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ABSTRACT

Introduction: The objective of this analysis was
to assess disease activity metrics using a variety
of disease outcome measures following
methotrexate (MTX) withdrawal in ORAL Shift,
a phase 3b/4 study of tofacitinib with/without
MTX, in patients with rheumatoid arthritis (RA)
achieving Clinical Disease Activity Index
(CDAI)-defined low disease activity (LDA).

Methods: Patients aged C 18 years with active
RA and an inadequate response to MTX received
open-label tofacitinib modified-release 11 mg
once daily plus MTX for 24 weeks. In the dou-
ble-blind MTX withdrawal phase, those who
had achieved CDAI LDA (B 10) at week 24 were
randomised 1:1 to receive tofacitinib
monotherapy or continued tofacitinib plus
MTX. Efficacy analyses were performed in sub-
groups defined by whether remission and/or
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LDA had been achieved at week 24 with: Disease
Activity Score in 28 joints, erythrocyte sedi-
mentation rate [DAS28-4(ESR)], Routine Assess-
ment of Patient Index Data 3 (RAPID3), CDAI
and Simplified Disease Activity Index (SDAI); or
DAS28-4[C-reactive protein(CRP)]\2.4/\ 2.6/
\2.9/ B 3.2.
Results: Five hundred and thirty patients
received treatment in the double-blind MTX
withdrawal phase. Proportions of patients
achieving each disease activity criterion at week
24 varied by metric. Across disease activity
metrics [excluding DAS28-4(ESR) remission],
58–89% of patients per group, and numerically
more patients receiving tofacitinib plus MTX,
achieved the same criterion at week 48 as at
week 24. Differences between groups in least
squares mean change from baseline (D) DAS28-
4(ESR) from week 24–48 favoured tofacitinib
plus MTX (nominal p values\0.05). RAPID3
and DAS28-4(CRP) estimated a higher propor-
tion of patients with acceptable disease state
versus DAS28-4(ESR), CDAI remission and SDAI
remission.
Conclusion: Response rates at the beginning of
the double-blind phase varied across metrics. A
consistent trend towards higher response rates
with tofacitinib plus MTX was observed across
metrics after randomisation, with nominal dif-
ferences in DAS28-4(ESR) responses. Compared
with continued combination therapy, MTX
withdrawal did not lead to a clinically mean-
ingful reduction in the response to tofacitinib.
DAS28-4(CRP) and RAPID3 were the least
stringent metrics.
Trial Registration: ClinicalTrials.gov identifier:
NCT02831855.

Keywords: Rheumatoid arthritis; Inflamma-
tion; Methotrexate; Therapeutics

Key Summary Points

Why carry out this study?

In ORAL Shift, discontinuation of
methotrexate (MTX) in patients with
rheumatoid arthritis (RA) who had
achieved Clinical Disease Activity Index
(CDAI)-defined low disease activity (LDA)
after receiving tofacitinib plus MTX for
24 weeks, resulted in a nominal difference
in Disease Activity Score in 28 joints,
erythrocyte sedimentation rate [DAS28-
4(ESR)] between treatment groups after a
further 24 weeks; however, the difference
was small and not deemed clinically
meaningful.

This post hoc analysis evaluated the
performance of other disease activity
metrics, including the Simplified Disease
Activity Index (SDAI), Disease Activity
Score in 28 joints, C-reactive protein
[DAS28-4(CRP)] and Routine Assessment
of Patient Index Data 3 (RAPID3), to
understand how treatment response rates
can vary depending on the measurement
used.

What was learned from the study?

Following MTX discontinuation, most
patients receiving tofacitinib
monotherapy after achieving CDAI LDA
maintained disease control based on
achievement of each disease activity
criterion at both week 24 and week 48.

This post hoc analysis demonstrated
variability across RA disease activity
metrics in terms of classification into LDA
or remission, and as such, should be
considered in clinical scenarios.
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INTRODUCTION

Rheumatoid arthritis (RA) is a chronic, autoim-
mune disease primarily affecting the joints,
with resultant decline in patient physical func-
tion and quality of life [1]. Various treatment
guidelines support the use of ‘treat-to-target’, a
strategy that involves monitoring RA disease
activity systematically over time using validated
disease activity metrics and encourages modifi-
cation of treatment to allow patients to reach a
specific pre-defined treatment goal, usually
remission, although low disease activity (LDA)
is reasonable if remission cannot be achieved
[2, 3].

