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Tofacitinib in Combination With Methotrexate in Patients 
With Rheumatoid Arthritis: Clinical Efficacy, Radiographic, 
and Safety Outcomes From a Twenty-Four–Month, Phase III 
Study
Désirée van der Heijde,1 Vibeke Strand,2  Yoshiya Tanaka,3 Edward Keystone,4 Joel Kremer,5  
Cristiano A. F. Zerbini,6 Mario H. Cardiel,7 Stanley Cohen,8 Peter Nash,9 Yeong-Wook Song,10 Dana Tegzová,11 
David Gruben,12 Gene Wallenstein,12 Carol A. Connell,12 Roy Fleischmann,8  and the ORAL Scan Investigators

Objective. Tofacitinib is an oral JAK inhibitor for the treatment of rheumatoid arthritis (RA). The phase III, 24- month, 
placebo- controlled Oral Rheumatoid Arthritis (ORAL) Scan trial was undertaken to evaluate the efficacy, including in-
hibition of structural progression, and safety of tofacitinib in patients with active RA and an inadequate response to 
methotrexate (MTX). Month 24 data from the completed study are reported here.

Methods. Patients were randomized 4:4:1:1 to receive tofacitinib 5 mg or 10 mg twice daily, or placebo, switched 
to tofacitinib 5 mg or 10 mg twice daily, with stable background MTX. Patients receiving placebo switched to to-
facitinib at month 3 (nonresponders) or month 6 (remaining patients). Clinical efficacy, structural progression, and 
treatment- emergent adverse events were evaluated. Analyses were performed on the full analysis set with observed 
data or nonresponder imputation with no advancement penalty for clinical efficacy, and imputation by linear extrap-
olation for structural progression.

Results. Overall, 797 patients were treated; 539 (67.6%) completed 24 months of treatment. Responses ac-
cording to the American College of Rheumatology criteria for 20% improvement (ACR20), ACR50, and ACR70; the 
proportion of patients in whom remission or low disease activity was achieved according to the 4- variable Disease 
Activity Score in 28 joints using the erythrocyte sedimentation rate, Clinical Disease Activity Index, or Simplified 
Disease Activity Index; Boolean remission; and Health Assessment Questionnaire disability index scores were main-
tained from month 12 to 24 and were similar between tofacitinib dosages. Limited structural damage was observed at 
months 12 and 24. Safety events were similar in type and frequency for both tofacitinib dosages, and were consistent 
with those previously reported.

Conclusion. Our findings indicate that clinical and radiographic treatment effects are sustained in months 12–24 
in patients with RA receiving tofacitinib 5 mg or 10 mg twice daily plus MTX. The safety profile is consistent with that 
of other tofacitinib studies.
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INTRODUCTION

Tofacitinib is an oral JAK inhibitor for the treatment of rheu-
matoid arthritis (RA). The clinical efficacy and safety of tofacitinib 
5 mg and 10 mg twice daily administered as monotherapy or in 
combination with conventional synthetic disease- modifying anti-
rheumatic drugs, mainly methotrexate (MTX), in patients with RA 
have been demonstrated in phase III randomized controlled trials 
(RCTs) of up to 24 months’ duration (1–7) and in long- term exten-
sion studies with up to 114 months’ observation (8–10). The phase 
III Oral Rheumatoid Arthritis (ORAL) Scan RCT was the first trial 
designed to assess the durability of response, including structural 
damage progression, and safety in patients with active RA and 
an inadequate response to MTX who were receiving tofacitinib 
and stable background MTX for 24 months. Primary end point 
results from planned interim analyses at month 12 were reported 
previously (5). Herein we report efficacy and safety results through 
month 24 of the completed RCT, focusing on the maintenance 
of benefit of tofacitinib on clinical efficacy, structural progression, 
and safety.

PATIENTS AND METHODS

Study design and patients. Full details of the ORAL Scan 
study design have been reported previously (5). Briefly, ORAL Scan 
was a phase III, double- blind, parallel- group, placebo- controlled 
RCT of tofacitinib 5 mg or 10 mg twice daily with background 
MTX, compared with continued background MTX plus placebo, in 
adult patients with RA who had an inadequate response to MTX 
(ClinicalTrials.gov identifier: NCT00847613; see Appendix  A for 
study investigators). Patients were randomized 4:4:1:1 to receive 
tofacitinib 5 mg twice daily, tofacitinib 10 mg twice daily, placebo 
switched to tofacitinib 5 mg twice daily, or placebo switched to 
tofacitinib 10 mg twice daily. In the placebo treatment sequences, 
nonresponders (defined as patients with <20% improvement in 
swollen and tender joint counts) were advanced in a blinded man-
ner to receive tofacitinib at month 3, according to the prespecified 

randomization schedule. All remaining patients receiving placebo 
were advanced in a blinded manner to receive tofacitinib at month 
6. Prior to the first dose of study drug, patients must have been 
receiving MTX continuously for ≥4 months and a stable dose for 
≥6 weeks. All patients received stable doses of MTX (≤25 mg 
weekly) throughout the ORAL Scan study. Stable weekly doses 
of <15 mg were allowed only in the case of intolerance of higher 
doses, toxicity from higher doses, or where higher doses would 
violate the local label.

The trial was approved by the institutional review boards 
(IRBs) and/or independent ethics committees at each investiga-
tional center or a central IRB and conducted in accordance with 
the Declaration of Helsinki and International Conference on Har-
monisation Good Clinical Practice Guidelines. All patients pro-
vided written informed consent.

Clinical efficacy assessments. Here we report 24- month 
data from the completed RCT (final, locked database). Clinical 
efficacy parameters evaluated included the American College of 
Rheumatology criteria for 20% improvement (ACR20), ACR50, 
and ACR70 responses (11); mean changes from baseline in the 
4- variable Disease Activity Score in 28 joints using the erythro-
cyte sedimentation rate (DAS28- ESR) (12); remission defined as 
DAS28- ESR <2.6, Clinical Disease Activity Index (CDAI) ≤2.8, or 
Simplified Disease Activity Index (SDAI) ≤3.3, or by Boolean remis-
sion criteria (13); and low disease activity defined as DAS28- ESR 
≤3.2, CDAI ≤10, or SDAI ≤11.

The mean change from baseline in Health Assessment Ques-
tionnaire (HAQ) disability index (DI) was a coprimary end point at 
month 3. Changes from baseline through month 12, for which a 
step- down approach was used with coprimary efficacy end points 
assessed sequentially, have been reported previously (5). Since 
this article primarily has a safety and efficacy focus, HAQ DI results 
are briefly presented here for completeness.

Structural progression. Consistent with the 12- month 
interim analysis, inhibition of progression of structural damage 
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was assessed by mean changes from baseline in modified Sharp/
van der Heijde score (SHS), including erosion and joint space nar-
rowing (JSN) scores, and proportions of patients without radio-
graphic progression (SHS changes from baseline ≤0.5), evaluated 
for months 12–24. All radiographs were scored independently by 
2 readers who were blinded with regard to treatment, visit, and 
time; these 2 readers’ SHS scores were then averaged for each 
time point to provide a single composite score for months 12 
and 24. Note that all available radiographs were reread for the  
24- month analysis.

Safety. The incidence and severity of all- cause adverse 
events (AEs), abnormal clinical laboratory findings, and vital signs 
were recorded. Treatment- emergent AEs (TEAEs), serious AEs 
(SAEs), discontinuations due to AEs, and laboratory evaluations 
of interest were assessed according to treatment phase: months 
0–3, months 3–6, and months 6–24. A Safety End Point Adjudi-
cation Committee comprising external independent consultants 
who were blinded with regard to treatment sequence assignment 
reviewed all deaths, cardiovascular events, and malignancies. 
Safety data up to month 12 have been presented previously (5).

