Tofacitinib (CP-690,550) in Patients With
Rheumatoid Arthritis Receiving Methotrexate
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Objective. The purpose of this 24-month phase III
study was to examine structural preservation with to-
facitinib in patients with rheumatoid arthritis (RA) with
an inadequate response to methotrexate (MTX). Data
from a planned 12-month interim analysis are reported.

Methods. In this double-blind, parallel-group,
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placebo-controlled study, patients receiving background
MTX were randomized 4:4:1:1 to tofacitinib at 5 mg
twice daily, tofacitinib at 10 mg twice daily, placebo to
tofacitinib at 5 mg twice daily, and placebo to tofacitinib
at 10 mg twice daily. At month 3, nonresponder placebo-
treated patients were advanced in a blinded manner to
receive tofacitinib as indicated above; remaining
placebo-treated patients were advanced at 6 months.
Four primary efficacy end points were all analyzed in a
step-down procedure.
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Results. At month 6, response rates according to
the American College of Rheumatology 20% improve-

ment criteria for tofacitinib at 5 mg and 10 mg twice
daily were higher than those for placebo (51.5% and
61.8%, respectively, versus 25.3%; both P < 0.0001). At
month 6, least squares mean (LSM) changes in total
modified Sharp/van der Heijde score for tofacitinib at
5 mg and 10 mg twice daily were 0.12 and 0.06, respec-
tively, versus 0.47 for placebo (P = 0.0792 and P = (.05,
respectively). At month 3, LSM changes in the Health
Assessment Questionnaire disability index score for
tofacitinib at 5 mg and 10 mg twice daily were —0.40
(significance not declared due to step-down procedure)
and -0.54 (P < 0.0001), respectively, versus —0.15 for
placebo. At month 6, rates of remission (defined as a
value <2.6 for the 4-variable Disease Activity Score in
28 joints using the erythrocyte sedimentation rate) for
tofacitinib at 5 mg and 10 mg twice daily were 7.2%
(significance not declared due to step-down procedure)
and 16.0% (P < 0.0001), respectively, versus 1.6% for
placebo. The safety profile was consistent with findings
in previous studies.

Conclusion. Data from this 12-month interim
analysis demonstrate that tofacitinib inhibits progres-
sion of structural damage and improves disease activity
in patients with RA who are receiving MTX.

Rheumatoid arthritis (RA) is a chronic and de-
bilitating autoimmune disease characterized by inflam-
mation and destruction of the joints, substantial disabil-
ity, and a significant impact on health status and quality
of life. This results in a substantial economic burden to
patients and society (1).

Tofacitinib (CP-690,550) is a novel JAK inhibitor
being investigated as a targeted immunomodulator and
disease-modifying therapy in RA (2,3). In kinase assays,
tofacitinib inhibits JAK-1, JAK-2, and JAK-3, and to a
lesser extent tyrosine kinase 2; in cellular settings,
tofacitinib preferentially inhibits signaling by hetero-
dimeric receptors associated with JAK-3 and/or JAK-1
with functional selectivity over JAK-2—paired receptors.
Inhibition of JAK-1 and JAK-3 by tofacitinib blocks
signaling through the common vy-chain—containing recep-
tors for several cytokines, including interleukin-2 (IL-2),
IL-4, IL-7, IL-9, IL-15, and IL-21 (3,4), which are inte-
gral to lymphocyte function, and inhibition of their
signaling may thus result in modulation of multiple
aspects of the immune response.

In phase IIb dose-ranging studies that evaluated a
dose range of 1-15 mg twice daily, tofacitinib demon-
strated sustained efficacy and manageable safety over 24
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weeks in patients with active RA when used as mono-
therapy (5) or in combination with background metho-
trexate (MTX) (6). Tofacitinib doses of 5 and 10 mg
twice daily were selected as optimal for evaluation in
phase III, which includes a broad range of therapeutic
scenarios investigating tofacitinib as monotherapy (7) or
in combination with MTX (8-10) and non-MTX nonbio-
logic disease-modifying antirheumatic drugs (DMARDs)

(11).

The purpose of this phase III study was to
examine structural preservation, improvements in signs
and symptoms of RA, and physical function, and to
evaluate safety and tolerability with tofacitinib at 5 and
10 mg twice daily over 24 months in adult patients with
active RA with an inadequate response to MTX. Data
from a planned 12-month interim analysis of this study
are reported here.

PATIENTS AND METHODS

Patients. Eligible patients were age =18 years with a
diagnosis of active RA based on the American College of
Rheumatology (ACR) 1987 revised criteria (12). Active dis-
ease was defined by =6 tender/painful joints (68-joint count)
and =6 swollen joints (66-joint count) and by an erythrocyte
sedimentation rate (ESR) (Westergren method) of >28 mm/
hour or a C-reactive protein level of >7 mg/liter (reference
range 0-10 mg/liter). Patients were also required to have
evidence of =3 distinct joint erosions on posteroanterior hand
and wrist radiographs or anteroposterior foot radiographs as
determined by the investigator, or, if radiographic evidence of
joint erosions was unavailable, IgM rheumatoid factor (RF)
positivity or antibodies to cyclic citrullinated peptide (anti-
CCP). Stable doses of MTX were required (15-25 mg weekly
for =6 weeks; stable doses <15 mg were allowed only if there
were safety issues at higher doses). Stable doses of low-dose
corticosteroids (=10 mg/day prednisone or equivalent) and
nonsteroidal antiinflammatory drugs (NSAIDs) were allowed.
Prior use of biologic or nonbiologic DMARDs was permitted.