Tofacitinib is an oral Janus kinase inhibitor
for the treatment of RA. The phase 3b/4 ORAL
Shift study was the first to assess the efficacy and
safety of tofacitinib monotherapy with the
modified-release 11 mg once daily (QD) formu-
lation, following methotrexate (MTX) with-
drawal, versus continued combination therapy,
in patients with RA who achieved Clinical Dis-
ease Activity Index (CDAI)-defined LDA with
tofacitinib plus MTX at week 24 [4]. Tofacitinib
monotherapy demonstrated non-inferiority to
continued tofacitinib plus MTX, as assessed by
the primary endpoint, change from baseline (D)
in Disease Activity Score in 28 joints, erythro-
cyte sedimentation rate [DAS28-4(ESR)] from
week 24 to week 48, with safety findings con-
sistent with the established safety profile of
tofacitinib [4, 5]. The study concluded that
withdrawal of MTX may be considered in
patients who achieve CDAI LDA over 24 weeks
of combination therapy, although a numeri-
cally greater proportion of patients maintained
DAS28-4(ESR) LDA with continued combina-
tion therapy at week 48 [4].

Given that a considerable number of patients
with RA discontinue MTX due to intolerance
and/or preference [6–8], understanding the
effectiveness of tofacitinib monotherapy in
maintaining disease control following MTX
withdrawal is of clinical relevance. ORAL Shift
defined the achievement of LDA by utilising
CDAI, while the primary endpoint at the end of
the double-blind MTX withdrawal phase was
the maintenance of LDA utilising DAS28-

4(ESR). This raised the question of whether the
results would have been different if either CDAI
or DAS28-4(ESR) were utilised for both the
achievement and maintenance of LDA. In
addition, many rheumatologists use other
metrics (recommended by the American Col-
lege of Rheumatology [ACR] [9]) to measure
patient response to therapy, including the
Simplified Disease Activity Index (SDAI), Rou-
tine Assessment of Patient Index Data 3
(RAPID3) and DAS28-4, C-reactive protein
(CRP), and it is therefore relevant to understand
how these various disease activity metrics
would have performed within the context of
the ORAL Shift study.

The objective of this post hoc analysis was to
assess how the results of the study with these
alternative metrics [based on LDA and remis-
sion criteria, and also DAS28-4(CRP)\ 2.6
and B 3.2] at randomisation (week 24) and
week 48 in ORAL Shift would compare with
those of the original study.

METHODS

Study Design and Patients

Details of the study design and patients of ORAL
Shift (NCT02831855) have been published pre-
viously [4, 5]. Briefly, ORAL Shift was a 48-week,
phase 3b/4, non-inferiority MTX withdrawal
study in adult patients with moderate-to-severe
RA and an inadequate response to MTX. The
study included a screening phase (30 days), an
open-label run-in phase (24 weeks), and a ran-
domised, double-blind, placebo-controlled,
non-inferiority MTX withdrawal phase
(24 weeks), with baseline being defined as day 1
of the open-label phase.

In the open-label phase, patients received
tofacitinib modified-release 11 mg QD with
MTX. In the double-blind phase, patients were
randomised (1:1) to tofacitinib modified-release
11 mg QD plus placebo (tofacitinib monother-
apy) or continued with tofacitinib plus MTX
until week 48. The mean MTX dose was
16.7 mg/week at baseline and was similar to the
baseline values of the tofacitinib monotherapy
and tofacitinib plus MTX groups that entered
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the double-blind phase (16.4 and 16.9 mg/week,
respectively) [4].

Achievement of CDAI LDA (B 10) at week 24
was the criterion for entry into the double-blind
MTX withdrawal phase. Patients who did not
achieve CDAI LDA at week 24 were discontin-
ued from the study.

The study was conducted in accordance with
the Guidelines for Good Clinical Practice
(International Conference on Harmonisation),
the Declaration of Helsinki, and local regulatory
requirements and laws. The study protocol, any
amendments and informed consent documents
were reviewed and approved by the institu-
tional review boards and the independent eth-
ics committees of each study centre. All patients
provided written informed consent to partici-
pate in the study.

