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Objective. Tofacitinib is an oral Janus kinase inhibitor for the treatment of rheumatoid arthritis (RA). We compared
5-year adverse event (AE) incidence rates (IRs) between patients initiating tofacitinib and those initiating new biological
disease-modifying antirheumatic drugs (0 DMARDs) within the United States (US) Corrona RA registry.

Methods. IRs (number of first events/100 patient-years) of major adverse cardiovascular events (MACE), serious
infection events (SIEs), herpes zoster (HZ), malignancies, and death were estimated among tofacitinib and bDMARD
initiators, regardless of dose/schedule, between November 6, 2012 (US Food and Drug Administration tofacitinib
approval), and July 31, 2018 (follow-up through January 31, 2019). Propensity score (PS) methods were used to control
for nonrandom prescribing practices. Hazard ratios (HRs) were calculated to compare rates using multivariable-
adjusted Cox regression. Different risk windows were used for acute (MACE, SIEs, HZ, and venous thromboembolic
events [VTEs]) and long-term (malignancy and death) events. VTEs were assessed descriptively.

Results. For MACE, SIEs, and HZ, 1999 (3152.1 patient-years) and 8358 (12 869.4 years) tofacitinib and bDMARD
initiators were included, respectively; for malignancy/death, 1999 (4505.6 patient-years) and 6354 (16670.8 patient-
years) initiators were included, respectively. AE rates were similar across cohorts, except for HZ, which was
significantly higher with tofacitinib versus bDMARDs (PS-trimmed adjusted HR 2.32; 95% confidence interval [CI]
1.43-3.75). There were 45 (zero serious) and 88 (five serious) HZ events with tofacitinib and bDMARDs, respectively.
Sensitivity analyses demonstrated similar results. VTE IRs (95% CI) were 0.29 (0.13-0.54) and 0.33 (0.24-0.45) for
tofacitinib and bDMARDs, respectively.

Conclusion. In this registry analysis, both cohorts had similar MACE, SIE, malignancy, death, and VTE rates; HZ
rates were higher for tofacitinib initaitors than for bDMARD initiators.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic, systemic inflammatory
disease that primarily involves the joints but can include extra-
articular manifestations (1). Tofacitinib is an oral Janus kinase (JAK)
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inhibitor for the treatment of RA. The efficacy and safety of 5 mg
and 10 mg tofacitinib twice daily (BID) administered as monother-
apy or in combination with conventional synthetic antirheumatic
drugs (csDMARDs), mainly methotrexate, in patients with mod-
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SIGNIFICANCE & INNOVATIONS

+ The safety profile of tofacitinib has been evaluated
in patients with rheumatoid arthritis (RA) participat-
ingin clinical trials and long-term extension studies.

* This analysis adds long-term safety data from the
use of tofacitinib in real-world practice, which does
not have the exclusions found in randomized clini-
cal trials or long-term extension studies. Real-world
patients are also generally more diverse and have
a longer-term follow-up than patients in clinical
trials. This analysis also provides context for the
use of tofacitinib through comparison with other
advanced therapies used in the treatment of RA.

* These results provide the longest-term real-world
safety data for a Janus kinase inhibitor to date and
provide further insight than that gained from clin-
ical trials into some important safety risks with to-
facitinib in comparison with biological therapies.
In addition, this analysis provides a thorough, real-
world assessment of herpes zoster incidence in ac-
tual clinic populations, compared with clinical trial
data. There is a need for further studies, for exam-
ple, regarding the use and safety of an inactivated
recombinant vaccine for herpes zoster in patients
with RA.

+ These real-world data will help inform and rein-
force existing safety data for tofacitinib by provid-
ing needed contextual data in comparison with
biological disease-modifying antirheumatic drugs.

(2-6), Phase Il (7-13), and Phase lllo/IV (14) studies of up to
24 months’ duration and in long-term extension (LTE) studies with
up to 9.5 years of observation (15-17).

It is important to assess long-term safety of therapies for
chronic conditions. Registry data are not limited by exclusions at
baseline endemic to LTE studies and therefore complement data
from randomized controlled trials (RCTs). Established in 2001, the
United States (US) Corrona RA registry is an ongoing longitudi-
nal clinical registry of patients with RA (18). A postauthorization
safety study within the US Corrona RA registry was initiated to
evaluate tofacitinib safety after US Food and Drug Administra-
tion (FDA) approval of the 5 mg BID dose on November 6, 2012.
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The majority of patients initiating tofacitinib in this analysis were
expected to be receiving the dose approved in the US during this
time (ie, 5 mg BID).

