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ABSTRACT

Introduction: This post hoc analysis evaluated
influenza adverse events (AEs) across rheumatoid
arthritis (RA), ulcerative colitis (UC), and psori-
atic arthritis (PsA) tofacitinib clinical programs.
Methods: Available data from phase 1, ran-
domized phase 2/3/3b/4 clinical trials (com-
pleted by 2018), and long-term extension (LTE)

studies (up to May 2019) in patients with RA,
UC, and PsA were included [randomized or
Overall (phase 1–3b/4 and LTE studies) tofaci-
tinib cohorts]. Incidence rates (IRs; events per
100 patient-years) of combined influenza AEs
(seasons 2004/2005 to 2018/2019) were ana-
lyzed, including by tofacitinib dose [5 or 10 mg
twice daily (BID)] and age (\ 65 ver-
sus C 65 years). Logistic regression models
evaluated risk factors for influenza AEs in the
RA Overall tofacitinib cohort.
Results: In randomized cohorts, combined
influenza AE IRs were generally similar across
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tofacitinib, adalimumab, methotrexate, and
placebo groups, across indications. Among
Overall tofacitinib cohorts, combined influenza
AE IRs with tofacitinib 5/10 mg BID, respec-
tively, were higher in the UC (3.66/5.09) versus
RA (2.38/2.19) and PsA (1.74/1.29) cohorts. IRs
were generally similar across tofacitinib dose
and age groups. Most influenza AEs were non-
serious and did not require changes to tofaci-
tinib treatment. Significant risk factors for
influenza AEs in patients with RA were geo-
graphic region, baseline oral corticosteroid and
methotrexate use, and tofacitinib dose.
Conclusions: In the RA, UC, and PsA clinical
programs, combined influenza AE IRs were
highest in UC, while in each indication they
were generally similar across tofacitinib, pla-
cebo, and comparator groups. Influenza AEs
were predominantly nonserious and not asso-
ciated with changes to tofacitinib treatment.
Trial Registration Numbers: NCT01262118,
NCT01484561, NCT00147498, NCT00413660,
NCT00550446, NCT00603512, NCT00687193,
NCT01164579, NCT00976599, NCT01059864,
NCT01359150, NCT02147587, NCT00960440,
NCT00847613, NCT00814307, NCT00856544,
NCT00853385, NCT01039688, NCT02281552,
NCT02187055, NCT02831855, NCT00413699,
NCT00661661, NCT00787202, NCT01465763,
NCT01458951, NCT01458574, NCT01470612,
NCT01877668, NCT01882439, NCT01976364.

Keywords: Ulcerative colitis; Rheumatoid
arthritis; Psoriatic arthritis; JAK inhibitor;
Safety; Tofacitinib; Viral infection; Influenza

Key Summary Points

Why carry out this study?

Influenza is a major cause of global
morbidity and mortality. Patients with
immune-mediated inflammatory diseases,
such as rheumatoid arthritis (RA), ulcerative
colitis (UC), andpsoriatic arthritis (PsA),who
often require long-term immunosuppressive
treatment, may be at a higher risk of
influenza and its complications.

Tofacitinib is a Janus kinase inhibitor for
the treatment of RA, UC, and PsA. The severe
acute respiratory syndrome coronavirus 2
(SARS-CoV-2) pandemic has further
heightened the need to better understand
the overall risk of acute respiratory viral
infections, including influenza, in patients
with immune-mediated inflammatory
diseases receiving tofacitinib.

This post hoc analysis summarized
influenza adverse events (AEs) in patients
with RA, UC, and PsA in the tofacitinib
clinical program over influenza seasons
2004/2005 to 2018/2019.

What was learned from the study?

Combined influenza AE incidence rates
(IRs; including all reported influenza AEs,
influenza complication AEs, and influenza-
like illness) were highest in patients with UC
versus patients with RA and PsA who
received C 1 dose of tofacitinib in the
clinical trial program, and generally similar
across age (\65 versus C 65 years) and
tofacitinib dose (5 or 10 mg twice daily).
Within indications, IRs were generally
similar between tofacitinib, placebo, and
active comparator treatment groups.
Influenza AEs were predominantly
nonserious and not associated with changes
in tofacitinib treatment.

In tofacitinib-treated patients, risk of
influenza and its associated complications
is similar to that observed in the general
population.
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INTRODUCTION

The influenza virus is a major global cause of
morbidity and mortality, estimated to infect
one billion people annually [1, 2]. Approxi-
mately 3–5 million people worldwide develop
severe influenza, resulting in 290,000–650,000
deaths per annum [3]. Patients with immune-
mediated inflammatory diseases, such as
rheumatoid arthritis (RA) [4], ulcerative colitis
(UC) [5], and psoriatic arthritis (PsA) [6], often
require long-term immunosuppressive treat-
ment, which may increase their risk of influenza
and its complications [7]. Indeed, compared
with controls, patients with RA have an
approximately 1.3- and 2.8-fold increase in
influenza and influenza-related complications,
respectively [8], while patients with UC and
Crohn’s disease have a 1.5-fold increased influ-
enza risk and significantly higher hospitaliza-
tion rates [9].

