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ABSTRACT

Introduction: Tofacitinib is an oral Janus
kinase inhibitor for the treatment of rheuma-
toid arthritis (RA). To provide additional clinical
evidence in regulatory submissions for a modi-
fied-release (MR) once-daily (QD) tofacitinib

formulation, we compared real-world adher-
ence and effectiveness between patients initi-
ating the MR QD formulation and patients
initiating an immediate-release (IR) twice-daily
(BID) formulation.
Methods: Two noninterventional cohort stud-
ies were conducted. First, adherence and two
effectiveness proxies were compared between
patients with RA who newly initiated tofacitinib
MR 11 mg QD or IR 5 mg BID in the IBM�

MarketScan� Commercial and Medicare Sup-
plemental US insurance claims databases
(March 2016–October 2018). Second, using data
collected in the Corrona US RA Registry
(February 2016–August 2019), two Clinical Dis-
ease Activity Index (CDAI)-based measures of
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Hôpital Cochin, Assistance Publique-Hôpitaux de
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effectiveness were compared between tofaci-
tinib MR 11 mg QD and IR 5 mg BID, and
against noninferiority criteria derived from
placebo-controlled clinical trials of the tofaci-
tinib IR formulation. Multiple sensitivity anal-
yses of the registry data were conducted to
reassure regulators of consistent results across
different assumptions.
Results: In each study, approximately two-
thirds of patients initiated the MR formulation.
In the claims database study, improved adher-
ence and at least comparable effectiveness were
observed with tofacitinib MR vs IR over
12 months, particularly in patients without
prior advanced therapy. In the registry study,
the noninferiority of tofacitinib MR vs IR was
demonstrated for both CDAI outcomes at
*6 months; this finding was robust across
multiple sensitivity analyses.
Conclusion: These results demonstrate the
value of real-world evidence from complemen-
tary data sources in understanding the impact
of medication adherence with a QD formula-
tion in clinical practice. These analyses were
suitable for regulatory consideration as an
important component of evidence for the
comparability of tofacitinib MR 11 mg QD vs IR
5 mg BID in patients with RA.
Trial Registration: Claims database study:
ClinicalTrials.gov identifier NCT04018001, ret-
rospectively registered July 12, 2019. Corrona
US RA Registry study: ClinicalTrials.gov identi-
fier NCT04267380, retrospectively registered
February 12, 2020.

Keywords: Claims analysis; Clinical effective-
ness; Drug approval process; Registry; Rheuma-
toid arthritis; Rheumatology; Tofacitinib

Key Summary Points

Why carry out this study?

Evidence of effectiveness from real-world
data (RWD) analyses can complement
data from randomized clinical trials and
thereby further inform clinical decision-
making on once-daily (QD) vs twice-daily
(BID) formulations of medications.

What was learned from the study?

In US claims databases, tofacitinib
modified-release (MR) 11 mg QD
improved adherence and demonstrated at
least comparable estimated effectiveness
(per a claims-based algorithm and
duration of therapy proxy measures) vs
immediate-release (IR) 5 mg BID in
patients with rheumatoid arthritis (RA).

In the Corrona US RA Registry, the
effectiveness of tofacitinib MR 11 mg QD
was noninferior to that of tofacitinib IR
5 mg BID, assessed using two Clinical
Disease Activity Index (CDAI)-based
outcomes, augmenting previous
randomized clinical trial results.

Findings from these analyses of two
complementary RWD sources indicated
comparable outcomes with the tofacitinib
MR 11 mg QD and IR 5 mg BID
formulations in patients with RA.

DIGITAL FEATURES

This article is published with digital features to
facilitate understanding of the article. To view
digital features for this article go to https://doi.
org/10.6084/m9.figshare.12918956.

INTRODUCTION

Real-world evidence (RWE) has a well-established
role in meeting the pharmacovigilance require-
ments agreed with regulatory authorities. It is
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being increasingly leveraged to demonstrate treat-
ment effectiveness to support, and potentially
expedite, regulatory decisions, especially in set-
tings of single-arm trials, off-label use, and limited
safety data [1, 2]. Globally, regulatory agencies are
implementingprograms todrive theapplicationof
RWE [3–7]. In the US, the 21st Century Cures Act
[8] and Prescription Drug User Fee Act Reautho-
rization (PDUFA VI) commitments [9] require the
US Food andDrugAdministration to develop draft
guidance on incorporating RWE into the approval
process (expected late 2021), consistent with the
approach formedicaldevices [9,10]. In theabsence
of accepted standards for RWE in the evolving
regulatory environment, regulators may be reas-
sured by consistent conclusions from analyses
conducted across different data sources and under
a variety of assumptions.

Rheumatoid arthritis (RA) is an inflammatory
disease characterized by joint inflammation and
destruction [11]; given its chronic nature,
treatment adherence is often suboptimal [12].
Tofacitinib is an oral Janus kinase (JAK) inhibitor
for the treatment of RA. An immediate-release (IR)
5 mg formulation for twice-daily (BID) dosing was
approved in the US in November 2012, and in
Europe in March 2017 [13]. A modified-release
(MR) 11mg tofacitinib formulation for once-daily
(QD) dosing is approved in the US (termed ‘‘ex-
tended-release’’; February 2016) [14] and Europe
(termed ‘‘prolonged-release’’;December2019) [13].
Patient preference is a key aspect of shared deci-
sion-makingbetweenpatients andphysicians, and
patientpreferences forRAtreatmentsoften include
dosing frequency [15]. Incorporating patient pref-
erences, for example by granting the option of QD
or BID dosing, may lead to improved adherence
[16, 17] and thus better treatment outcomes.

Clinically meaningful improvements in RA
weredemonstratedwith tofacitinibMR11 mgQD
ina globalphase 3b/4 randomizedcontrolled trial
(RCT) [18] and a Japanese phase 3 double-blind
RCT [19]. The latter is the only double-blind RCT
that assessed noninferiority of tofacitinib MR
11 mgQD vs IR 5 mg BID. Noninferiority was not
demonstrated per change from baseline (D) in
Disease Activity Score in 28 joints, C-reactive
protein (DAS28-4[CRP]) atweek 12 [19].However,
this analysis used a narrower noninferiority mar-
gin than would commonly be used, as a result of

Japanese Pharmaceutical and Medical Devices
Agency requests [19]. Furthermore, the real-world
benefitof theMRQDadministration isunlikely to
be measured in a traditional RCT with mandated
compliance and double-dummy trial design,
which required that the patients assigned to the
MR treatment took a pill BID, thus obscuring the
potential convenience and adherence benefits of
QD vs BID regimens [16, 20], which could
improve effectiveness.