This analysis compared incidence rates (IRs; number of first
events/100 patient-years) of major adverse cardiovascular events
(MACE), serious infection events (SIEs), herpes zoster (HZ), malig-
nancies, and death in patients newly initiating tofacitinib or bio-
logical disease-modifying antirheumatic drugs bDMARDs. After
the more recent finding of an increased incidence of venous
thromboembolic events (VTEs) in patients receiving JAK inhibitors,
including tofacitinib, VTE data were collected prospectively and
assessed descriptively throughout.

PATIENTS AND METHODS

Study setting. The US Corrona RA registry—a prospec-
tive, multicenter, observational, disease-based registry —has previ-
ously been described (18). As of December 31, 2018, the registry
has collected longitudinal, real-world data from patients aged 18
years or older with RA, who were recruited by 752 participating
providers from 177 private/academic sites across 42 US states
(including 331 participating providers since tofacitinio approval in
November 2012, of whom, 230 prescribed tofacitinib in the current
analysis). Detailed clinical assessment forms are completed at enroll-
ment and follow-up visits (requested approximately every 6 months).
As of December 2018, the database included information on 50605
patients (384 456 patient visits; approximately 180603 patient-years
of follow-up; mean follow-up time of 4.4 years).

This study was conducted in accordance with the ethical
principles of the Declaration of Helsinki. Investigators obtained
central or local institutional review board approval for conducting
noninterventional research involving human patients. All registry
patients provided written informed consent.

Study population. This study included patients (aged 18
years or more) with RA from the US Corrona RA registry who
initiated tofacitinibo or a bDMARD (comparator cohort) between
November 6, 2012, and July 31, 2018, with follow-up to January
31, 2019. Enrollment was ongoing; therefore, individual patients
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entered the study at different times, resulting in variable follow-up
times across patients. Drug initiation was defined as the first
ever use of a given drug. The tofacitinib cohort included unique
patients initiating tofacitinib as monotherapy or in combination
with a csDMARD. Tofacitinib initiators could have previously used
a csDMARD and/or a bDMARD but not tofacitinib (or other JAK
inhibitors). The bDMARD cohort included patients newly initiating
a specific, but not necessarily their first, bDMARD. The bDMARD
cohort included patients initiating a tumor necrosis factor inhibitor
(TNFi; adalimumab, certolizumab pegol, golimumab, etanercept,
or infliximalb) or non-TNFi (abatacept, anakinra, rituximab, or tocili-
zumab) as monotherapy or in combination with a csDMARD. The
bDMARD initiators could have previously used a csDMARD or dif-
ferent bDMARD but not tofacitinib (or other JAK inhibitors) or the
bDMARD they were initiating.

Data collection. The methods used to collect data for
adverse events (AEs) and the adjudication process for prede-
fined AEs of interest have been reported previously (18) and are
described in detail in the Supplementary Material. The primary
analysis used nonadjudicated data.

Qutcomes for the comparative analysis included death and
AEs of interest occurring from drug initiation to January 31, 2019,
namely, MACE (defined as myocardial infarction [MI], stroke/
transient ischemic attack [TIA], and cardiovascular [CV] death),
SIEs (infections leading to hospitalization and/or intravenous

antibiotics), HZ (serious and nonserious; serious HZ was defined
as any HZ infection that led to hospitalization, disability, congeni-
tal anomaly, or death; was immediately life-threatening, medically
important/serious in the opinion of the site investigator; or required
treatment with parenteral therapy), malignancy excluding non-
melanoma skin cancer (NMSC), and NMSC. Available data from
the National Death Index supplemented provider-reported registry
data to identify potentially unreported deaths that may have been
lost to follow-up. VTEs (defined as deep vein thrombosis [DVT]
or pulmonary embolism [PE]) were collected during routine visits,
verified using follow-up Targeted Adverse Event questionnaires,
and included as a descriptive analysis.

Index date and risk window definitions for the com-
parative analysis. IRs were based on two different definitions
of the risk window; one definition was used for outcomes with
acute onset (ie, MACE, SIEs, HZ, and VTEs), which were consid-
ered to be approximate to time on drug, and the second definition
was used for outcomes characterized by latent onset (ie, malig-
nancy and death). For MACE, SIEs, HZ, and VTEs, the index
date was the initiation date of tofacitinib or new bDMARD (muilti-
ple bDMARD initiations were considered separate index events).
The risk window was defined as all time from the index date until
the first occurrence of an event, 90 days after discontinuation of
therapy, switch to another therapy (event attributed to the new
therapy after switching), last follow-up visit, death, or end of the

Initiation with tofacitinib or bDMARDs
MACE/SIEs/HZ, N = 26 333
Malignancy/Death, N = 16 090

MACE/SIEs/HZ: Exclusions, N = 15 701
Missing age or gender, N = 113

Visit before Nov 6, 2012, N = 12 723
Drug initiation after July 31, 2018, N = 439