Crude exposure- adjusted incidence rates (with correspond-
ing 95% confidence intervals [95% CIs]) for AEs and serious infec-
tions were calculated based on the number of unique patients 
with events per 100 patient- years of exposure.

Statistical analysis. All analyses were based on the full 
analysis set, which included all patients who received ≥1 dose 
of study drug and had ≥1 postbaseline assessment. Except 
where noted, data are presented by the randomized treatment 
sequences. Patients initially treated with tofacitinib who did not 
experience a decrease of >20% in tender and swollen joints were 
“advanced” at month 3 to the same dosage of tofacitinib.

Missing ACR responses and data on remission and low dis-
ease activity status were addressed by nonresponder imputation 
with no advancement penalty, i.e., missing values resulting from 
patients withdrawing from the study for any reason were set to 
failure, but in patients continuing the study, values measured after 
advancement were not set to failure. This was done for all patients 
who met the criterion for advancement, those receiving tofacitinib 
as well those receiving placebo. This enabled the assessment of 
responses for patients who were “advanced” from tofacitinib to 
tofacitinib, and thus had no true change in medication. Analyses 
with nonresponder imputation with no advancement penalty are 
presented; specifically, response rates, with corresponding SEs 
and 95% CIs, based on Z- scores formed by the normal approxi-
mation to the binomial distribution, compared with baseline values 
within each sequence. P values were not corrected to control for 
Type I errors.

To maintain blinding at month 3, radiographs were obtained 
in all patients who advanced at month 3. For radiographic data 
only, the radiographic scores for month 6 were imputed by linear 

extrapolation from baseline and month 3. Note that this includes 
patients receiving tofacitinib as well as patients receiving placebo, 
with the linear extrapolation value being the best estimate for each 
randomized treatment. For patients receiving placebo, radio-
graphic scores for month 12 were imputed by linear extrapolation 
based on baseline and month 3 (for patients who advanced at 
month 3) or baseline and month 6 (for patients who advanced at 
month 6). Linear extrapolation was used to impute any missing 
data at the month 12 and month 24 visits. That is, baseline and 
non- missing month 12 data would be used to estimate progres-
sion for a missing month 24 visit (radiographic data only).

Results for the clinical efficacy and structural progression 
end points are provided by their respective imputation methods 
(nonresponder imputation with no advancement penalty for effi-
cacy and linear extrapolation for radiographic data), as well as 
observed, without imputation. Changes from baseline in erosion 
and JSN scores were computed for each patient, and individual 
values are presented in cumulative probability plots to show the 
distribution of the changes in individual patients.

The durability of response was assessed for low disease 
activity and remission as defined by the DAS28- ESR, after month 
6 in the full analysis set and for patients who completed the study, 
as observed. A flare was recorded at a visit if the DAS28- ESR 
worsened by >1.2 from month 6, or, if the DAS28- ESR was 5.1 at 
the visit, the score had worsened by >0.6 from month 6. A total 
of 6 visits, representing 18 months of study time, occurred after 
month 6.

Each of the structural progression end points were expressed 
as changes from baseline and analyzed by analysis of covariance 
applied to the imputed data set, with treatment, baseline values 
of the end point, and geographic region included as fixed effects.

All nonstructural continuous end points (efficacy variables 
such as DAS28- ESR or patient- reported outcomes such as 
patient’s global assessment of disease activity) were expressed 
as changes from baseline. Each was analyzed by a linear mixed- 
effects repeated- measures model. Treatment, visit, treatment- 
by- visit interaction, geographic region, and baseline value were 
included as fixed effects, and patients were included as random 
effects. In both approaches, estimates of mean changes from 
baseline were derived from the model as least squares means, 
with corresponding SEs and 95% CIs, with t- statistics and P val-
ues comparing tofacitinib with placebo. Rates of nonprogression, 
based on radiographic scores, were calculated based on linear 
extrapolation as described above.

RESULTS

Patient disposition and demographic characteris-
tics. Of the 800 patients who were randomized, 797 received 
treatment between March 2009 and February 2012; 539 (67.6%) 
of these patients completed the 24- month study. Similar demo-
graphic and baseline characteristics were observed for patients in 
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all 4 randomized treatment sequences (see Supplementary Table 
1, available on the Arthritis & Rheumatology web site at http://
onlinelibrary.wiley.com/doi/10.1002/art.40803/abstract) (5). The 
characteristics of the patients continuing the study at month 12 
were also generally similar to those of the overall study population 
(Supplementary Table 2, available on the Arthritis & Rheumatology 
web site at http://onlinelibrary.wiley.com/doi/10.1002/art.40803/
abstract). Patient disposition is summarized in Figure 1, and reten-
tion rates for patients receiving tofacitinib 5 mg twice daily and 
those receiving tofacitinib 10 mg twice daily through month 24 of 
the study are presented in Supplementary Figure 1 (available on 
the Arthritis & Rheumatology web site at http://onlinelibrary.wiley.
com/doi/10.1002/art.40803/abstract).

Efficacy. Clinical efficacy. ACR20/50/70 responses, the pro-
portions of patients with disease in remission (DAS28- ESR <2.6) 
or low disease activity (DAS28- ESR ≤3.2), and improvements 
from baseline in DAS28- ESR were maintained from month 12 to 
24 (Table 1). Similarly, the proportions of patients with disease in 
remission as defined by CDAI and SDAI scores and those with 
Boolean- based remission were maintained from month 12 to 24 
(Table 1). Responses were similar between treatment sequences 
once all patients were receiving tofacitinib. Patients receiving 
tofacitinib 10 mg twice daily had numerically higher responses 

than those receiving 5 mg twice daily; however, since the study 
was not powered for this comparison, no formal statistical com-
parison between dosages was conducted. Changes in ACR cri-
teria components from baseline to month 24 (observed values) 
are summarized in Supplementary Table 3 (available on the Arthri-
tis & Rheumatology web site at http://onlinelibrary.wiley.com/

doi/10.1002/art.40803/abstract).
Improvements in the HAQ DI that were observed from base-

line to month 12 (5) were maintained through month 24 both for 
patients receiving tofacitinib 5 mg twice daily and for patients 
receiving 10 mg twice daily (Table 1). The durability of response 
for low disease activity and remission according to DAS28- ESR 
were analyzed and are shown in Supplementary Table 4 (http://
onlinelibrary.wiley.com/doi/10.1002/art.40803/abstract). Gen-
erally, in the full analysis set, patients receiving tofacitinib 10 
mg twice daily had low disease activity and disease in remis-
sion for a modestly higher number of months, with numerically 
higher proportions of patients experiencing ≥12 months of unin-
terrupted low disease activity or remission, compared with the 
other treatment groups. Patients who switched from placebo to 
tofacitinib 5 mg twice daily showed a modestly lower total num-
ber of months in remission and proportion of patients achiev-
ing ≥12 months’ uninterrupted low disease activity or remission 
versus other groups. These trends remained similar when only 

Figure 1. Disposition of the patients from baseline to month 24. Patients were randomized to receive tofacitinib 5 mg twice daily (BID), 
tofacitinib 10 mg twice daily, or placebo. All patients received background methotrexate, including those in the placebo groups. For patients 
in the placebo groups, treatment was switched in a blinded manner to tofacitinib 5 mg twice daily or tofacitinib 10 mg twice daily at either 3 
months (for nonresponders) or 6 months (for all remaining patients in the placebo groups). Patients with <20% improvement in swollen and 
tender joint counts were considered nonresponders. At month 3, a <20% improvement in swollen and tender joint counts from baseline was 
found in 84 (26%) of the patients receiving tofacitinib 5 mg twice daily, 56 (18%) of the patients receiving tofacitinib 10 mg twice daily, 42 (52%) 
of the patients receiving placebo who switched to tofacitinib 5 mg twice daily, and 37 (47%) of the patients receiving placebo who switched to 
to tofacitinib 10 mg twice daily. Only deaths that occurred during study treatment are included. See Table 3 for details on deaths that occurred 
after the last dose of study drug. AE = adverse event.