To support regulatory submissions, we aimed
to generate RWE to supplement the limited RCT
evidence comparing the efficacy of tofacitinib
formulations, and to understand whether real-
world medication adherence differed between
patients receiving the formulations in clinical
practice. UsingUS insurance claims databases, we
compared adherence and two effectiveness prox-
ies in patients with RA initiating either formula-
tion. Because clinical outcome assessments are
not collected in claims databases, the primary
effectiveness comparison was determined using
the longitudinal Corrona US RA Registry to con-
duct propensity score (PS)-matched analyses
comparing two Clinical Disease Activity Index
(CDAI)-based measures of effectiveness between
initiators of tofacitinib 11 mg QD and 5 mg BID.
The Corrona US RA Registry collects high-quality
clinical data for the purposes of effectiveness
research including validated disease activity end-
points [21].Giventhe intendeduseof theanalyses
for regulatory consideration, multiple sensitivity
analyses were conducted to evaluate whether
analytic choices or assumptions modified the
conclusionsof theprimaryanalysisofCDAI-based
effectiveness in the Corrona US RA Registry.

METHODS

Comparative Analysis of Treatment
Adherence and Effectiveness Using US
Claims Data (ClinicalTrials.gov Identifier
NCT04018001)

Study Design
This was a retrospective, noninterventional
cohort analysis of patients C 18 years of age
with RA (International Classification of Diseases
[ICD]9: 714.xx; ICD10: M05.x or M06.x), newly
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initiating tofacitinib MR 11 mg QD or IR 5 mg
BID between March 1, 2016 (following US
approval of the MR formulation on February 24,
2016) and October 31, 2018, in the IBM� Mar-
ketScan� Commercial and Medicare Supple-
mental US insurance claims databases (Table 1).
Patients were continuously enrolled for
C 12 months before and C 12 months after
index claim (first tofacitinib use during study
period), with C 1 prior claim for the conven-
tional synthetic disease-modifying antirheu-
matic drug (csDMARD) methotrexate (MTX).

Patients were excluded if they had: claims
during the 12-month pre-index period for other
conditions for which advanced therapies (bio-
logic DMARDs [bDMARDs] or JAK inhibitors
other than tofacitinib) are used; evidence of
index medication use during the 12-month pre-
index period; or prescription claims for [ 1
advanced therapy or both tofacitinib MR and IR
formulations at index.

Compliance with Ethics Guidelines
Institutional Review Board (IRB) review was not
required as the study used commercially avail-
able deidentified secondary data sources and
was considered exempt from the requirements
for ‘‘human subjects research’’ in the US. As the
study did not involve data subject to privacy
laws according to applicable legal requirements,
obtaining informed consent from patients was
not required. Patient consent for publication
was not required. The study was conducted in
accordance with legal and regulatory
requirements.

Treatment Adherence
The primary focus of this study was treatment
adherence, which was evaluated for the 6- and
12-month post-index periods using proportion
of days covered (PDC) and medication posses-
sion ratio (MPR). PDC was the number of days
covered by arrays for each tofacitinib prescrip-
tion fill, adjusted for a\15-day overlap in days’
supply (numerator) during the 6- or 12-month
post-index period (denominator). MPR was the
total tofacitinib days’ supply filled, divided by
the number of days between first and last
tofacitinib prescription in the 6- or 12-month

post-index period. MPR was capped at 1.0.
A PDC/MPR C 0.8 represented high adherence.

Treatment Effectiveness Proxies
Patients were considered effectively treated if
they met all six criteria in a validated claims-
based algorithm [22] during the 12-month post-
index period: adherence (PDC C 0.8); no index
medication dose escalation; no advanced ther-
apy switch; no new csDMARD; no new/in-
creased oral glucocorticoid dose; and\ 2 days’
intra-articular glucocorticoid injections.

Duration of therapy, which has been pro-
posed as a measure of real-world effectiveness
[23], was assessed over the 6- and 12-month
post-index periods. The 12-month evaluation
was the primary focus, in line with the claims-
based algorithm and continuous enrollment
requirement. Duration of therapy was defined
as the number of days between tofacitinib ini-
tiation and the first of the following: date of last
tofacitinib prescription followed by a 60-day
gap after days’ supply expiration without evi-
dence of another advanced therapy; day before
receipt of another advanced therapy; or end of
follow-up period. Persistence (i.e., no gap in
tofacitinib refills or advanced therapy switch)
was also evaluated over the 6- and 12-month
post-index periods.

Statistical Analyses
Data are presented overall and for patients with
no prior advanced therapies (bDMARD, tofaci-
tinib, or baricitinib) any time pre-index (cen-
sored at January 1, 2013 based on licensed data
availability). Simple t tests (continuous vari-
ables) and chi-squared tests (categorical vari-
ables) were used to examine differences between
tofacitinib MR 11 mg QD and IR 5 mg BID;
p values\ 0.05 were considered significant.

To control for possible confounders, adjusted
analyses used Cox (duration of therapy) and
logistic regression (adherence, algorithm-based
effectiveness and its criteria, and persistence)
models (see the supplementary material) [24].
The 95% confidence intervals (CIs) and p values
(significant at \ 0.05) were calculated for
adjusted odds ratios (adjORs) and hazard ratios
(adjHRs).
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Noninferiority Analysis Using US Registry
Data (ClinicalTrials.gov Identifier
NCT04267380)

Study Design
This was a noninterventional cohort analysis of
patients C 18 years of age initiating tofacitinib
MR 11 mg QD or IR 5 mg BID (‘‘initiators’’)
between February 1, 2016 and September 30,
2018 in the Corrona US RA Registry [21].