Tofacitinib initiators

All outcomes: Exclusions, N = 275 All outcomes, N = 2274

Missing age or gender, N = 6

Visit before Nov 6, 2012 (MACE/SIEs/HZ only), N = 2
Tofacitinib exposure QC check (Malignancy/Death only), N = 2
Drug initiation after Jul 31, 2018, N = 125

Drug initiation prior to Nov 2012, N = 8

Inactive patients that initiated at last physician visit, N = 80

Tofacitinib exposure prior to bDMARD, N = 1027

Drug initiation prior to Nov 2012, N = 786

Inactive patients that initiated at last physician visit, N = 432
Administrative exit, N = 181

bDMARD initiators
MACE/SIEs/HZ, N = 24 059
Malignancy/Death, N = 15 486

Malignancy/Death: Exclusions, N = 9132
Missing age or gender, N = 87
Visit before Nov 6, 2012, N = 7387

Administrative exit, N = 54

Met inclusion criteria
(unmatched population)
All outcomes, N = 19992

Drug initiation after Jul 31, 2018, N = 268

Tofacitinib exposure prior to bDMARD, N = 660

Drug initiation prior to Nov 2012, N = 247

Inactive patients that initiated at last physician visit, N = 335
Administrative exit, N = 148

Met inclusion criteria
(unmatched population)
MACE/SIEs/HZ, N = 8358°
Malignancy/Death, N = 6354

PS-trimmed population PS-matched population

MACE, N = 1866 MACE, N = 1867
SIEs, N = 1865 SIEs, N = 1867
HZ, N = 1865 HZ, N = 1867

Malignancies (excl. NMSC), N = 1420
NMSC, N = 1419
Death, N = 1419

Malignancies (excl. NMSC), N = 1401
NMSC, N = 1402
Death, N = 1404

PS-trimmed population PS-matched population

MACE, N = 7767 MACE, N = 5237
SIEs, N = 7767 SIEs, N = 5239
HZ, N =7767 HZ, N = 5239

Malignancies (excl. NMSC), N = 4820
NMSC, N = 4820
Death, N = 4821

Malignancies (excl. NMSC), N = 3080
NMSC, N = 3080
Death, N = 3070

Figure 1. Number of patients eligible for the analysis of major adverse cardiovascular events (MACE), serious infection events (SIEs), herpes
zoster (HZ), malignancies (excluding nonmelanoma skin cancer [NMSC]), NMSC, and death. The index date was the initiation date of tofacitinib
or a biological disease-modifying antirheumatic drug (bDMARD); multiple bDMARD initiations were considered separate index events for MACE,
SIEs, and HZ, but were not considered separate index events for malignancy/death; propensity scores (PSs) were calculated using baseline
patient demographic data (age, sex, marital status, and work status), disease characteristics (duration of rheumatoid arthritis [RA], disease
activity [for malignancy/death only: patient pain, patient fatigue, Health Assessment Questionnaire, and EuroQol Five-Dimensions Health
Questionnaire]), comorbidities (history of adverse event of interest [yes versus no; excluding cardiovascular disease—related deaths for MACE
and excluding death]), past medication history, and concomitant medications. Venous thromboembolic events were assessed in the unmatched
population derived for the analysis of MACE, SIE, and HZ. QC, quality control.
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data collection period, whichever came first. Separate sensitiv-
ity analyses were performed using a 30-day postdiscontinuation
risk window; events were attributed to the discontinued therapy if
switching occurred during the risk window.

For malignancy/death, the index date was the initiation date
of tofacitinib or bDMARD (multiple bDMARD initiations were not
considered separate index events); the risk window was defined
as all time from index date until an event, loss to follow-up, or
the end of the study period using a “once exposed, always
exposed” approach (19,20). For patients experiencing an event
after sequential treatment with tofacitinib and a bDMARD, or vice
versa, the event was attributed to both therapies regardless of
discontinuation. Sensitivity analyses were conducted using a
conservative hierarchical approach in which follow-up time for
bDMARD initiators ended upon switching to tofacitinib, and an
event occurring after the switch was allocated only to tofacitinib;
for tofacitinib initiators, follow-up time continued regardless of
switching to another therapy.

Propensity scores for the comparative analysis. Pro-
pensity scores (PSs) were calculated to control for nonrandom
prescribing practices and obtain balance in baseline patient char-
acteristics associated with the likelihood of initiating tofacitinib
versus a bDMARD. PSs were determined separately for each out-
come to accommodate outcome-specific confounders and mullti-
ple initiations for the acute risk window (described in detalil in the
Supplementary Material). Covariates with a standardized differ-
ence greater than |0.10|, and those chosen a priori on the basis
of clinical experience were used to derive PS-trimmed popula-
tions (primary analysis) that excluded patients with missing covar-
iate values and nonoverlapping PS values. PS-matched cohorts
(ratio: maximum of four bDMARDs:one tofacitinib; caliper = 0.05)
were produced for sensitivity analysis.

