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Objective. Optimal targeted treatment in rheumatoid arthritis requires early identification of failure to respond. This 
post hoc analysis explored the relationship between early disease activity changes and the achievement of low disease 
activity (LDA) and remission targets with tofacitinib.

Methods. Data were from 2 randomized, double-blind, phase III studies. In the ORAL Start trial, methotrexate (MTX)–naive 
patients received tofacitinib 5 or 10 mg twice daily, or MTX, for 24 months. In the placebo-controlled ORAL Standard trial, MTX 
inadequate responder patients received tofacitinib 5 or 10 mg twice daily or adalimumab 40 mg every 2 weeks, with MTX, for 
12 months. Probabilities of achieving LDA (using a Clinical Disease Activity Index [CDAI] score ≤10 or the 4-component Dis-
ease Activity Score in 28 joints using the erythrocyte sedimentation rate [DAS28-ESR] ≤3.2) at months 6 and 12 were calcu-
lated, given failure to achieve threshold improvement from baseline (change in CDAI ≥6 or DAS28-ESR ≥1.2) at month 1 or 3.

Results. In ORAL Start, 7.2% and 5.4% of patients receiving tofacitinib 5 and 10 mg twice daily, respectively, failed 
to show improvement in the CDAI ≥6 at month 3; of those who failed, 3.8% and 28.6%, respectively, achieved month 6 
CDAI-defined LDA. In ORAL Standard, 18.8% and 17.5% of patients receiving tofacitinib 5 and 10 mg twice daily, respec-
tively, failed to improve CDAI ≥6 at month 3; of those who failed, 0% and 2.9%, respectively, achieved month 6 CDAI-
defined LDA. Findings were similar when considering improvements at month 1 or DAS28-ESR thresholds.

Conclusion. In patients with an inadequate response to MTX, lack of response to tofacitinib after 1 or 3 months 
predicted a low probability of achieving LDA at month 6. Lack of an early response may be considered when deciding 
whether to continue treatment with tofacitinib.

INTRODUCTION

Using the treat-to-target (or targeted treatment) approach 
in patients with rheumatoid arthritis (RA) requires regular assess-
ments of disease activity and adjustment of therapy associated 
with an inadequate response (1,2). Thus, clinical guidelines rec-
ommend frequent follow-up for patients with active disease to 
closely monitor disease activity and adjust treatment accordingly 

(3,4). European League Against Rheumatism (EULAR) guidelines 
specify follow-up every 1−3 months, with more frequent mon-
itoring for patients with high disease activity; in addition, they 
suggest that if no improvement is seen within 3  months or if 
the treatment target is not reached within 6 months, treatment 
should be changed (4). To optimize this therapeutic strategy, an 
understanding of the relationship between short- and longer-
term responses is needed for each antirheumatic therapy.
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While the therapeutic response to conventional synthetic 
disease-modifying antirheumatic drugs (csDMARDs) is usually 
observed after 6 to 12 weeks of treatment (5), biologic DMARDs 
(bDMARDs) (6) and targeted synthetic DMARDs (tsDMARDs) (7,8) 
are often more rapidly effective. However, for all drug classes, 
the response to therapy is unpredictable (9,10), and whether 
patients who fail to show an initial response to tsDMARDs might 
still respond later in the course of treatment is unclear.

There is evidence that early response to RA treatment pre-
dicts the probability of achieving the treatment target over time. 
Response at 4 weeks has been shown to be predictive of later 
response to csDMARDs (11) and to the JAK inhibitor baricitinib 
(12). Furthermore, the predictive value of failing to achieve an 
early response to a desired treatment target (negative predictive 
value [NPV]) may be greater than the predictive value of achieve-
ment of an early response (positive predictive value [PPV]). 
Both the Rheumatoid Arthritis Prevention of Structural Damage  
(RAPID 1) study (13) and the PREMIER study (14) showed that fail-
ure to achieve early improvements in disease activity with a com-
bination of a bDMARD and methotrexate (MTX) was predictive of 
a low probability of achieving a longer-term clinical response.