The initiation formulation was defined as the
formulation on which the patient first initiated
tofacitinib treatment; patients were not exclu-
ded from the analysis for switching formula-
tions during the analysis period.

For the primary analysis, the data cut was
September 30, 2018, and initiators were
required to have a follow-up visit at 6
(± 3) months post-tofacitinib initiation, and
valid CDAI scores at initiation and each follow-
up visit (Table 1).

Post hoc sensitivity analyses (Table 1) were
conducted to determine whether results of the
primary analysis were robust to different ana-
lytic approaches, including different follow-up
eligibility criteria (± 3 months, ± 6 months,
and no requirement), and use of a later data cut
(August 31, 2019).

A separate exploratory analysis (data cut
September 30, 2018) considered changes in
disease activity among patients who initiated
tofacitinib IR 5 mg BID during or after Novem-
ber 2012 and switched to MR 11 mg QD
(‘‘switchers’’) between February 2016 (approval
of new formulation) and September 2018.

Compliance with Ethics Guidelines
All participating investigators in the Corrona US
RA Registry were required to obtain IRB
approval. All patients were required to provide
written informed consent prior to participating
in the study. Patient consent for publication
was not required. The Corrona registry study
was conducted in accordance with the Helsinki
Declaration.

Outcomes
Two endpoints were considered: achievement
of minimum clinically important difference

(MCID) in CDAI from initiation to the 6-month
visit (primary, dichotomous endpoint; see the
supplementary material) and DCDAI (sec-
ondary, continuous endpoint). MCID was
dependent on baseline (at initiation) disease
activity: improvement of C 2 in CDAI if low
CDAI (B 10) [25]; improvement of C 6 in CDAI
if moderate CDAI ([ 10 to B 22) [26]; and
improvement of C 11 in CDAI if high CDAI
([22) [26].

Noninferiority margins of tofacitinib MR
11 mg QD vs IR 5 mg BID were determined for
CDAI outcomes, based on the lower value of the
CI boundary for the difference between tofaci-
tinib IR and placebo observed in the tofacitinib
clinical program (see the supplementary mate-
rial). Margins were evaluated for unmatched
and PS-matched populations, to evaluate the
sensitivity of noninferiority conclusions to the
analytic approach (see the supplementary
material).

The noninferiority margin for the dichoto-
mous endpoint was 0.59 (see the supplementary
material); noninferiority was declared if the
95% CI lower bound of the odds ratio (OR;
tofacitinib MR 11 mg QD/tofacitinib IR 5 mg
BID) was[0.59. For the continuous endpoint,
the noninferiority margin was 4.04 (see the
supplementary material; noninferiority was
declared if the 95% CI upper bound for treat-
ment difference [tofacitinib MR 11mg QD - to-
facitinib IR 5 mg BID] was\4.04).

Statistical Analyses
Patient demographics and baseline disease
characteristics were summarized descriptively,
with standardized differences calculated. An
imbalance in baseline characteristics between
groups, defined as the absolute value of the
standardized difference[0.2, was identified for
the following characteristics in the primary
analysis, which were included as covariates in a
PS model to derive PS-matched populations:
prior tumor necrosis factor inhibitor (TNFi) use
(0, 1, 2?); prior non-TNFi use (0, 1, 2?); current
concomitant therapy (monotherapy, with
MTX, with other csDMARD, with MTX plus
other csDMARD); and line of therapy (1st, 2nd,
3rd, 4th). Imbalanced baseline characteristics
not included in the model (and the rationale)
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were: prior bDMARD use (as it was a linear
combination of prior TNFi and non-TNFi use);
prednisone dose (only measured for a subset of
patients using prednisone); and DAS28-4 (CRP)
(not routinely collected, and missing in a large
proportion of the population). Patients were
matched 1:1 based on the PS model using a
matching algorithm and a caliper of 0.01, to
ensure the MR 11 mg QD and IR 5 mg BID
groups were generally balanced.

The primary, dichotomous endpoint was
compared between PS-matched groups using a
chi-squared test of the difference in proportions
of patients achieving MCID in CDAI between
the MR 11 mg QD and IR 5 mg BID initiators.
The primary endpoint was also compared using
adjusted multivariable logistic regression mod-
els (ORs and 95% CIs calculated). This model
was adjusted for age, gender, duration of RA,
baseline CDAI (selected a priori as key potential
confounders), and baseline swollen joint count
(included due to residual imbalance between
groups post-matching). For the dichotomous
endpoint, patients who discontinued tofaci-
tinib or switched to another therapy were con-
sidered as nonresponders. This was considered a
conservative approach, as reasons for discon-
tinuation may be due to adverse events (AEs) or
otherwise unrelated to patient responses to

treatment. Patients who switched to another
therapy during the 6 months of follow-up were
considered for the continuous outcomes at the
time of discontinuation. Based on the sample
size of the PS-matched population (N = 298;
N = 149 per group) in the primary analysis, a
difference of C 16 percentage points between
groups in the proportion of patients achieving
an MCID improvement in CDAI was expected
to be detected, with 80% power for the primary
outcome.

The secondary continuous endpoint was
compared between PS-matched groups using a
linear regression model adjusted for the baseline
value of the outcome, age, gender, duration of
RA, baseline CDAI, and baseline swollen joint
count.

The PS-matching procedure was reassessed in
sensitivity analyses 1 and 2, so that imbalanced
characteristics (absolute value of the standard-
ized difference[0.2) in each sensitivity analysis
were included as covariates to derive PS-mat-
ched populations. The primary dichotomous
endpoint and secondary continuous endpoint
were compared between PS-matched popula-
tions, as per the primary analysis. The multi-
variable logistic regression model, used to
compare the primary endpoint, and the linear
regression model, used to compare the

Table 1 US registry: overview of primary analysis and post hoc sensitivity analyses in patients with RA initiating tofacitinib
MR 11 mg QD or IR 5 mg BID