Key exclusion criteria were hemoglobin <9.0 gm/dl,
hematocrit <30%, white blood cell count <3.0 X 107/liter,
absolute neutrophil count <1.2 X 107/liter, or platelet count
<100 X 10%fliter; estimated glomerular filtration rate =40
ml/minute (Cockcroft-Gault calculation); aspartate amino-
transferase (AST) or alanine aminotransferase (ALT) levels
>1.5X the upper limit of normal (ULN); recent, current, or
chronic infection, including hepatitis B or C or human immu-
nodeficiency virus; evidence of active, latent, or inadequately
treated Mycobacterium tuberculosis infection; or history of
lymphoproliferative disorder or malignancy except for ade-
quately treated nonmetastatic basal/squamous cell cancer of
the skin or cervical carcinoma in situ.

Study design and treatment. This was a phase III,
randomized, double-blind, parallel-group, placebo-controlled
study (Pfizer protocol A3921044) in 111 centers in North
America, South America, Europe, Asia, and Australia with the
first visit of the first patient on March 31, 2009; this analysis
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includes all patients’ 12-month data with the last visit of the
last patient on April 1, 2011. A list of the ORAL Scan trial
(Oral Rheumatoid Arthritis trial. A3921044) study investiga-
tors is provided in Appendix A. The study was conducted in
compliance with the Declaration of Helsinki, International
Conference on Harmonisation Guidelines for Good Clinical
Practice in the European Community, and local country
regulations. The final protocol, any amendments, and in-
formed consent documentation were reviewed and approved
by the Institutional Review Boards and the Independent Ethics
Committees of the investigational centers. All patients pro-
vided written, informed consent.

Using an interactive voice recognition system, patients
were randomized 4:4:1:1 to 1 of 4 sequences: tofacitinib at 5
mg twice daily, tofacitinib at 10 mg twice daily, placebo to
tofacitinib at 5 mg twice daily, and placebo to tofacitinib at 10
mg twice daily, all in combination with MTX. For ethical
reasons, patients receiving placebo and not achieving =20%
improvement in swollen and tender joint counts after 3 months
(defined as nonresponders) were advanced in a blinded man-
ner to their predetermined dose of tofacitinib as indicated
above. All patients continuing to receive placebo were ad-
vanced in a blinded manner to tofacitinib after 6 months. A
nonresponder patient randomized to tofacitinib was also ad-
vanced in a blinded manner but continued to receive the same
treatment and dose for the duration of the study. Increases in
NSAIDs and systemic corticosteroids were not permitted;
decreases were allowed only if required to protect patient
safety.

Efficacy assessments. Coprimary efficacy end points
evaluated tofacitinib at 5 or 10 mg twice daily versus placebo
with respect to the response rates according to the ACR 20%
improvement criteria (ACR20 response rates) (13) (at month
6), the mean change from baseline in total modified Sharp/van
der Heijde score (SHS) (14) (at month 6), the mean change
from baseline in the Health Assessment Questionnaire disabil-
ity index (HAQ DI) score (15) (at month 3), and rates of
remission, defined as a 4-variable Disease Activity Score in
28 joints using the ESR (DAS28-ESR) <2.6 (16) (at month 6).
Key secondary end points included ACR20, ACR50, and
ACRT70 response rates and DAS28-ESR assessments (at all
visits) and changes from baseline in the ACR core set of
disease activity measures (17) (at month 6). Key secondary end
points for structural preservation included rates of nonprogres-
sors (=0.5 unit change from baseline in total SHS or erosion
score) (18) (at months 6, 12, and 24), changes from baseline in
total SHS (at months 12 and 24), and changes from baseline
in erosion score and joint space narrowing (JSN) score (at
months 6, 12, and 24). Patient-reported outcomes were as-
sessed throughout and included, in addition to the HAQ DI
score, the Functional Assessment of Chronic Illness Therapy—
Fatigue (FACIT-F) (19) and the patient’s assessment of arthri-
tis pain (on a visual analog scale) (15).

Radiographic methods. Radiographs for each patient
were scored by 2 independent readers (who were blinded to
patient randomization sequence and visit) according to the
total SHS (14). The 2 readers’ scores for each patient were
averaged and used for the final score.

Safety assessments. Safety end points included inci-
dence and severity of clinical laboratory abnormalities and
vital signs and of all adverse events (AEs). A Cardiovascular

Safety Endpoint Adjudication Committee (all external inde-
pendent consultants), blinded to treatment group assignment,
reviewed all potential cardiovascular events and deaths.