Patient and Public Involvement

Patients or the public were not involved in the
design, conduct, reporting or dissemination
plans of our research.

Disease Activity Metrics and Outcomes

The primary population for this analysis was the
full analysis set comprising all patients who had
achieved CDAI LDA B 10 at the end of the
open-label phase, who were randomised to the
double-blind phase and had received at least
one dose of study medication.

Eleven disease activity metrics were assessed,
as depicted in Fig. 1. These included DAS28-
4(CRP)\2.4 and\2.9 which have been
demonstrated to be equivalent to the DAS28-
4(ESR) cut-off points for remission and LDA
[10, 11], as well as DAS28-4(CRP)\2.6 and
B 3.2 which have not been validated but are
commonly used in rheumatology as the ‘re-
mission’ and ‘LDA’ cut-off points. Validated
metrics of LDA were defined as DAS28-4(ESR)
B 3.2, SDAI B 11 and RAPID3 B 6, and for
remission were defined as (ACR and the Euro-
pean League Against Rheumatism [ACR-EULAR]
Boolean remission criteria [12]) DAS28-
4(ESR)\2.6, SDAI B 3.3, CDAI B 2.8 and
RAPID3 B 3. For each disease activity metric,

the proportion of patients who achieved (and
who did not achieve) LDA or remission at weeks
24 and 48 (as defined by the same metric as at
week 24), stratified by treatment group, are
reported. Continuous metrics were assessed
and/or calculated for each study visit as previ-
ously described [4]. Binary metrics (e.g. LDA,
remission) were derived from the continuous
metrics. Non-responder imputation was used
for missing data arising from patients who dis-
continued during the double-blind phase.

The difference between treatment groups in
DAS28-4(ESR) from week 24 to week 48 was also
calculated.

Statistical Methods

For each of the 11 disease activity metrics, the
proportion of patients in each treatment group
achieving that criterion at week 48, a point
estimate for the treatment difference, and
associated 95% confidence intervals (CIs) were
estimated using the normal approximation to
the binomial distribution, and nominal p values
were calculated with no adjustment for multi-
plicity. A similar calculation was conducted for
the subgroup of patients who did not meet the
criterion at week 24 but who did achieve the
criterion at week 48.

For the difference between treatment groups
in least squares (LS) mean DDAS28-4(ESR) from
week 24 to week 48, 95% CIs were calculated
using a mixed model for repeated measures,
which included DAS28-4(ESR) at baseline (de-
fined as the last non-missing measurement on
or prior to the first day of tofacitinib dosing in
the open-label phase of ORAL Shift) and the use
of biologic disease-modifying antirheumatic
drugs prior to baseline as covariates, and fixed
effects for treatment, visit and treatment by visit
interaction. Subject was included as a random
effect with an unstructured covariance matrix,
and the denominator degrees of freedom were
estimated using the Kenward–Roger method
[13]. For a given metric, the analysis was carried
out for patients meeting the criterion at week
24, and was repeated for patients not meeting
the criterion at week 24.
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RESULTS

Patients

In total, 694 patients entered the open-label
phase of ORAL Shift to receive tofacitinib
modified-release 11 mg QD plus MTX for
24 weeks. Of these, 530 patients were ran-
domised and treated in the double-blind phase;
264 patients had MTX withdrawn and replaced
with placebo, and 266 patients continued to
receive tofacitinib plus MTX (Fig. 1).

Demographics and patient baseline charac-
teristics (measured on day 1 of the open-label
phase) have been published previously, and
were similar between patients enrolled in the
open-label phase, those who achieved CDAI
LDA at week 24 and those randomised into the
double-blind phase [4]. Briefly, in patients with
active RA (and an inadequate response to MTX)
receiving tofacitinib monotherapy and
tofacitinib plus MTX in the double-blind phase,
respectively, mean (standard deviation) DAS28-
4(ESR) was 6.0 (0.9) and 6.1 (1.0), DAS28-4(CRP)
was 5.2 (0.9) and 5.3 (0.9), CDAI was 33.1 (11.4)