Primary analysis Post hoc analyses

Sensitivity
analysis 1

Sensitivity
analysis 2

Sensitivity
analysis 3

Data cuta September 30, 2018 August 31, 2019 August 31, 2019 August 31, 2019

Requirement of

valid CDAI

scores

At tofacitinib

initiation and

6 (± 3) months

post-tofacitinib

initiation

At tofacitinib

initiation and

6 (± 3) months

post-tofacitinib

initiation

At tofacitinib

initiation and

6 (± 6) months

post-tofacitinib

initiation

At initiation; no requirement post-

tofacitinib initiation; all

tofacitinib initiators included;

data imputed as 0 for DCDAI

and nonresponder for CDAI

MCID

Data from the Corrona US RA Registry
BID twice daily, CDAI Clinical Disease Activity Index, IR immediate-release, MCID minimum clinically important
difference, MR modified-release, QD once daily, RA rheumatoid arthritis, D change from baseline
a Data were included for patients initiating tofacitinib between February 1, 2016 and September 30, 2018, with follow-up
to the data cut specified above
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Fig. 1 US claims databases: cohort selection. BID twice daily, IR immediate-release, MR modified-release,
MTX methotrexate, N number of patients, QD once daily, RA rheumatoid arthritis
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Table 2 US claims databases: demographics and baseline characteristics in patients with RA receiving tofacitinib
MR 11 mg QD or IR 5 mg BID

Overall (N = 1057) No prior advanced therapya (N = 235)

MR 11 mg QD IR 5 mg BID p value MR 11 mg QD IR 5 mg BID p value

Patients, n (%) 678 (64.14) 379 (35.86) NA 142 (60.43) 93 (39.57) 0.18

Age (years), mean (SD) 54.35 (10.20) 53.97 (10.91) 0.57 55.75 (9.92) 56.27 (12.03) 0.73

Female, n (%) 556 (82.01) 311 (82.06) 0.98 113 (79.58) 77 (82.80) 0.54

Insurance type, n (%) 0.45 0.09

Commercial 596 (87.91) 327 (86.28) 122 (85.92) 72 (77.42)

Medicare Supplemental 82 (12.09) 52 (13.72) 20 (14.08) 21 (22.58)

Disease duration (days), mean (SD) 950.75 (464.78) 911.95 (412.94) 0.16 726.56 (503.99) 799.39 (462.12) 0.26

Quan–Charlson Comorbidity Index

Scoreb [27, 28], mean (SD)

1.78 (1.17) 1.84 (1.36) 0.50 1.70 (0.97) 1.82 (1.14) 0.42

Claims-Based Index for RA severityb [29],

mean (SD)

4.76 (1.35) 4.83 (1.35) 0.44 5.02 (1.51) 4.84 (1.59) 0.36

Rheumatologist visitsb, mean (SD) 5.40 (3.45) 5.51 (4.07) 0.68 5.23 (4.34) 4.80 (3.58) 0.49

csDMARD useb, n (%) 600 (88.50) 341 (89.97) 0.46 135 (95.07) 87 (93.55) 0.62

Advanced therapy useb, n (%) 0.02 NA

0 202 (29.79)c 142 (37.47)c 142 (100.00) 93 (100.00)

1 325 (47.94) 145 (38.26) 0 0

2 135 (19.91) 81 (21.37) 0 0

3? 16 (2.36) 11 (2.90) 0 0

Prior bDMARD used, n (%) 535 (78.91) 283 (74.67) 0.11 0 0

Prior JAK inhibitor used,e, n (%) 19 (2.80) 13 (3.43) 0.57 0 0

Data from the IBM� MarketScan� Commercial and Medicare Supplemental insurance US claims databases

bDMARD biologic disease-modifying antirheumatic drug, BID twice daily, csDMARD conventional synthetic disease-modifying anti-

rheumatic drug, IR immediate-release, JAK Janus kinase, MR modified-release, N number of eligible patients, n number of patients

meeting criteria, NA not applicable, QD once daily, RA rheumatoid arthritis, SD standard deviation
a No bDMARDs, tofacitinib, or baricitinib
b During the 12-month pre-index period
c Patients who may have received advanced therapy pre-index, but who had received no advanced therapy in the 12-month pre-index

period; 142 and 93 patients receiving tofacitinib MR 11 mg QD and IR 5 mg BID, respectively, had not received any advanced therapy

any time pre-index
d During the variable-length pre-index period
e No patients received baricitinib any time pre-index. Thirty-two patients received tofacitinib pre-index, but not within the 12-month

pre-index period (per cohort selection criteria)
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Fig. 2 US claims databases: unadjusted proportion of
patients and adjORs of patients who were highly adher-
ent with tofacitinib treatment through 6 and 12 months:
a, b PDCa C 0.80; c, dMPRb C 0.80. Data from the IBM�

MarketScan� Commercial and Medicare Supplemental US
insurance claims databases. adjOR adjusted odds ratio,
bDMARD biologic disease-modifying antirheumatic drug,
BID twice daily,CI confidence interval, IR immediate-release,
MPR medication possession ratio, MR modified-release,
N number of patients, OR odds ratio, PDC proportion of
days covered, QD once daily, RA rheumatoid arthritis.
*p\ 0.05; **p\ 0.01; ***p\ 0.001 tofacitinib MR 11 mg
QD vs IR 5 mg BID. aPDC was defined as number of days
covered by arrays for each tofacitinib prescription fill, adjusted
for a\15-day overlap in days’ supply (numerator), during the

6- or 12-month post-index period (denominator). bMPR was
defined as total tofacitinib days’ supply filled, divided by the
number of days between first and last tofacitinib prescription
in the 6- or 12-month post-index period. MPR was capped at
1.0. cNo bDMARDs, tofacitinib, or baricitinib. dAdjusted
analyses were performed using logistic regression models,
which included indexmedication (tofacitinibMR11 mgQD
or IR 5 mg BID), type of therapy (combination or
monotherapy), insurance type, region, age, sex, index year,
use of nonsteroidal anti-inflammatory drugs in the 12-month
pre-index period (yes/no), and number of prior advanced
therapies any time pre-index as covariates. Initially, the
models included an interaction term of index medication by
type of therapy; if the p value was[0.20, it was removed and
the simpler model was fitted instead
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Fig. 3 US claims databases: unadjusted proportion of
patients and adjORs of patients meeting effectiveness
(proxy) criteriaa: a, b overall; c, d no prior advanced
therapy. Data from the IBM� MarketScan� Commercial
and Medicare Supplemental insurance US claims data-
bases. adjOR adjusted odds ratio, bDMARD biologic
disease-modifying antirheumatic drug, BID twice daily,
CI confidence interval, csDMARD conventional synthetic
disease-modifying antirheumatic drug, IR immediate-re-
lease, MR modified-release, N number of patients, NE not
estimable, OR odds ratio, PDC proportion of days covered,
QD once daily. *p\ 0.05; **p\ 0.01; ***p\ 0.001
tofacitinib MR 11 mg QD vs IR 5 mg BID. aAn
algorithm-based proxy measure of effectiveness during
the 12-month post-index period was based on the six
criteria shown in a, c; patients meeting all criteria were
considered effectively treated [22]. bORs were NE for ‘‘No

