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ABSTRACT

Introduction: The aim of this work is to evalu-
ate baricitinib safety with respect to venous
thromboembolism (VTE), major adverse car-
diovascular events (MACE), and serious

infection relative to tumor necrosis factor inhi-
bitors (TNFi) in patients with rheumatoid
arthritis (RA).
Methods: Patients with RA from 14 real-world
data sources (three disease registries, eight
commercial and three government health
insurance claims databases) in the United States
(n = 9), Europe (n = 3), and Japan (n = 2) were
analyzed using a new user active comparator
design. Propensity score matching (1:1) con-
trolled for potential confounding. Meta-analysis
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of incidence rate ratios (IRR) and incidence rate
differences (IRD) for each outcome, from each
data source was executed using modified Pois-
son regression and Cochran–Mantel–Haenszel
analysis.
Results: Of 9013 eligible baricitinib-treated
patients, 7606 were propensity score-matched
with TNFi-treated patients, contributing 5879
and 6512 person-years of baricitinib and TNFi
exposure, respectively. Across data sources, 97
patients (56 baricitinib) experienced VTE during
follow-up, 93 experienced MACE (54 barici-
tinib), and 321 experienced serious infection
(176 baricitinib). Overall IRRs comparing baric-
itinib with TNFi treatment were 1.51 (95% CI
1.10, 2.08) for VTE, 1.54 (95% CI 0.93, 2.54) for
MACE, and 1.36 (95% CI 0.86, 2.13) for serious
infection. IRDs for VTE, MACE, and serious
infection, respectively, were 0.26 (95% CI
-0.04, 0.57), 0.22 (95% CI -0.07, 0.52), and
0.57 (95% CI -0.07, 1.21) per 100 person-years
greater for baricitinib than TNFi.
Conclusions: Overall results suggest increased
risk of VTE with baricitinib versus TNFi, with
consistent point estimates from the two largest
data sources. A numerically greater risk was
observed for MACE and serious infection when
comparing baricitinib versus TNFi, with differ-
ent point estimates from the two largest data
sources. Findings from this study and their
impact on clinical practice should be considered
in context of limitations and other evidence
regarding the safety and efficacy of baricitinib
and other Janus kinase inhibitors.
Trial registration:: EU PAS Register (http://
encepp.eu), identifier #32271.

Keywords: Baricitinib; Rheumatoid arthritis;
Venous thromboembolism; Major adverse
cardiovascular event; Serious infection; JAK
inhibitors; Tumor necrosis factor inhibitors

Key Summary Points

Why carry out this study?

This study aimed to provide information
about the safety profile of baricitinib
relative to tumor necrosis factor inhibitors
(TNFi) in real-world patients receiving
treatment for rheumatoid arthritis during
routine clinical care.

During the 24-week placebo-controlled
period of the rheumatoid arthritis clinical
program, a numerical imbalance of
venous thromboembolism between
baricitinib 4 mg (6 of 997 patients) and
placebo (0 of 1070 patients) suggested the
potential for an increased risk of venous
thromboembolism in baricitinib-treated
patients. Incidence rates remained
stable over long-term follow-up in single-
arm studies.

What was learned from the study?

After propensity score matching, patients
treated with baricitinib (average treatment
length: 9 months; range\3–17 months)
had a 1.5-fold statistically significant
increased risk of venous
thromboembolism (IRR = 1.51, 95% CI
1.10, 2.08; IR difference = 0.26, 95% CI
-0.04, 0.57) compared to patients treated
with TNFi.