Statistical analyses for the comparative analysis.
Patient demographics and disease characteristics at initiation
were summarized descriptively. For outcomes meeting criteria
for PS modeling (MACE, SIEs, HZ, malignancies, and death),
crude IRs and 95% confidence intervals (Cls) were calculated for
PS-trimmed/PS-matched populations. Unadjusted and adjusted
hazard ratios (HRs; unadjHR and adjHR, respectively) with 95%
Cls comparing rates of first events of tofacitinib initiatiors with
those of bDMARD initiators were estimated using simple Cox
regression and multivariable-adjusted Cox regression models,
respectively. Post hoc analyses were performed in cases in which
differences were identified between the results of the unadjusted
analysis and the PS-trimmed primary analysis. For HRs, P val-
ues for the Wald statistic were calculated; P < 0.05 was deemed
statistically significant. Power was a priori determined to be 80%
or greater to detect a HR, 2.0 or greater for SIEs, 2.05 or greater
for MACE and NMSC, 2.2 or greater for malignancies excluding
NMSC, and 2.25 or greater for HZ and death.

Descriptive analysis of VTEs. At the time of analyses, a
sufficient number of VTEs had not occurred in this study to permit
an adequately powered comparative assessment of IRs between
tofacitinib and bDMARD initiators; thus, PS modeling was not per-
formed. Age- and sex-standardized IRs for VTEs were estimated
using direct standardization, with the tofacitinib population used
as the standard population. VTE data are presented descriptively
in the unmatched population derived for the MACE, SIE, and HZ
analysis only.

RESULTS

Patients. For MACE, SIEs, and HZ, there were 1999 tofac-
itinib initiators (3152.1 patient-years; mean duration of follow-up
1.58 years) and 8358 bDMARD initiators (12869.4 patient-
years; mean duration of follow-up 1.54 years) who met inclusion
criteria (Figure 1). For MACE/SIEs/HZ, patients could have been
counted more than once in the bDMARD initiation cohort for each
unique bDMARD initiation.

For malignancy/death, patients were only counted once in
the bDMARD initiation cohort, regardless of switching to another
bDMARD. Therefore, there were 1999 tofacitinib initiators (4505.6
patient-years; mean duration of follow-up 2.25 years) and 6354
bDMARD initiators (16670.8 patinet-years; mean duration of
follow-up 2.62 years) who met inclusion criteria (Figure 1). Of these,
732 patients initiated both tofacitinib and one or more bDMARD.

Baseline demographics. Table 1 presents base-
line patient demographics and clinical characteristics in the
unmatched population for the analysis of MACE, SIEs, and HZ
and in the PS-trimmed population for the analysis of MACE.
The majority of patients were female, White, and aged less than
65 years. Age, sex, race, body mass index, smoking status, and
comorbidities (except history of SIEs) were balanced between
cohorts. Patients in the unmatched population initiating tofac-
itinib had longer disease duration than bDMARD initiators (13.8
versus 10.6 years) and were more likely to initiate tofacitinib
later in the course of therapy (69.7 and 39.7% of tofacitinib and
bDMARD initiators, respectively, previously received more than
one bDMARD/one or more csDMARD). Use of methotrexate
alone or with another csDMARD was higher among bDMARD
initiatiors than tofacitinib initiators. Corticosteroid use was com-
parable between cohorts.

PS modeling. Figure 1 shows the number of patients ana-
lyzed for each outcome; covariates included in PS modeling for
each outcome are shown in Table 2; and PSdistributions are
shown in Supplementary Figure 1.

Baseline demographics and clinical characteristics were sim-
ilar in unmatched and PS-trimmed populations (Table 1; Supple-
mentary Tables 1-5). As expected, some residual imbalance in
characteristics between cohorts was observed after PS trimming.
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Table 2. Covariates included in PS modeling

Covariates With STDs

Covariates Included for Each

Outcome >|0.10]
Age Single marital status (yes
Gender Versus no)

Duration of RA
Work status:
Full time (yes versus no)
Disabled (yes versus no)
History of SIEs (yes vs no)
Current concomitant
medication

AE, adverse event; DMARD, disease-modifying antirheumatic drug;
EQ-5D, EuroQol Five-Dimensions Health Questionnaire; HAQ, Health
Assessment Questionnaire; PS, propensity score; RA, rheumatoid
arthritis; SIE, serious infection event; STD, standardized difference.

¢ Excluding death, and cardiovascular disease-related deaths for
major adverse cardiovascular events.

® Included in PS modeling for malignancy/death only.