Statistical analysis. Sample size was determined based
on structural progression (total SHS) (see Supplementary
Appendix 1, available on the Arthritis & Rheumatism web site at
http://onlinelibrary.wiley.com/doi/10.1002/art.37816/abstract).
The full analysis set was the primary analysis population for
efficacy and safety. This included all randomized patients who
received =1 dose of study drug and had =1 postbaseline
measurement (including safety data). If the end point was a
change from baseline, a baseline measurement was needed.
The normal approximation for difference in binomial propor-
tions was used to test superiority of each tofacitinib dose
against placebo with respect to ACR20 response rate and rates
of DAS28-ESR <2.6; nonresponder imputation (NRI; setting
the ACR20 response rate or the rate of DAS28-ESR <2.6 to
nonresponsive) addressed missing data. NRI was applied to
patients who discontinued for any reason and to patients who,
at month 3, had not achieved a 20% improvement in tender
and swollen joint counts regardless of treatment assignment;
this analysis therefore assumed that nonresponder patients
at month 3 were those for whom treatment had failed for the
remainder of the study, even if they subsequently fulfilled the
ACR20 criteria.

Thus, the primary analysis used NRI at month 6; as a
secondary analysis and to account for tofacitinib-treated pa-
tients who “advanced” at month 3 (because of lack of meeting
the response criteria) to the same dose of tofacitinib, an NRI
“without an advancement penalty” was employed. This al-
lowed assessment of clinical changes in these patients at month
6 who were receiving a stable dose of tofacitinib since day 1.
The primary analysis was more conservative than it has been
historically applied (NRI alone), since in order to be counted
as having achieved an ACR20 response at month 6 in the
primary analysis, patients are first required to have a 20%
improvement in both tender and swollen joint counts at month
3. For further details of the NRI analysis, see Supplementary
Appendix 2, available on the Arthritis & Rheumatism web site at
http://onlinelibrary.wiley.com/doi/10.1002/art.37816/abstract.

For total SHS, the primary analysis was an analysis of
variance model for change from baseline to month 6, and
included baseline total SHS as a covariate. A patient must have
had =1 postbaseline radiograph to be included in the linearly
extrapolated analysis. Patients who advanced before month 6
(nonresponders) had their month 6 measurements imputed
using a linear extrapolation from month 3 radiographs even
when month 6 radiographs were available, regardless of treat-
ment assignment. Since all placebo-treated patients advanced
by or at month 6, placebo data for month 12 were imputed
using linear extrapolation from month 3 or month 6 radio-
graphic scores, whichever was the last month at which placebo
was dosed before advancement to tofacitinib. The approach
of using month 3 radiographs for linear extrapolation for all
treatment groups for advanced patients is similar to applying
the NRI advancement penalty to all treatment groups, and is
used to treat tofacitinib- and placebo-treated groups the same
way in the analysis and not introduce bias in favor of tofac-
itinib. All total SHS-related variables were imputed using this
method. Associated binary variables (e.g., rates of patients
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Table 1. Demographic and baseline clinical characteristics of the patients*

Placebo to Placebo to
Tofacitinib 5 mg Tofacitinib 10 mg tofacitinib 5 mg tofacitinib 10 mg
twice daily twice daily twice daily twice daily
(n = 321) (n = 316) (n = 81) (n =179
Female, no. (%) 269 (83.8) 273 (86.4) 65 (80.2) 72 (91.1)
White, no. (%) 152 (47.4) 144 (45.6) 36 (44.4) 36 (45.6)
Age, mean = SD years 537+ 11.6 520 =114 532 £ 11.5 52.1 = 11.8
Disease duration, mean (range) years 8.9 (0.3-43.0) 9.0 (0.3-42.0) 8.8 (0.6-30.8) 9.5 (0.4-43.5)
Tender joints (0-68), mean 24.1 23.0 233 22,6
Swollen joints (0-66), mean 14.1 14.4 14.0 14.5
Total SHS (0-448)
Mean 31.1 373 35.0 30.1
Median 13.0 13.0 16.0 14.0
Average annual radiographic progression rate, 5 5.5 — —
units per year
Erosion score (0-280), mean 13.8 17.7 14.5 14.3
Patients with erosion score =3, % 60.1 65.4 — —F
JSN score (0-168), mean 17.3 19.6 20.5 15.8
HAQ DI score (0-3), mean 1.41 1.39 1.40 1.23
Four-variable DAS28-ESR (0-9.4), mean 6.34 6.25 6.25 6.29
Three-variable DAS28-CRP (0-9.4), mean 5.22 5.20 5.14 5.18
ESR, mean mm/hour 50.1 50.5 478 54.4
CRP, mean mg/liter 15.5 17.0 12.2 15.3
RF positive, % 75.2 717.6 79.7 75.3
Anti-CCP positive, % 85.9 84.4 84.0 82.3
Prior MTX, % 100 99.7§ 100 100
Prior DMARDSs other than MTX, % 60.1 60.8 76.5 58.2
Prior TNF inhibitors, % 19.3 15.8 9.9 8.9
Prior non-TNF inhibitor biologic agents, % 53 4.7 3.7 2.5

* In some cases the number of patients sampled was less than the total number of patients in each group. SHS = modified Sharp/van der Heijde
score; JSN = joint space narrowing; HAQ DI = Health Assessment Questionnaire disability index; DAS28-ESR = Disease Activity Score in 28
joints using the erythrocyte sedimentation rate; DAS28-CRP = DAS28 using the C-reactive protein level; RF = rheumatoid factor; anti-CCP =
anti—cyclic citrullinated peptide; MTX = methotrexate; DMARDs = disease-modifying antirheumatic drugs; TNF = tumor necrosis factor.