Tofacitinib 5 mg BID
(N=321)

Continued
(n=294, 92%)

Continued
(n=276, 86%)

Completed
(n=212, 66%) 

Tofacitinib 10 mg BID
(N=316)

Continued
(n=299, 95%)

Continued
(n=287, 91%)

Completed
(n=220, 70%) 

Placebo  Tofacitinib 
5 mg BID (N=81)

Continued
(n=77, 95%)

Continued
(n=70, 86%)

Completed
(n=55, 68%) 

Placebo  Tofacitinib 
10 mg BID (N=79)

Continued
(n=72, 91%)

Continued
(n=66, 84%)

Completed
(n=52, 66%) 

Baseline
to Month 3

Month 3
to Month 6

Month 6
to Month 24

Discontinued
AE
Lack of efficacy
No longer willing
Lost to follow-up
Other

(n=27, 8%)
(n=13)
(n=1)
(n=4)
(n=1)
(n=8)

Discontinued
AE
Lack of efficacy
No longer willing
Lost to follow-up
Patient died 
Other

(n=18, 6%)
(n=10)
(n=3)
(n=1)
(n=2)
(n=1)
(n=1)

Discontinued
AE
Lack of efficacy
No longer willing
Lost to follow-up
Patient died 
Other

(n=64, 20%)
(n=32)
(n=6)

(n=10)
(n=3)
(n=3)

(n=10)

Discontinued
AE
No longer willing
Other

(n=17, 5%)
(n=11)
(n=2)
(n=4)

Randomized (N=800)

Screened (N=1291)

Randomized but not treated (N=3)

Not randomized (N=491)

Discontinued
AE
Lack of efficacy
No longer willing
Patient died 
Other

(n=12, 4%)
(n=6)
(n=2)
(n=2)
(n=1)
(n=1)

Discontinued
AE
Lack of efficacy
No longer willing
Lost to follow-up
Other

(n=66, 21%)
(n=30)
(n=5)

(n=16)
(n=4)

(n=11)

Ongoing: study data
not returned by site

(n=1, 0.3%)

Discontinued
AE
Other

(n=4, 5%)
(n=2)
(n=2)

Discontinued
AE
Lack of efficacy
No longer willing
Patient died 
Other

(n=7, 9%)
(n=1)
(n=1)
(n=1)
(n=1)
(n=3)

Discontinued
AE
Lack of efficacy
No longer willing
Other

(n=15, 19%)
(n=6)
(n=2)
(n=3)
(n=4)

Discontinued
AE
Lack of efficacy
No longer willing
Lost to follow-up
Other

(n=7, 9%)
(n=2)
(n=1)
(n=1)
(n=1)
(n=2)

Discontinued
AE
No longer willing
Lost to follow-up

(n=6, 8%)
(n=4)
(n=1)
(n=1)

Discontinued
AE
No longer willing
Lost to follow-up
Other

(n=14, 18%)
(n=7)
(n=3)
(n=1)
(n=3)
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Table 1. Clinical efficacy parameters at month 12 and month 24 by treatment cohort (using imputed or observed data in the full analysis set 
and a longitudinal model based on the full analysis set)*

Tofacitinib 5 mg 
twice daily

Tofacitinib 10 mg  
twice daily

Placebo switching 
to tofacitinib 5 mg 

twice daily

Placebo switching 
to tofacitinib 10 mg 

twice daily

12 
months

24 
months

12 
months

24 
months

12 
months

24 
months

12 
months

24 
months

ACR20/50/70 response
No. of patients

NRINAP 309 309 309 309 79 79 75 75
Observed 252 211 265 218 67 54 63 52

ACR20 response†
NRINAP 60.8 (2.8) 50.5 (2.8) 65.4 (2.7) 58.3 (2.8) 62.0 (5.5) 58.2 (5.5) 60.0 (5.6) 57.3 (5.7)
Observed 75.4 (2.7) 73.5 (3.0) 78.5 (2.5) 82.6 (2.6) 74.6 (5.3) 83.3 (5.1) 74.6 (5.5) 82.7 (5.2)

ACR50 response†
NRINAP 37.2 (2.7) 33.7 (2.7) 42.1 (2.8) 46.3 (2.8) 43.0 (5.6) 38.0 (5.5) 33.3 (5.4) 37.3 (5.6)
Observed 46.0 (3.1) 48.8 (3.4) 50.9 (3.1) 65.1 (3.2) 52.2 (6.1) 53.7 (6.8) 41.3 (6.2) 53.9 (6.9)

ACR70 response†
NRINAP 20.1 (2.3) 18.8 (2.2) 26.9 (2.5) 28.8 (2.6) 25.3 (4.9) 21.5 (4.6) 22.7 (4.8) 26.7 (5.1)
Observed 24.6 (2.7) 27.0 (3.1) 32.5 (2.9) 40.4 (3.3) 31.3 (5.7) 31.5 (6.3) 27.0 (5.6) 38.5 (6.7)

Remission
DAS28- ESR <2.6†

No. of patients
NRINAP 265 265 257 257 65 65 64 64
Observed 218 179 221 179 54 41 54 44
NRINAP 10.6 (1.9) 11.3 (1.9) 14.0 (2.2) 14.8 (2.2) 10.8 (3.8) 7.7 (3.3) 20.3 (5.0) 15.6 (4.5)
Observed 12.8 (2.3) 16.8 (2.8) 18.6 (2.6) 20.7 (3.0) 13.0 (4.6) 12.2 (5.1) 25.9 (6.0) 22.7 (6.3)

CDAI ≤2.8‡
No. of patients

NRINAP 309 309 308 308 79 79 75 75
Observed 252 208 265 218 67 54 63 52
NRINAP 14.2 (2.0) 12.0 (1.9) 16.6 (2.1) 19.8 (2.3) 12.7 (3.7) 12.7 (3.7) 20.0 (4.6) 22.7 (4.8)
Observed 17.5 (2.4) 17.8 (2.7) 20.0 (2.5) 27.5 (3.0) 14.9 (4.4) 18.5 (5.3) 23.8 (5.4) 32.7 (6.5)

SDAI ≤3.3‡
No. of patients

NRINAP 309 309 308 308 79 79 75 75
Observed 252 207 263 216 67 54 63 52
NRINAP 13.9 (2.0) 14.2 (2.0) 17.2 (2.2) 23.4 (2.4) 12.7 (3.7) 16.5 (4.2) 20.0 (4.6) 28.0 (5.2)
Observed 17.1 (2.4) 20.8 (2.8) 20.9 (2.5) 32.9 (3.2) 14.9 (4.4) 22.2 (5.7) 23.8 (5.4) 40.4 (6.8)

Boolean remission
No. of patients

NRINAP 309 309 309 309 79 79 75 75
Observed 252 210 265 218 67 54 63 52
NRINAP 10.4 (1.7) 10.0 (1.7) 13.6 (2.0) 14.6 (2.0) 10.1 (3.4) 13.9 (3.9) 16.0 (4.2) 21.3 (4.7)
Observed 12.7 (2.1) 14.3 (2.4) 16.6 (2.3) 20.2 (2.7) 11.9 (4.0) 18.5 (5.3) 19.0 (5.0) 30.8 (6.4)

Low disease activity or 
remission

DAS28- ESR ≤3.2†
No. of patients
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patients who completed the study were  analyzed. Additionally, 
no patient in any treatment group had more than 1 flare after 
month 6.