Fig. 1 Study design. Owing to protocol deviations, six
patients who had not achieved CDAI LDA at week 24
were randomised and received treatment. LDA and
remission cut-off points for DAS28-4(CRP) (B 3.2
and\ 2.6, respectively) have not been validated, but are
commonly used in rheumatology. CDAI Clinical Disease

Activity Index, DAS28-4(CRP) Disease Activity Score in
28 joints, C-reactive protein, DAS28-4(ESR) Disease
Activity Score in 28 joints, erythrocyte sedimentation rate,
LDA low disease activity, MTX methotrexate, PBO
placebo, RAPID3 Routine Assessment of Patient Index
Data 3, SDAI Simplified Disease Activity Index
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and 33.9 (11.6), SDAI was 34.3 (11.7) and 35.0
(12.2), and RAPID3 was 5.3 (1.9) and 5.4 (1.9) at
baseline.

Response Rates for Disease Activity Metrics
at Week 24

For each disease activity metric, the proportion
of patients achieving or not achieving LDA or
remission at week 24 as defined above was sim-
ilar between patients who received tofacitinib
plus MTX and patients who received tofacitinib
monotherapy (Fig. 2). Of interest, and high-
lighting the variance of different metrics,
only * 50% of patients achieving CDAI LDA at
week 24 also achieved DAS28-4(ESR) LDA.

At week 24, over 80% of patients entering
the double-blind phase who achieved CDAI
LDA also achieved DAS28-4(CRP) B 3.2, SDAI
LDA, RAPID3 LDA or RAPID3 remission. Of
importance, at week 24, while approximately
55% of patients achieved DAS28-4(CRP)\ 2.6
and approximately 80% achieved RAPID3

remission, B 30% of patients achieved DAS28-
4(ESR), CDAI or SDAI remission (Fig. 2).

Response Rates for Disease Activity Metrics
at Week 48

In each treatment group, most patients, who
met each disease activity criterion at week 24
also met the same criterion at week 48. Across
disease activity metrics [excluding DAS28-
4(ESR) remission], 58–89% of patients across the
groups achieved the same criterion at week 48
as at week 24; response rates were lower for
DAS28-4(ESR) remission (44–54%). Response
rates followed the same trend for both treat-
ment groups, across metrics (Fig. 3a).

A high number of patients achieved RAPID3
LDA and remission cut-off points compared
with all other metrics. In addition, as has been
shown previously [10, 11], more patients
achieved the cut-off points of\2.6 and B 3.2
with DAS28-4(CRP) compared with DAS28-
4(ESR) (Fig. 3a).

Fig. 2 Week 24 response rate for each disease activity
metric, stratified by treatment group. Proportions calcu-
lated based on all patients who were randomised and
received treatment in the double-blind phase of ORAL
Shift, including six patients who had not achieved CDAI
LDA at week 24 but were included due to protocol
deviations. The percentages of patients meeting or not
meeting criteria at week 24 may not add up to 100% due
to missing data. LDA and remission cut-off points for

DAS28-4(CRP) (B 3.2 and\ 2.6, respectively) have not
been validated, but are commonly used in rheumatology.
CDAI Clinical Disease Activity Index, DAS28-4(CRP)
Disease Activity Score in 28 joints, C-reactive protein,
DAS28-4(ESR) Disease Activity Score in 28 joints,
erythrocyte sedimentation rate, LDA low disease activity,
MTX methotrexate, PBO placebo, RAPID3 Routine
Assessment of Patient Index Data 3, SDAI Simplified
Disease Activity Index
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Fig. 3 Week 48 response rate for each disease activity
criterion in patients who met the corresponding criterion
at week 24 (a), and patients who did not meet the
corresponding criterion at week 24 (b), stratified by
treatment group. Error bars show 95% CIs estimated using
the normal approximation to the binomial distribution;
*p\ 0.05, **p\ 0.01, ***p\ 0.001 (nominal p values, not
adjusted for multiplicity). Data for DAS28-4(CRP) B 3.2,
SDAI (B 11.0) and RAPID3 (B 6) are not shown in panel
(b), due to low patient numbers (N\ 30 in each