T The mean value in the 2 placebo-treated groups combined was 4.8 units per year.

# The mean value in the 2 placebo-treated groups combined was 68.3%.

§ One patient was randomized but died before receiving medication.

with no progression) were analyzed using normal approxima-
tion to the binomial.

The HAQ DI score was expressed as change from
baseline. The analysis was performed using a mixed-effects
repeated-measures model that included the fixed effects of
treatment, visit, treatment-by-visit interaction, and baseline;
patients were a random effect. Secondary end points that were
binary variables were analyzed by NRI; last observation carried
forward analysis was performed to support robustness of
results. Continuous end points followed the analysis described
for HAQ DI score; values were set to “missing” for months 3-6
for patients who advanced at month 3. Supplementary efficacy
analyses were performed to verify the robustness of the
primary results (see Supplementary Appendix 3, available on
the Arthritis & Rheumatism web site at http://onlinelibrary.
wiley.com/doi/10.1002/art.37816/abstract). Safety data were
summarized.

To control the Type I error rate in the primary
analyses, coprimary efficacy end points were assessed sequen-
tially using a step-down approach in the following order:
ACR20 response rates, mean change in total SHS, mean
change in HAQ DI score, and rates of DAS28-ESR <2.6. For
each end point, and for each dose group, the comparison with

placebo was conducted using a significance (alpha) level set at
0.05 (2 sided) or equivalently 0.025 (1 sided); P values were
significant based on the step-down procedure (see Supplemen-
tary Figure 1, available on the Arthritis & Rheumatism web site
at http://onlinelibrary.wiley.com/doi/10.1002/art.37816/
abstract). For key secondary end points, P values are presented
with no adjustment for multiple comparisons, with their nom-
inal values. For all analyses up to and including month 6,
placebo sequences are pooled as 1 group, while for any analysis
post-month 6, each placebo sequence is presented separately.

RESULTS

Patient disposition and demographics. Overall,
797 patients were randomized and treated (tofacitinib
at 5 mg twice daily, n = 321; tofacitinib at 10 mg twice
daily, n = 316; placebo to tofacitinib at 5 mg twice daily,
n = 81; placebo to tofacitinib at 10 mg twice daily, n =
79). At month 3, 42 (51.9% of the placebo to 5 mg
tofacitinib group) and 37 (46.8% of the placebo to 10 mg
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Figure 1. Disposition of the study patients. Patients in the treatment arms were randomized to receive tofacitinib starting at month 0 at either 5 mg
twice daily (BID) or 10 mg twice daily. Placebo-treated patients were randomized to receive placebo during months 0-6 and then tofacitinib at either
5 mg twice daily or 10 mg twice daily during months 6-12. All placebo-treated patients who had not achieved 20% improvement in swollen and
tender joint counts after 3 months were advanced in a blinded manner to receive tofacitinib at 5 or 10 mg twice daily. Completed patients were those
still receiving study treatment at the date of cutoff (April 1, 2011). JCI = (swollen and tender) joint count improvement.

tofacitinib group) nonresponder placebo-treated pa-
tients advanced to tofacitinib; 84 patients (26.2%) and
56 patients (17.7%) randomized to tofacitinib 5 mg and
10 mg twice daily, respectively, were also nonresponders
at month 3. Baseline demographics (Table 1) and rates
of discontinuation of study treatment (Figure 1) were
similar across groups. The mean age of the patients was
53 years, the mean duration of RA was 9.0 years, 53.8%
of the patients were nonwhite, and 85.2% were female.
At baseline, the mean total SHS ranged from 30.1 to
37.3, and average annual radiographic progression rates
were similar across groups (Table 1). The proportions
of patients with an erosion score =3 at baseline were
68.3%, 60.1%, and 65.4% in the placebo-treated, 5 mg
tofacitinib—treated, and 10 mg tofacitinib—treated
groups, respectively.