Tofacitinib is a Janus kinase inhibitor for the
treatment of RA, UC, and PsA. In the context of
the SARS-CoV-2 pandemic, a known acute res-
piratory RNA viral infection, there is a need to
better understand the overall risk of these
infections, including influenza, in patients with
immune-mediated inflammatory diseases
receiving tofacitinib.

The objective of this post hoc analysis was to
summarize influenza adverse events (AEs) in the
tofacitinib RA, UC, and PsA clinical programs.

METHODS

Study Design and Patient Cohorts

Table S1 (electronic supplementary material)
presents a list of studies included in this analy-
sis. Studies were conducted in accordance with
the Declaration of Helsinki, Good Clinical
Practice Guidelines, and applicable local coun-
try regulations and laws. Study protocols were
approved by the institutional review boards
and/or independent ethics committee at each
center. All patients provided written, informed
consent. No further ethical approval was

required for this post hoc analysis in accordance
with the policies of our institutions.

We analyzed RA clinical program data in two
cohorts: (1) phase 2–3b/4 cohort, comprising
6690 patients who [as monotherapy or with
background conventional synthetic disease-
modifying antirheumatic drugs (csDMARDs)]
received tofacitinib 5 (N = 2664) or 10 mg twice
daily (BID; N = 2024), adalimumab (N = 643),
methotrexate (N = 223), or placebo (N = 1136)
in phase 2–3b/4 studies; and (2) Overall tofaci-
tinib cohort, comprising 7964 patients who
received C 1 tofacitinib dose across the phase
1–3b/4 and open-label long-term extension
(LTE) studies (average tofacitinib 5 mg BID,
N = 3969; average tofacitinib 10 mg BID,
N = 3995).

The UC clinical program was analyzed as
three cohorts: (1) phase 2/3 induction cohort,
comprising 1220 patients who received tofaci-
tinib 10 mg BID (N = 938) or placebo (N = 282)
in 8-week phase 2 and phase 3 induction stud-
ies; (2) phase 3 maintenance cohort, comprising
592 patients who completed the phase 3
induction studies with a clinical response and
received tofacitinib 5 (N = 198) or 10 mg BID
(N = 196), or placebo (N = 198) in a 52-week
phase 3 maintenance study; and (3) Overall
tofacitinib cohort, comprising 1157 patients
who received C 1 tofacitinib dose (average
tofacitinib 5 mg BID, N = 198; average tofaci-
tinib 10 mg BID, N = 959) across the phase 2/3
and LTE studies.

The PsA clinical program was analyzed as
three cohorts: (1) phase 3 placebo-controlled
cohort, comprising 710 patients who received
(with a background csDMARD) tofacitinib 5
(N = 238) or 10 mg BID (N = 236), or placebo
(N = 236) up to month 3, in phase 3 studies; (2)
phase 3 active-controlled cohort, comprising
797 patients who received (with a background
csDMARD) tofacitinib 5 (N = 347) or 10 mg BID
(N = 344), or adalimumab (N = 106) up to
month 12 in phase 3 studies; and (3) Overall
tofacitinib cohort including 783 patients who
received C 1 tofacitinib dose in the phase 3 and
LTE studies (average tofacitinib 5 mg BID,
N = 458; average tofacitinib 10 mg BID,
N = 325).
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Definition and Analysis of Influenza AEs

Combined influenza AEs [identified by investi-
gator-reported Medical Dictionary for Regula-
tory Activities (MedDRA) terms] were assessed
across influenza seasons 2004/2005 to
2018/2019. It is important to note distinctions
between classification of influenza AEs in clini-
cal practice versus clinical trials that may
impact the interpretation of these data. In
clinical practice and public health, the term
influenza-like illness (ILI) is used to denote both
laboratory-confirmed influenza cases plus
unconfirmed cases that clinically appear like
influenza [10]. In this analysis, MedDRA version
22.0 terms are intended to distinguish between
confirmed cases of influenza and ILI. Combined
influenza AEs included all reported influenza
AEs, influenza complication AEs, and ILI (each a
composite of MedDRA version 22.0 preferred
and verbatim terms; Table S2). Nonserious and
serious influenza AEs, non-influenza serious AEs
(SAEs) occurring within 28 days after combined
influenza AE onset, and time to resolution of
combined influenza AEs by action taken to
tofacitinib treatment were summarized
descriptively. Patients with serious infections
discontinued the trials per protocol. Patient-
reported influenza vaccination status (RA and
UC cohorts only) and antiviral use during
combined influenza AEs were assessed in the
Overall tofacitinib cohorts.