History of AE of interest (yes vs no)®
Number of prior DMARDs

Patient pain®

Patient fatigue®

HAQ®

EQ-5D°

In the PS-trimmed populations, more tofacitinib initiators used three
or more previous bDMARDs or two or more previous csDMARDs
versus bDMARD initiators. As in the unmatched population,
patients had greater prior DMARD experience, and concomi-
tant medication use was highest among bDMARD initiators.

IRs of outcomes for the comparative analysis. Crude
IRs for PS-trimmed populations are shown in Figure 2, and unad-
jHRs and adjHRs are shown in Figure 3. Results of sensitivity analy-
ses, including those with varied risk window definitions (data not
shown), were similar to primary analyses for all outcomes. Similar
results were also observed in sensitivity analyses using the PS-
matched populations (Supplementary Figures 2 and 3).

MACE. Incidence of MACE and CV events included in the
definition of MACE in the unmatched populations are shown
in Supplementary Table 6. After PS trimming, MACE IRs were
numerically higher in bDMARD versus tofacitinib initiators (tofac-
itinib: 19 events, IR 0.64 [0.39-1.00]; bDMARDs: 108 events, IR
0.91 [0.74-1.09]; Figure 2). MACE adjHR was 0.61 (0.34-1.06;
Figure 3). In the PS-matched population, unadjHRs and adjHRs
reached statistical significance (both P < 0.05; Supplementary
Figure 3). In the unmatched population, stroke/TIA occurred in 10
and 60 and MI occurred in 10 and 38 tofacitinib (n = 1999) and
bDMARD (n = 8358) initiators, respectively (crude IRs in tofac-
itinio and bDMARD initiators [unmatched population], respectively,
were IR 0.32 [0.15-0.58] and IR 0.47 [0.36-0.60] for stroke/TIA
and IR 0.32 [0.15-0.59] and IR 0.30 [0.21-0.41] for MI).

SIEs. Similar SIE IRs were observed for both cohorts in the
PS-trimmed population (tofacitinib: 90 events, IR 3.12 [2.51-3.84];
bDMARDs: 333 events, IR2.83[2.54-3.15]; Figure 2). SIE adjHR was
0.99 (0.75-1.30; Figure 3). In the unmatched population, the most
frequently reported SIEs for both cohorts were pneumonia (IR 0.96
[0.65-1.37] and IR 0.99 [0.82-1.17] for tofacitinib and bDMARDs,
respectively), cellulitis (IR 0.41 [0.22-0.71] and IR 0.48 [0.37-0.62]
for tofacitinib and bDMARDs, respectively), and urinary tract infec-
tion (IR 0.48 [0.27-0.79] and IR 0.34 [0.24-0.45] for tofacitinio and
bDMARDSs, respectively). There were three (IR 0.10 [0.02-0.28]) and
11 (IR 0.09 [0.04-0.15]) events of upper respiratory tract infection
among tofacitinib and bDMARD inttiators, respectively; there were
no tuberculosis events among tofacitinib initiators, and there were
two events (IR 0.02 [0.00-0.06]) among bDMARD initiators.

| ® Tofacitinib ~ ® bDMARDs |
Malignancies
MACE SIEs HZ (excl. NMSC) NMSC Death

5 : : : : :
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3 47 : : : : :

> : : : : :
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Figure 2. Incidence rates (IRs; number of first events/100 patient-years [PY]) of outcomes in the propensity score-trimmed population. IRs

were based on different definitions of the risk window for outcomes with acute onset (major cardiovascular adverse events [MACE], serious
infection events [SIEs], and herpes zoster [HZ]) or latent onset (malignancies and death). Tofacitinib initiators primarily received tofacitinio 5 mg
twice daily. bDMARD, biological disease-modifying antirheumatic drug; Cl, confidence interval; NMSC, nonmelanoma skin cancer.
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P values

— 0.170
MACE

> 0.081

P 0.400
SIEs

‘. 0.943

s s 0.000
HZ :

N 0.001

Malignancies ’_‘_‘ 0.548
excl. NMSC :

( ) . 0.847
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‘ Unadjusted HR
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¥ Adjusted HR Death 5
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with bDMARDs

Figure 3. Hazard ratios (HRs) (unadjusted and adjusted) for tofacitinib initiators versus biological disease-modifying antirheumatic drug
(b DMARD) initiators in the propensity score-trimmed population. Tofacitinib initiators primarily received tofacitinio 5 mg twice daily. HZ, herpes
zoster; MACE, major cardiovascular adverse events; NMSC, nonmelanoma skin cancer; SIEs, serious infection events.

HZ. HZ IR was significantly higher with tofacitinib versus
bDMARDs in the PS-trimmed population (tofacitinib: 42 events,
IR 1.44 [1.03-1.94)]; bDMARDs: 78 events, IR 0.65 [0.52-0.81];
Figure 2). HZ adjHR was 2.32 (1.43-3.75; P = 0.001; Figure 3).
All 45 events among tofacitinib initiators in the unmatched pop-
ulation (n = 1999) were nonserious. There were 88 HZ events
(including five serious events) among bDMARD initiators in the
unmatched population.