Efficacy. Coprimary efficacy end points. The
ACR?20 response rates at month 6 for patients receiving
tofacitinib 5 mg and 10 mg twice daily were 51.5% and
61.8%, respectively, versus 25.3% for patients receiving
placebo (P < 0.0001 for both comparisons). The least
squares mean (LSM) changes in total SHS at month 6
were 0.12 and 0.06 for patients receiving tofacitinib 5 mg
and 10 mg twice daily, respectively, versus 0.47 for
patients receiving placebo (P = 0.0792 [not significant]
and P = 0.05, respectively). Since tofacitinib at 5 mg
twice daily failed to be statistically significant for radio-
graphic progression, and due to the step-down proce-
dure applied to primary efficacy end points, significance
was not declared for the HAQ DI score or DAS28-ESR

<2.6 for tofacitinib at 5 mg twice daily. LSM changes in
the HAQ DI score at month 3 for tofacitinib at 5 mg and
10 mg twice daily were —0.40 and —0.54, respectively,
versus —0.15 for placebo (5 mg twice daily, significance
not declared for this coprimary end point; 10 mg twice
daily, P < 0.0001). Rates of remission as defined by
DAS28-ESR <2.6 at month 6 were 7.2% and 16.0% for
tofacitinib at 5 mg and 10 mg twice daily, respectively,
versus 1.6% for placebo (5 mg twice daily, significance
not declared for this coprimary end point; 10 mg twice
daily, P < 0.0001).

Signs and symptoms. Statistically significant im-
provements with tofacitinib were seen in ACR50 (32.4%
for 5 mg twice daily, 43.7% for 10 mg twice daily, 8.4%
for placebo [P < 0.0001 for both]) and ACR70 (14.6%
for 5 mg twice daily, 22.3% for 10 mg twice daily, 1.3%
for placebo [P < 0.0001 for both]) responses versus
placebo at month 6. At month 12, ACR20, ACR50, and
ACRT70 response rates were 48.5%, 32.7%, and 18.8%),
respectively, for tofacitinib at 5 mg twice daily and
57.0%, 41.1%, and 27.5%, respectively, for tofacitinib at
10 mg twice daily. A significant improvement in ACR20/
50/70 responses for each tofacitinib dose versus placebo
was seen by month 1 (first visit postbaseline). ACR
response data are presented in Figures 2A and B.
Changes from baseline in the ACR core set of disease
activity measures (at month 6) are presented in Supple-
mentary Table 1, available on the Arthritis & Rheuma-
tism web site at http://onlinelibrary.wiley.com/doi/
10.1002/art.37816/abstract. Significant effects on the rate
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Figure 2. A, Response rates according to the American College of Rheumatology 20% improvement criteria (ACR20 response rates) at month 6.
B, ACR50 and ACR70 response rates over time. C, Percentages of patients scoring <2.6 at month 6 on the 4-variable Disease Activity Score in 28
joints using the erythrocyte sedimentation rate (DAS28-ESR). D, Least squares (LS) mean changes over time in Health Assessment Questionnaire
disability index (HAQ DI) scores. The dashed horizontal line represents the minimal clinically important difference of —0.22 for the HAQ DI score.
Values are the mean = SEM. P values are presented for analyses up to and including month 6 (the time at which all the patients in the placebo group
were switched to tofacitinib), where placebo sequences are pooled as 1 group. P values over time are from secondary analyses where there is no
adjustment for multiple comparisons; at month 3, P values shown are not subject to the step-down approach for the coprimary efficacy end points.
wx = P < 0.01; s = P < 0.001 versus placebo. ¥ = significance not declared. BID = twice daily. See Figure 1 for description of groups.

of ACR20 response with tofacitinib as compared with
placebo were seen in all geographic regions at month 6
(P = 0.024 and P = 0.0002 for the comparison of 5 mg
and 10 mg twice daily versus placebo, respectively, in the
US; P = 0.0145 and P = 0.0113, respectively, in South
America; P = 0.0045 and P = 0.0021, respectively, in
Europe; P = 0.0005 and P < 0.0001, respectively, in the
rest of the world).

Rates of DAS28-ESR <2.6 reached 10.6% and
15.2% in the groups receiving tofacitinib at 5 mg and 10
mg twice daily, respectively, by month 12. By month 6,
low disease activity (DAS28-ESR =3.2) was achieved by
14.3% and 28.4% of patients receiving tofacitinib at 5
mg and 10 mg twice daily, respectively, versus 3.1% of
patients receiving placebo (P < 0.0001 for both compar-
isons). At month 12, the rates of DAS28-ESR =3.2 for
patients receiving tofacitinib at 5 mg and 10 mg twice
daily increased to 23.4% and 30.7%, respectively. At
month 6, LSM changes from baseline in DAS28-ESR
were significant for tofacitinib at both 5 mg twice daily
(-2.1) and 10 mg twice daily (-2.5) versus placebo (-1.3)

(P < 0.0001 for both comparisons); at month 12, these
values were —2.3 and -2.5 for tofacitinib at 5 mg and 10
mg twice daily, respectively. Data for selected DAS28-
ESR measurements are presented in Figure 2C and in
Supplementary Figure 2, available on the Arthritis &
Rheumatism web site at http://onlinelibrary.wiley.com/
doi/10.1002/art.37816/abstract.

Physical function and other patient-reported out-
comes. Changes from baseline in HAQ DI scores over
time are presented in Figure 2D. At month 6, the LSM
changes from baseline in FACIT-F for tofacitinib at 5
mg and 10 mg twice daily were 5.6 and 6.9, respectively,
versus 2.1 for placebo (P < 0.001 and P < 0.0001,
respectively). Significant improvements in patient’s as-
sessment of arthritis pain were also reported for tofac-
itinib versus placebo at month 6 (see Supplementary
Table 1, available on the Arthritis & Rheumatism web site
at http://onlinelibrary.wiley.com/doi/10.1002/art.37816/
abstract).