Incidence rates (IRs) of respiratory infections
that may overlap with influenza in clinical
presentation (based on MedDRA version 22.0
preferred and verbatim terms relating to viral
and nonviral respiratory infections; Supple-
mentary Methods, Table S3) were analyzed in
the RA phase 2–3b/4 cohort and UC phase 2/3
induction and phase 3 maintenance cohorts
(PsA cohorts were not included owing to few
events).

Seasonal Influenza Vaccination

In the RA and UC cohorts, seasonal influenza
vaccinations from the study start and within
12 months prior to combined influenza AEs
were identified from a database and stratified by

status of combined influenza AE (yes/no). For
patients without combined influenza AEs, any
influenza vaccine received during the study
period was recorded. Data on vaccination status
were not collected systematically.

Statistical Analyses

IRs for combined influenza AEs (encompassing
all reported influenza AEs, influenza complica-
tion AEs, and ILI) were defined as the number of
unique patients (per 100 patient-years of expo-
sure) with any of these events during the time
between first and last dose plus 28 days, divided
by the patient time accrued between first and
last dose plus 28 days, or up to first event, data
cutoff, or progression to next study, whichever
occurred earlier. IR 95% confidence intervals
(CIs) were based on the Exact Poisson method,
adjusted for exposure time. For patients who
died before/at data cutoff, exposure time was up
to the minimum of the date of the last dose plus
28 days, date of first event, or date of death. For
time to resolution of combined influenza AEs by
action taken in patients with multiple influenza
overall AEs, an event was selected according to
the order of action taken (permanent discon-
tinuation, temporary discontinuation, dose
reduction, no change); for events with the same
action taken, the first event was selected. For
descriptive analyses of AE rates, the most serious
(‘‘serious’’[ ‘‘nonserious’’) or severe event
(‘‘severe’’[ ‘‘moderate’’[ ‘‘mild’’) was chosen in
patients with recurrent influenza AEs.

IRs were calculated by randomized tofaci-
tinib dose (randomized phase 2/3/3b/4 cohorts;
Table S1) or by average tofacitinib dose (Overall
tofacitinib cohorts; average tofacitinib 5 or
10 mg BID based on the average total daily dose
of\ 15 or C 15 mg, respectively). IRs for influ-
enza AEs were also stratified by patient age (\65
versus C 65 years; RA and UC Overall cohorts
only owing to low numbers of events in the PsA
cohort).

Univariate and multivariable regression
analyses were used to explore risk factors for
combined influenza AEs and recurrent influenza
AEs in the RA Overall tofacitinib cohort
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(Supplementary Methods). Other cohorts could
not be analyzed owing to low numbers of
events.

RESULTS

Baseline Demographics and Disease
Characteristics in the Overall Tofacitinib
Cohorts

Baseline demographics and disease characteris-
tics for the Overall tofacitinib cohorts are pre-
sented in Table 1 and Table S4. On average,
patients from the RA and PsA cohorts were older
[mean (standard deviation) age 52.6 (12.1) and
48.7 (12.0) years, respectively] than the UC
cohort [41.3 (13.9) years]. The prevalence of
obesity and diabetes was also higher in the RA
(26.8% and 8.2%, respectively) and PsA (42.5%
and 13.7%) cohorts versus the UC cohort
(13.8% and 4.1%). Patient-reported influenza
vaccination rates (based on data recorded
throughout the study period) in the RA and UC
cohorts were low (9.1% and 5.4%, respectively),
suggesting incomplete vaccination data.

IRs of Combined Influenza AEs
in the Randomized Clinical Trial Cohorts

In the RA phase 2–3b/4 cohort, IRs of combined
influenza AEs with tofacitinib 10 mg BID and
placebo were generally numerically higher ver-
sus tofacitinib 5 mg BID, adalimumab, and
methotrexate (Fig. 1a); IRs were generally simi-
lar with tofacitinib 5 mg BID, adalimumab, and
methotrexate.

The IR of combined influenza AEs was
numerically higher with tofacitinib 10 mg BID
versus placebo in the UC phase 2/3 induction
cohort (Fig. 1b). IRs of combined influenza AEs
were generally similar with both tofacitinib
doses and placebo in the UC phase 3 mainte-
nance cohort (Fig. 1c). Across both UC cohorts,
95% CIs were wide and overlapping.

In the PsA phase 3 placebo-controlled
cohort, IRs of combined influenza AEs with to
facitinib 5 and 10 mg BID were similar to that
with placebo (Fig. 1d), although the small

sample size precluded comparisons. In the PsA
active-controlled cohort, IRs of combined
influenza AEs were numerically higher with
tofacitinib 5 and 10 mg BID versus adalimumab
(Fig. 1e).

IRs of Combined Influenza AEs
in the Overall Tofacitinib Cohorts

IRs of combined influenza AEs in the Overall
tofacitinib cohorts were higher in the UC
cohort than in the RA and PsA cohorts
(Fig. 2a–c). IRs were similar across tofacitinib
dose groups in the RA and PsA cohorts, while in
the UC cohort, the IR of the average tofacitinib
10 mg BID group was numerically higher than
that of the average tofacitinib 5 mg BID group
(Fig. 2a–c).

