 mg group compared to 10 mg group (section 3.2.4.2).
5. There were no noticeable treatment differences in terms of ACR20 across gender and age
subgroups.
2.

INTRODUCTION
2.1 Overview
2.1.1

Drug Class and Indication

Tofacitinib (CP-690,550) is being proposed as immediate-release tablets for oral administration
in 5 mg and 10 mg dosage strengths for the treatment of rheumatoid arthritis.
2.1.2

History of Drug Development and Regulatory Interactions

The tofacitinib clinical development program was first introduced to the Division of Anesthesia,
Analgesia and Rheumatology Products in 2004 under IND 70,903. The IND was later moved to
the Division of Pulmonary, Allergy and Rheumatology Products in 2010. Communication with
the applicant regarding their development plan is documented under this IND. Pertinent parts of
the statistical portion of those communications are summarized herein.
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In December 2008, the applicant had an EOP2 meeting with the division, where input was
received regarding the proposed Phase 3 program. A teleconference was held on January 28,
2010 between the applicant and the division to discuss further the Phase 3 program. All Phase 3
protocols (A3921032, A3921045, A3921044, A3921046, A3921064, and A3921069) were
amended following the teleconference. Review of the statistical analysis plan (SAP) for protocol
A3921045 (serial 128, dated May 7, 2010) was conducted and comments were provided to the
applicant. The statistical comments pertained mostly to the handling of missing data (HAQ-DI
and DAS-28) and multiplicity. The applicant submitted their response to the statistical comments
for protocol A3921045 on December 23, 2010 (SN225) and presented their approach to handling
missing HAQ-DI data. According to them, these changes apply to all their Phase 3 protocols (i.e.
A3921032, A3921045, A3921044, A3921046, A3921064, and A3921069). A Pre-NDA meeting
was held on February, 2011 and we informally agreed to the format and content of the new drug
application (NDA). At the meeting we also reminded them that to support the primary
radiographic endpoint, it would be important to show that the slope of structural damage over
time does not increase from 6 to 12 months compared to 0 to 6 months, as advised during the
EOP2 meeting.
On October 21, 2011, the NDA was submitted. On January 20, 2012, the applicant noticed that
their DAS28-4(erythrocyte sedimentation rate or ESR) calculation was wrong since they used
physician’s global assessment instead of subject’s global assessment in the formula for DAS. I
confirmed their calculation error, and that the error was not propagated to the other efficacy
parameters. They submitted revised study reports and datasets with re-calculated DAS
parameters.
2.1.3

Specific Study Reviewed

My focus is on the five efficacy studies, A3921032, A3921045, A3921044, A3921046, and
A3921064 (hereafter referred to as 1032, 1044, 1045, 1046, and 1064). Of note, study 1044 had
radiographic data in addition to signs and symptoms data as in other studies.
2.2 Data Sources
NDA 203,214 was submitted on October 21, 2011 and can be found in the electronic document
room (EDR) of the Center for Drug Evaluation and Research. The study report including
protocols, statistical analysis plan, and all referenced literature can be found in the EDR. SAS
codes used in statistical analyses and the electronic SAS data sets with raw and derived variables
and data definitions were provided in the EDR using the following path:
\\CDSESUB5\EVSPROD\NDA203214\203214.enx
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3.

STATISTICAL EVALUATION
3.1 Data and Analysis Quality

In general, the submitted efficacy data are acceptable in terms of quality and integrity. I was able
to reproduce the primary and secondary efficacy endpoints analyses. No noticeable deviations
between the case report forms and analysis datasets relevant to primary and secondary endpoints
were identified. The applicant found errors in their calculation of the DAS parameter and revised
the study reports and efficacy datasets including DAS parameter. I confirmed that the error was
fixed and did not propagate to other parameters such as ACR20.
Studies seemed to be conducted properly based on the submission when I assessed the history of
regulatory interactions, protocol revisions/amendments, study report, study datasets, and internal
consistency among those components.
3.2 Evaluation of Efficacy
3.2.1

Study Design and Endpoints

Studies 1032, 1044, 1045, 1046, and 1064 were almost of similar design, except for the
population studied, the study duration, and treatment arms. They were all phase 3, randomized,
double-blind, placebo-controlled studies designed to demonstrate efficacy of tofacitinib (CP690,550) 5 mg BID and 10 mg BID (hereafter referred to as CP5 and CP10) over placebo in the
domains of reducing signs and symptoms of RA as measured by ACR20 response criteria,
slowing the progression of structural damage, as measured by change from baseline in van der
Heijde modified Sharp score, and improving physical function as measured by HAQ-DI. The
applicant also planned to evaluate the disease activity by comparing the rate of achieving DAS28
(ESR) response.
A summary of the study design and endpoints is presented in Table 1. In the Phase 3 studies,
patients originally randomized to placebo were advanced to either CP5 or CP10 at 3 or 6 months.
In studies 1032 and 1045, all placebo patients received CP-690,550 at Month 3. In studies 1044,
1046, and 1064, placebo nonresponders were advanced at Month 3, and all remaining placebo
patients were advanced at Month 6. Nonresponders were defined as those patients who did not
have at least a 20% improvement from baseline levels in both the tender/painful and swollen
joint counts at the Month 3 visit.
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Table 1: Summary of Study Design
Study ID

Study Design

A3921032

A3921045

Primary & Secondary Endpoints

A 6-month, placebo-controlled, 3-arm parallel study
of CP-690550 5 or 10 mg BID or placebo added to
background MTX