A non-statistically significant increased
risk of major adverse cardiovascular events
(IRR = 1.54, 95% CI 0.93, 2.54; IR
difference = 0.22, 95% CI -0.07, 0.52 per
100 person-years) and serious infection
(IRR = 1.36, 95% CI 0.86, 2.13; IR
difference = 0.57, 95% CI -0.07, 1.21 per
100 person-years) were also observed
compared to patients treated with TNFi.
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INTRODUCTION

Rheumatoid arthritis (RA) is a systemic inflam-
matory disease characterized by synovial
inflammation causing pain, swelling, stiffness,
and progressive joint damage. Patients with RA
also experience an increased risk of significant
non-musculoskeletal comorbidities, including
malignancy [1], infection, including tuberculo-
sis (TB) [2], venous thromboembolism (VTE)
[3–5], cardiovascular disease [6–8], and overall
early mortality [9, 10], among others.

Current treatment of RA is typically initiated
with a conventional disease-modifying anti-
rheumatic drug (cDMARD) such as methotrex-
ate. Patients with poor control of disease
activity can receive additional treatment with
biologic DMARDs (bDMARD), such as tumor
necrosis factor inhibitors (TNFi) and oral tar-
geted synthetic DMARDs (tsDMARD), such as
Janus kinase inhibitors (JAKi). Baricitinib, an
oral selective JAK1/JAK2 inhibitor, is approved
for the treatment of adults with moderately to
severely active RA, moderate-to-severe atopic
dermatitis, severe alopecia areata, and hospi-
talized patients with SARS-CoV-2 (COVID-19).

The safety profile of baricitinib for the
treatment of RA is based on clinical trial data
from over 14,000 person-years of exposure [11].
During the 24-week placebo-controlled period
of the baricitinib RA clinical program, a
numerical imbalance of VTE between barici-
tinib 4 mg (6 of 997 patients) and placebo (0 of
1070 patients) suggested the potential for an
increased risk of VTE in baricitinib-treated
patients [12]. The duration of the comparative
observation period and number of patients in
these data, i.e., the total person-time available,
limited the evaluation of uncommon events
such as MACE and VTE [11]. Differences
between patients who volunteer to participate
in clinical trials and those who do not and
between the clinical care received in trials and
real-world settings can also influence the
observed safety profile of a medication. There-
fore, post-authorization safety studies within
real-world populations are typically conducted
to better characterize and establish the safety
profile of medications.

Study B023 was initiated in January 2020 and
aimed to compare the safety of baricitinib for
the treatment of patients with RA in routine
care, with TNFi for risk of VTE, MACE, or serious
infection. A meta-analysis was used to combine
results across 14 post-marketing data sources,
including bDMARD and disease registries,
administrative claims databases and national
healthcare systems, in Europe, the United States
(US), and Japan.

METHODS

Data and Study Design

A new user active comparator design was used
to reduce the risk of confounding and selection
bias [13]. New users were defined as patients
without prior use of the index medications
(baricitinib or the specific TNFi or biosimilar)
during the baseline period. The baseline period,
or covariate assessment window, was defined as
the 6-months prior to and including the cohort
entry date. A schematic of the study design is
available in Supplementary Material, Figure S1.

This study analyzed longitudinal informa-
tion collected for purposes unrelated to the
study objectives from 14 sources. Data came
primarily from health insurance claims records
and existing RA registries in Europe, the US, and
Japan (Table 1; Supplementary Material,
Table S1). All patients who were present in the
data sources between the start of market avail-
ability of Olumiant (baricitinib) and the initia-
tion of analyses were evaluated for eligibility.
All data sources provided available longitudinal
information on patient demographics, in- and
outpatient medical diagnoses and procedures,
including RA diagnosis, comorbidities, and
prescription dispensing records, including
treatments for RA, and healthcare resource
utilization.

All data were de-identified to ensure patient
confidentiality and used in accordance with
data license agreements. This study was regis-
tered on the European Post-authorization Study
(EU PAS) register (#32271; https://www.encepp.
eu/encepp/studiesDatabase.jsp), where the
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protocol and a detailed study report will be
available.