Structural progression. Baseline radiographs were 
 available for 89.4% of the patients receiving tofacitinib 5 mg 
twice daily (287 of 321), 94.3% of the patients receiving to-
facitinib 10 mg twice daily (298 of 316), and 86.9% of the 
patients receiving placebo (139 of 160) (values for the placebo 
groups were imputed, as noted above). At month 24, radio-
graphs were available for most patients who completed the 
study: 99.1% of those receiving tofacitinib 5 mg twice daily 
(210 of 212), 98.2% of those receiving tofacitinib 10 mg twice 
daily (216 of 220), 94.5% of those receiving placebo and then 
switching to tofacitinib 5 mg twice daily (52 of 55), and 94.2% 
of those receiving placebo and then switching to tofacitinib 10 

mg twice daily (49 of 52). Month 24 structural data were evalu-
able via linear extrapolation in 287 patients receiving tofacitinib 
5 mg twice daily and 298 patients receiving tofacitinib 10 mg 
twice daily.

In the primary analysis at month 6 (5), smaller least squares 
mean changes in SHS from baseline were reported both for 
patients receiving tofacitinib 5 mg twice daily (P > 0.05) and for 
patients receiving tofacitinib 10 mg twice daily (P ≤ 0.05), versus 
placebo. These effects were consistent throughout the second 
year of the study.

Actual values, changes from baseline, and changes from 
month 12 in SHS, erosion, and JSN scores are shown in Fig-
ures 2A–C. Patients receiving tofacitinib had minimal progres-
sion of structural damage, as determined by change in SHS, 
erosion score, and JSN score, from baseline to months 12 

Tofacitinib 5 mg 
twice daily

Tofacitinib 10 mg  
twice daily

Placebo switching 
to tofacitinib 5 mg 

twice daily

Placebo switching 
to tofacitinib 10 mg 

twice daily

12 
months

24 
months

12 
months

24 
months

12 
months

24 
months

12 
months

24 
months

NRINAP 265 265 257 257 65 65 64 64
Observed 218 179 221 179 54 41 54 44
NRINAP 23.4 (2.6) 23.0 (2.6) 29.2 (2.8) 30.4 (2.9) 21.5 (5.1) 24.6 (5.3) 31.3 (5.8) 25.0 (5.4)
Observed 28.4 (3.1) 33.5 (3.5) 36.2 (3.2) 43.0 (3.7) 25.9 (6.0) 39.0 (7.6) 38.9 (6.6) 36.4 (7.3)

CDAI ≤10‡
No. of patients

NRINAP 309 309 308 308 79 79 75 75
Observed 252 208 265 218 67 54 63 52
NRINAP 41.1 (2.8) 40.5 (2.8) 50.3 (2.9) 49.4 (2.9) 48.1 (5.6) 46.8 (5.6) 38.7 (5.6) 45.3 (5.8)
Observed 51.2 (3.2) 59.1 (3.4) 60.4 (3.0) 69.7 (3.1) 58.2 (6.0) 66.7 (6.4) 47.6 (6.3) 65.4 (6.6)

SDAI ≤11‡
No. of patients

NRINAP 309 309 308 308 79 79 75 75
Observed 252 207 263 216 67 54 63 52
NRINAP 43.0 (2.8) 40.5 (2.8) 52.6 (2.9) 49.0 (2.9) 50.6 (5.6) 48.1 (5.6) 41.3 (5.7) 46.7 (5.8)
Observed 53.2 (3.1) 58.9 (3.4) 62.7 (3.0) 69.4 (3.1) 61.2 (6.0) 68.5 (6.3) 50.8 (6.3) 67.3 (6.5)

Change from baseline§
LSM (SE) change in 

DAS28- ESR†
−2.2 (0.1) −2.3 (0.1) −2.5 (0.1) −2.6 (0.1) −2.1 (0.2) −2.5 (0.2) −2.4 (0.2) −2.6 (0.2)

No. of patients 218 179 220 178 54 41 54 44
Mean (SE) change in 

HAQ DI
−0.5 (0.0) −0.5 (0.0) −0.6 (0.0) −0.7 (0.0) −0.5 (0.1) −0.6 (0.1) −0.5 (0.1) −0.6 (0.1)

No. of patients 251 210 265 218 67 54 63 52

* Except where indicated otherwise, values are the percent of patients (SE). All patients received background methotrexate, including those 
in the placebo groups. ACR20 = American College of Rheumatology criteria for 20% improvement; NRINAP = nonresponder imputation with 
no advancement penalty; DAS28- ESR = Disease Activity Score in 28 joints (4- variable) using the erythrocyte sedimentation rate; CDAI = Clin-
ical Disease Activity Index; SDAI = Simplified Disease Activity Index; LSM = least squares mean; HAQ DI = Health Assessment Questionnaire 
disability index. 
† Values were significantly improved (P ≤ 0.05) at months 12 and 24 versus baseline within each treatment sequence. 
‡ P values were not calculated for these outcomes. 
§ Longitudinal model, observed completely. 

Table 1. (Cont’d) 
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and 24. The magnitude of progression was similar for patients 
receiving  tofacitinib 5 mg twice daily and those receiving 
tofacitinib 10 mg twice daily. For patients who initially received 
placebo and then switched to tofacitinib, there was generally 
minimal progression of structural damage, as assessed by 
SHS, erosion score, and JSN score (Supplementary Figure 2, 
online at http://onlinelibrary.wiley.com/doi/10.1002/art.40803/
abstract).

Based on linear extrapolation, the proportion of nonprogres-
sors (as determined by SHS) from months 12 to 24 was 91.9% of 
the patients receiving tofacitinib 5 mg twice daily (295 of 321) and 
90.5% of the patients receiving tofacitinib 10 mg twice daily (295 
of 326). Furthermore, no new erosions were observed between 
months 12 and 24 in 97.2% of the patients receiving tofacitinib 5 
mg twice daily (312 of 321) and 96.3% of the patients receiving 
tofacitinib 10 mg twice daily (314 of 326), by linear  extrapolation. 

Figure 2. Actual values, change from baseline to months 12 and 24, and change from month 12 to month 24 in A, modified Sharp/van 
der Heijde score (SHS), B, erosion score, and C, joint space narrowing score in rheumatoid arthritis (RA) patients receiving tofacitinib 5 mg 
twice daily (BID) and RA patients receiving tofacitinib 10 mg twice daily (as observed in the full analysis set). All patients received background 
methotrexate. Patients who did not have valid postbaseline radiographs were not included. Data are shown for patients who completed month 
12, as observed. Values are the mean ± SEM (n = 287 at baseline, n = 252 at month 12, and n = 210 at month 24 [n = 208 for change from 
month 12] for tofacitinib 5 mg twice daily; n = 298 at baseline, n = 261 at month 12, and n = 216 at month 24 [n = 214 for change from month 
12] for tofacitinib 10 mg twice daily).