Malignancies. Malignancy IRs were comparable between
cohorts in the PS-trimmed population (malignancies excluding
NMSC, tofacitinib: 28 events IR 0.88 [0.58-1.27]; bDMARDs: 101
events IR 0.81 [0.66-0.98]; and NMSC, tofacitinib: 34 events,
IR 1.08 [0.75-1.51]); bDMARDs: 136 events, IR 1.1 [0.92-1.3];
Figure 2). AdHRs were 1.04 (0.68-1.61) and 1.02 (0.69-1.50)
for malignancies excluding NMSC and for NMSC, respectively
(Figure 3). In the unmatched population, other cancer types (n = 24
and n = 48), breast cancer (N = 8 and n = 29), and lung cancer (N =6
and n = 18) were the most frequently reported malignancies for
tofacitinib (n = 1999) and bDMARD (n = 6354) initiators, respectively.

A post hoc sensitivity analysis was prompted by the dispro-
portionate exclusion of malignancy events from the tofacitinib and
bDMARD cohorts during PS trimming, driven by disproportion-
ate missing values (>10%) for some variables in the PS model
(EuroQol Five-Dimensions Health Questionnaire [EQ-5D], Health
Assessment Questionnaire [HAQ], patient fatigue, and patient
pain). Removing these variables from the model resulted in a
numerically higher malignancy IR with tofacitinib versus bDMARDs
in the PS-trimmed population (tofacitinib: 43 events, IR 1.01
[0.73-1.37]; bDMARDs: 119 events, IR 0.76 [0.63-0.91]; adjHR
1.34 [0.94-1.93]). Malignancy risk factors were similarly distrib-
uted between patients missing and not missing values.

Adjudicated safety data. Of reported MACE, 61/105
were adjudicated (51/61 [83.6%)] adjudicated probable/definite).
Of reported SIEs, 235/352 were adjudicated (216/235 [91.9%)]
adjudicated probable/definite). Of reported malignancies exclud-
ing NMSC and of reported NMSC, 94/157 and 123/201 were
adjudicated (82/94 [87.2%)] and 111/123 [90.2%)] adjudicated
probable/definite), respectively.
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Death. In total, 188 deaths occurred (tofacitinib: 42
deaths; bDMARDs: 146 deaths). After PS trimming, there were
27 deaths with tofacitinib (IR 0.84 [0.55-1.23]) and 109 deaths
with bDMARDs (IR 0.86 [0.71-1.04]; Figure 2). Death adjHR was
0.91 (0.59-1.42; Figure 3). In total, three (IR 0.10 [0.02-0.28]) and
16 deaths (IR 0.12 [0.07-0.20)) in tofacitinib and bDMARD initia-
tors (unmatched population), respectively, were attributed to CV
disease.

VTEs. VTEs were assessed descriptively in the unmatched
population derived for the analysis of MACE, SlEs, and HZ
(1999 tofacitinib initiators [3152.1 patinet-years; mean duration
of follow-up 1.58 years] and 8358 bDMARD initiators [12869.4
patient-years; mean duration of follow-up 1.54 years]; Figure 1).
Age- and gender-standardized IRs of DVT, PE, and overall VTEs
were numerically similar in both cohorts (tofacitinib: nine events
[including four patients with DVT and six patients with PE], IR 0.29
[0.13-0.54]; bDMARDs: 41 events [including 20 patients with DVT
and 24 patients with PE], IR 0.33 [0.24-0.45]; Figure 4).

DISCUSSION

Real-world evidence regarding postapproval medication
safety is an important complement to evidence from RCTs. These
results demonstrated that patients with RA initiating tofacitinib had
similar incidence of MACE, SIEs, malignancies, and death ver-
sus bDMARD initiators over 5 years. HZ incidence was higher in

tofacitinib versus bDMARD initiators. In this registry analysis, inci-
dence of VTEs was similar in both cohorts.

CV disease is the most common cause of death in RA (21),
and its risk is higher in patients with RA versus the general popu-
lation (22). Pooled analysis of data from the tofacitinio RA clinical
program demonstrated a low IR of MACE (IR 0.58 [0.39-0.88] and
IR 0.37 [0.26-0.52] for all tofacitinib doses in Phase Ill and LTE
studies, respectively) (23). Although values reported here for tofac-
itinib initiators (IR 0.64 [0.39-1.00]) were numerically higher than
rates reported in the clinical program, possibly because real-world
patients tend to have more comorbidities than those in RCTs (18),
tofacitinib and bDMARD initiators in this study had a similar inci-
dence of MACE in a real-world population. These results have
greater generalizability to patients with comorbidities than RCT
data.