Tofacitinib is an oral JAK inhibitor for the treatment of RA. 
The efficacy and safety of tofacitinib 5 and 10 mg twice daily, ad-
ministered as monotherapy or in combination with csDMARDs, 
mainly MTX, in patients with moderately to severely active RA, 
have been demonstrated in phase II (15–19) and phase III (7,20–
24) studies of up to 24 months’ duration and in long-term ex-
tension studies with up to 114 months of observation (25–27).

The aim of the current study was to understand the relation-
ship between timing and magnitude of early changes in disease 
activity (at months 1 and 3) and the probability of achieving low 
disease activity (LDA) or remission at months 6 and 12 in 2 dif-

ferent patient populations treated with tofacitinib from phase III 
studies: patients with an inadequate response to MTX (MTX-IR) 
receiving tofacitinib plus MTX in ORAL Standard, and MTX-naive 
patients receiving tofacitinib monotherapy in ORAL Start.

PATIENTS AND METHODS

Study design. This was a post hoc analysis of data from 2 
randomized, double-blind, phase III studies of tofacitinib. ORAL 
Start was a 24-month study in MTX-naive patients with RA. Pa-
tients were randomized 2:2:1 to receive tofacitinib 5 mg twice 
daily, tofacitinib 10 mg twice daily, or MTX at a starting dosage 
of 10 mg per week, with increments of 5 mg per week every 4 
weeks to 20 mg per week by week 8 (22).

ORAL Standard was a 12-month study in MTX-IR patients 
with RA. Patients were randomized 4:4:4:1:1 to receive 
tofacitinib 5 mg twice daily, tofacitinib 10  mg twice daily, 
adalimumab (ADA) 40 mg administered subcutaneously once 
every 2 weeks, placebo changing to tofacitinib 5 mg twice dai-
ly, or placebo changing to tofacitinib 10 mg twice daily, all with 
MTX (24). Patients in the placebo group advanced to tofacitinib 
5 or 10 mg twice daily at month 3 if they were nonresponders 
(<20% reduction from baseline in both swollen and tender joint 
counts) or at month 6. Both studies were conducted in ac-
cordance with the Declaration of Helsinki and the International 
Conference on Harmonisation Good Clinical Practice Guide-
lines and were approved by the institutional review boards 
and/or independent ethics committees at each investigational 
center. All patients provided written informed consent.

Patient inclusion. Inclusion and exclusion criteria for 
both studies have been reported previously (22,24). Briefly, eligi-
ble patients were age ≥18 years, with a diagnosis of RA based 
on the American College of Rheumatology 1987 revised criteria 
(28), with active RA, defined as ≥6 tender/painful joints (68-joint 
count) and ≥6 swollen joints (66-joint count), and with either 
an erythrocyte sedimentation rate (ESR) >28 mm/hour or a C-
reactive protein (CRP) level >7 mg/liter.

Assessments. The Clinical Disease Activity Index (CDAI), 
as the primary analysis, and the 4-component Disease Activity 
Score in 28 joints using the ESR (DAS28-ESR) were assessed 
at baseline (prior to the first study dose), and at months 1, 3, 6, 
9, and 12 (or at the end-of-study visit). LDA and remission cri-
teria, respectively, were defined as CDAI score of ≤10 and ≤2.8 
and as DAS28-ESR of ≤3.2 and <2.6 (29). The proportion of 
patients who failed to achieve a number of different thresholds 
of improvement in disease activity was assessed. Improvement 
thresholds were a decrease from baseline in CDAI of ≥3, ≥6, ≥9, 
and ≥12, and a decrease from baseline in DAS28-ESR of ≥0.3, 
≥0.6, ≥0.9, ≥1.2, ≥1.5, and ≥1.8 (12). An improvement of ≥6 in 

SIGNIFICANCE & INNOVATIONS
•	 We conducted a post hoc analysis of 2 randomized, 

double-blind phase III studies of tofacitinib (ORAL 
Start and ORAL Standard), to explore the relation-
ship between early disease activity changes and 
achievement of low disease activity (LDA) and re-
mission targets.

•	 Failure to achieve early improvements in disease 
activity (improvement from baseline using the Clin-
ical Disease Activity Index score ≥6 or the 4-com-
ponent Disease Activity Score in 28 joints using the 
erythrocyte sedimentation rate ≥1.2) was predictive 
of low probabilities of achieving LDA and remission 
at months 6 and 12.