A

B

C

0

20

30

10

50

A
ct

ua
l v

al
ue

s 
(S

E
)

-1

-0.6

-0.2

0.2

0.6

1

C
ha

ng
e 

fr
om

 b
as

el
in

e 
(S

E
)

0.3

-0.1

0.1

-0.3

0.5

-0.5

C
ha

ng
e 

fr
om

 M
on

th
 1

2 
(S

E
)

SHS

Change from Baseline Change from Month 12Actual Values

0

20

30

10

50

A
ct

ua
l v

al
ue

s 
(S

E
)

-1

-0.6

-0.2

0.2

0.6

1

C
ha

ng
e 

fr
om

 b
as

el
in

e 
(S

E
)

-0.5

-0.1

0.3

-0.3

0.1

0.5

C
ha

ng
e 

fr
om

 M
on

th
 1

2 
(S

E
)

Erosion score

0

20

30

10

50

40

40

40

0 12 24

A
ct

ua
l v

al
ue

s 
(S

E
)

Months

-1

0.2

-0.2

0.6

-0.6

1

0 12 24

C
ha

ng
e 

fr
om

 b
as

el
in

e 
(S

E
)

Months

Tofacitinib 5 mg BID Tofacitinib 10 mg BID

-0.5

0.1

0.3

-0.1

-0.3

0.5

0 12 24

C
ha

ng
e 

fr
om

 M
on

th
 1

2 
(S

E
)

Months

0 12 24
Months

0 12 24
Months

0 12 24
Months

0 12 24
Months

0 12 24
Months

0 12 24
Months

Joint space narrowing

http://onlinelibrary.wiley.com/doi/10.1002/art.40803/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40803/abstract


TOFACITINIB PLUS MTX IN PATIENTS WITH RA: 24-MONTH OUTCOMES |      885

The mean observed changes in structural parameters (without 
imputation) for patients receiving tofacitinib 5 mg twice daily and 
for those receiving tofacitinib 10 mg twice daily are shown in 
Table 2. The cumulative probability of changes in erosion score 
and JSN from baseline to month 24 were similar across all treat-
ment sequences (Supplementary Figure 3, online at http://onlineli 
brary.wiley.com/doi/10.1002/art.40803/abstract).

Safety and tolerability. Exposure to study treatment. 
The mean duration of study treatment was 572 days (median 
709 days) for patients receiving tofacitinib 5 mg twice daily, 600 
days (median 711 days) for patients receiving tofacitinib 10 mg 
twice daily, 580 days (median 714 days) for patients receiving 
placebo and then switching to tofacitinib 5 mg twice daily, and 
569 days (median 714 days) for patients receiving placebo and 
then switching to tofacitinib 10 mg twice daily. Total exposure was 
508 patient- years and 525 patient- years for patients receiving 
tofacitinib 5 mg twice daily and those receiving 10 mg twice daily, 
respectively, compared with 129 patient- years and 124 patient- 
years for the patients receiving placebo and then switching to 
tofacitinib 5 mg twice daily and those receiving placebo and then 

switching to tofacitinib 10 mg twice daily, respectively (Table 3).
Treatment- emergent adverse events. TEAEs occurring dur-

ing months 0−12 have been reported previously (5). TEAEs (any 
cause) through month 24 are shown in Table  3. Most TEAEs 
were mild to moderate in severity. The most common TEAEs 
(affecting ≥5% of patients) for months 0−24 by treatment se-
quence were: nasopharyngitis, upper respiratory tract infection, 
and headache for patients receiving tofacitinib 5 mg twice daily; 
nasopharyngitis, upper respiratory tract infection, urinary tract 
infection, herpes zoster, and bronchitis for patients receiving to-
facitinib 10 mg twice daily; nasopharyngitis, upper respiratory 
tract infection, and hypertension for patients receiving placebo 
and then switching to tofacitinib 5 mg twice daily; and upper 
 respiratory tract infection, nasopharyngitis, herpes zoster, in-
creased alanine aminotransferase (ALT) level, increased aspar-
tate aminotransferase (AST) level, stomatitis, and diarrhea for 

patients receiving placebo and then switching to tofacitinib 10 
mg twice daily (Supplementary Table 5, online at http://onlineli-
brary.wiley.com/doi/10.1002/art.40803/abstract).

Discontinuations due to TEAEs in months 0−24 were similar 
across the 4 cohorts (11.1−17.1%) (Table 3). The most frequent 
TEAEs resulting in discontinuation after month 6 were pneumo-
nia in patients receiving tofacitinib 5 mg twice daily (7 patients 
[2.2%]), herpes zoster and urinary tract infection in patients receiv-
ing tofacitinib 10 mg twice daily (each in 4 patients [1.3%]), and 
pneumonia and intervertebral disc protrusion in patients receiving 
placebo and then switching to tofacitinib 10 mg twice daily (each 
in 2 patients [2.5%]). No preferred term AE resulting in discontinu-
ation occurred on >1 occasion in the group receiving placebo and 
then switching to tofacitinib 5 mg twice daily.

Eleven patients who received study treatment died during the 
24- month study: 7 patients (2.2%) in the tofacitinib 5 mg twice 
daily group, 2 patients (0.6%) in the tofacitinib 10 mg twice daily 
group, and 2 patients (2.5%) in the placebo switched to tofacitinib 
5 mg twice daily group (one of whom died during the placebo 
treatment phase) (Table 3). Five of these deaths occurred during 
months 12–24. In 6 cases, the cause of death was considered 
to be related or possibly related to study drug administration; in 
3 cases, the cause of death was pneumonia. One patient who 
was randomized to receive tofacitinib 10 mg twice daily died 
before receiving treatment. Narratives are provided in Supplemen-
tary Table 6 (online at http://onlinelibrary.wiley.com/doi/10.1002/
art.40803/abstract).

TEAEs of special interest. Narratives for all opportunistic in-
fections (including tuberculosis [TB]) are provided in Supplemen-
tary Table 7 (online at http://onlinelibrary.wiley.com/doi/10.1002/
art.40803/abstract). There were 12 opportunistic infections, all 
of which occurred in female patients in Asia and were consid-
ered treatment- related: in 2 patients receiving tofacitinib 5 mg 
twice daily (1 was an SAE); 8 patients receiving tofacitinib 10 
mg twice daily (3 were SAEs); and 1 patient each in the placebo 
switched to tofacitinib cohorts (1 was an SAE).

None of the patients with reported opportunistic infections 
had confirmed lymphocyte counts <500 × 103/ml. One patient 
receiving tofacitinib 10 mg twice daily had disseminated herpes 
zoster (not serious), which required temporary discontinuation 
of the study medication. Herpes zoster (all) was reported in 24 
patients receiving tofacitinib 5 mg twice daily, 32 patients receiv-
ing tofacitinib 10 mg twice daily, 4 patients receiving placebo 
and then switching to tofacitinib 5 mg twice daily, and 7 patients 
receiving placebo and then switching to tofacitinib 10 mg twice 
daily. Another patient receiving tofacitinib 10 mg twice daily had 
study medication temporarily discontinued on day 132 due to a 
treatment- related SAE of cytomegalovirus viremia, which resolved 
on day 155. The opportunistic infection reported in the group 
receiving placebo and then switching to tofacitinib 5 mg twice 
daily occurred 5 months after treatment was switched, and the 
opportunistic infection in the group receiving placebo and then 

Table 2. Changes in radiographic scores from month 12 to month 
24 in patients receiving tofacitinib who completed month 12*

Tofacitinib 5 mg 
twice daily 
(n = 263)

Tofacitinib 10 mg 
twice daily  
(n = 264)

SHS 0.19 ± 1.04  0.15 ± 1.23
Erosion score 0.00 ± 0.49 −0.04 ± 0.59
JSN score 0.18 ± 0.83  0.19 ± 0.96