In the Overall RA tofacitinib cohort, H1N1
influenza was the only influenza subtype
reported [IR 0.04 (95% CI, 0.02–0.07)]. In the
tofacitinib UC and PsA clinical programs, no
events of avian, encephalitis, H1N1, H2N2,
H3N2, pneumonia influenza, or other influenza
complication AEs were reported.

IRs of Combined Influenza AEs in RA
and UC Overall Tofacitinib Cohorts,
Stratified by Age

In the RA Overall tofacitinib cohort, when
stratified by age (\ 65 versus C 65 years), IRs for
combined influenza AEs were similar across
average tofacitinib doses within and between
age groups (Fig. 3a). In the UC Overall tofaci-
tinib cohort, the IR of the average tofacitinib
10 mg BID group was numerically higher
than that of the average tofacitinib 5 mg BID
group in the\65 years age group, while IRs
were similar across average tofacitinib doses in
the C 65 years age group (Fig. 3b). Across both
cohorts, the number of events in the C 65 years
age group was low.
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Descriptive Analyses of Nonserious
and Serious Combined Influenza AEs
in the Overall Tofacitinib Cohorts

Of the 7964 patients in the RA Overall tofaci-
tinib cohort, 517 patients (6.5%) reported

combined influenza AEs, of which 9 (1.7%) were
serious (Table 2). Of patients with serious
influenza AEs, eight were hospitalized. Two
hospitalized patients died; both had H1N1
infection. In total, 82/517 (15.9%) patients
had C 2 discrete influenza AEs [average

Table 1 Baseline demographics and clinical characteristics of all tofacitinib patients in the RA, UC, and PsA Overall
tofacitinib cohorts

RA UC PsA
All tofacitinib
(N = 7964)

All tofacitinib
(N = 1157)

All tofacitinib
(N = 783)

Age, years, mean (SD) 52.6 (12.1) 41.3 (13.9) 48.7 (12.0)

C 65 years, n (%) 1270 (15.9) 77 (6.7) 72 (9.2)

Female, n (%) 6522 (81.9) 478 (41.3) 428 (54.7)

BMI, kg/m2, mean (SD) 27.1 (6.4) 24.8 (5.0)a 29.6 (6.0)

Obesity (BMI C 30 kg/m2), n (%) 2138 (26.8)b 159 (13.8)a 333 (42.5)

Smoking status, n (%)

Never smoked 4996 (62.7) 740 (64.0) 485 (61.9)

Current smoker 1366 (17.2) 59 (5.1) 140 (17.9)

Ex-smoker 1388 (17.4) 357 (30.9) 158 (20.2)

Missing/unknown 214 (2.7) 1 (0.1) 0 (0.0)

Disease duration, years, mean (SD) 8.1 (8.2) 8.2 (7.0) 7.7 (7.2)

Concomitant oral corticosteroid use,

n (%)c
4254 (53.4) 523 (45.2) 171 (21.8)

Diabetes, n (%)d 651 (8.2) 48 (4.1) 107 (13.7)

Hypertension, n (%)d 2818 (35.4) 161 (13.9) 299 (38.2)

Coronary heart disease, n (%)d 30 (\ 1.0) 22 (1.9) 39 (5.0)

Influenza vaccination, n (%)e 722 (9.1) 62 (5.4) N/A

RF-positive, n (%) 5146 (71.1) N/A 36 (4.6)

ACPA-positive, n (%) 3723 (46.7) N/A 36 (4.6)

Prior TNFi treatment, n (%) 1245 (15.6) 612 (54.4) 377 (48.1)

ACPA anti-citrullinated protein antibody, AE adverse event, BID twice daily, BMI body mass index, n number of patients
with the specified characteristic, N number of evaluable patients, NA not applicable, PsA psoriatic arthritis, RA rheumatoid
arthritis, RF rheumatoid factor, SD standard deviation, TNFi tumor necrosis factor inhibitor, UC ulcerative colitis
aN = 1156
bData were missing for 10 patients
cData based on day 1 of active tofacitinib treatment in the RA/UC/PsA clinical development program
dData based on patient medical history
ePatient-reported data on influenza vaccines received within 12 months prior to combined influenza AEs, or if without
combined influenza AEs, any influenza vaccine received during the study period
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tofacitinib 5 mg BID, n = 27/204 (13.2%); aver-
age tofacitinib 10 mg BID, n = 55/313 (17.6%)].
Overall, 12/517 patients (2.3%) had an SAE
within 28 days of influenza event onset; the
most common SAEs were acute respiratory dis-
tress syndrome (n = 2) and pneumonia (n = 2)
(Table S5). In patients with combined influenza
AEs, no change to tofacitinib treatment was
made in 363/517 (70.2%) patients, and tofaci-
tinib was stopped temporarily in 146/517
(28.2%), with a median time to resolution of 8.0
and 9.0 days, respectively. Median times to res-
olution of influenza AEs were generally similar
irrespective of action taken with tofacitinib
(Table 3).