Population, Sample Size
Randomization
Subjects with active RA who had an
inadequate response to at least one
TNF inhibitors

At M3, all placebo patients are advanced to their
second predetermined treatment.
A 6-month, placebo-controlled, 3-arm parallel study
of CP-690550 5 or 10 mg BID or placebo

399
2:2:1:1
Subjects with active RA who had an
inadequate response to a DMARD

M3 DAS28-4(ESR) < 2.6

At M3, all placebo patients are advanced to their
second predetermined treatment.
A 12-month, placebo-controlled, 4-arm parallel
study of CP-690550 5 or 10 mg BID, adalimumab
40 mg SC Q2W or placebo added to background
MTX

610
4:4:1:1
Subjects with active RA who had an
inadequate response to MTX

M3 ACR20 response
M3 Change from baseline in HAQ-DI

M3 ACR20 response
M3 Change from baseline in HAQ-DI

A3921064

A3921046

A3921044

At M3, non-responding patients are advanced to a
second pre-determined treatment of CP-690550 5 or
10 mg BID. At M6, all placebo patients are
advanced to their second predetermined treatment.
A 12-month, placebo-controlled, 3-arm parallel
study of CP-690550 5 or 10 mg BID or placebo
added to background DMARD treatment
Placebo patients are advanced as in Study
A3921064.
A 2-year, placebo-controlled, 3-arm parallel study
of CP-690550 5 or 10 mg BID or placebo added to
background MTX

M3 Change from baseline in HAQ-DI
717
4:4:1:1:4

M6 DAS28-4(ESR) < 2.6

Subjects with active RA who had an
inadequate response to non-biologic
DMARD

M6 ACR20 response

792
4:4:1:1
Subjects with active RA who had an
inadequate response to MTX

M6 DAS28-4(ESR) < 2.6

797
4:4:1:1
Placebo patients are advanced as in Study
A3921064.

M3 DAS28-4(ESR) < 2.6
M6 ACR20 response

M3 Change from baseline in HAQ-DI

M6 ACR20 response
M6 Change from baseline in Total
Sharp Score
M3 Change from baseline in HAQ-DI
M6 DAS28-4(ESR) < 2.6

Studies 1032, 1045, 1046, and 1064 have three primary efficacy endpoints (in sequence):
1. Signs and symptoms as measured by ACR20 at Month 3 (studies 1032 and 1045) or at
Month 6 (studies 1046 and 1064);
2. Physical function as measured by the HAQ-DI change from baseline at Month 3;
3. Incidence of DAS <2.6 at Month 3 (Studies 1045 and 1032) or at Month 6 (Studies 1046
and 1064).
Study 1044 has four primary efficacy endpoints (in sequence):
1.
2.
3.
4.

Signs and symptoms as measured by ACR20 at Month 6;
Structural preservation as measured by modified Total Sharp score (mTSS) at Month 6
Physical function as measured by the HAQ-DI change from baseline at Month 3;
Incidence of DAS <2.6 at Month 6.

3.2.2

Patient Disposition, Demographic and Baseline Characteristics

The patient disposition can be summarized as follows:
•

•
•

Completion rates:
– Background DMARD studies (1032, 1044, 1046, & 1064): 74-84% in active
groups; 77-87% in placebo groups
– Monotherapy study (1045): 92% in active group; 86% in placebo group
Dropouts rates due to adverse events (AE):
– Background DMARD studies: 6-12% in active groups; 3-7% in placebo groups
– Monotherapy study: 3% in active group; 4% in placebo group
Dropouts rates due to lack of efficacy (LOE):
– Background DMARD studies: 2-4% in active groups; 3-8% in placebo groups
– Monotherapy study: 1% in active group; 6% in placebo group

The detail of disposition by study can be found from Table 21 in the appendix.
There were no noticeable imbalances of the demographics and baseline characteristics between
treatment groups as shown again Table 22 and Table 23 in the appendix.
The efficacy analysis was conducted on the Full Analysis Set (FAS) population. The applicant
originally defined FAS to include all randomized participants who received at least one study
drug. However, in their actual analyses, they excluded subjects among FAS who did not have
baseline or at least one post baseline measurement. In my analyses of the primary and secondary
efficacy endpoints, I included all randomized patients who took at least one dose of study
medication regardless of status of measurements obtained (intent-to-treat population or ITT).
In the analyses of radiographic data, patients who did not have the baseline data were excluded
since baseline data is needed for linear extrapolation of missing 6 or 12 month data. Therefore,

all patients who had valid baseline and Month 3 radiographic data were included in the analysis.
I defined the analysis set as radiographic ITT (rITT) which agrees with applicant’s FAS.
In addition, the applicant excluded patients from sites with data integrity or procedural issues.
Specifically, 15 patients were randomized from Site 1048 and all had radiographic data in their
database. Among them, 6 patients were included in their analysis and remaining 9 patients from
the site were excluded even if they had 6 month data. Moreover, there were 9 patients
randomized from Site 1155 and only one had radiographic data in their database and the patient’s
data were included in their analyses. Finally, there were 8 patients randomized from Site 1174.
All patients from this site were excluded even if they had 6 month data in their database. I
conducted additional analyses to assess the sensitivity of the results when including or excluding
these patients in the analysis dataset.
For other efficacy endpoints, there was discrepancy in analysis sets between the applicant and
me. Main reason for the discrepancy is that the applicant excluded subjects with no baseline or
without at least one valid post-baseline measurement (Table 2).
Table 2: Analysis Populations for Analyses of Primary and Secondary Endpoints
PBO
CP 5 mg
CP 10 mg
Study 1032
FAS (by applicant)
ACR20
HAQ-DI
DAS28
ITT (by reviewer)
ACR20
HAQ-DI
DAS28
Study 1044
FAS (by applicant)
ACR20
HAQ-DI
DAS28
mTSS †
ITT (by reviewer)
ACR20
HAQ-DI
DAS28
mTSS
Study 1045