dose escalation’’, owing to rates at or close to 100%.
cB 30 days of oral glucocorticoid between months 3 and
12 post-index in patients with no glucocorticoid prescrip-
tions for 6 months pre-index. dNo increase in oral
glucocorticoid dose C 20% during months 6–12 post-
index (for those with 6 months of pre-index glucocorticoid
use). eAdjusted analyses were performed using logistic
models, which included index medication (tofacitinib MR
11 mg QD or IR 5 mg BID), type of therapy (combination
or monotherapy), insurance type, region, age, sex, index
year, use of nonsteroidal anti-inflammatory drugs in the
12-month pre-index period (yes/no), and number of prior
advanced therapies any time pre-index as covariates.
Initially, the models included an interaction term of index
medication by type of therapy; if the p value was[0.20, it
was removed and the simpler model was fitted instead. fNo
bDMARDs, tofacitinib, or baricitinib
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Fig. 4 US claims databases: a mean duration of tofacitinib
treatmenta over 6 and 12 months (unadjusted); b risk for
tofacitinib discontinuation over 6 and 12 months (adjustedb);
c proportion of patients who were persistentc with tofacitinib
treatment through 6 and 12 months (unadjusted); d ORs of
persistent tofacitinib treatment through 6 and 12 months
(adjustedb). Data from the IBM�MarketScan�Commercial
and Medicare Supplemental US insurance claims databases.
bDMARD biologic disease-modifying antirheumatic drug,
BID twice daily, CI confidence interval, HR hazard ratio, IR
immediate-release, MR modified-release, N number of
patients, OR odds ratio, QD once daily, SD standard
deviation. *p\ 0.05; **p\ 0.01 tofacitinib MR 11 mg QD
vs IR 5 mg BID. aDuration of therapy was defined as the
number of days between tofacitinib initiation and the first of
the following: date of last tofacitinib prescription followed by
a 60-day gap after days’ supply expiration without evidence of

another advanced therapy; day before receipt of another
advanced therapy; or end of follow-up period. bAdjusted
analyses were performed using Cox (duration of therapy) and
logistic regression (persistence) models, which included index
medication (tofacitinibMR11 mgQDor IR 5 mgBID), type
of therapy (combination or monotherapy), insurance type,
region, age, sex, index year, use of nonsteroidal anti-inflam-
matory drugs in the 12-month pre-index period (yes/no), and
number of prior advanced therapies any time pre-index as
covariates. Initially, the models included an interaction term
of index medication by type of therapy; if the p value was[
0.20, it was removed and the simpler model was fitted instead.
cDefined as the continuation of index medication without a
C 60-day gap after prior prescription days’ supply had run out
or advanced therapy (bDMARD or baricitinib) switch, and
associated duration of therapy. dNo bDMARDs, tofacitinib,
or baricitinib

236 Adv Ther (2021) 38:226–248



secondary endpoint, were adjusted for age,
gender, duration of RA, and baseline CDAI.

Additionally, the primary dichotomous
endpoint and the secondary continuous end-
point were compared in unmatched popula-
tions in the primary analysis and in sensitivity
analyses 1–3.

Exploratory Analysis
In the exploratory analysis of patients who
switched from tofacitinib IR 5 mg BID to MR
11 mg QD, effectiveness of tofacitinib MR
11 mg QD was assessed by comparing endpoint
measures at the time of switch vs 6 (± 3)
months post-switch. Mean change in CDAI
from the time of the switch to 6 months post-
switch was assessed as a continuous outcome,
and the proportions of patients at 6 months
post-switch with CDAI worsening, improving,
or remaining steady were assessed as binary
outcomes.

RESULTS

Comparative Analysis of Treatment
Adherence and Effectiveness Using US
Claims Data

Patients
In the US claims analysis, 1057 tofacitinib ini-
tiators met inclusion criteria; 678 (64.1%) and
379 (35.9%) initiated MR 11 mg QD and IR
5 mg BID, respectively (Fig. 1). Demographics,
clinical characteristics, and total healthcare
expenditures during the 12-month pre-index
period were generally similar between groups
(Table 2). A greater proportion of tofacitinib MR
11 mg QD vs IR 5 mg BID initiators received C 1
advanced therapy during the 12-month pre-in-
dex period.

Overall, 235 (22.2%) patients received no
prior advanced therapies any time pre-index;
142 (60.4%) and 93 (39.6%) initiated tofacitinib
MR 11 mg QD and IR 5 mg BID, respectively
(p = 0.18) (Table 2). Approximately 89% of
patients received a csDMARD during the
12-month pre-index period. Similar proportions
of tofacitinib MR 11 mg QD and IR 5 mg BID
initiators received a csDMARD (i.e.,

combination therapy) within 90 days post-in-
dex (54.6% and 56.5%, respectively; p = 0.55).

Treatment Adherence
Through 12 months, 48.2% and 37.7% of
tofacitinib MR 11 mg QD and IR 5 mg BID ini-
tiators, respectively, were highly adherent per
the PDC C 0.8 definition (p = 0.001; Fig. 2a),
with an adjOR of 1.52 (p = 0.003; Fig. 2b). Per
the MPR C 0.8 definition, 80.1% and 69.9% of
tofacitinib MR 11 mg QD and IR 5 mg BID ini-
tiators, respectively, were highly adherent
(p = 0.0002; Fig. 2c), with an adjOR of 1.79
(p = 0.0002; Fig. 2d). Differences between
tofacitinib formulations were greater in patients
without prior advanced therapy vs overall
(Fig. 2).