Structural preservation. At baseline, radiographs
were available for 98.7% of patients across treatment
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Figure 3. A-C, Least squares (LS) mean changes in total modified Sharp/van der Heijde score (total SHS; mTSS) at months 6 and 12 (A) and in
erosion score (B) and joint space narrowing score (C) over time. D, Proportions of nonprogressors (those with changes from baseline of <0.5 in total
SHS or erosion score) at months 6 and 12. Values are the mean = SEM. * = P = (0.05; =+ = P < (.01 versus placebo. BID = twice daily.

sequences. The difference from placebo in mean
changes from baseline in total SHS at month 12 was
statistically significant for tofacitinib at 10 mg twice daily
(P < 0.01) but not at 5 mg twice daily (P = 0.0558).
Treatment with both tofacitinib doses resulted in less
progression from baseline in both components of the
total SHS (erosion score and JSN score) versus placebo
at months 6 and 12; changes in these scores were
statistically significant at month 12 for JSN, but not for
erosion, for both tofacitinib-treated groups versus the
placebo-treated group (P = 0.05). Mean changes from
baseline in total SHS, erosion score, and JSN score are
presented in Figures 3A-C.

The proportion of patients with no radiographic
progression (=0.5 unit increase from baseline in total
SHS) at months 6 and 12 was similar in both tofacitinib-
treated groups and significantly greater than in the
placebo-treated group (both P = 0.05). At month 6, the
proportion of patients with no progression in erosion
score (=0.5 unit increase from baseline) was numerically
greater, but not statistically significantly different, in the
tofacitinib-treated groups versus the placebo-treated

group (P > 0.05) (Figure 3D). The proportion of
patients with no progression in erosion score at month
12 was significantly greater in both tofacitinib-treated
groups versus the placebo-treated group (P = 0.05)
(Figure 3D).

Changes from baseline in total SHS, JSN score,
and erosion score were computed for each patient, and
individual values were arranged in cumulative probabil-
ity plots to show the distribution of changes for the
population as a whole. The plots of changes from
baseline in total SHS, JSN score, and erosion score at
months 6 and 12 for both tofacitinib-treated groups were
very similar and were different from the plot for the
placebo-treated group. Cumulative probability plots for
total SHS at months 6 and 12 are presented in Figure 4.

In post hoc analyses of subsets of patients with
prognostic factors predictive of greater progression of
joint damage (20,21) (anti-CCP positivity, 4-variable
DAS28-ESR >5.1, anti-CCP positivity and/or RF posi-
tivity with erosion score =3, and baseline total SHS
greater than baseline median total SHS), more pro-
nounced effects were observed for tofacitinib at 5 mg
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Figure 4. Cumulative probability plots showing change from baseline
in total modified Sharp/van der Heijde score (total SHS; mTSS) at
months 6 (A) and 12 (B). BID = twice daily.

and 10 mg twice daily, with greater differences from
placebo (see Supplementary Figure 3, available on the
Arthritis & Rheumatism web site at http://onlinelibrary.
wiley.com/doi/10.1002/art.37816/abstract).
Supplementary analyses. Sensitivity analyses, in-
cluding multiple imputation/generalized estimating
equation analyses for ACR and 4-variable DAS28-ESR
<2.6 response rates and a random coefficients model for
total SHS, confirmed the primary analyses (see Supple-
mentary Appendix 4, available on the Arthritis & Rheu-
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matism web site at http://onlinelibrary.wiley.com/doi/
10.1002/art.37816/abstract).

Safety and tolerability. Treatment-emergent AEs
during months 0-3 were reported with similar frequency
in patients treated with tofacitinib at 5 mg twice daily
(157 of 321 [48.9%]), tofacitinib at 10 mg twice daily
(171 of 316 [54.1%]), and placebo (73 of 160 [45.6%]).
During months 3-6, treatment-emergent AEs were re-
ported for 145 patients (45.2%) and 111 patients
(35.1%) randomized to tofacitinib at 5 mg and 10 mg
twice daily, respectively. In months 6-12 (when all
patients randomized to placebo had advanced to active
treatment), the incidence of treatment-emergent AEs
was similar for tofacitinib sequences (51.7% receiving
tofacitinib at 5 mg twice daily [n = 166], 55.1% receiving
tofacitinib at 10 mg twice daily [n = 174]) and placebo
sequences (42.0% advancing from placebo to tofacitinib
at 5 mg twice daily [n = 34], 44.3% advancing from
placebo to tofacitinib at 10 mg twice daily [n = 35]) (see
Supplementary Table 2, available on the Arthritis &
Rheumatism web site at http://onlinelibrary.wiley.com/
doi/10.1002/art.37816/abstract).

The most frequently reported treatment-
emergent AEs from months 0-12, by system organ class,
were infections and infestations, gastrointestinal disor-
ders, and abnormalities in laboratory measurements
leading to investigations. Treatment-emergent AEs oc-
curring in >2% of patients in any treatment group are
summarized by Medical Dictionary for Regulatory Ac-
tivities preferred terms in Supplementary Table 3, avail-
able on the Arthritis & Rheumatism web site at http://
onlinelibrary.wiley.com/doi/10.1002/art.37816/abstract.