132
131
118
120

133
132
117
119

134
133
125
125

132

133

134

156
154
146
129
140 (139*)

316
309
294
265
278 (277*)

309
309
300
257
290

160

321

316

140

278

290
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FAS (by applicant)
ACR20
HAQ-DI
DAS28

122
120
109
114

241
241
237
232

243
242
227
229

ITT (by reviewer)
ACR20
HAQ-DI
DAS28
Study 1046
FAS (by applicant)
ACR20
HAQ-DI
DAS28

122

243

245

158
157
147
148

312
311
292
263

315
309
292
270

ITT (by reviewer)
ACR20
HAQ-DI
DAS28
Study 1064

159

315

318

FAS (by applicant)
ACR20
HAQ-DI
DAS28
ITT (by reviewer)
ACR20
HAQ-DI
DAS28

PBO
107
106
98
92
108

CP 5 mg
201
196
188
117
204

CP 10 mg
199
196
185
176
201

Adalimumab
201
199
190
178
204

Note (*): In the study report of 1044, applicant reported one less patient from the tofacitinib 5 mg and placebo
groups, respectively, although study database and their analysis included those two patients’ radiographic data.
† Submitted radiographic data including all patients from Sites 1048 and 1174, N=144//282/296 (PBO/CP5/CP10

3.2.3

Statistical Methodologies

All five studies were designed to establish superiority of two doses (5 mg and 10 mg BID) of
tofacitinib (CP-690,550) to placebo for all primary endpoints. In these comparisons, the placebo
refers to the combined placebo data from sequence 3 and 4 for Month 3 and Month 6 analyses.
The following are the protocol-specified analytical approach for the primary endpoints:
• For the binary endpoints such as ACR20 and DAS28 at Month 3 or Month 6, the normal
approximation for the difference in binomial proportions was used to compare treatment
difference. Missing values due to a patient dropping from the study for any reason (e.g.,
lack of efficacy or adverse event), if the ACR value can not be determined (e.g. baseline
10

data is missing), or if a patient advanced at Month 3 to the next dose in the sequence to
which the patient was randomized (in studies 1044, 1046, and 1064), that patient’s
ACR20 or DAS28 will be set to nonresponsive (that is, baseline observation carried
forward, BOCF) on or after Month 3 visit. This also goes by the name Non Responder
Imputation (NRI).
•

For HAQ-DI at Month 3 or at Month 6, the mixed-effect model with repeated measures
including treatment, site (US, Europe/Canada, Latin America, Asia/Other), baseline
value, visit, and treatment-by-visit interaction as fixed effects and patient as random
effect was pre-specified to compare treatment difference. Compound symmetry was
assumed (though the applicant proposed to check the robustness of the results by fitting
other structured covariance matrices, e.g., autoregressive 1, and unstructured. as well). It
was also pre-specified that no imputation will be applied to missing data. In one of the
communications with the Division, the applicant maintained that the assumption of
missing at random for missing data in the HAQ-DI analysis is reasonable, and they gave
justifications when different reasons for dropout occur.

•

For the change from baseline in the modified Sharp score at Month 6, the analysis of
covariance (ANCOVA) with treatment, and site (US, Europe/Canada, Latin America,
Asia/Other) as fixed effects and actual baseline value as a covariate was pre-specified as
the primary analysis. Month 6 measurements for patients with missing values due to
either patient advancement at Month 3 or due to patient dropout (before advancement,
i.e. Month 3 or Month 6) were imputed using a linear extrapolation based on radiographs
either at Month 3 or prior to withdrawal.

Several robustness or sensitivity analyses (e.g. per protocol analysis) for each of the primary
endpoint (i.e. ACR20, DAS, HAQ-DI) were pre-specified in the protocol to support the
interpretation of the primary analyses. Specifically, for the change from baseline in the modified
Sharp score, ANCOVA model on the ranks with treatment as factor, and rank baseline modified
Sharp score as covariate was pre-specified as a sensitivity analysis. Missing values were imputed
by linear extrapolation like above, and the resulting imputed data were ranked. However, the
protocol also stipulated that conclusions (statistical significance/superiority) for comparisons of
all the primary endpoints between each dose of CP-690,550 and placebo group would be based
on results of the primary analyses.
As explained in the statistical analysis plan (SAP), to assess robustness of efficacy data with
respect to missing data, the applicant conducted sensitivity analysis on HAQ-DI. They varied the
covariance structure from compound symmetry to auto-regressive. However, in my opinion, this
approach is not an appropriate sensitivity analysis to assess missing at random (MAR)
assumption. I conducted a conservative baseline observation carried forward approach (BOCF)
to assess robustness of their positive result against missing not at random scenario.
Because there were multiple doses and multiple endpoints being tested, a gatekeeping or stepdown approach was pre-specified to control the probability of type 1 error. Using this approach,
statistical significance can be claimed for the second endpoint only if the first endpoint in the
sequence meets the requirements for significance. Additionally, as there were two doses within
11

each endpoint, the gatekeeping or step-down approach was also applied. The applicant presented
a flow chart to show the procedure in more detail (Figure 1).
This method is problematic because two sets of comparisons are tested at the second stage and it
only requires a significant treatment difference in HAQ-DI (or mTSS for study 1044) between 10
mg and placebo in order to move to the comparison of DAS28 (or HAQ-DI for study 1044).
Two possible approaches to control the type 1 error are to either split the alpha level at Family 2
for each test comparison or to ensure that both tests are statistically significant at p ≤ 0.05 before
moving to stage 3.
Figure 1: Primary Analysis Stepdown Procedure – Studies 1032, 1045, 1046, 1064 and 1044