•	 Lack of early response may be considered when de-
ciding whether to continue treatment with tofacitinib.
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CDAI after 4 weeks of treatment with baricitinib was found to be 
the minimum level predictive of a response at later time points 
(12), and an improvement of ≥1.2 in DAS28-ESR and a base-
line value of >5.1 are deemed a moderate response in patients 
with RA (30). These values were therefore considered as the key 
thresholds for improvement at months 1 and 3.

Statistical analysis. Data from the full analysis set, 
comprising all randomized patients who received ≥1 dose 
of study drug and had ≥1 post-baseline value, were includ-
ed. Both studies were analyzed separately due to differ-
ences in study design and patient populations. One-year 
data were used, and nonresponder imputation was applied 

Figure  1.  Proportions of patients achieving (A) Clinical Disease Activity Index (CDAI)–defined low disease activity (LDA) in ORAL Start, 
(B) 4-component Disease Activity Score in 28 joints using the erythrocyte sedimentation rate (DAS28-ESR)–defined LDA in ORAL Start, (C) 
CDAI-defined LDA in ORAL Standard, and (D) DAS28-ESR–defined LDA in ORAL Standard (full analysis set, nonresponder imputation). Low 
disease activity was defined as CDAI ≤10 or DAS28-ESR ≤3.2. Because nonresponders receiving placebo in ORAL Standard moved to 
active treatment at month 3, patients randomized to receive placebo in this study were also excluded from the analysis. BID = twice a day;  
ADA = adalimumab; Q2W = every 2 weeks; N/A = not applicable; * = P < 0.05; ** = P < 0.001; *** = P < 0.0001.
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for missing values of the binary end points for all patients 
post-baseline.

The probability that a patient achieved CDAI- or DAS28-ESR–
defined LDA or remission at month 6 or month 12 was calculated 
for each tofacitinib treatment group, given the failure to achieve 
improvement from baseline in disease activity at month 1 or month 
3. For each patient, improvements from baseline were assessed 
across the prespecified range of thresholds, and the probability 
of achieving LDA and remission was estimated. Patients were 
categorized by whether they had achieved or failed to achieve 
improvement from baseline at the month 1 or month 3 visit. The 
number of patients who achieved LDA or remission at month 6 
or month 12 was calculated, and the probability of achieving LDA 
or remission was estimated as a relative frequency. PPV (defined 
as the probability that patients who achieve LDA [CDAI ≤10 or 
DAS28-ESR ≤2.3] or remission [CDAI ≤2.8 or DAS28-ESR <2.6] 
at month 1 or month 3 will achieve LDA or remission at month 6 or 
month 12) and NPV (defined as the probability that patients who 
do not achieve LDA or remission at month 1 or month 3 will not 
achieve LDA or remission at month 6 or month 12) were calculat-
ed for the probabilities associated with each outcome.

Because this analysis is focused on the response to 
tofacitinib, data for the relationship between early changes in 
disease activity and the probability of achieving LDA or remission 
at month 6 and month 12 in patients randomized to receive MTX 
in ORAL Start or ADA in ORAL Standard are shown in Supple-
mentary Appendix A and Supplementary Tables 1–7, available 
on the Arthritis Care & Research web site at http://onlinelibrary.
wiley.com/doi/10.1002/acr.23585/abstract. Also, because non-
responders receiving placebo in ORAL Standard moved to active 
treatment at month 3, patients randomized to receive placebo in 
this study were excluded from the analysis. Data on achievement 
of remission in both studies are fully reported in Supplementary 
Appendix A and Supplementary Tables 1–7, available at http://
onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract.

RESULTS

Patients. Overall, 948 patients from ORAL Start (tofac-
itinib 5 mg twice daily [n = 370], tofacitinib 10 mg twice daily [n 
= 394], MTX [n = 184]) and 717 patients from ORAL Standard 
(tofacitinib 5 mg  twice daily [n = 204], tofacitinib 10 mg  twice 
daily [n = 201], ADA [n = 204], placebo changing to tofacitinib 
5 mg twice daily [n = 56], placebo changing to tofacitinib 10 mg 
twice daily [n = 52]) were randomized to study treatment. Pa-
tient demographics and baseline disease characteristics with-
in each study were generally similar across treatment groups 
(see Supplementary Table 1, available on the Arthritis Care & 
Research web site at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23585/abstract). Patients in ORAL Start were younger than 
those in ORAL Standard (mean ages 48.8–50.3 versus 52.5–
53.8 years), with a shorter duration of RA (mean 2.7–3.4 ver-
sus 7.4–8.1 years), and a higher mean CRP level at baseline 
(20.2–26.1 versus 14.6–17.4 mg/liter).