The incidence of serious AEs and discontinua-
tions due to AEs across treatment groups was similar in
each of months 0-3, 3-6, and 6—12 (see Supplementary
Table 2, available on the Arthritis & Rheumatism web site
at http://onlinelibrary.wiley.com/doi/10.1002/art.37816/
abstract). Incidence rates of serious infections per 100
patient-years (95% confidence intervals [95% Cls])
through month 12 for placebo, tofacitinib at 5 mg twice
daily, and tofacitinib at 10 mg twice daily were 3.68 (95%
CI 0.92-14.71), 4.17 (95% CI 2.55-6.80), and 2.32 (95%
CI 1.21-4.46), respectively. There were 7 opportunistic
infections; doses reported were at event onset. Three
were classified as serious as per the protocol (Preumo-
cystis jiroveci pneumonia [tofacitinib at 5 mg twice daily],
cytomegalovirus sialadenitis [tofacitinib at 10 mg twice
daily], and cytomegalovirus viremia [tofacitinib at 10 mg
twice daily]) and 4 as nonserious (lymph node tubercu-
losis [tofacitinib at 10 mg twice daily] and esophageal
candidiasis [tofacitinib at 5 mg twice daily, n = 2;
tofacitinib at 10 mg twice daily, n = 1]) (see Supplemen-
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tary Table 4, available on the Arthritis & Rheumatism
web site at http://onlinelibrary.wiley.com/doi/10.1002/
art.37816/abstract).

There were 6 deaths. Three patients receiving
tofacitinib at 5 mg twice daily withdrew from the study
due to AEs (acute respiratory distress syndrome and
viral pneumonia, n = 1; metastatic lung cancer, n = 1;
and P jiroveci pneumonia, n = 1) and subsequently died.
One patient in the placebo-treated group withdrew due
to acute renal failure before advancement to tofacitinib
and then died (due to cardiac arrest and several AEs).
Two patients died prior to withdrawing from the study,
1 from pneumonia (in the group receiving tofacitinib at
5 mg twice daily) and 1 from aspiration (in the group
receiving tofacitinib at 10 mg twice daily). All deaths
were attributed to the study treatment (including the
placebo-treated patient who died) by the investigator,
except for the patient who died following aspiration of
a glycerine swab. Details surrounding these events are
described in Supplementary Table 4, available on the
Arthritis & Rheumatism web site at http://onlinelibrary.
wiley.com/doi/10.1002/art.37816/abstract.

Six patients treated with tofacitinib experienced
6 nonfatal cardiovascular events that met adjudication
event criteria. Three events were adjudicated as being
cardiovascular: angina pectoris (in the group receiving
tofacitinib at 5 mg twice daily), coronary artery disease
(in the group receiving tofacitinib at 5 mg twice daily),
and carotid artery stenosis (in the group receiving
tofacitinib at 10 mg twice daily). Three were adjudicated
as being cerebrovascular: cerebral infarction (1 in the
group receiving tofacitinib at 10 mg twice daily) and
lacunar infarction (2 in the group receiving tofacitinib at
10 mg twice daily [1 event occurred postrandomization
but before treatment]). No patient had congestive heart
failure.

Nine patients were diagnosed as having carcino-
mas: basal cell carcinoma (3 in the 5 mg tofacitinib—
treated group, 1 in the 10 mg tofacitinib—treated group),
stomach adenocarcinoma (1 in the 5 mg tofacitinib—
treated group, 1 in the 10 mg tofacitinib—treated group),
bone squamous cell carcinoma (1 in the 5 mg tofacitinib—
treated group), breast mucinous adenocarcinoma (1 in
the 10 mg tofacitinib—treated group), and non-Hodgkin’s
lymphoma (1 in the 10 mg tofacitinib—treated group).
One patient in the 10 mg tofacitinib-treated group
was diagnosed as having squamous cell carcinoma of
the cervix; a biopsy sample was not available for central
laboratory adjudication.

Changes in laboratory parameters observed for
tofacitinib versus placebo included decreases in mean
neutrophil counts, increases in mean low-density lipo-
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Figure 5. Mean changes from baseline in serum creatinine levels (A),
absolute neutrophil counts (B), and low-density lipoprotein (LDL)
cholesterol levels (C) over time. Values are the mean = SEM. P values
are presented for analyses up to and including month 6 (the time at
which all the patients in the placebo group were switched to tofac-
itinib), where placebo sequences are pooled as 1 group. ** = P < 0.01;
wxx = P < (0.001 versus placebo. BID = twice daily. See Figure 1 for
description of groups.

protein (LDL) cholesterol, and small increases in mean
serum creatinine (Figure 5). No patient had a confirmed
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absolute neutrophil count <0.5 X 10*/mm? (see Supple-
mentary Table 2, available on the Arthritis & Rheuma-
tism web site at http://onlinelibrary.wiley.com/doi/
10.1002/art.37816/abstract), and no patient withdrew
due to leukopenia. Over the 12-month period, increases
in serum creatinine >50% from baseline were observed
in 5 patients: 1 in the 5 mg tofacitinib-treated group
(<1.0%), 3 in the 10 mg tofacitinib—treated group
(<1.0%), and 1 in the placebo to 5 mg tofacitinib—
treated group after advancement to tofacitinib (1.2%);
elevations were attributable to variability over time.
None of these patients experienced renal failure. The
patient in the placebo to 5 mg tofacitinib—treated group
discontinued due to confirmed (occurring at 2 consecu-
tive visits) elevations >50% in serum creatinine; values
stabilized following discontinuation.