Studies 1032, 1045, 1046,
and 1064

Study 1044

Except in study 1044, no interim analysis was planned. For study 1044, one interim analysis was
planned. The interim analysis was performed at 100% accrual at the completion of Month 12,
which included all the primary analyses. All the inferences were based on year 1 interim
analyses. The year 2 analyses (that is, the final analyses) is considered supportive.
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3.2.4

Results and Conclusions

In this presentation of the results, the results from studies 1032, 1045, 1046, and 1064 regarding
ACR20, HAQ-DI, and DAS28-4(ESR) less than 2.6 is summarized. This is followed by
presentation of the results from study 1044 including mTSS. The reason for a separate
presentation for the results from study 1044 is that only this study had radiographic data and
there is an issue of multiplicity adjustment. Both the applicant’s analyses and my analyses are
presented.
3.2.4.1 Results from Studies 1032, 1045, 1046 and 1064
Results from the analyses of primary and some key secondary endpoints by the applicant for
studies 1032, 1045, 1046, and 1064 are presented in Table 3, Table 4, and Table 5. Results from
the applicant’s analyses provided consistent evidence of improvement on signs and symptoms of
RA. In all four studies, a statistically significantly higher proportion of patients in the tofacitinib
group (CP5 or CP10) achieved ACR20 response compared to placebo.
All four studies also provided evidence of improvement in physical function as measured by
HAQ-DI. In all four studies, a statistically significant difference in HAQ-DI score was observed
in patients treated with tofacitinib 5 mg or tofacitinib 10 mg compared to placebo. In the
applicant’s analyses, three of the four studies showed a significantly higher proportion of patients
in the tofacitinib group (CP5 or CP10) achieved DAS28 response compared to placebo.

Table 3: Applicant’s Analysis on ACR20 (FAS)
Treatment
Study 1032 (Month 3)
CP 5 mg
CP 10 mg
PBO
Study 1045 (Month 3)
CP 5 mg
CP 10 mg
PBO
Study 1046 (Month 6)
CP 5 mg
CP 10 mg
PBO
Study 1064 (Month 6)
CP 5 mg
CP 10 mg
ADA 40 mg
PBO

N

N

Response Rate

Difference
vs. PBO

P-value

132
133
131

55
64
32

42 %
48 %
25 %

17 %
23 %

.0025
<.0001

241
242
120

144
159
32

60 %
66 %
27 %

33 %
39 %

<.0001
<.0001

311
309
157

164
180
49

53 %
58 %
31 %

22 %
27 %

<.0001
<.0001

196
196
199
106

101
103
94
30

52 %
53 %
47 %
28 %

24 %
25 %
19 %

<.0001
<.0001
.0008

Excerpted from the clinical study reports A3921032, A3921045, A3921046, A3921064.
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Table 4: Applicant’s Analysis on HAQ-DI (FAS)
Treatment

N

LS Mean
LS Mean
Difference

Study 1032 (Month 3)
CP 5 mg
CP 10 mg
PBO
Study 1045 (Month 3)
CP 5 mg
CP 10 mg
PBO
Study 1046 (Month 3)
CP 5 mg
CP 10 mg
PBO
Study 1064 (Month 3)
CP 5 mg
CP 10 mg
ADA 40 mg
PBO

Difference vs. PBO
95% CI

P-value

117
125
118

-0.5
-0.5
-0.2

-0.3
-0.3

(-0.4, -0.1)
(-0.4, -0.1)

.0002
<.0001

237
227
109

-0.5
-0.6
-0.2

-0.3
-0.4

(-0.4, -0.2)
(-0.5, -0.2)

<.0001
<.0001

292
292
147

-0.5
-0.6
-0.2

-0.3
-0.4

(-0.4, -0.2)
(-0.5, -0.3)

<.0001
<.0001

188
185
190
98

-0.6
-0.7
-0.5
-0.3

-0.3
-0.4
-0.2

(-0.4, -0.2)
(-0.5, -0.3)
(-0.4, -0.1)

<.0001
<.0001
<.0001

Excerpted from the clinical study reports A3921032, A3921045, A3921046, A3921064.