treatment group). LDA and remission cut-off points for
DAS28-4(CRP) (B 3.2 and\ 2.6, respectively) have not
been validated, but are commonly used in rheumatology.
CDAI Clinical Disease Activity Index, CI confidence
interval, DAS28-4(CRP) Disease Activity Score in 28
joints, C-reactive protein, DAS28-4(ESR) Disease Activity
Score in 28 joints, erythrocyte sedimentation rate, LDA
low disease activity, MTX methotrexate, PBO placebo,
RAPID3 Routine Assessment of Patient Index Data 3,
SDAI Simplified Disease Activity Index
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Numerically more patients receiving tofaci-
tinib plus MTX compared with tofacitinib
monotherapy who met each disease activity cri-
terion atweek 24 continued tomeet the criterion
at week 48 (Fig. 3a). Differences between treat-
ment groups were greatest for DAS28-4(CRP)
B 3.2, CDAI LDA, SDAI LDA and RAPID3 remis-
sion (nominal p value\0.05).

Among patients who did not meet disease
activity criteria at week 24, generally, a minority
met these criteria at week 48 (Fig. 3b). Numeri-
cally more patients receiving tofacitinib plus
MTX compared with tofacitinib monotherapy
who did not meet disease activity criteria at
week 24, met them at week 48 (Fig. 3b).

Differences Between Treatment Groups
in DAS28-4 from Week 24 to Week 48

Among patients who met each disease activity
criterion at week 24, in each subgroup, differ-
ences between treatment groups in LS mean
DDAS28-4(ESR) (Fig. 4) from week 24 to week 48

favoured tofacitinib plus MTX compared with
tofacitinib monotherapy (nominal p value
\0.05). However, in all instances the differ-
ences between treatment groups were smaller
than 0.6, and less than the minimal clinically
important difference of 1.2 for DAS28-4(ESR)
[14].

DISCUSSION

ORAL Shift previously demonstrated that with-
drawal of MTX may be considered in patients
who achieve CDAI LDA after receiving
tofacitinib modified-release 11 mg QD plus
MTX, without loss of clinical effectiveness [4].

The use of CDAI to define achievement of
LDA in ORAL Shift enabled investigators to
rapidly assess disease activity at randomisation
without a requirement for laboratory-based
assessments. This post hoc analysis explored
whether the results of ORAL Shift would have
been different if other disease activity metrics,

Fig. 4 Difference between treatment groups in LS mean
DDAS28-4(ESR) from week 24 to week 48, stratified by
disease activity criterion met at week 24. Nominal p values
were calculated for tofacitinib plus placebo (PBO) versus
tofacitinib plus MTX, with no adjustment for multiplicity.
LS mean DDAS28-4(ESR) from week 24 to week 48 and
95% CIs for the difference between treatment groups were
calculated using a mixed model for repeated measures. D

change from baseline, CDAI Clinical Disease Activity
Index, CI confidence interval, DAS28-4(CRP) Disease
Activity Score in 28 joints, C-reactive protein, DAS28-
4(ESR) Disease Activity Score in 28 joints, erythrocyte
sedimentation rate, LDA low disease activity, LS least
squares, MTX methotrexate, PBO placebo, RAPID3
Routine Assessment of Patient Index Data 3, SDAI
Simplified Disease Activity Index
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including DAS28-4(ESR), DAS28-4(CRP), CDAI,
SDAI and RAPID3, had been utilised for both
the achievement and maintenance of LDA.
Regardless of the disease activity criterion met
at week 24, most patients achieved the corre-
sponding criterion at week 48 with or without
continued MTX treatment, with the exception
of DAS28-4(ESR) remission in patients receiving
tofacitinib monotherapy. This finding suggests
that the results of ORAL Shift would be valid if
any of the above metrics had been used. Con-
sistent with the trend reported in the primary
analysis [4], numerically more patients receiv-
ing tofacitinib plus MTX achieved each crite-
rion compared with those receiving tofacitinib
monotherapy at week 48.