Through 6 months, adjORs for PDC C 0.8
and MPR C 0.8 were 1.11 (p = 0.45) and 1.41
(p = 0.04) overall; and 1.83 (p = 0.04) and 1.81
(p = 0.10) in those without prior advanced
therapy (Fig. 2b, d).

Treatment Effectiveness Proxy: Algorithm-
Based
In unadjusted analyses (Fig. 3a, c), significantly
higher proportions of tofacitinib MR 11 mg QD
vs IR 5 mg BID initiators were effectively treated
through 12 months per the claims-based algo-
rithm (p = 0.01 overall; p = 0.007 without prior
advanced therapy). The adjORs were 1.41
(p = 0.02) and 1.99 (p = 0.04) overall and in
patients without prior advanced therapy,
respectively (Fig. 3b, d). Differences were driven
by significant differences in adherence, which
were more pronounced in those without prior
advanced therapy (Fig. 3).

Treatment Effectiveness Proxy: Duration
of Therapy
Over 12 months, mean duration of therapy was
243.4 and 235.7 days for tofacitinib MR 11 mg
QD and IR 5 mg BID, respectively (p = 0.36;
Fig. 4a). The adjHRs for tofacitinib discontinu-
ation were 0.90 (p = 0.26) overall and 0.64
(p = 0.03) in those without prior advanced
therapy (Fig. 4b). Persistence was 51.6% and
45.7% with tofacitinib MR 11 mg QD and IR
5 mg BID, respectively (p = 0.06; Fig. 4c), with
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adjORs of 1.23 (p = 0.13) overall and 2.04
(p = 0.02) in those without prior advanced
therapy (Fig. 4d).

Similarly, differences over 6 months were
not significant in unadjusted or adjusted anal-
yses overall, nor in adjusted analyses for
patients without prior advanced therapy.

Comparative Effectiveness Analysis Using
US Registry Data

Patients
Of the 2100 patients who initiated tofacitinib
within the Corrona US RA Registry up to
September 2018, 1008 did so during or after
February 2016 (MR 11 mg QD, N = 611; IR 5 mg
BID, N = 258; other or missing dose, N = 139).
Of these, 450 patients (MR 11 mg QD, N = 297;
IR 5 mg BID, N = 153) had a 6-month follow-up
visit and available CDAI data at both initiation
and follow-up, and were therefore included in
the primary analysis (Fig. 5).

The sample sizes for the sensitivity analyses
are also shown in Fig. 5. Patient characteristics

were generally similar between tofacitinib MR
11 mg QD and IR 5 mg BID initiators, in PS-
matched populations in the primary analysis
and in sensitivity analyses 1 and 2 (Table 3).

Outcomes
In the PS-matched primary analysis, the pro-
portion of patients with CDAI improve-
ments C MCID (primary outcome) was similar
between MR 11 mg QD and IR 5 mg BID initia-
tors without adjustment (25.5 vs 22.1%,
respectively; p = 0.73) or with adjustment for
covariates (OR 1.42; 95% CI 0.79, 2.53; adjusted
p = 0.24). The 95% CI lower bounds for the OR
were [ 0.59 (0.79 [PS-matched population;
Table 4] and 0.73 [unmatched population; see
Table S1 in the supplementary material]),
demonstrating noninferiority of tofacitinib MR
11 mg QD vs IR 5 mg BID.

Noninferiority of the MR vs IR formulation
was also demonstrated for DCDAI, as 95% CI
upper bounds were \ 4.04 (1.43 [PS-matched
population; Table 4] and 1.05 [unmatched

Fig. 5 US registry: patients included in the primary analysis
and post hoc sensitivity analyses. Percentages are with respect
to all tofacitinib initiators (i.e., patients included in sensitivity
analysis 3). BID twice daily, CDAI Clinical Disease Activity

Index, IR immediate-release,MR modified-release, N number
of patients, PS propensity score, QD once daily,
RA rheumatoid arthritis
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population; see Table S1 in the supplementary
material]).

Across the sensitivity analyses using the later
data cut and different follow-up eligibility cri-
teria, results were consistent with those in the
primary analysis, with noninferiority criteria
met when comparing tofacitinib MR 11 mg QD
vs IR 5 mg BID for both dichotomous and con-
tinuous CDAI endpoints in PS-matched popu-
lations (Table 4) and unmatched populations
(see Table S1 in the supplementary material).

Exploratory Analysis
Of 152 patients in the primary analysis who
switched from tofacitinib IR 5 mg BID to MR
11 mg QD during their course of therapy
between February 2016 and September 2018, 99
(65.1%) had a 6-month follow-up visit post-
switch where effectiveness data (CDAI) could be
obtained, and were included in the exploratory
analysis. None of these patients had switched
back to tofacitinib IR 5 mg BID before the
6-month follow-up visit. At 6 months post-
switch, most patients had steady (64.6%) or
improving (22.1%) CDAI scores (see Table S2 in
the supplementary material).

Only 10 of the 297 tofacitinib MR 11 mg QD
initiators included in the primary analysis
switched to IR 5 mg BID by their 6-month visit,
too few for separate analyses.

DISCUSSION

RCT data comparing the tofacitinib MR and IR
formulations are limited to a single Japanese
RCT with a double-dummy trial design and, as
such, patients randomized to receive tofacitinib
MR 11 mg took two pills each day (one tofaci-
tinib pill and one placebo pill); therefore, these
data are limited with respect to understanding
the potential convenience benefit of QD dosing
[19]. As such, RWE of effectiveness may com-
plement RCT findings in the totality of evidence
concerning a potential improved adherence
benefit related to administration burden and
patient preference for a certain dosing regimen
[15, 16, 20]. In real-world usage, where adher-
ence benefit is not obscured by blinding/dosing
regimen forced upon patients by randomization

or close monitoring of patients in a highly
selected RCT population, we demonstrated an
adherence benefit, as well as clinical noninferi-
ority in a high-quality data source across mul-
tiple sensitivity analyses, for tofacitinib MR
11 mg QD relative to IR 5 mg BID.