Table 5: Applicant’s Analysis on DAS28-4(ESR)<2.6 (FAS)
Treatment
Study 1032 (Month 3)
CP 5 mg
CP 10 mg
PBO
Study 1045 (Month 3)
CP 5 mg
CP 10 mg
PBO
Study 1046 (Month 6)
CP 5 mg
CP 10 mg
PBO
Study 1064 (Month 6)
CP 5 mg
CP 10 mg
ADA 40 mg
PBO

N

n

Response Rate

Difference vs.
PBO

P-value

119
125
120

8
11
2

7%
9%
2%

5%
7%

.0497
.0105

232
229
114

13
20
5

6%
9%
4%

2%
5%

.6179
.1042

263
270
148

24
36
4

9%
13 %
3%

6%
10 %

.0038
<.0001

177
176
178
92

11
22
12
1

6%
13 %
7%
1%

5%
12 %
6%

.0151
<.0001
.0091

Excerpted from the clinical study reports A3921032, A3921045, A3921046, A3921064.
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As noted earlier, the applicant’s analyses were conducted on the FAS population, not on the ITT
population. The applicant’s analyses excluded non-ignorable number of patients as shown in the
Table 2. Also in the analysis of HAQ-DI, the applicant assumed untestable MAR mechanism
which is not supported because missing data from dropouts may arise from treatment-related
reason such as adverse events. I used a BOCF imputation in the analysis of HAQ-DI imputing
‘0’ change from baseline to study endpoint or no improvement to patient with missing value at
study endpoint and to those patients in ITT, but not in FAS set (Table 7). Results from my
analyses of ACR20 and DAS28 conducted on the ITT population are presented in Table 6 and
Table 8.
With the exception of DAS28 responder analysis, although there were small numerical
differences, the overall conclusion for the ACR20 and HAQ-DI using the ITT population
remains the same as that using the FAS population. In other words, there is significant treatment
difference between tofacitinib and placebo in terms of ACR20 response and improvement in
HAQ-DI. For DAS28 response, while there is consistent evidence that a significantly higher
proportion of patients in the tofacitinib 10 mg group achieved DAS28 response compared to
placebo, only one study showed a statistical significant difference between 5 mg and placebo
(Table 8).
Table 6: Reviewer’s Analysis on ACR20 (ITT)
Treatment
Study 1032 (Month 3)
CP 5 mg
CP 10 mg
PBO
Study 1045 (Month 3)
CP 5 mg
CP 10 mg
PBO
Study 1046 (Month 6)
CP 5 mg
CP 10 mg
PBO
Study 1064 (Month 6)
CP 5 mg
CP 10 mg
ADA 40 mg
PBO

N

n

Response Rate

Difference
vs. PBO

P-value

133
134
132

55
64
32

41 %
48 %
24 %

17 %
24 %

.0030
<.0001

243
245
122

144
159
32

59 %
65 %
26 %

33 %
39 %

<.0001
<.0001

315
318
159

164
180
49

52 %
57 %
31 %

21 %
26 %

<.0001
<.0001

204
201
204
108

101
103
94
30

50 %
51 %
46 %
28 %

22 %
23 %
18 %

.0002
<.0001
.0017
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Table 7: Reviewer’s Analysis on HAQ-DI (ITT BOCF)
Treatment

N

LS Mean
LS Mean
Difference

Study 1032 (Month 3)
CP 5 mg
CP 10 mg
PBO
Study 1045 (Month 3)
CP 5 mg
CP 10 mg
PBO
Study 1046 (Month 3)
CP 5 mg
CP 10 mg
PBO
Study 1064 (Month 3)
CP 5 mg
CP 10 mg
ADA 40 mg
PBO

Difference vs. PBO
95% CI

P-value

133
134
132

-0.4
-0.4
-0.2

-0.2
-0.2

(-0.3, -0.1)
(-0.3, -0.1)

.0007
.0001

243
245
122

-0.5
-0.6
-0.2

-0.3
-0.4

(-0.4, -0.1)
(-0.5, -0.2)

.0001
<.0001

315
318
159

-0.4
-0.5
-0.2

-0.2
-0.3

(-0.3, -0.1)
(-0.4, -0.2)

<.0001
<.0001

204
201
204
108

-0.4
-0.5
-0.4
-0.2

-0.2
-0.3
-0.2

(-0.3, -0.1)
(-0.4, -0.2)
(-0.3, -0.1)

.0004
<.0001
.0003

Table 8: Reviewer’s Analysis on DAS28-4(ESR)<2.6 (ITT)
Treatment
Study 1032 (Month 3)
CP 5 mg
CP 10 mg
PBO
Study 1045 (Month 3)
CP 5 mg
CP 10 mg
PBO
Study 1046 (Month 6)
CP 5 mg
CP 10 mg
PBO
Study 1064 (Month 6)
CP 5 mg
CP 10 mg
ADA 40 mg
PBO

N

n

Response Rate

Difference
vs. PBO

P-value

133
134
132

8
11
2

6%
8%
2%

4%
6%

.0546
.0113

243
245
122

13
20
5

6%
8%
4%

2%
5%

.6025
.1454

315
318
159

24
36
4

8%
11 %
3%

5%
7%

.0069
.0011

204
201
204
108

11
22
12
1

5%
11 %
6%
1%

4%
10 %
5%

.0510
.0014
.0371
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In summary, data from these four studies provides evidence of efficacy in the domains of
reducing signs and symptoms of RA, and improving physical function.
3.2.4.2 Results from Study 1044
The results of analyses by the applicant and me on ACR20 from study 1044 are presented in
Table 9. Like studies 1032, 1045, 1046 and 1064, a statistically significantly higher proportion
of patients in the tofacitinib group (CP5 or CP10) achieved ACR20 response compared to
placebo in study 1044. This provided consistent data regarding improvement of signs and
symptoms from RA.
Table 9: Analyses on Primary Endpoint
Treatment

N

n

Response Rate

Difference
vs. PBO

P-value

ACR20 at Month 6 (Applicant’s based on FAS)
CP 5 mg
309
159
CP 10 mg
309
191
PBO
154
39

52 %
62 %
26 %

26 %
36 %

<.0001
<.0001

ACR20 at Month 6 (Reviewer’s based on ITT)
CP 5 mg
321
159
CP 10 mg
316
191
PBO
160
39