Of the 1157 patients in the UC Overall
tofacitinib cohort, 115 patients (9.9%) reported
combined influenza AEs, of which one (0.9%)
was serious (Table 2), and one (0.9%) had an
SAE within 28 days of the onset of an influenza
event (ureter obstruction caused by a blood
clot). In total, 24/115 (20.9%) patients with
influenza AEs had C 2 discrete episodes of
influenza AEs [average tofacitinib 5 mg BID,
n = 7/23 (30.4%); average tofacitinib 10 mg BID,
n = 17/92 (18.5%)]. In 108/115 (93.9%) patients
with combined influenza AEs, no change to
tofacitinib treatment was made. The six patients

bFig. 1 IRs (95% CI) of combined influenza AEs, influenza
AEs, and influenza-like illness in the a RA phase 2–3b/4
cohort, b UC phase 2/3 induction cohort, c UC phase 3
maintenance cohort, d PsA placebo-controlled cohort, and
e PsA active-controlled cohort. aNo events of influenza
complication AEs were reported. bIncludes H1N1,
reported in three (0.1%) patients receiving tofacitinib
5 mg BID [IR (95% CI) 0.12 (0.02–0.34)] and two (0.1%)
patients receiving tofacitinib 10 mg BID [IR (95% CI)
0.10 (0.01–0.36)]. cNo events of VTs for influenza-like
illness were reported. dNo events of avian, encephalitis,
H1N1, H2N2, H3N2, pneumonia influenza, or VTs for
influenza AEs were reported. PY are total patient-years of
study-drug exposure. AE adverse event, BID twice daily, CI
confidence interval, IR incidence rate (number of unique
patients with events per 100 PY exposure), n number of
unique patients with event, N number of patients assessed,
PsA psoriatic arthritis, PY patient-years, RA rheumatoid
arthritis, UC ulcerative colitis, VT verbatim term
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who stopped tofacitinib temporarily had a
similar median time to resolution of influenza

(7.5 days) to those with no change to tofaci-
tinib treatment (8.0 days) (Table 3).

Of the 783 patients in the PsA Overall
tofacitinib cohort, 33 patients (4.2%) reported
combined influenza AEs, of which two (6.1%)
patients had a serious influenza AE and were
hospitalized (Table 2). No change to tofacitinib
treatment was made in 26 (78.8%) of the
33 patients with combined influenza AEs, and
tofacitinib was stopped temporarily in six
patients (18.2%; Table 3). Median times to res-
olution of influenza AEs were generally similar
irrespective of the action taken with tofacitinib,
although patient numbers were low.

No deaths were reported in the UC or PsA
Overall tofacitinib cohorts. Overall, the two
deaths recorded in hospitalized patients in the
RA Overall tofacitinib cohort account for two
deaths in 665 patients with combined influenza
AEs, giving a fatality rate of 0.3%.

Antiviral Treatment during Combined
Influenza AEs in the Overall Tofacitinib
Cohorts

In the Overall RA, UC, and PsA cohorts, 57/517
(11.0%), 15/115 (13.0%), and 5/33 (15.2%)
patients with combined influenza AEs, respec-
tively, were treated with antiviral drugs used for
influenza (Table S6). The most commonly used
antiviral agent was oseltamivir [RA: 49/57
(86.0%); UC: 8/15 (53.3%); PsA: 4/5 (80.0%)
patients receiving antiviral treatment].

Risk Factors for Combined Influenza AEs
and Recurring Influenza AEs in the RA
Overall Tofacitinib Cohort

Risk factors for combined influenza AEs (yes
versus no) and recurring influenza AEs (1 ver-
sus C 2) in the RA Overall cohort were identi-
fied by assessing demographic and baseline
characteristics (Tables S7 and S8) using uni-
variate logistic regression analyses (Table S9).

From the multivariable regression analyses
(Fig. 4) in the RA Overall tofacitinib cohort,
geographic region, tofacitinib average dose
(10 versus 5 mg BID; in patients with C 1 event,
this was the average tofacitinib dose within

bFig. 1 continued
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2 weeks prior to the first event, and in patients
with no event, this was the average tofacitinib
dose during the study period), baseline oral
corticosteroid use, and baseline methotrexate
use were significant independent predictors of
combined influenza AEs. Significant predictors
of recurrent influenza AEs were geographic
region, higher C-reactive protein (CRP) levels
and anti-citrullinated protein antibody (ACPA)-
positive status at baseline, and longer RA disease
duration.

Univariate and multivariable regression
analyses were not conducted for UC and PsA
cohorts owing to the low number of events
observed.