In the US insurance claims databases, the
primary focus was on 12-month outcomes fol-
lowing initiation of tofacitinib MR 11 mg QD vs
IR 5 mg BID. Adherence based on PDC/MPR
C 0.8 and effectiveness based on a claims-based
algorithm [22] were improved with the MR vs IR
formulation. Overall, duration of therapy, risk
for discontinuation, and odds of persistence
were not significantly different between for-
mulations, although directionality favored MR
11 mg QD. The observed uptake of and
increased adherence to the MR formulation
may reflect ease of administration alongside
physician/patient preference for QD formula-
tions, especially in patients transitioning to
their first advanced therapy. The improved
adherence and persistence were most pro-
nounced among patients without prior
advanced therapy. In all outcomes at
12 months, differences favoring tofacitinib MR
11 mg QD were found in patients without prior
advanced therapy. This is particularly relevant
as JAK inhibitors are recommended by the
European League Against Rheumatism follow-
ing csDMARD failure [30], and prior research
has indicated lower adherence and persistence
with bDMARDs in patients with RA without
prior bDMARD experience [31].

Given that effectiveness endpoints are not
directly reported in claims data, the primary
evidence of effectiveness was derived from the
Corrona US RA Registry. Noninferiority criteria
were established using margins derived from
the tofacitinib clinical program. In the primary
analysis, noninferiority criteria were met for
dichotomous and continuous CDAI endpoints
with tofacitinib MR 11 mg QD vs IR 5 mg BID.
These results at 6-month follow-up in the reg-
istry are complemented by the persistence and
adherence findings over 6 months in the US
insurance claims databases; the effectiveness
algorithm was not evaluated at 6 months, con-
sistent with its validation and prior publications
[22, 32]. However, it is also interesting to note
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that proportions of patients meeting criteria for
effectiveness, and related ORs, were similar in
the analysis of the six-item claims-based algo-
rithm and in the registry analysis of MCID
improvement in CDAI.

Furthermore, the conclusions of the Corrona
noninferiority analyses were consistent across
multiple sensitivity analyses. Using an updated
data cut (August 31, 2019) improved the bal-
ance between the proportions of patients initi-
ating the tofacitinib formulations with eligible
6-month data. In the primary analysis (data cut
September 30, 2018), the proportions of eligible
tofacitinib initiators were 48.6% (MR 11 mg
QD) and 59.3% (IR 5 mg BID). With the later
data cut used for the sensitivity analyses, pro-
portions were 65.0% (MR 11 mg QD) and 65.9%
(IR 5 mg BID). In an observational setting such
as the Corrona US RA Registry, follow-up dif-
ferences between groups could potentially be
attributable to differential efficacy. However,
these sensitivity analyses provide further assur-
ance that findings relating to the noninferiority
of tofacitinib MR 11 mg QD are not owing to
bias resulting from nonrandom assignment or
differential loss to follow-up.

Compared with an RCT, the non-interven-
tional aspect of the Corrona analyses is poten-
tially sensitive to important biases [33],
overcome by the high quality of the Corrona US
RA Registry, study design, and analytic meth-
ods. Confounding bias was addressed by PS-
matching. Prevalent user bias was avoided by
inclusion of only new users of tofacitinib.
Incomplete follow-up bias was avoided by
requiring a 6-month follow-up period for the
primary analysis and using a 6-month change in
CDAI, which is also reasonable from a real-
world perspective in terms of timepoints for
visits and being per usual clinical care guide-
lines. Channeling bias, whereby physicians
direct a certain therapy to a certain patient type,
was avoided in part by PS-matching. However,
such bias was primarily avoided due to both
treatment arms (11 mg QD and 5 mg BID) being
prescribed the same medicine with equivalent
labeling in the US market, allowing prescribers
and patients to choose the preferred formula-
tion. Reporting bias was avoided by employing
the same data collection instrument and

protocol for both contemporaneous cohorts.
Attrition bias was demonstrated not to have
occurred, as the proportion of patients with
6-month follow-up was 65% of patients pre-
scribed 11 mg QD and 66% of patients pre-
scribed 5 mg BID in sensitivity analysis 1.

On average, patients in the Corrona US RA
Registry were older than patients in the claims
databases. Furthermore, both of these popula-
tions were generally older than patients in the
tofacitinib clinical program for RA [34], from
which the noninferiority margins were derived.
It should be noted that age may affect treatment
outcomes [35], and this should be considered
when applying noninferiority margins derived
from clinical data to real-world data (RWD). In
the general population [36] and in patients with
RA [35, 37], the presence of comorbidities
increases with increasing age. In clinical trials of
advanced therapies in patients with RA, older
patients (C 65 years of age) have been shown to
have a numerically higher risk of serious AEs
[35, 38] and discontinuations due to AEs [35]
compared with younger patients (\65 years of
age), thus adherence and persistence may be
affected by patient age. However, older and
younger patients experienced similar efficacy in
terms of American College of Rheumatology
20/50 response rates and proportions achieving
a Health Assessment Questionnaire-Disability
Index improvement from baseline C 0.22 (CDAI
was not assessed in the analysis) [35].

For the analysis of US insurance claims
databases, common limitations of claims data
must be noted. Claims data collection is linked
to payment processing; not all services provided
may be billed and captured, and a prescription
claim does not necessarily indicate that the
patient took the medication. Furthermore, the
diagnosis of RA and other autoimmune condi-
tions may be potentially miscoded. Addition-
ally, patients treated with an advanced therapy
in the pre-index period were considered as prior
users; however, patients with no bDMARD or
JAK inhibitor treatment in this period may have
been off therapy. Moreover, effectiveness was
measured using a validated algorithm [22],
which was restricted to commercially available
bDMARDs at the time of development. The
algorithm includes a ‘‘no dose escalation’’
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criterion; results may be subject to bias, given
that in the US there is only one approved
tofacitinib dose for RA (i.e., MR 11 mg QD or IR
5 mg BID). Additionally, findings were gener-
ated in a commercially insured population and
may not be representative of patients with other
insurance types or no insurance. Finally, while
adjusted analyses were conducted, differences
in unobserved confounders may result in bias.