Study Population

The study population consisted of adults who
were incident users of baricitinib (4 and 2 mg)
or a specific TNFi (adalimumab, certolizumab
pegol, etanercept, golimumab, or infliximab) or
biosimilars. Cohort entry was defined as the

date of first dispensing of baricitinib or a specific
TNFi during the study period. In addition to the
specific medications, patients in claims data
were required to have a diagnosis of RA (ICD-10-
CM M05–M05.9, M06.0, M06.8, and M06.9, or
corresponding regional ICD-10 codes) from a
physician encounter during the baseline period.
In one US, claims-based study, the positive
predictive value (PPV) of these codes for RA was
86% [14]. Similar criteria were used in registries,

Table 1 Contribution of patients and person-time to VTE analyses, by data source

Data source Country Eligible (unmatched)
patients

Patients included in analysesa

Baricitinib
(n)

TNFi
(n)

Baricitinib
(n)

Baricitinib exposure
(PY)

TNFi
(n)

TNFi exposure
(PY)

US data

Aetna/Healthagen US 69 289 37 13 37 22

Anthem (HIRD) US 255 1304 123 69 123 99

CorEvitas US US 118 1897 112 76 112 85

HealthVerity PS20 US 933 3953 748 236 748 3785

Humana US 89 154 49 20 49 21

Marketscan US 257 1599 185 84 185 78

MDR US 188 1686 114 61 114 70

Optum�
Clinformatics�

US 348 1441 284 118 284 163

PharMetrics Plus US 473 6576 261 141 261 159

Europe and Japan data

ARTIS Sweden 1737 6230 1685 2314 1685 2608

BKK Germany 851 3332 765 539 765 544

CorEvitas JP Japan 210 354 171 200 171 248

JMDC Japan 243 1721 213 154 213 115

SNDS France 3242 10,202 2859 1855 2859 1923

Total 9013 40,738 7606 5879 7606 6512

ARTIS anti-rheumatic therapy in Sweden, BKK Betriebskrankenkasse, HIRD HealthCore Integrated Research Database,
JMDC JMDC, Inc.’s claims database, JP Japan, MACE major adverse cardiovascular event, MDR military health system
data repository, n number of patients, Optum� Clinformatics� Optum’s de-identified Clinformatics� Data Mart Database,
PS20 Private Source 20, PY person-years, SNDS Système National des Données de Santé, TNFi tumor necrosis factor
inhibitor, US United States, VTE venous thromboembolism
aAvailable information on sample size (n) and baricitinib exposure (PY) among eligible propensity score-matched patients
analyzed to assess risk of VTE
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with RA diagnosis and treatments identified
from information contributed by rheumatolo-
gists. Patients in claims data were required to
have continuous medical and prescription drug
coverage for C 6 months prior to cohort entry
and throughout their follow-up, with any gaps
limited to B 45 days. Patients showing prior use
of another JAKi, or with a dispensing of any
combination of two or more bDMARDs and/or
tsDMARDs on the cohort entry date, were
excluded. In US data sources, patients in the
TNFi cohort were required to have prior treat-
ment with C 1 TNFi identified during the
baseline period to mirror the US indication for
baricitinib [15]. This was not required for data
collected outside of the US. Patients eligible for
either treatment cohort were prioritized for
entry to the baricitinib cohort to maximize
cohort size. Patients with a baseline history of
the outcome under analysis were excluded from
analysis of the same outcome. Patients were also
excluded from VTE and MACE analyses if there
was evidence of anticoagulant use on the cohort
entry date.

Exposure and Outcome Definitions

Exposures were based on an as-treated defini-
tion, with patients followed for outcomes from
the start of treatment until treatment discon-
tinuation or switch (including to another TNFi
for patients in the TNFi cohort), initiation of a
concomitant bDMARD or tsDMARD, disenroll-
ment from the insurance plan or registry, death
(where available), or the end of the study per-
iod. Exposure to baricitinib was defined based
on aggregate doses (2 and 4 mg).