It is important to note that there was a dif-
ference in the proportions of patients achieving
LDA and remission between different disease
activity metrics. The least stringent metrics were
RAPID3 and DAS28-4(CRP), and the most
stringent were DAS28-4(ESR), CDAI remission
and SDAI remission. To achieve the goal of
reducing disease activity to the lowest level
possible [15, 16], these results suggest that util-
ising the metrics of DAS28-4(ESR) or CDAI or
SDAI remission is preferable to utilising RAPID3
or DAS28-4(CRP), particularly when applying
the validated cut-offs for DAS28-4(ESR) to
DAS28-4(CRP) scores. Another study has also
shown that DAS28(CRP) ‘remission’ is less
stringent than SDAI/CDAI remission [17]. Fur-
thermore, variability between the disease activ-
ity metrics suggests that the same instrument
should be used over time.

Of the patients who achieved LDA at week 24
and week 48, the proportion achieving DAS28-
4(ESR) LDA was lower compared with the pro-
portion achieving DAS28-4(CRP) B 3.2, CDAI
LDA and SDAI LDA, consistent with a previous
analysis from the tofacitinib clinical trials
database [18]. Of note, it is known that DAS28-
4(CRP) overestimates disease control when
applying remission and LDA cut-off points that
were previously validated for DAS28-4(ESR) in
patients with RA, regardless of treatment [11].
Further analyses should explore the reason for
the variance between CDAI and DAS28-4(ESR).
Preliminarily, this may be due to the substantial
differences between DAS28-4(ESR) and CDAI,

such as not including an acute phase reactant
and the equal weighting of each of the four
components in the CDAI, in contrast to the
inclusion of an acute phase reactant and the
unequal weighting of the components in
DAS28-4(ESR) [19].

Notably, for patients with CDAI LDA but not
DAS28-4(ESR) LDA at week 24, approximately
30% achieved LDA by week 48, whether MTX
was discontinued or not. DAS28-4(ESR) remis-
sion was consistent with the proportion of
patients achieving CDAI and SDAI remission.

Among patients who did not meet disease
activity criterion at week 24, generally, a
minority met the criterion at week 48, irre-
spective of whether MTX had been withdrawn.
This analysis did not evaluate whether patients
had continual, but slower improvement, from
week 0 to week 24 (e.g. CDAI improved but
was B 10 at week 24). Therefore, these patients
most likely had further improvement from week
24 to week 48.

Differences between treatment groups in LS
mean DDAS28-4(ESR) from week 24 to week 48
favoured tofacitinib plus MTX, and were con-
sistent with the primary data from ORAL Shift
[4]. However, in patients who met each disease
activity criterion at week 24, differences in LS
mean DDAS28-4(ESR) between tofacitinib
monotherapy and tofacitinib plus MTX were
\0.6, which is less than the minimal clinically
important difference of 1.2 for DAS28-4(ESR)
[14].

A strength of this post hoc analysis was the
ability to assess alternative disease activity
metrics, expanding upon the published data
[4, 5]. The limitations of this analysis were the
post hoc nature, the small patient numbers in
some groups and that the inference for the
double-blind phase was, out of necessity, lim-
ited to the randomised cohort based on patients
achieving CDAI LDA, limiting data analysis and
interpretation to that randomised cohort.
Response rates for each treatment group would
have likely varied had patients been selected for
randomisation in the double-blind phase based
on any one of the metrics considered. However,
it is not clear for which metrics this would have
resulted in a clinically meaningful difference
between patients who continued on tofacitinib
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plus MTX versus those on tofacitinib
monotherapy.

CONCLUSIONS

This post hoc analysis of data from randomised
patients with active RA in ORAL Shift demon-
strated that, regardless of the metric used for the
disease activity state at randomisation, gener-
ally, most patients in both treatment groups
met the same disease control criteria at week 48.
We have further shown that disease state
response rates varied across metrics. A consis-
tent trend towards higher response rates with
tofacitinib plus MTX compared with tofacitinib
monotherapy was observed across metrics after
randomisation, with nominal differences in
DAS28-4(ESR) responses. Compared with con-
tinued combination therapy, withdrawal of
MTX did not, however, lead to a clinically
meaningful reduction in the response to
tofacitinib. Based on the current analysis with
tofacitinib in a randomised MTX withdrawal
context, DAS28-4(ESR), CDAI remission and
SDAI remission are the metrics most likely to
reflect actual disease activity, and are therefore
the preferred metrics to use, compared with
DAS28-4(CRP) [particularly when using the
DAS28-4(ESR) validated cut-offs] and RAPID3.
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