In contrast to claims analyses, the Corrona
US RA Registry data are intended for effective-
ness research due to the direct capture of disease
activity effectiveness endpoints and treatment
regimens. Unlike many RWD sources, Corrona
data are collected explicitly for researching
comparative safety and effectiveness, an attri-
bute shared with RCT data and a key consider-
ation when evaluating the validity of RWE [21].
The Corrona US RA Registry is the largest real-
world, prospective-cohort study of patients with
RA globally [39], and its patients have been
shown to have good representativeness of the
Medicare population [40]. However, as with
RCTs, the patient sample is not necessarily
generalizable to all adults with RA in the US.
Particularly, these were patients with RA who
attended clinical rheumatologist visits.

Future research could provide further
insights into similarities and differences in
outcomes with the two formulations of tofaci-
tinib. We did not specifically evaluate the
potential impact of longer-term (12-month)
improved adherence on clinical effectiveness
via clinical outcomes assessment tools or
radiographic progressions. This is an area for
future research and ideally requires linkages of
clinical (i.e., registry) and claims data sources, as
previously done with Corrona data and Medi-
care claims data by Curtis et al. [41]. Further-
more, understanding adherence beyond
12 months could be an area for future evalua-
tion. Additionally, understanding the incidence
and impact of AEs, while not the primary pur-
pose of the studies reported herein, may be of
interest in subsequent studies.

CONCLUSION

These results demonstrate the value of using
RWE to contextualize RCT outcomes, and pro-
vide further evidence for the comparability of
tofacitinib MR 11 mg QD vs IR 5 mg BID.
Optimizing RWE generation in parallel with
RCTs offers the potential to better understand
drug benefit–risk profiles in settings more rep-
resentative of clinical practice than a traditional
RCT. As such, RWE can help inform regulatory
decisions. Future research providing evidence
for the real-world effectiveness of tofacitinib MR
11 mg QD vs other targeted therapies is
warranted.
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30. Smolen JS, Landewé RBM, Bijlsma JWJ, et al. EULAR
recommendations for the management of
rheumatoid arthritis with synthetic and biological
disease-modifying antirheumatic drugs: 2019
update. Ann Rheum Dis. 2020;79:685–99.

31. Murage MJ, Tongbram V, Feldman SR, et al. Medi-
cation adherence and persistence in patients with
rheumatoid arthritis, psoriasis, and psoriatic
arthritis: a systematic literature review. Patient
Prefer Adher. 2018;12:1483–503.

32. Bonafede MMK, Curtis JR, McMorrow D, Mahajan
P, Chen C-I. Treatment effectiveness and treatment
patterns among rheumatoid arthritis patients after
switching from a tumor necrosis factor inhibitor to
another medication. Clinicoecon Outcomes Res.
2016;8:707–15.

33. Sharma M, Nazareth I, Petersen I. Observational
studies of treatment effectiveness: worthwhile or
worthless? Clin Epidemiol. 2019;11:35–42.

34. Bird P, Bensen W, El-Zorkany B, et al. Tofacitinib 5
mg twice daily in patients with rheumatoid arthritis
and inadequate response to disease-modifying
antirheumatic drugs: a comprehensive review of
phase 3 efficacy and safety. J Clin Rheumatol.
2019;25:115–26.

35. Curtis JR, Schulze-Koops H, Takiya L, et al. Efficacy
and safety of tofacitinib in older and younger
patients with rheumatoid arthritis. Clin Exp
Rheumatol. 2017;35:390–400.

36. Fried LP, Ferrucci L, Darer J, Williamson JD,
Anderson G. Untangling the concepts of disability,
frailty, and comorbidity: implications for improved
targeting and care. J Gerontol A Biol Sci Med Sci.
2004;59:255–63.

37. Widdifield J, Bernatsky S, Paterson JM, et al. Serious
infections in a population-based cohort of 86,039
seniors with rheumatoid arthritis. Arthritis Care Res
(Hoboken). 2013;65:353–61.

38. Bathon JM, Fleischmann RM, van der Heijde D,
et al. Safety and efficacy of etanercept treatment in
elderly subjects with rheumatoid arthritis.
J Rheumatol. 2006;33:234–43.

39. CORRONA. Corrona� RA Registry. 2019. https://
www.corrona.org/registry/rheumatoid-arthritis.
Accessed 12 Mar 2020.

40. Curtis JR, Chen L, Bharat A, et al. Linkage of a de-
identified United States rheumatoid arthritis reg-
istry with administrative data to facilitate compar-
ative effectiveness research. Arthritis Care Res
(Hoboken). 2014;66:1790–8.

41. Curtis JR, Chen L, Greenberg JD, et al. The clinical
status and economic savings associated with
remission among patients with rheumatoid arthri-
tis: leveraging linked registry and claims data for
synergistic insights. Pharmacoepidemiol Drug Saf.
2017;26:310–9.

248 Adv Ther (2021) 38:226–248

https://www.corrona.org/registry/rheumatoid-arthritis
https://www.corrona.org/registry/rheumatoid-arthritis

	Real-World Evidence to Contextualize Clinical Trial Results and Inform Regulatory Decisions: Tofacitinib Modified-Release Once-Daily vs Immediate-Release Twice-Daily for Rheumatoid Arthritis
	Abstract
	Introduction
	Methods
	Results
	Conclusion
	Trial Registration

	Digital Features
	Introduction
	Methods
	Comparative Analysis of Treatment Adherence and Effectiveness Using US Claims Data (ClinicalTrials.gov Identifier NCT04018001)
	Study Design
	Compliance with Ethics Guidelines
	Treatment Adherence
	Treatment Effectiveness Proxies
	Statistical Analyses

	Noninferiority Analysis Using US Registry Data (ClinicalTrials.gov Identifier NCT04267380)
	Study Design
	Compliance with Ethics Guidelines
	Outcomes
	Statistical Analyses
	Exploratory Analysis


	Results
	Comparative Analysis of Treatment Adherence and Effectiveness Using US Claims Data
	Patients
	Treatment Adherence
	Treatment Effectiveness Proxy: Algorithm-Based
	Treatment Effectiveness Proxy: Duration of Therapy

	Comparative Effectiveness Analysis Using US Registry Data
	Patients
	Outcomes
	Exploratory Analysis


	Discussion
	Conclusion
	Acknowledgments
	References