* Values are the mean ± SD change from month 12 to month 24. 
Treatment groups included patients who received the indicated 
dosage of tofacitinib from the beginning of the study and patients 
who received the indicated dosage of tofacitinib after switching 
from placebo. All patients received background methotrexate. 
Data are observed (no imputation). SHS = modified Sharp/van der 
Heijde score; JSN = joint space narrowing.

http://onlinelibrary.wiley.com/doi/10.1002/art.40803/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40803/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40803/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40803/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40803/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40803/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40803/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.40803/abstract
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Table 3. Treatment- emergent AEs (any cause) and AEs of interest throughout the entire study period (months 0–24)*

Tofacitinib 5 mg 
twice daily

Tofacitinib 10 mg 
twice daily

Placebo switching 
to tofacitinib 5 mg 

twice daily

Placebo switching 
to tofacitinib 10 mg 

twice daily

Treatment- emergent AEs (any cause)
No. of evaluable patients 321 316 81 79

Duration of treatment, mean 
(median) days

572 (709) 600 (711) 580 (714) 569 (714)

Total no. of patient- years of 
exposure

508 525 129 124

Number of AEs 1,510 1,562 315 290
Patients with AEs, no. (%) 279 (86.9) 275 (87.0) 63 (77.8) 57 (72.2)

Crude exposure- adjusted inci-
dence rate/100 patient- years 
(95% CI)

169 (150.4–190.2) 167 (148.6–188.2) 116 (90.8–148.8) 110 (85.2–143.1)

Patients with SAEs, no. (%) 86 (26.8) 78 (24.7) 19 (23.5) 20 (25.3)
Discontinuations due to AEs, no. (%) 55 (17.1) 47 (14.9) 9 (11.1) 13 (16.5)
Deaths, no. (%)†

All 7 (2.2) 3 (0.9) 2 (2.5) 0 (0.0)
While receiving study treatment‡ 4 (1.2) 1 (0.3) 1 (1.2) 0 (0.0)

Liver enzyme tests§

No. of evaluable patients 318 315 81 78
ALT ≥1× ULN 143 (45.0) 151 (47.9) 22 (27.2) 36 (46.2)
ALT ≥3× ULN 19 (6.0) 21 (6.7) 2 (2.5) 6 (7.7)
AST ≥1× ULN 134 (42.1) 148 (47.0) 27 (33.3) 32 (41.0)
AST ≥3× ULN 10 (3.1) 9 (2.9) 2 (2.5) 2 (2.6)
Total bilirubin ≥1× ULN 17 (5.3) 23 (7.3) 6 (7.4) 6 (7.7)
Total bilirubin ≥3× ULN 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)

AEs of interest
No. of evaluable patients 321 316  81 79

Serious infections, no. (%) 24 (7.5) 19 (6.0) 2 (2.5) 5 (6.3)
Crude exposure- adjusted inci-

dence rate/100 patient- years 
(95% CI)

4.8 (3.2–7.1) 3.6 (2.3–5.7) 1.5 (0.4–6.2) 4.1 (1.7–9.7)

Patients with malignancies, no. (%)¶ 14 (4.4)# 10 (3.2)** 1 (1.2) 1 (1.3)
Excluding nonmelanoma skin 

cancer¶
6 (1.9) 7 (2.2) 1 (1.2) 0 (0.0)

Nonmelanoma skin cancer 8 (2.5) 3 (0.9) 0 (0.0) 1 (1.3)
Cardiovascular events, no. (%)¶ 9 (2.8) 9 (2.9) 2 (2.5)†† 0 (0.0)
TB, no. (%)‡‡ 0 (0.0) 2 (0.6) 0 (0.0) 1 (1.3)
Herpes zoster, no. (%)§§

All 24 (7.5) 32 (10.1) 4 (4.9) 7 (8.9)
Disseminated 0 (0.0) 1 (0.3) 0 (0.0) 0 (0.0)

GI perforation, no. (%) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Lymphopenia, no. (%) 0 (0.0) 3 (0.9) 0 (0.0) 0 (0.0)
Thrombocytopenia, no (%) 1 (0.3) 3 (0.9) 0 (0.0) 0 (0.0)

Neutropenia, no. (%)§¶¶
No. of evaluable patients 316 309 79 77

Mild (≥1.5 to <2 × 103 cells/μl) 41 (13.0) 44 (14.2) 8 (10.1) 12 (15.6)
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switching to tofacitinib 10 mg twice daily occurred 18 months 
after treatment was switched. Lymph node TB was reported in 2 
patients receiving tofacitinib 10 mg twice daily (days 269 and 443), 
and disseminated TB was reported in 1 patient receiving placebo 
and then switching to tofacitinib 10 mg twice daily, on day 644, 
~18 months after switching to tofacitinib (Supplementary Table 7).

All 3 TB cases were considered treatment related and resulted 
in discontinuation from the study. All 3 of these patients were neg-
ative for TB on screening and had clear chest radiographs at study 
entry. No patient with known active TB was enrolled in the trial, 
and no patients with latent or presumed latent TB who received 
isoniazid developed active TB. Four patients had a medical history 
of adequately treated TB and were not required to take isoniazid.

The most common malignancies (excluding nonmelanoma 
skin cancer) were adenocarcinoma and squamous cell carcinoma. 
There was 1 adenocarcinoma event in the tofacitinib 5 mg twice 

daily group (stomach), 2 adenocarcinoma events in the tofacitinib 
10 mg twice daily group (right breast and stomach/lymph node), 
and 1 adenocarcinoma event in the placebo switched to tofac-
itinib 5 mg twice daily group (prostate). There were 2 squamous 
cell carcinoma events each in the tofacitinib 5 mg twice daily 
group (metastatic; primary site probably lung and cervical) and 
tofacitinib 10 mg twice daily group (both cervical) (Supplemen-
tary Table 8, available on the Arthritis & Rheumatology web site 
at http://onlinelibrary.wiley.com/doi/10.1002/art.40803/abstract). 
Two cases of non- Hodgkin’s lymphoma were reported in patients 
receiving tofacitinib 10 mg twice daily. Nonmelanoma skin cancer 
cases included basal cell carcinoma (4 events in the tofacitinib 
5 mg group, 3 events in the tofacitinib 10 mg twice daily group, 
and 1 event in the placebo switched to tofacitinib 10 mg twice 
daily group), squamous cell carcinoma (3 events in the tofacitinib 
5 mg twice daily group and 1 event in the tofacitinib 10 mg twice 

Tofacitinib 5 mg 
twice daily

Tofacitinib 10 mg 
twice daily

Placebo switching 
to tofacitinib 5 mg 

twice daily

Placebo switching 
to tofacitinib 10 mg 

twice daily

Moderate to severe (≥0.5 to  
<1.5 × 103 cells/μl)

11 (3.5) 18 (5.8) 2 (2.5) 4 (5.2)

Life- threatening (<0.5 × 103  
cells/μl)

1 (0.3) 0 (0.0) 0 (0.0) 0 (0.0)

Decrease in hemoglobin, no. (%)§¶¶
No. of evaluable patients 316 309 79 77

Mild or moderate (decrease of  
≥1 gm/dl to ≤2 gm/dl)

71 (22.5) 77 (24.9) 21 (26.6) 22 (28.6)

Severe (decrease of >2 gm/dl to 
<3 gm/dl or absolute value  
>7 gm/dl but <8 gm/dl)

13 (4.1) 17 (5.5) 4 (5.1) 5 (6.5)

Life- threatening (decrease of ≥3 
gm/dl or absolute value ≤7 gm/dl)

7 (2.2) 8 (2.6) 1 (1.3) 2 (2.6)