Proportion of patients achieving LDA and remis-
sion. In both studies, a significantly greater proportion of patients 
achieved CDAI- and DAS28-ESR–defined LDA with tofacitinib 
compared with MTX (ORAL Start) or placebo (ORAL Standard) at 
month 6 (Figure 1). In addition, a significantly greater proportion 
of patients achieved CDAI-defined remission (tofacitinib 10 mg 
twice daily) and DAS28-ESR–defined remission (both tofacitinib 
doses) versus MTX or placebo at month 6 (see Supplementary 
Figure 1, available on the Arthritis Care & Research web site at 
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract). In 
ORAL Standard, the proportions of patients achieving CDAI- and 
DAS28-ESR–defined LDA and remission at month 6 were nu-
merically similar for those patients receiving tofacitinib and those 
receiving ADA (Figures  1C and D and Supplementary Figures 
1C and D, available on the Arthritis Care & Research web site 
at http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract).

Table 1. Probabilities of achieving low disease activity (LDA) at month 6 or month 12 given failure to achieve improvement in Clinical Disease 
Activity Index (CDAI)–defined disease activity at month 1 or month 3 with tofacitinib in ORAL Start (full analysis set, nonresponder imputation)* 

Achievement of LDA given  
failure to improve CDAI ≥6

Probabilities of achieving 
LDA (CDAI ≤10) NPV, % PPV, %

Tofacitinib 
5 mg BID

Tofacitinib 
10 mg BID

Tofacitinib 
5 mg BID

Tofacitinib 
10 mg BID

Tofacitinib 
5 mg BID

Tofacitinib 
10 mg BID

Month 6
Failure to improve at month 1 15/84 (17.9) 22/65 (33.8) 82.1 66.2 51.1 60.1
Failure to improve at month 3 1/26 (3.8) 6/21 (28.6) 96.2 71.4 46.3 57.1

Month 12
Failure to improve at month 1 30/84 (35.7) 31/65 (47.7) 64.3 52.3 58.4 60.8
Failure to improve at month 3 3/26 (11.5) 4/21 (19.0) 88.5 81.0 56.2 60.7

* Unless indicated otherwise, values are the number of patients who failed to meet the improvement threshold/the number who also 
achieved LDA (defined as CDAI ≤10) (%). BID = twice daily; NPV = negative predictive value (defined as the probability that patients who do not 
achieve LDA at month 1 or month 3 will not achieve LDA at month 6 or month 12); PPV = positive predictive value (defined as the probability 
that patients who achieve LDA at month 1 or month 3 will achieve LDA at month 6 or month 12). 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
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Relationship between early changes in disease 
activity and rates of LDA at months 6 and 12 in ORAL 
Start (MTX-naive). At month 3, 7.2% of patients (26 of 359) 
receiving tofacitinib 5 mg twice daily and 5.4% of patients (21 
of 387) receiving tofacitinib 10 mg twice daily failed to achieve 
CDAI-defined improvement from baseline ≥6. Of these patients, 
3.8–11.5% with tofacitinib 5 mg twice daily and 19.0–28.6% 
with tofacitinib 10 mg twice daily went on to achieve CDAI-
defined LDA at months 6 and 12 (Table 1 and Supplementary 
Figures 2A and B, available on the Arthritis Care & Research web 
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/ 
abstract). The NPV for CDAI-defined LDA at month 6 associated 
with failure to achieve CDAI improvement at month 3 was 96% 
for tofacitinib 5 mg twice daily and 71% for 10 mg twice daily, 
and was >80% at month 12 (Table 1 and Supplementary Fig-
ures 2A and B, available on the Arthritis Care & Research web 
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/
abstract). Among patients receiving MTX, 16.1% of those who 
failed to achieve CDAI improvement from baseline ≥6 at month 
3 achieved CDAI-defined LDA at month 6, with an associat-
ed NPV of 84% (see Supplementary Table 2, available on the 
Arthritis Care & Research web site at http://onlinelibrary.wiley.