Viral Respiratory Infections

As with combined influenza AEs, IRs of viral
respiratory infections that may have overlap-
ping clinical presentation with influenza (i.e.,
preferred terms relating to viral and nonviral
respiratory infections) were largely similar
across treatment groups in the RA phase 2–3b/4

bFig. 2 IRs of combined influenza AEs, influenza-like
illness, and influenza AEs in the a RA, b UC, and c PsA
Overall tofacitinib cohorts. aNo events of influenza
complication AEs were reported. bIncludes H1N1,
reported in two (0.1%) patients receiving average tofaci-
tinib 5 mg BID [IR (95% CI) 0.02 (0.00–0.08)] and seven
(0.2%) patients receiving average tofacitinib 10 mg BID
[IR (95% CI) 0.05 (0.02–0.10)]. No events of avian,
encephalitis, H2N2, H3N2, pneumonia influenza, or VTs
for influenza AEs were reported. cIncludes two (0.1%)
patients receiving average tofacitinib 10 mg BID who
reported VTs for influenza-like illness. dNo events of avian,
encephalitis, H1N1, H2N2, H3N2, pneumonia influenza,
or VTs for influenza AEs were reported. eNo events of
VTs for influenza-like illness were reported. PY are total
patient-years of study-drug exposure. AE adverse event,
BID twice daily, CI confidence interval, IR incidence rate
(number of unique patients with events per 100 PY
exposure), n number of unique patients with event during
the risk period, N number of patients assessed, PsA
psoriatic arthritis, PY patient-years, RA rheumatoid arthri-
tis, UC ulcerative colitis, VT verbatim term
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cohort, and the UC phase 2/3 induction and
phase 3 maintenance cohorts (Tables S10–S12).

DISCUSSION

This post hoc analysis evaluated the risk of
reported influenza within the RA, UC, and PsA
tofacitinib clinical programs over influenza
seasons 2004/2005 to 2018/2019. We found the
incidence of reported influenza events to be
highest in the UC cohort, and within programs,

incidences were generally similar between
tofacitinib, placebo, and active comparator
treatment groups. Across indications, almost all
influenza events were nonserious and not asso-
ciated with complications leading to hospital-
ization, and the observed mortality of these
infections was low. The risk of influenza varied
across region, and within the RA Overall tofac-
itinib cohort, tofacitinib average dose (10 versus
5 mg BID), baseline oral corticosteroid use, and
baseline methotrexate use were each significant

Fig. 3 IRs of combined influenza AEs in the a RA and
b UC Overall tofacitinib cohorts, stratified by age
(\ 65 years, C 65 years). PY are total patient-years of
study-drug exposure. AE adverse event, BID twice daily, CI
confidence interval, IR incidence rate (number of unique

patients with events per 100 PY), n number of unique
patients with event, N number of patients analyzed, PY
patient-years, RA rheumatoid arthritis, UC ulcerative
colitis

366 Rheumatol Ther (2023) 10:357–373



independent risk factors for reported influenza
infection.

Our data suggest that the risk of influenza or
influenza-associated complications in tofaci-
tinib-treated patients is similar to that observed
in the general population. Influenza AEs
occurred in 4.2–9.9% of patients in the Overall
tofacitinib cohorts, consistent with an earlier
analysis of US influenza data spanning multiple
influenza seasons that found that 3.0–11.3% of
the general population developed symptomatic
influenza across the seasons [11]. In this analy-
sis, 0.9–6.1% of patients (all tofacitinib) in the
RA, UC, and PsA Overall tofacitinib cohorts

reported serious influenza AEs, and few hospi-
talized cases of influenza or pneumonia within
28 days of the onset of influenza AEs were
observed. Estimations of the annual burden of
influenza in the USA by the Centers for Disease
Control and Prevention (CDC) indicate that
1.1–2.0% of influenza cases lead to hospitaliza-
tion [12], consistent with the 1.7% hospitaliza-
tion rate observed in our analysis across the RA,
UC, and PsA cohorts. Further, the mortality rate
among those with reported events was similar
to that reported in the general public within the
USA (0.3% versus 0.1–0.2%, respectively) [12].
The IR of combined influenza AEs for UC was

Table 2 Summary of combined influenza AEs in the RA, UC, and PsA Overall tofacitinib cohorts

Average tofacitinib
5 mg BID

Average tofacitinib
10 mg BID

All tofacitinib

RA

Any influenza AE (combined), n/N (%) 204a/3969 (5.1) 313a/3995 (7.8) 517a/7964 (6.5)

Serious influenza AEs, n/N (%) 6/204 (2.9) 3/313 (1.0) 9/517 (1.7)

Hospitalized 6/6 (100.0) 2/3 (66.7) 8/9 (88.9)

Deathb 1c/6 (16.7) 1c/3 (33.3) 2c/9 (22.2)

UC

Any influenza AE (combined), n/N (%) 23/198 (11.6) 92/959 (9.6) 115/1157 (9.9)

Serious influenza AEs, n/N (%) 0 (0.0) 1/92 (1.1) 1/115 (0.9)

Hospitalized 0 (0.0) 1/1 (100.0) 1/1 (100.0)

Deathb 0 (0.0) 0 (0.0) 0 (0.0)