50 %
60 %
24 %

26 %
36 %

<.0001
<.0001

As noted in Section 3.2.3, the primary analysis of radiographic data (mTSS) was ANCOVA
(parametric analysis). Based on the applicant’s analyses, the difference between tofacitinib 10
mg and placebo was statistically significant for mTSS score, while the difference was not
statistically significant between 5 mg and placebo, at Month 6 and Month 12 (Table 10).
Table 10: Applicant’s Analysis on mTSS (FAS)
Treatment

N

LS Mean
LS Mean
Difference

Difference vs. PBO
95% CI

P-value

Study 1044 (primary at Month 6)
CP 5 mg
278
CP 10 mg
290
PBO
140

0.12
0.06
0.47

-0.34
-0.40

(-0.73, 0.04)
(-0.79, -0.02)

.0792
.0376

Study 1044 (Month 12)
CP 5 mg
CP 10 mg
PBO

0.29
0.05
0.92

-0.63
-0.87

(-1.27, 0.02)
(-1.51, -0.23)

.0558
.0081

286
295
139

Excerpted from the clinical study report A3921044.
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The results from my analyses of radiographic data produced similar results from that of the
applicant’s analyses using ANCOVA, and therefore were not presented here. As noted, a
sensitivity analysis was pre-specified in the protocol to evaluate treatment difference using
ANCOVA model on the ranks with treatment as factor, and rank baseline modified Sharp score
as covariate (a non-parametric analysis). The results from this analysis suggest no significant
difference between tofacitinib 10 mg and placebo on mTSS at Month 6, while the difference was
significant between tofacitinib 5 mg and placebo (Table 11). This is in reverse to what was
shown in the primary (parametric) analysis. Both doses were not significantly different from
placebo at Month 12. Other variations of rank sum test gave consistent results (Table 11).
Table 11: Analyses on mTSS based on the Ranks (FAS)

N
Study 1044 (primary 6 months)
CP 5 mg
278
CP 10 mg
290
PBO
140
Study 1044 (12 months)
CP 5 mg
286
CP 10 mg
295
PBO
139

ANCOVA
with ranked
data
P-value*

Wilcoxon test
P-value†

Van der
Waerden test
P-value†

Van Elteren
test
P-value**†

.0237
.1979

.0216
.1751

.0283
.1410

.0245
.1710

.0790
.0578

.0665
.0594

.0721
.0488

.0772
.0675

*Source: Study Report Table 14.2.15.1.7
**van Elteren’s test adjusted for the same covariates as in rank ANCOVA model.
† Reviewer’s analyses

As noted in Section 3.2.2, some patients with observed radiographic data at Month 6 from the
Sites 1048 and 1174 were excluded from the analysis. Including these patients in the analyses
produced similar findings and did not change the overall conclusion. However, it is still
concerning that 8 patients’ radiographic data from Site 1155 were not reported. Although this
does not appear to be excessive; given the small treatment effect size, it is unclear how this may
affect the overall results.
The study was initially powered based on parametric ANCOVA model with assumed effect size
of 0.8 units when comparing 10 mg dose to placebo. The planned study gives only 51% power
for the rank ANCOVA with the same effect size (Table 12). The fact that the actual effect
estimated from the study is 0.4 and the placebo group has much lower structural damage
progression (assumed 1.4 units vs. actual 0.5 units) than assumed can be one of the explanations
for why the analyses failed to show consistent results.
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Table 12: Applicant’s Power Analysis based on mTSS
N

Mean (SD)

Power
with ANOVA*

Power
with Rank-ANOVA*

Study 044 (based on assumed parameters)
CP 10 mg
PBO

300

0.6 (1.8)

88%

51%

300

0.4 (1.5)

99%

84%

150

1.4 (3.4)

P-value = 0.0376

P-value = 0.1979

Study 044 (based on results)
CP 10 mg

316

0.1 (2.0)

PBO

160

0.5 (2.0)

* Statistical Analysis Plan of study A3921044

Table 13 gives an inferential result using a definition of “no progression,” one by the applicant
(defined as Change in mTSS ≤ 0.5) and the other by me (defined as Change in mTSS ≤ 0). With
the applicant’s definition of “no progression,” both doses were significantly different from
placebo while only 5 mg dose was different from placebo when my definition was applied. This
further illustrates the lack of conclusiveness of the radiographic data when change in the
definition of no progression resulted in a loss in statistical significance for the tofacitinib 10 mg
dose group.
Table 13: Rates of ‘No Progression’ based on mTSS (rITT)
Treatment

N

N

Rate

Difference vs. PBO

P-value

No Progression defined by applicant as Change in mTSS ≤ 0.5
CP 5 mg
278
246
88 %
CP 10 mg
290
252
87 %
PBO
140
108
77 %

11 %
9%

.0028
.0167

No Progression defined by reviewer as Change in mTSS ≤ 0
CP 5 mg
278
233
84 %
CP 10 mg
290
229
79 %
PBO
140
104
74 %

10 %
5%

.0200
.2766

The cumulative distribution plot of mTSS at Month 6 is presented in Figure 2, without any
specific cut-off for defining “no progression.” The x-axis represents change from baseline and
the y-axis represents cumulative percentage. Left of zero means improvement and right of zero
means worsening. There appears to be a separation of curves between the tofacitinib doses and
placebo (Figure 2). As shown in Table 14, a numerically higher proportion of patients in the
tofacitinib group appears to improve compared to the placebo group. Likewise, a numerically
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smaller proportion of patients in the tofacitinib group appears to worsen compared to placebo
group, suggesting some benefit of tofacitinib on structural damage score. However, the 5 mg
dose appears to be numerically better than the 10 mg dose. This is consistent with the findings
from the non-parametric analysis.