com/doi/10.1002/acr.23585/abstract).
Similarly, at month 3, 21.8% of patients (74 of 339) receiving 

tofacitinib 5 mg twice daily and 14.4% of patients (53 of 369) 
receiving tofacitinib 10 mg twice daily failed to achieve DAS28-
ESR–defined improvement from baseline ≥1.2. Of these patients, 
6.8–14.9% with tofacitinib 5 mg twice daily and 11.3–22.6% with 
tofacitinib 10 mg twice daily achieved DAS28-ESR–defined LDA 
at months 6 and 12 (Table 2 and Supplementary Figures 2C and 
D, available on the Arthritis Care & Research web site at http://on-
linelibrary.wiley.com/doi/10.1002/acr.23585/abstract). The NPV  
for DAS28-ESR–defined LDA at month 6 associated with failure 
to achieve DAS28-ESR–defined improvement at month 3 was 

93% and 89% for tofacitinib 5 and 10 mg  twice daily, respec-
tively, and 85% and 77% at month 12 for tofacitinib 5 and 10 mg 
twice daily, respectively (Table 2 and Supplementary Figures 2C 
and D, available at http://onlinelibrary.wiley.com/doi/10.1002/acr. 
23585/abstract). For patients receiving MTX, 6.2% of those 
who failed to achieve DAS28-ESR–defined improvement from 
baseline ≥1.2 at month 3 achieved DAS28-ESR–defined LDA at 
month 6, with an associated NPV of 94% (see Supplementary 
Table 2, available at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23585/abstract). The relationship between early changes in 
disease activity using different thresholds and rates of LDA at 
months 6 and 12 are shown in Supplementary Figure 2, available 

at http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract.

ORAL Standard (MTX-IR). At month 3, 18.8% of patients 
(36 of 191) receiving tofacitinib 5 mg twice daily and 17.5% of pa-
tients (34 of 194) receiving tofacitinib 10 mg twice daily failed to 
achieve CDAI improvement from baseline ≥6. Of these patients, 
0–2.8% treated with tofacitinib 5 mg twice daily and 2.9–8.8% 
treated with tofacitinib 10 mg twice daily achieved CDAI-defined 
LDA at months 6 and 12 (Table 3 and Supplementary Figures 3A 
and B, available on the Arthritis Care & Research web site at 
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract). 
The NPV for CDAI-defined LDA at month 6 or month 12 asso-
ciated with failure to achieve CDAI improvement from baseline 
≥6 at month 3 was >90% for tofacitinib 5 and 10 mg twice daily 
(Table 3 and Supplementary Figures 3A and B, available on the 
Arthritis Care & Research web site at http://onlinelibrary.wiley.
com/doi/10.1002/acr.23585/abstract). Among patients receiving 
ADA, 6.1% of those who failed to achieve CDAI-defined improve-
ment from baseline ≥6 at month 3 achieved CDAI-defined LDA 
at month 6, with an associated NPV of 94% (see Supplementary 
Table 3, available on the Arthritis Care & Research web site at 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract).

Table 2. Probabilities of achieving low disease activity (LDA) at month 6 or month 12 given failure to achieve improvement in DAS28-ESR–
defined disease activity at month 1 or month 3 with tofacitinib in ORAL Start (full analysis set, nonresponder imputation)* 

Achievement of LDA given failure to 
improve DAS28-ESR ≥1.2

Probabilities of achieving 
LDA (DAS28-ESR ≤3.2) NPV, % PPV, %

Tofacitinib 
5 mg BID

Tofacitinib 
10 mg BID

Tofacitinib 
5 mg BID

Tofacitinib 
10 mg BID

Tofacitinib 
5 mg BID

Tofacitinib 
10 mg BID

Month 6
Failure to improve at month 1 22/150 (14.7) 23/118 (19.5) 85.3 80.5 37.8 46.8
Failure to improve at month 3 5/74 (6.8) 6/53 (11.3) 93.2 88.7 33.2 42.4