PsA

Any influenza AE (combined), n/N (%) 23d/458 (5.0) 10/325 (3.1) 33d/783 (4.2)

Serious influenza AEs, n/N (%) 2/23 (8.7) 0 (0.0) 2/33 (6.1)

Hospitalized 2/2 (100) 0 (0.0) 2/2 (100)

Deathb 0 (0.0) 0 (0.0) 0 (0.0)

AE adverse event, BID twice daily, n number of unique patients with event, N number of patients assessed, PsA psoriatic
arthritis, RA rheumatoid arthritis, UC ulcerative colitis
aOne patient in the average tofacitinib 5 mg BID group and two patients in the average tofacitinib 10 mg BID group
reported influenza AEs outside the risk period (28 days beyond last dose)
bWithin 30 days of a combined influenza AE
cPatients had H1N1 infection
dOne patient in the average tofacitinib 5 mg BID group reported influenza AEs outside the risk period (28 days beyond last
dose)
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Table 3 Time to resolution of influenza AEs by action taken with tofacitinib in the RA, UC, and PsA Overall tofacitinib
cohorts

Change to
tofacitinib
treatmenta

Average tofacitinib 5 mg BID Average tofacitinib 10 mg BID All tofacitinib

n/N (%) Time to
resolution,b

days, median
(Q1, Q3)

n/N (%) Time to
resolution,b

days, median
(Q1, Q3)

n/N (%) Time to
resolution,b

days, median
(Q1, Q3)

RA

No change 137/204
(67.2)

8.0

(6.0, 12.0)

226/313c

(72.2)
8.0

(6.0, 12.0)

363/517c

(70.2)
8.0

(6.0, 12.0)

Dose reduction 2/204 (1.0) 5.5

(4.0, 7.0)

4/313 (1.3) 11.5

(7.5, 15.0)

6/517 (1.2) 7.5

(7.0, 15.0)

Temporary
discontinuationd

64/204c

(31.4)
8.0

(6.0, 13.0)

82/313
(26.2)

10.0

(6.0, 14.0)

146/517c

(28.2)
9.0

(6.0, 14.0)

Permanent
discontinuation

1/204 (0.5) 26.0

(26.0, 26.0)

1/313 (0.3) 15.0

(15.0, 15.0)

2/517 (0.4) 20.5

(15.0, 26.0)

UC

No change 22/23
(95.6)

10.5

(6.0, 16.0)

86/92 (93.5) 8.0

(4.0, 14.0)

108/115
(93.9)

8.0

(5.0, 14.0)

Dose reduction 0/23 (0.0) – 0/92 (0.0) – 0/115 (0.0) –

Temporary
discontinuatione

1/23 (4.3) 5.0

(5.0, 5.0)

5/92 (5.4) 8.0

(7.0, 9.0)

6/115 (5.2) 7.5

(5.0, 9.0)

Permanent
discontinuation

0/23 (0.0) – 1/92 (1.1) 10.0 (10.0, 10.0) 1/115 (0.9) 10.0

(10.0, 10.0)

PsA

No change 18/23
(78.3)

11.5

(8.0, 22.0)

8/10 (80.0) 5.5

(4.5, 11.5)

26/33 (78.8) 10.0

(6.0, 16.0)

Dose reduction 0/23 (0.0) – 0/10 (0.0) – 0/33 (0.0) –

Temporary
discontinuation

4/23 (17.4) 7.5

(5.0, 15.5)

2/10 (20.0) 30.5

(22.0, 39.0)

6/33 (18.2) 15.0

(7.0, 23.0)

Permanent
discontinuation

1/23 (4.3) 8.0

(8.0, 8.0)

0/10 (0.0) – 1/33 (3.0) 8.0

(8.0, 8.0)

AE adverse event, BID twice daily, n number of unique patients with action taken, N number of patients with an influenza AE,
PsA psoriatic arthritis, Q1 25th percentile, Q3 75th percentile, RA rheumatoid arthritis, UC ulcerative colitis
aFor patients with multiple events, the worst event was selected according to the level of action taken. In case of multiple events
with the same level of action taken, the first occurred event was selected
bTime to resolution was calculated as the days between the event start date and the resolved date. For resolved events with missing
stop date, and for ongoing events or events with unknown outcome, the duration was calculated using the imputed resolved date
cIncludes one fatality due to H1N1 influenza
dTofacitinib treatment was stopped temporarily for a mean duration of 11.6 (average tofacitinib 5 mg BID), 10.6 (average
tofacitinib 10 mg BID), and 11.0 (all tofacitinib) days
eTofacitinib treatment was stopped temporarily for a mean duration of 4.0 (average tofacitinib 5 mg BID), 2.0 (average tofacitinib
10 mg BID), and 3.7 (all tofacitinib) days
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Fig. 4 Multivariable model results using a stepwise selec-
tion methoda summarizing OR (95% CI) for a combined
influenza AEs and b recurrent influenza AEs in the RA
Overall tofacitinib cohort. *p\ 0.05. For categorical
variables with more than two levels, the pairwise compar-
isons are considered significant if both the overall and
pairwise p values are\ 0.05. aA stepwise procedure was
used to screen significant risk factors (p\ 0.20) from the
univariate analysis. The full list of potential risk factors
included in the univariate analysis is presented in Table S9.
The final model includes all selected covariates after the
stepwise selection procedure with entry criterion p value of