All mean safety laboratory values stabilized after
month 3. Incidences of increases in AST and ALT =1X
ULN at month 6 were more frequent in active treatment
groups. Elevations =3X ULN for AST and ALT were
infrequent, and were generally single occurrences that
spontaneously returned to normal limits without relation
to time in the study; these elevations occurred across
treatment sequences (see Supplementary Table 2, avail-
able on the Arthritis & Rheumatism web site at http://
onlinelibrary.wiley.com/doi/10.1002/art.37816/abstract),
and none were accompanied by bilirubin increases =2X
ULN.

DISCUSSION

Tofacitinib has proven efficacious clinically in
recent trials for the treatment of signs and symptoms of
RA and improving physical function when given as
monotherapy or in combination with MTX (6,7,22) and
could provide a therapeutic alternative to augment the
current therapy paradigm. The purpose of this study was
to examine whether tofacitinib at 5 and 10 mg twice daily
has an effect on structural progression in adult patients
with active RA with an inadequate response to MTX. In
addition, the study was designed to provide pivotal
efficacy data concerning the reduction in signs and
symptoms of RA and improvement in physical function,
and to provide safety data for tofacitinib at 5 and 10 mg
twice daily over 24 months.

Twelve-month data from this 24-month study
provide evidence of the efficacy of inhibition of struc-
tural damage with tofacitinib. Based on published liter-
ature, the placebo was estimated to have a mean in-
crease (deterioration) from baseline of =1.4 units, and
the observed difference between tofacitinib and placebo

VAN DER HEIUDE ET AL

would be =0.8 units in total SHS at month 6, whereas
the observed change from baseline in mean total SHS
for the placebo group at month 6 was, in fact, only 0.47
units, with both tofacitinib arms showing negligible
increases (0.06 and 0.12 units) from baseline. This was
approximately one-fifth of that predicted from the esti-
mated mean annual radiographic progression at baseline
of 4.8 units/year, and was significantly less than the
progression of radiographic joint damage expected in
DMARD-inadequate responder populations based on
historical data (23-25).

These findings are also consistent with the re-
ported trend toward decreased disease progression in
RA patients over time, attributable to improved treat-
ment (26-28), which, combined with the need to mini-
mize duration of patient exposure to placebo treatment,
makes the demonstration of a structural benefit more
challenging (as seen here with the nonsignificant results
with tofacitinib at 5 mg twice daily). Importantly, a
substantial proportion of patients in this study also had
prior treatment with tumor necrosis factor inhibitors or
other biologic therapies. Despite randomization, the
proportion of placebo-treated patients with prior bio-
logic treatment was lower, which potentially disfavors
the observed effect of tofacitinib as patients with prior
biologic treatment usually represent a population with
more severe disease.

Despite the limited degree of joint damage pro-
gression observed in the entire study population, more
pronounced effects were observed for tofacitinib at 5
and 10 mg twice daily in post hoc analyses of the subset
of patients with poor prognostic factors. Interestingly,
these subgroups at risk for greater progression of joint
damage showed maintained or increased differentiation
between both doses of tofacitinib and placebo treat-
ments.

Consistent with findings in other studies (6,7),
tofacitinib at 5 and 10 mg twice daily demonstrated
benefits in reducing the signs and symptoms of RA and
improving physical function. Patients receiving tofac-
itinib also demonstrated clinically meaningful improve-
ments in levels of fatigue and pain. Improvements were
significant regardless of geographic region, consistent
with previous studies (7,29). Across end points, there
was no consistent pattern favoring any particular region.

Frequencies of AEs, serious AEs, and serious
infections were similar across sequences. There were 6
deaths and 7 opportunistic infections (of which 3 were
serious AEs) occurring during the 12-month period.
Treatment with tofacitinib resulted in dose-dependent
mean increases in LDL cholesterol and decreases in
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mean neutrophil counts versus placebo. Elevations in
serum creatinine >50% from baseline were infrequent.
Potentially important increases (>3X ULN) in liver
enzymes were uncommon, despite background treat-
ment with MTX. Longer-term monitoring of patients
receiving tofacitinib is ongoing in long-term extension
programs from randomized studies.

Overall, the results of this 12-month analysis
from a 24-month phase III study confirm findings seen
previously in phase II and phase III studies in patients
with active RA treated with tofacitinib and, for the first
time, provide evidence of the potential to inhibit pro-
gression of structural damage.
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