Month 12
Failure to improve at month 1 37/150 (24.7) 31/118 (26.3) 75.3 73.7 40.0 47.6
Failure to improve at month 3 11/74 (14.9) 12/53 (22.6) 85.1 77.4 38.1 44.0

* Unless indicated otherwise, values are the number of patients who failed to meet the improvement threshold/the number who also 
achieved LDA (defined as DAS28-ESR ≤3.2) (%). DAS28-ESR = 4-component Disease Activity Score in 28 joints using the erythrocyte sedimen-
tation rate; BID = twice daily; NPV = negative predictive value (defined as the probability that patients who do not achieve LDA at month 1 or 
month 3 will not achieve LDA at month 6 or month 12); PPV = positive predictive value (defined as the probability that patients who achieve 
LDA at month 1 or month 3 will achieve LDA at month 6 or month 12). 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
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At month 3, 31.6% of patients (55 of 174) receiving to
facitinib 5 mg twice daily and 36.2% of patients (63 of 174) 
receiving tofacitinib 10 mg twice daily failed to achieve DAS28-
ESR improvement from baseline ≥1.2. Of these patients, none 
with tofacitinib 5 mg twice daily and 3.2–7.9% with tofacitinib 
10 mg twice daily achieved DAS28-ESR–defined LDA at months 
6 and 12 (Table 4 and Supplementary Figures 3C and D, avail-
able on the Arthritis Care & Research web site at http://onlineli-
brary.wiley.com/doi/10.1002/acr.23585/abstract). The NPV for 
DAS28-ESR–defined LDA at month 6 or month 12 associat-
ed with failure to achieve DAS28-ESR–defined improvement 
from baseline ≥1.2 at month 3 was >90% for tofacitinib 5 mg 
and 10 mg twice daily (Table 4 and Supplementary Figures 3C 
and D, available at http://onlinelibrary.wiley.com/doi/10.1002/
acr.23585/abstract). Among patients receiving ADA, 5.5% of 
those who failed to achieve DAS28-ESR–defined improvement 
from baseline ≥1.2 at month 3 achieved DAS28-ESR–defined 
LDA at month 6, with an associated NPV of 95% (see Sup-

plementary Table 3, available at http://onlinelibrary.wiley.com/

doi/10.1002/acr.23585/abstract).

Relationship between early changes in disease 
activity and rates of remission at months 6 and 12. In 
both ORAL Start and ORAL Standard and across treatment 
groups (tofacitinib, MTX, and ADA), failure to achieve improve-
ment thresholds (decrease from baseline of CDAI ≥6 and 
DAS28-ESR ≥1.2) at months 1 and 3 was predictive of low 
probabilities of remission at months 6 and 12 (see Supplemen-
tary Tables 4–7, available on the Arthritis Care & Research web 
site at http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/
abstract).

Relationship between timing and magnitude of 
early changes in disease activity and rates of LDA. In both 
ORAL Start and ORAL Standard, failure to achieve improvement 
thresholds at month 1, whether defined by CDAI or DAS28-ESR, 

Table 3. Probabilities of achieving low disease activity (LDA) at month 6 or month 12 given failure to achieve improvement in Clinical Disease Activity 
Index (CDAI)–defined disease activity at month 1 or month 3 with tofacitinib in ORAL Standard (full analysis set, nonresponder imputation)* 

Achievement of LDA given failure 
to improve CDAI ≥6

Probabilities of achieving 
LDA (CDAI ≤10) NPV, % PPV, %

Tofacitinib 
5 mg BID

Tofacitinib 
10 mg BID

Tofacitinib 
5 mg BID

Tofacitinib 
10 mg BID

Tofacitinib 
5 mg BID

Tofacitinib 
10 mg BID

Month 6
Failure to improve at month 1 5/51 (9.8) 9/48 (18.8) 90.2 81.3 38.4 40.0
Failure to improve at month 3 0/36 (0) 1/34 (2.9) 100.0 97.1 37.4 41.9

Month 12
Failure to improve at month 1 9/51 (17.6) 10/48 (20.8) 82.4 79.2 47.1 47.6
Failure to improve at month 3 1/36 (2.8) 3/34 (8.8) 97.2 91.2 47.7 47.5

* Unless indicated otherwise, values are the number of patients who failed to meet the improvement threshold/the number who also 
achieved LDA (defined as CDAI ≤10) (%). BID = twice daily; NPV = negative predictive value (defined as the probability that patients who do not 
achieve LDA at month 1 or month 3 will not achieve LDA at month 6 or month 12); PPV = positive predictive value (defined as the probability 
that patients who achieve LDA at month 1 or month 3 will achieve LDA at month 6 or month 12). 