Figure 2: Cumulative Distribution of mTSS (rITT)
Relative Frequency
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Table 14: Proportion of “Improved” or “No Change” or “Worsened” (rITT)
Improved (change in mTSS < 0)
No Change
Worsened (change in mTSS > 0)

PBO
(N=140)
20 (14%)
84 (60%)
36 (26%)

CP 5 mg
(N=278)
51 (18%)
182 (66%)
45 (16%)

CP 10 mg
(N=290)
46 (16%)
183 (63%)
61 (21%)

As noted in Table 14, about 63% of subjects had zero change from baseline, which implies that
comparison between group means could be problematic because conclusion could be driven by a
few outlying or extreme values.
Following are my exploratory analyses on mTSS at Month 6 including outlier analysis. This
allows us to assess the impact of outliers or extreme observations on the applicant’s and my
analyses. I looked at the frequency distributions by treatment group (Figure 3). The diagrams
suggest that there were potential outliers especially in the tofacitinib groups. In consultation with
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the clinical team, extreme observations with absolute change greater than 7 units were identified
with patient ID’s and extrapolated values were marked with asterisks (Figure 3). Of note, some
outliers at Month 6 are observed data and others are linearly extrapolated due to missing data at
Month 6. The same parametric ANCOVA model was applied to the new data after excluding
the outlying observations. In contrast with the results from the full ANCOVA model, the results
from this new analysis showed no statistically significant differences between either of
tofacitinib doses and placebo (Table 15). As expected, the same conclusion applies to
nonparametric analyses regardless of whether outliers were excluded or not (data not shown).
The outlier analysis suggests that the significant findings based on group means using ANCOVA
may be driven by a few extreme observations.
We acknowledge that inclusion or exclusion of outliers from data analysis can be done in many
ways, and that it also depends on the reason why the case is an outlier. In this study, we know
some of these values are not the actual observed values given that they are extrapolated values.
There are also others that could be due to measurement errors. What we do know is that there is
lack of consistent findings in the two tofacitinib dose groups when different statistical models
were applied. What we also know is that based on the responder analysis (Table 14), 5 mg
appears to be better than 10 mg.
Figure 3: Frequency Distribution by Treatment Group
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trt=CPL
90
80
70

Percent

60
50
40
30
20
10

10411006

11621006*

11571001*

0
-6.000

-4.000

-2.000

0.000

2.000

4.000

6.000

8.000

10.000

12.000

14.000

TSC_CHG

Placebo
trt=PBO
70

60

Percent

50

40

30

20

11081010*

10

10491026*

0
-4.000

-2.000

0.000

2.000

4.000

6.000

8.000

10.000

TSC_CHG

Table 15: ANCOVA on mTSS excluding outlying subjects (|Δ| greater than 7 units)
Treatment

N

Study 1044 (primary at Month 6)
CP 5 mg
275
CP 10 mg
287
PBO
138

LS Mean

0.09
0.14
0.31

Difference from PBO
LS Mean
95% CI
Difference
-0.23
-0.18

(-0.52, 0.06)
(-0.46, 0.11)

P-value
.1260
.2330
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Table 16: Analyses on Secondary Endpoints (Study 1044)
Treatment

N

LS Mean

LS Mean
Difference vs.
PBO

95% CI

-0.3
-0.4

(-0.4, -0.2)
(-0.5, -0.3)

HAQ-DI at Month 3 (Applicant’s based on FAS)
CP 5 mg
CP 10 mg
PBO

294
300
146

-0.4
-0.6
-0.2

HAQ-DI at Month 3 (Reviewer’s based on ITT BOCF)
CP 5 mg
CP 10 mg
PBO

Treatment

321
316
160

-0.4
-0.5
-0.2

-0.2
-0.3

(-0.3, -0.1)
(-0.4, -0.2)

N

N

Response Rate

Difference
vs. PBO

DAS28-4(ESR)<2.6 at Month 6 (Applicant’s based on FAS)
CP 5 mg
265
19
7%
CP 10 mg
257
47
18 %
PBO
129
2
2%

5%
16 %

DAS28-4(ESR)<2.6 at Month 6 (Reviewer’s based on ITT)
CP 5 mg
321
19
6%
CP 10 mg
316
41
13 %
PBO
160
2
1%

3%
12 %

Applicant’s analyses excerpted from the clinical study report A3921044.

In summary, data from study 1044 provides evidence of efficacy in the domains of reducing
signs and symptoms of RA. The evidence for an effect in radiographic progression is from a
single study and statistical significance is sensitive to the statistical methods applied.

3.3 Evaluation of Safety
The assessment of the safety aspects of the study drug was mainly conducted by reviewing
medical team, Drs Nikolov, Yim, and Seymour.
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4.