* Except where indicated otherwise, values are the number (%). All patients received background methotrexate, including those in the 
placebo groups. Mean changes from baseline over time in hemoglobin level, platelet, neutrophil, and lymphocyte counts, and, low- density 
lipoprotein cholesterol, high- density lipoprotein cholesterol, alanine aminotransferase (ALT), aspartate aminotransferase (AST), and serum 
creatinine levels are shown in Supplementary Figure 4 (available on the Arthritis & Rheumatology web site at http://onlinelibrary.wiley.com/
doi/10.1002/art.40803/abstract). Changes in ALT and AST are without regard to baseline. 95% CI = 95% confidence interval; SAE = serious 
adverse event; ULN = upper limit of normal; GI = gastrointestinal. 
† There was a total of 12 deaths that were adjudicated to be either related or unrelated to study treatment. Three patients died after with-
drawing from the study due to AEs considered related to treatment (adult respiratory distress syndrome and viral pneumonia in 1 patient 
in the tofacitinib 5 mg sequence, metastatic lung cancer in 1 patient in the tofacitinib 5 mg sequence, and acute renal failure in 1 patient in 
the placebo switching to tofacitinib 5 mg sequence). Two patients died after withdrawing from the study due to non–treatment- related AEs 
(multiorgan failure in 1 patient in the tofacitinib 5 mg sequence and chronic obstructive pulmonary disease in 1 patient in the tofacitinib 10 
mg sequence). One patient who was randomized to receive tofacitinib 10 mg died before receiving study medication. 
‡ In the group receiving tofacitinib 5 mg twice daily, 1 patient each died of pneumonia, probable acute myocardial infarction, cardiac arrest 
and respiratory arrest, and heart failure. One patient in the tofacitinib 10 mg twice daily group died due to glycerin swab aspiration. One 
patient who received placebo and then switched to tofacitinib 5 mg twice daily died due to acute renal failure, cardiac arrest, and other AEs. 
§ Based on a value in the specified range being reported for ≥1 sample. 
¶ Adjudicated in a blinded manner by a Safety End Point Adjudication Committee. 
# One patient experienced both an event of nonmelanoma skin cancer (basal cell carcinoma) and a malignancy (prostate cancer). 
** One patient experienced 2 events of nonmelanoma skin cancer (basal cell carcinoma and squamous cell carcinoma) and a malignancy 
(melanoma in situ); these events were reported 5 years after the end of the study and were not included in the final study report.
†† Both events occurred during treatment with tofacitinib.
‡‡ Includes cases of disseminated and lymph node tuberculosis (TB). 
§§ Includes disseminated, ophthalmic herpes zoster.
¶¶ Decrease from baseline. 

Table 3. (Cont’d) 
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daily group), and atypical fibroxanthoma (1 event in the tofacitinib 
5 mg twice daily group). (One patient in the tofacitinib 10 mg twice 
daily group had both basal cell carcinoma and squamous cell car-
cinoma.) One patient had both an event of nonmelanoma skin 
cancer (basal cell carcinoma) and a malignancy (prostate can-
cer). Another patient experienced 2 events of nonmelanoma skin 
cancer (basal cell carcinoma and squamous cell carcinoma) and 
a malignancy (melanoma in situ); these events were reported 5 
years after the end of the study and were not included in the final 
study report. Further details of adjudicated malignancies are pro-
vided in Supplementary Table 8.

Throughout the 24- month RCT, the number of patients with 
cardiovascular events meeting adjudication criteria were the same 
in the tofacitinib 5 mg and tofacitinib 10 mg twice daily groups 
(9 patients each) (Table  3). Two patients receiving placebo and 
then switching to tofacitinib 5 mg twice daily experienced cardio-
vascular AEs, both during treatment with tofacitinib (Table 3). The 
proportions of patients with stage 1 hypertension (systolic blood 
pressure [SBP] 140–159/diastolic blood pressure [DBP] 90–99) or 
stage 2 hypertension (SBP 160–179/DBP 100–109) (14) remained 
constant throughout 24 months of treatment across all groups.

Clinical laboratory findings. Neutrophil and lymphocyte 
counts, hemoglobin concentrations, platelet counts, low- 
density lipoprotein (LDL) cholesterol, high- density lipoprotein 
(HDL) cholesterol, serum creatinine, AST, and ALT concentra-
tions are shown by study period and treatment sequences in 
Supplementary Figure 4 (online at http://onlinelibrary.wiley.com/
doi/10.1002/art.40803/abstract). Following an initial decrease 
in mean neutrophil and platelet counts, and initial increases in 
mean lymphocyte count, LDL cholesterol, HDL cholesterol, AST, 
and ALT levels during the first month of treatment with tofacitinib 
5 mg or 10 mg twice daily (5), mean neutrophil and lymphocyte 
counts, LDL cholesterol and HDL cholesterol levels, hemoglobin 
concentration, platelets, and AST and ALT concentrations were 
generally similar in all treatment sequences in months 12–24. 
Supplementary Table 9 (online at http://onlinelibrary.wiley.com/
doi/10.1002/art.40803/abstract) summarizes shifts in maximum 
LDL cholesterol levels versus baseline levels. Numerically small 
increases from baseline in mean serum creatinine level were ob-
served (Supplementary Figure 4).

After month 12, there was 1 event of potentially life- 
threatening neutropenia (absolute neutrophil count <0.5 × 103/μl) 
in the tofacitinib 5 mg twice daily group at month 15. There were 
3 and 7 potentially life- threatening events of decreased hemo-
globin (defined as a decrease of ≥3 gm/dl versus baseline or an 
actual value of ≤7 gm/dl) in the tofacitinib 5 mg and tofacitinib 
10 mg twice daily groups, respectively, and 1 event each in the 
group receiving placebo and then switching to tofacitinib 5 mg 
twice daily and the group receiving placebo and then switching 
to  tofacitinib 10 mg twice daily. Each event was a decrease of 
≥3 gm/dl from baseline, rather than an actual hemoglobin value 
of ≤7 gm/dl.

The proportion of patients across all groups with elevations 
in ALT or AST level ≥3 times the upper limit of normal (ULN) in ≥1 
sample during months 0−24 ranged from 2.5% to 7.7% for ALT 
level and from 2.5% to 3.1% for AST level. After month 6, one 
patient each receiving tofacitinib 5 mg and tofacitinib 10 mg twice 
daily discontinued due to elevations in ALT level and 1 patient in 
each group discontinued due to elevations in AST level, according 
to prespecified discontinuation criteria (2 sequential elevations in 
AST or ALT level >5 times the ULN regardless of total bilirubin 
or accompanying symptoms). The highest proportion of patients 
with an elevation in ALT level ≥3 times the ULN was in the group 
receiving placebo and then switching to tofacitinib 10 mg twice 
daily, and the highest proportion of patients with an elevation in 
AST ≥3 times the ULN was in the group receiving tofacitinib 5 mg 
twice daily (Table 3). There were no confirmed elevations of total 
bilirubin ≥3 times the ULN in any sample (Table 3).

DISCUSSION

This phase III, 24- month ORAL Scan RCT investigated the 
efficacy, including inhibition of structural damage, and safety of 
tofacitinib in patients with RA with an inadequate response to 
MTX. The primary efficacy end points of the study, based on a 
preplanned interim analysis, were reported previously and demon-
strated that tofacitinib 5 mg or 10 mg twice daily plus MTX resulted 
in statistically significant improvements in ACR20 responses (ver-
sus placebo) at month 6. Inhibition of structural progression, dis-
ease activity (with improvement defined as DAS28- ESR <2.6), and 
physical function were numerically improved in patients receiving 
tofacitinib 5 mg twice daily, and statistically significant in patients 
receiving tofacitinib 10 mg twice daily, at month 6 (5).