Table 4. Probabilities of achieving low disease activity (LDA) at month 6 or month 12 given failure to achieve improvement in DAS28-ESR–
defined disease activity at month 1 or month 3 with tofacitinib in ORAL Standard (full analysis set, nonresponder imputation)* 

Achievement of LDA given failure to 
improve DAS28-ESR ≥1.2

Probabilities of achieving 
LDA (DAS28-ESR ≤3.2) NPV, % PPV, %

Tofacitinib 
5 mg BID

Tofacitinib 
10 mg BID

Tofacitinib 
5 mg BID

Tofacitinib 
10 mg BID

Tofacitinib 
5 mg BID

Tofacitinib 
10 mg BID

Month 6
Failure to improve at month 1 7/85 (8.2) 11/87 (12.6) 91.8 87.4 26.2 25.6
Failure to improve at month 3 0/55 (0) 2/63 (3.2) 100.0 96.8 24.4 28.8

Month 12
Failure to improve at month 1 10/85 (11.8) 9/87 (10.3) 88.2 89.7 22.6 34.9
Failure to improve at month 3 0/55 (0) 5/63 (7.9) 100.0 92.1 25.2 31.5

* Unless indicated otherwise, values are the number of patients who failed to meet the improvement threshold/the number who also 
achieved LDA (defined as DAS28-ESR ≤3.2) (%). DAS28-ESR = 4-component Disease Activity Score in 28 joints using the erythrocyte sedimen-
tation rate; BID = twice daily; NPV = negative predictive value (defined as the probability that patients who do not achieve LDA at month 1 or 
month 3 will not achieve LDA at month 6 or month 12); PPV = positive predictive value (defined as the probability that patients who achieve 
LDA at month 1 or month 3 will achieve LDA at month 6 or month 12). 

http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
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http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
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was less strongly predictive of achievement of LDA at month 6 
or month 12 than failure to achieve improvement thresholds at 
month 3 (Tables  1–4) for patients receiving tofacitinib. Indeed, 
the NPVs for LDA at month 6 associated with failure to achieve 
threshold improvement from baseline at month 1 were lower than 
those associated with failure to achieve threshold improvement 
from baseline at month 3 for all treatments in both studies (Ta-
bles 1–4). A similar pattern in NPVs was observed for patients 
receiving MTX (see Supplementary Table 2, available on the Ar-
thritis Care & Research web site at http://onlinelibrary.wiley.com/
doi/10.1002/acr.23585/abstract) and ADA (see Supplementary 
Table 3, at http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/
abstract).

In both ORAL Start and ORAL Standard, for both tofaci
tinib groups, failure to achieve greater improvement thresholds 
in disease activity at month 3 was generally associated with an 
increasing proportion of patients achieving LDA at months 6 and 
12, compared with failure to achieve lower improvement thresh-
olds (see Supplementary Figures 2 and 3, available at http:// 
onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract). Data 
are not reported for patients receiving MTX or ADA.

DISCUSSION

This was a post hoc analysis of data from 2 phase III ran-
domized controlled trials (RCTs), undertaken to explore the re-
lationship between early changes in disease activity and the 
probability of achieving LDA or remission at month 6 and month 
12 in MTX-IR (ORAL Standard) or MTX-naive (ORAL Start) pa-
tients with RA who were treated with tofacitinib, with the aim of 
improving patient management. Greater proportions of patients 
receiving tofacitinib 5 and 10  mg  twice daily who were MTX-
naive achieved LDA and remission compared with patients who 
were MTX-IR.