An ad hoc safety analysis performed in 2019 has raised the
discussion of VTE and PE related to tofacitinib. At the time of this
analysis, study A3921133 (NCT02092467), an ongoing, open-label,
endpoint-driven, FDA-required postmarketing safety study, enriched
for RA patients considered to be at higher risk of cardiac events and
designed to compare the long-term risk of MACE and malignancy
among patients receiving tofacitinib 5 and 10 mg BID vs two TNFis,
was ongoing (closeout activities ongoing at the time of manuscript
submission) (24). Eligible patients were aged 50 years or more, had
one or more CV risk factor, and were taking a stable dose of meth-
otrexate. The Data Safety Monitoring Board determined that the
frequency of PE and all-cause mortality in the tofacitinib 10 mg BID

@ Tofacitinib ® bDMARDs
VTE DVT PE
1.0 — : .
S 08 i i
® ' '
P ' '
o, : !
> 0.6 : :
o ' '
g i 5
5 0.4 : 5
o ' '
(2] 1 ]
£ ' '
o . .
2 0.2+ ' } ' }
0.0 : :
n 9 41 ; 4 20 | 6 24
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Figure 4. Age- and sex-standardized incidence rates (number of first events/100 patient-years [PY]) of venous thromboembolic events
(VTEs). IRs were based on the definition of the risk window for outcomes with acute onset. Age- and sex-standardized IRs were estimated
using direct standardization (tofacitinib population used as standard population); VTE data did not have 80% or more power to detect a hazard
ratio (HR) of 2.25 or less between cohorts. Propensity scores were not calculated. Tofacitinib initiators primarily received tofacitinib 5 mg twice
daily. b(DMARD, biological disease-modifying antirheumatic drug; Cl, confidence interval; DVT, deep vein thrombosis; IR, incidence rate; PE,

pulmonary embolism.
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arm was higher than the frequency in the TNFi comparator arm,
and this arm of the study was stopped. Subsequently, based on
information from study A3921133 and consideration of information
pertaining to VTE for other JAK inhibitors, Pfizer has determined that
VTE is an important identified risk for treatment with tofacitinib. Cor-
rona questionnaires collect VTE as part of the breakdown of MACE
and VTE events. In this analysis, in which tofacitinib initiators pre-
dominantly received tofacitinib 5 mg BID, the incidence of VTEs was
found to be numerically similar in tofacitinio and bDMARD initiators.

Patients with RA have a twofold higher risk of SIEs than
the general population (25,26). An IR of 2.7 (95% CI 2.5-3.0)
was observed for SIEs in the tofacitinib RA clinical program
(27), which is marginally lower than that reported for tofacitinib
initiators (IR 3.12 [2.51-3.84]) in this analysis. A recent analysis
of SIEs in patients initiating tofacitinib or bDMARDs, using data
from three US health care claims databases (Medicare, Clinfor-
matics, and MarketScan), compared the risk of SIEs in patients
with RA initiating tofacitinib with that of seven bDMARDs. Overall,
no statistically significant differences in SIE risk were observed,
except for an increased risk with tofacitinib versus etanercept in
SIEs (adjHR 1.41 [1.15-1.73]), pneumonia/upper respiratory tract
infections (adjHR 1.53 [1.06-2.22]), and skin and soft tissue infec-
tions (adjHR 2.21 [1.08-4.52]) and an increased risk with tofac-
itinib versus abatacept in skin and soft tissue infections (adjHR
2.36 [1.00-5.55]) (28). In the current analysis, the incidence of SIEs
was similar between tofacitinib and bDMARD initiators, and rates
of pneumonia, upper respiratory tract infections, and cellulitis
were similar between cohorts, although no comparisons between
tofacitinib and individual b DMARDs were carried out. In addition,
the nature of infections in this analysis was consistent with that
previously seen in patients treated with bDMARDs (29) and with
that in tofacitinib postmarketing surveillance data (30).

HZ has been reported as a complication of treatment with
JAK inhibitors (31). HZ incidence in tofacitinib-treated patients in
the tofacitinib RA clinical program was 3.9 (3.6-4.2) (27). How-
ever, integrated analysis of five RA registries determined overall
HZ incidence to be lower in the real world (range: 0.26 [0.11-0.54]
to 1.94 [1.82-2.07]) (32); IRs in this study for tofacitinib initiators
(IR 1.44 [1.03-1.94]) and bDMARD initiators (IR 0.65 [0.52-0.81])
are within that range. Here, the risk of HZ was greater with tofac-
itinib versus bDMARDSs, which is consistent with other real-world
evidence showing an elevated HZ risk with tofacitinib compared
with TNFi and non-TNFi (31). There were no serious HZ events
in tofacitinib initiators in this study, which is consistent with a low
proportion of serious HZ events observed in the tofacitinib RA
clinical program (27). Elevated HZ risk with tofacitinib should be
considered in the potential therapeutic benefit:risk profile. In a
Phase Il placebo-controlled trial, patients initiating tofacitinib 2 to 3
weeks after receiving a live attenuated varicella zoster virus (VZV)
vaccine (ZOSTAVAX, Merck & Company) had similar VZV-specific
humoral and cell-mediated immune responses as placebo-
treated patients, and vaccination appeared safe in patients with