Two hundred twelve (66%) of the patients receiving tofacitinib 
5 mg twice daily, 220 (69%) of the patients receiving tofacitinib 10 
mg twice daily, 55 (68%) of the patients receiving placebo and then 
switching to tofacitinib twice daily, and 52 (66%) of the patients 
receiving placebo and then switching to tofacitinib 10 mg twice 
daily continued after month 12 through to completion of the study 
at month 24. These patients generally had demographic charac-
teristics and baseline disease activity similar to the full analysis 
set. Minimal structural progression, as well as improvements in 
disease activity, were sustained through 24 months of treatment. 
For patients receiving tofacitinib, the ACR20/50/70 responses at 
month 12 were sustained to month 24, as were the proportions of 
patients with disease in remission or low disease activity.

Similar clinical responses were achieved in patients who 
received placebo and then switched to tofacitinib and patients 
who received initial tofacitinib treatment. In general, tofacitinib 
10 mg twice daily resulted in numerically higher responses than 
5 mg twice daily, and, as expected, responses in the observed 
population were higher than in the randomized population by 
nonresponder imputation with no advancement penalty. None-
theless, even with the strict definition used with nonresponder 
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imputation with no advancement penalty, 41% and 49% of 
the patients receiving tofacitinib 5 mg twice daily and 10 mg 
twice daily, respectively, had low disease activity as defined by 
CDAI ≤10 and SDAI ≤11 at month 24, which is a meaningful 
and clinically relevant finding. Additionally, low disease activity 
as defined by DAS28- ESR ≤3.2 was achieved in 23% and 30% 
of the patients receiving tofacitinib 5 mg twice daily and 10 mg 
twice daily, respectively, for nonresponder imputation with no 
advancement penalty at month 24.

These data show a difference in the proportion of patients 
with low disease activity, as assessed by CDAI and SDAI, com-
pared with DAS28- ESR. A previous study analyzing Dutch and 
Portuguese patient data from the Measurement of Efficacy of 
Treatment in the Era of Rheumatology (METEOR) database found 
a discordance between low disease activity defined by DAS28- 
ESR and low disease activity defined by SDAI and CDAI (15). 
These differences may be due to the different weighting of the 
individual components between the assessment indices, includ-
ing the heavier weighting of patient’s global assessment of dis-
ease activity in the CDAI and SDAI than in the DAS28- ESR. A 
durable low disease activity response was generally observed for 
each treatment group, with no patient experiencing more than 1 
flare after month 6.

Between months 12 and 24, ≥90% of the patients receiv-
ing tofacitinib showed no progression in structural damage (SHS 
≤0.5), and ≥95% did not develop new erosions. Through the 24- 
month period, these patients had minimal changes from baseline 
in SHS and erosion scores.

For context, the efficacy data presented here for tofacitinib, 
as observed, are generally similar to the efficacy data shown in the 
intent- to- treat patient population of the Abatacept versus Adal-
imumab Comparison in Biologic-Naive RA Subjects with Back-
ground Methotrexate (AMPLE) study. The AMPLE study was a 
direct head- to- head comparison of 125 mg subcutaneous aba-
tacept weekly versus 40 mg subcutaneous ada limumab every 
other week in patients receiving background MTX to compare 
efficacy, safety, and radiographic outcomes over 2 years (16). The 
AMPLE study showed 2- year ACR20 responses of 60% each for 
abatacept and adalimumab, and low disease activity as defined 
by DAS28 using the C- reactive protein level, CDAI, and SDAI 
of 65–66% for abatacept and 68–69% for adalimumab, for the 
intent- to- treat patient populations (16). However, unlike the study 
presented here, patients in the AMPLE study were naive for bio-
logic disease- modifying antirheumatic drugs, which precludes any 
direct comparison of efficacy data between studies.

The safety profile and tolerability of tofacitinib through 24 
months was consistent with published findings from the 12- 
month analysis (5) and other phase III clinical trials (1–7). The inci-
dence rates for serious infections and frequency of opportunistic 
infections were similar through 24 months versus 12 months (5). 
Exposure- adjusted incidence rates for serious infections were 
similar between tofacitinib 5 mg twice daily and tofacitinib 10 mg 

twice daily and comparable with those of the pooled tofacitinib 
phase III RA patient population (17). In the present study, the 
length and extent of exposure to tofacitinib was similar between 
patients randomized to receive tofacitinib 5 mg twice daily and 
those randomized to receive tofacitinib 10 mg twice daily from 
study initiation. In the most recent long- term extension analysis of 
up to 9 years, there was differential exposure between  tofacitinib 
5 mg twice daily and tofacitinib 10 mg twice daily, due to the 
chronology of long- term extension initiation, with a longer median 
duration of exposure for tofacitinib 5 mg twice daily but greater 
overall patient- years of exposure for tofacitinib 10 mg twice daily 
(8,10,17). That study found that AEs were generally stable over 
time for patients receiving tofacitinib (17).

No dose dependency in rates of herpes zoster was observed 
in the present RCT; the numerically higher proportions of her-
pes zoster in the tofacitinib 10 mg twice daily group compared 
with 5 mg twice daily were consistent with other phase III trials 
of  tofacitinib (18). In this study, patients who tested positive for 
the interferon- γ release assay at screening, but with no evidence 
of active TB, were presumed to have latent TB and received iso-
niazid for 9 months (tofacitinib was initiated the same day isonia-
zid was started), and none of these patients developed active TB 
during the study. The incidence of observed TB was similar to that 
previously reported (19); in this study 3 patients developed TB, 
all of whom were negative for TB at baseline, received tofacitinib 
10 mg twice daily, and were residents of countries with a high 
endemic rate of TB.

Causes of death reported during months 12 through 24 
were primarily related to cardiovascular events or pneumo-
nia; this was generally similar to causes of death in the first 
12 months (5) and in an integrated safety analysis of mortal-
ity data across the tofacitinib clinical development program in 
RA (17). After month 6, one patient in each of the tofacitinib 
5 mg and 10 mg twice daily groups was discontinued due to 
ALT elevation and 1 patient in each group was discontinued 
due to AST elevation, according to prespecified discontinuation 
criteria. In accordance with tofacitinib prescribing information 
(20), and since tofacitinib has not been studied in patients with 
severe hepatic impairment, use in patients with severe hepatic 
 impairment is not  recommended.

A potential limitation of this efficacy analysis is that 
comparison of longer- term versus shorter- term data can 
be challenging when exposure to placebo is limited to early 
time points, or following termination of the control arm of 
a study; this is widely acknowledged as a limitation of this 
type of analysis (21). For example, while in the primary article 
the radiographic placebo response was linearly extrapolated 
to month 12, extrapolating placebo response to month 24 
would be even more problematic. However, here we present 
imputed and observed data, and use longitudinal regression 
techniques, which allow investigation of longitudinal relation-
ships between variables and account for missing values and 
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variations in time intervals. Additional bias exists, since only 
those patients who continue to respond and remain in the 
trial for the long term are assessed; these patients probably 
represent those achieving the best clinical efficacy and who 
are least susceptible to AEs that would result in discontinu-
ation (22).

In conclusion, this 24- month RCT in patients with RA and 
an inadequate response to MTX receiving tofacitinib 5 mg or 10 
mg twice daily plus MTX demonstrated maintenance of efficacy 
with tofacitinib in those patients with initial responses, including 
limited structural damage, through 24 months. No new safety 
signals emerged compared with the initial 12- month report or 
with previous clinical RCTs with tofacitinib.
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