0.15 and stay criterion p value of 0.05. bGeographic region
was significant regardless of the pairwise p values in each
comparison. cPatients with at least one event: average
tofacitinib dose within 2 weeks prior to first event; patients
with no event: average tofacitinib dose during the study
period. ACPA anti-citrullinated protein antibody, AE
adverse event, BID twice daily, CI confidence interval,
CRP C-reactive protein, MTX methotrexate, NA not
applicable, OR odds ratio, RA rheumatoid arthritis
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higher than for RA and PsA, even in the placebo
group, which may indicate a higher baseline
risk of influenza in UC, although further studies
are required to confirm this.

The World Health Organization [13] and
CDC [14] consider adults aged C 65 years to be
at higher risk of influenza and of developing
severe disease or complications than younger
patients. In our analysis, IRs for combined
influenza AEs in older (C 65 years) and younger
(\65 years) patients were generally similar, and
categorical age was not identified as a risk factor
in the univariate and multivariable analyses. In
an analysis of influenza vaccination rates
among patients with RA and PsA, fewer patients
aged\65 years were vaccinated than older
patients [15]. The data on influenza vaccination
status for patients in our analysis were not col-
lected systematically and are thus likely
incomplete. Indeed, the vaccination rate
observed for RA patients in our analysis (9.1%)
was markedly lower than vaccination coverage
reported in previous studies [16–18]. However,
as vaccination rates in patients with RA have
been shown to vary widely between countries
[17], our data may be skewed by the inclusion of
patients from countries where vaccination
uptake is particularly low. Therefore, a poten-
tially unrecognized high vaccination rate in
patients aged C 65 years could have introduced
a downward bias to the IR of influenza AEs in
this group. Risk factors that were identified in
the RA Overall tofacitinib cohort included geo-
graphic region, baseline oral corticosteroid and
methotrexate use, and tofacitinib dose (10 ver-
sus 5 mg BID). For the univariate and multi-
variable analyses, the average tofacitinib dose
for patients with C 1 influenza event was based
on average tofacitinib dose within 2 weeks prior
to the first event. In contrast, IRs for influenza
AEs were calculated by average tofacitinib dose
across the study period. This difference in dos-
ing calculations is likely to be why IRs of com-
bined influenza AEs in the RA Overall
tofacitinib cohort were similar between average
tofacitinib dose groups, despite dosage being
identified as a risk factor. Our model identified
both oral corticosteroid and methotrexate use
at baseline as risk factors for influenza, although
it is unclear whether these drugs do increase the

risk of influenza, as there are few published data
suggesting an association. Oral steroids have
previously been shown as a risk factor in
patients with inflammatory disease [9], and
methotrexate has been associated with
decreased influenza vaccine response [19].
However, it is unclear whether the associations
in our analysis are simply due to residual con-
founding related to disease activity, although
disease activity measures were included in our
model. For recurrent influenza AEs in RA, sig-
nificant risk factors included higher CRP levels,
ACPA-positivity, and longer disease duration,
which are not unexpected given that higher
disease activity is known to be associated with a
higher risk of infection in patients with RA [20].

This analysis has some limitations. In the RA,
UC, and PsA tofacitinib clinical programs,
influenza was diagnosed at the discretion of the
investigator, without a confirmatory laboratory
test, using investigator-reported MedDRA terms
that distinguish between confirmed cases of
influenza and ILI. However, in a real-world set-
ting, ILI denotes both confirmed influenza cases
based on laboratory testing and unconfirmed
cases. Antigens in seasonal influenza vaccina-
tions can vary from year to year and may have
influenced the AEs reported each year; however,
the data on vaccination status in our analysis
were not collected systematically. Additionally,
as patients in the Overall tofacitinib cohorts
may have changed tofacitinib dose throughout
the open-label LTE studies, analyses were based
on average tofacitinib doses during the trials,
which may be a further confounding factor
when assessing the impact of dose on risk of an
event. Further limitations are the varying
exposure across tofacitinib treatment arms and
relatively low number of patients in the UC and
PsA cohorts.

CONCLUSIONS

This post hoc analysis of influenza AEs across
the tofacitinib RA, UC, and PsA clinical pro-
grams showed the highest IRs in the UC cohort;
in each indication, IRs were generally low and
similar between tofacitinib, adalimumab,
methotrexate, and placebo groups, and between
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tofacitinib dose and patient age groups. The
vast majority of influenza AEs were nonserious
and not associated with changes in tofacitinib
treatment.
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