FINDINGS IN SPECIAL/SUBGROUP POPULATIONS
4.1 Gender and Age

The following analyses are the subgroup analyses by demographics in terms of ACR20.
Since majority of subjects (about 60%) were white, I do not present subgroup analyses by race
and only present subgroup analyses by sex and age group (< 55 or ≥ 55).
The majority of the subjects (about 80%) were female and therefore the subgroup analyses were
consistent with whole subjects for all studies (Table 17 and Table 18). In addition, there was no
noticeable difference in terms of ACR20 between the age groups (Table 19 and Table 20).
Table 17: Reviewer’s Subgroup Analysis on ACR20 (ITT Male)
Treatment
Study 1032 (Month 3)
CP 5 mg
CP 10 mg
PBO
Study 1044 (6 months)
CP 5 mg
CP 10 mg
PBO
Study 1045 (Month 3)
CP 5 mg
CP 10 mg
PBO
Study 1046 (Month 6)
CP 5 mg
CP 10 mg
PBO
Study 1064 (Month 6)
CP 5 mg
CP 10 mg
ADA 40 mg
PBO

N

n

Response Rate

Difference
vs. PBO

20
18
26

6
7
5

30 %
39 %
19 %

11 %
20 %

52
43
23

33
26
7

63 %
60 %
30 %

33 %
30 %

36
29
17

17
19
3

47 %
66 %
18 %

29 %
48 %

51
60
36

27
26
8

53 %
43 %
22 %

31 %
21 %

30
33
42
26

15
21
24
5

50 %
64 %
57 %
19 %

31 %
45 %
38 %

Table 18: Reviewer’s Subgroup Analysis on ACR20 (ITT Female)
Treatment

N

n

Response Rate

Difference
vs. PBO

Study 1032 (Month 3)
CP 5 mg
CP 10 mg
PBO
Study 1044 (Month 6)

113
116
106

49
57
27

43 %
49 %
26 %

17 %
23 %
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CP 5 mg
CP 10 mg
PBO
Study 1045 (Month 3)
CP 5 mg
CP 10 mg
PBO
Study 1046 (Month 6)
CP 5 mg
CP 10 mg
PBO
Study 1064 (Month 6)
CP 5 mg
CP 10 mg
ADA 40 mg
PBO

269
273
137

126
165
32

47 %
60 %
23 %

24 %
37 %

207
216
105

127
140
29

61 %
65 %
28 %

33 %
37 %

264
258
123

137
154
41

52 %
60 %
33 %

19 %
27 %

174
168
162
82

86
82
70
25

49 %
49 %
43 %
31 %

18 %
18 %
12 %

Table 19: Reviewer’s Subgroup Analysis on ACR20 (ITT Age ≥55)
Treatment
Study 1032 (Month 3)
CP 5 mg
CP 10 mg
PBO
Study 1044 (Month 6)
CP 5 mg
CP 10 mg
PBO
Study 1045 (Month 3)
CP 5 mg
CP 10 mg
PBO
Study 1046 (Month 6)
CP 5 mg
CP 10 mg
PBO
Study 1064 (Month 6)
CP 5 mg
CP 10 mg
ADA 40 mg
PBO

93
99
96
56

N

n

Response Rate

Difference
vs. PBO

68
76
62

29
38
15

43%
50 %
24 %

19 %
26 %

159
142
77

79
81
16

50 %
57 %
21 %

29 %
36 %

102
113
46

58
71
9

57 %
63 %
20 %

37 %
43 %

150
140
71

71
70
24

47 %
50 %
34 %

13 %
16 %

45
41
44
18

48 %
41 %
46 %
32 %

16 %
9%
14 %
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Table 20: Reviewer’s Subgroup Analysis on ACR20 (ITT Age <55)
Treatment
Study 1032 (Month 3)
CP 5 mg
CP 10 mg
PBO
Study 1044 (Month 6)
CP 5 mg
CP 10 mg
PBO
Study 1045 (Month 3)
CP 5 mg
CP 10 mg
PBO
Study 1046 (Month 6)
CP 5 mg
CP 10 mg
PBO
Study 1064 (Month 6)
CP 5 mg
CP 10 mg
ADA 40 mg
PBO

N

n

Response Rate

Difference
vs. PBO

65
58
70

26
26
17

40 %
45 %
24 %

16 %
21 %

162
174
83

80
110
23

49 %
63 %
28 %

21 %
35 %

141
132
76

86
88
23

61 %
67 %
30 %

31 %
37 %

165
178
88

93
110
25

56 %
62 %
28 %

28 %
34 %

111
102
108
52

56
62
50
12

51 %
61 %
46 %
23 %

28 %
38 %
23 %
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5.

APPENDIX

Table 21: Patient Disposition by Study
Study 1032:

Excerpted from the clinical study report, table 6 (page 105).

Study 1044:

Excerpted from the clinical study report, table 7 (page 128).
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Study 1045:

Excerpted from the clinical study report, table 6 (page 100).

Study 1046:

Excerpted from the clinical study report, table 6 (page 127).

Study 1064:

30

Excerpted from the clinical study report, table 6 (page 110).

Table 22: Baseline Demographics by Study
Study 1032:

31

Excerpted from the clinical study report, table 14 (page 114).

Study 1044:

32

Excerpted from the clinical study report, table 12 (page 138).

Study 1045:

Excerpted from the clinical study report, table 12 (page 107).
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Study 1046:

Excerpted from the clinical study report, table 13 (page 138).

Study 1064:

34

35

Excerpted from the clinical study report, table 9 (page 121).

Table 23: Baseline Characteristics by Study
Study 1032:

36

Excerpted from the clinical study report, table 15 (page 121).

Study 1044:
37

Excerpted from the clinical study report, table 13 (page 142).

Study 1045:
38

Excerpted from the clinical study report, table 13 (page 110).

Study 1046:
39

Excerpted from the clinical study report, table 14 (page 142).

Study 1064:
40

Excerpted from the clinical study report, table 10 (page 125).
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