preexisting VZV immunity (33). In addition, the potential utility of
the inactivated recombinant vaccine, which has been reported to
have greater efficacy in the general population, requires further
examination in patients with RA receiving advanced therapies,
including JAK inhibitors.

Evaluating the impact of tofacitinib or bDMARDs on cancer
risk in patients with RA is challenging because patients with RA
have an increased risk of some cancers (34), and many specific
cancer types are uncommon. Also, patients with a history of can-
cer are often excluded from RCTs, and RCTs often have a short
follow-up time and/or lack sufficient power to conclusively assess
risk. Integrated data from the RA clinical program—based on
cumulative tofacitinib exposure of up to 8.5 years in patients with
active RA enrolled in Phase I/Il/Il/LTE studies (data cutoff of March
31, 2015)—reported that 173/6194 patients developed a malig-
nancy excluding NMSC (IR 0.9 [0.8-1.0]), and 118 patients devel-
oped NMSC (IR 0.6 [0.5-0.7]) (27) compared with the IRs reported
here for malignancy excluding NMSC (IR 0.88 [0.58-1.27]) and
NMSC (IR 1.08 [0.75-1.51)). In this study, approximately 7% to 8%
of patients with RA reported a prior malignancy (excluding NMSC).

Study strengths include that registry data represent a large
number of patients in real-world practice, including those classed
as ineligible for RCTs because of comorbidities, insufficient disease
activity, or prior treatments. Also, the variability of patient character-
istics demonstrates the safety of tofacitinib in a less-selected popu-
lation than those commonly included in RCTs. Of the 1625 patients
inwhom dose was assessed, only 16 (<1.0%) were receiving a dose
of tofacitinib higher than 5 mg BID, whereas 1439 (88.6%) received
tofacitinib at a dose of 5 mg BID or in a modified-release formula-
tion of 11 mg once daily, and 170 (10.5%) received another, or an
unspecified, dose of tofacitinib. Therefore, the majority of patients in
the analysis were receiving the approved dose, demonstrating gen-
eralizability to the majority of real-world patients receiving tofacitinib.
The US Corrona RA registry has a collection of validated disease
activity measures, and data are comparable to those of Medicare
datasets; therefore, results may be more representative of the US
population than data from global RCTs (18). Additionally, the muilti-
ple sensitivity analyses described provide consistent results.

Study limitations include the potentially limited generalizability
outside of the US. Patients may underreport some nonserious AEs
(eg, NMSC), although there is no evidence to suggest differential
under-reporting between groups. The “once exposed, always
exposed” approach counted some malignancies/deaths in both
cohorts; however, sensitivity analyses that censored bDMARD
follow-up at tofacitinib initiation found similar results. Also, the
“once exposed, always exposed” approach means that any time-
varying baseline factors associated with the initiation of bDMARDs
in malignancy/death analyses are more likely to reflect values ear-
lier in disease course, as tofacitinib is used more frequently as
later-line therapy compared with bDMARDSs. The incidence of AEs
among bDMARD initiators may be underestimated, as patients
switching from a previous bDMARD were eligible, and first-time
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bDMARD users may have a higher risk for some AEs. Although
PS methods adjust for nonrandom prescribing practices, as is the
case with any observational registry, some channeling biases may
persist because of unmeasured confounders. The primary analy-
sis relied on events that were confirmed and validated after initial
reports from physicians. Although not all events were adjudicated,
the adjudication analyses demonstrated high positive predictive
values for all endpoints. However, IRs for adjudication analyses
were not reported given that rates of adjudicated events were
necessarily underestimated, as adjudication was completed only
for a subset of events at the time of data lock.

In conclusion, these US Corrona RA registry results provide
evidence that the risk of MACE, SIEs, malignancies, NMSC, and
death are comparable in patients with RA receiving tofacitinib ver-
sus those receiving bDMARDs in a large US patient population.
Tofacitinib initiators had a higher rate of HZ than bDMARD initiators,
consistent with the known safety profile of tofacitinib. Additionally,
VTE incidence was numerically similar in patients initiating tofac-
itinib versus bDMARDs in this analysis. Overall, the results of this
analysis are consistent with the known safety profile of tofacitinib.
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