Across both studies, failure to achieve early improvements 
in disease activity (improvement from baseline of CDAI ≥6 or 
DAS28-ESR ≥1.2) was predictive of low probabilities of achiev-
ing LDA and remission at months 6 and 12 with tofacitinib, 
MTX, and ADA. In this analysis, disease activity as assessed by 
the CDAI was considered the primary analysis; however, find-
ings using DAS28-ESR thresholds and DAS28-ESR–defined 
LDA were supportive. Findings were similar when considering 
early improvements in disease activity at month 3 or month 1, 
and when taking achievement of LDA at month 6 or month 12 
as targets.

In this analysis, higher values were reported for NPV than 
PPV for the achievement of longer-term LDA based on early 
changes in disease activity. The consistently higher values for 
NPV versus PPV indicate that, although improvement at early  
time points is not necessarily predictive of achievement of 
treatment targets, failure to see early improvements predicts that 

such targets will not be reached. The NPV for LDA at month 6 
associated with a failure to achieve CDAI improvement ≥6 and 
DAS28-ESR improvement ≥1.2 at month 3 generally exceeded 
90% for tofacitinib in ORAL Standard and 70% in ORAL Start 
(corresponding data for ADA in ORAL Standard exceeded 90%, 
and those for MTX in ORAL Start exceeded 80%), providing ro-
bust evidence that failure to achieve these improvement thresh-
olds at month 3 was strongly predictive of failure to achieve LDA 
at month 6.

These findings are consistent with those from other RA 
studies reporting early treatment response as predictive of 
longer-term outcomes. In prior analyses of ORAL Standard, 
few patients who failed to achieve improvement in disease ac-
tivity (decrease in DAS28-ESR ≥0.6) after 1 month with tofac-
itinib and background MTX then achieved LDA at 12 months 
(31). An analysis of an observational cohort of patients with RA 
(<12 months’ symptom duration) receiving csDMARDs reported 
that DAS28-ESR scores at 4 weeks predicted scores at 28 and 
52 weeks (11). Analysis of 2 phase III RCTs of baricitinib demon-
strated that failure to achieve a decrease in DAS28-ESR ≥0.6 
or CDAI ≥6 after 4 weeks of treatment was associated with low 
rates of LDA or remission at 12 or 24 weeks (12). High NPVs 
were also reported in the RAPID 1 trial, in which failure to achieve 
improvement in DAS28-ESR within the first 12 weeks of treat-
ment with certolizumab pegol and MTX was predictive of a low 
probability of achieving LDA at 1 year, with the accuracy of the 
prediction strongly dependent on the degree and timing of the 
lack of the response (13). Similarly, the PREMIER study reported 
that patients receiving MTX who did not show a clinical response 
at 3 months demonstrated worse long-term clinical, function-
al, and radiographic outcomes (14). This information supports 
current recommendations for targeted treatment, specifically 
EULAR guidelines, suggesting that if no improvement is seen 
within 3 months, or if the treatment target is not reached within 6 
months, treatment should be changed (4).

A number of limitations in this analysis should be consid-
ered. This was a post hoc analysis, and the studies were not 
designed to consider the relationship between changes in dis-
ease activity at months 1 and 3 and the achievement of LDA or 
remission at month 6 and 12. Joint structure preservation was 
not considered in this analysis; however, disease activity meas-
ures may not always correlate with radiographic outcomes (32), 
and further research into this correlation is ongoing. Due to  
differing study designs and the inclusion of different patient 
populations, data from the studies could not be pooled for 
analysis. Patient numbers were relatively low in some groups, 
resulting in the need to interpret findings with caution. Finally, 
this analysis did not explore the association of baseline char-
acteristics with outcomes; this question will be addressed in 
a separate analysis exploring predicted treatment outcome 
based on several baseline clinical and sociodemographic 
characteristics.

http://onlinelibrary.wiley.com/doi/10.1002/acr.23585/abstract
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In conclusion, this analysis of data from ORAL Start and ORAL 
Standard shows that failure to achieve improvements in disease ac-
tivity at months 1 and 3 is predictive of a low probability of achieving 
LDA and remission at months 6 and 12. Given that lack of early im-
provement may be predictive of a low probability of achieving strin-
gent disease activity targets, decisions on the continuation of to-
facitinib treatment in patients with moderately to severely active RA 
may benefit from consideration of early assessment of response.
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