The primary outcome was VTE, a composite
of pulmonary embolism, deep-vein thrombosis,
or other venous thrombosis. In claims data, VTE
was identified using a validated case definition
based on ICD-10 diagnosis codes, health care
setting (emergent, inpatient, or outpatient),
and, in some cases, dispensing of low molecular
weight heparin or oral anticoagulant (PPV =
75.5%; see Supplementary Material, Methods).
The definition was updated from a previous
algorithm [16] and further adaptations were
made to reflect differences in regional coding

and healthcare systems. The case definition
does not consider the fatality of an event. In
French claims data (Système National des Don-
nées de Santé [SNDS]), the validated case defi-
nition included evidence of imaging procedures
to address the absence of outpatient diagnosis
codes (PPV C 92%) [17]. In CorEvitas registry
data, physician diagnosis and adjudicated end-
points, within the registry procedures, were
used to identify VTE. In the Anti-Rheumatic
Therapy in Sweden (ARTIS) data source, VTE
was defined by a validated algorithm based on
ICD-10 from the Swedish National Patient
Register (PPV = 87%) [18].

MACE and serious infection were examined
as secondary outcomes. MACE was identified in
claims data based on ICD-10 diagnosis codes for
myocardial infarction (PPV C 93%) [19] or
ischemic or hemorrhagic stroke (PPV C 82% for
ischemic and C 87% for hemorrhagic stroke)
[20], with local adaptation for other ICD-10
coding schemes. In registry data, MACE was
defined based on physician diagnosis and
adjudicated endpoints per registry procedures
[21]. Serious infection was identified in claims
data based on primary ICD-10 diagnosis codes
from an inpatient stay (PPV = 90.2%) [22]. In
registry data, serious infection was based on
clinical judgement and adjudicated events
when available for a specified infection. MACE
and serious infections that met the case defini-
tion and subsequently led to death were inclu-
ded although fatal outcomes were not
specifically identified. Hospitalized TB was also
assessed, as a component of serious infection,
and separately as a descriptive outcome.

Covariate Assessment

Patient characteristics were evaluated for
potential imbalances in risk factors between
groups, i.e., confounding, for each outcome.
These included demographics, medical history,
and comorbidities, RA treatments, and health
care resource utilization evaluated from infor-
mation available during baseline. Baseline was
defined as the 6-month period prior to cohort
entry, up to and including the cohort entry
date.
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Statistical Analysis

Comparative analyses were implemented after
1:1 baricitinib:TNFi nearest-neighbor propen-
sity score matching [23, 24] to create compar-
ison groups with a balanced distribution of
baseline risk factors. Propensity score models
were generated separately for each outcome,
i.e., VTE, MACE, or serious infection. The per-
formance of propensity score matching across
baseline variables was assessed using standard-
ized differences, with differences of B 0.10
considered acceptable. The variables considered
for inclusion in the propensity score models
were risk factors specific to each outcome,
including information on patient demograph-
ics, medical history including comorbidities,
and RA disease treatments; not all data sources
had data available on each risk factor (Supple-
mentary Material, Table S2).

Within each data source, patient character-
istics, e.g., baseline demographic and clinical
conditions, were summarized by treatment
group (baricitinib versus TNFi) in unmatched
and matched cohorts. Patients were permitted
to contribute person-time and events to only a
single treatment group, either the TNFi cohort
or the baricitinib cohort in an analysis. For all
comparative analyses, baricitinib was the treat-
ment of interest and the TNFi cohort was the
reference group.

Modified Poisson regression was used to
generate an overall incidence rate ratio (IRR)
from meta-analysis, as a measure of association
comparing events in baricitinib and TNFi
treatment cohorts. This allows inclusion of data
from all sources, including those with low or no
events in either or both cohorts. Both random
effects and fixed effect regression models were
implemented. Only results from the fixed effect
model are reported for the IRR since the data
were too sparse and the variance/covariance
matrix of the random effects matrix did not
converge. Heterogeneity in the treatment effect
was assessed using the standard Cochran v2 test,
and the magnitude of heterogeneity was evalu-
ated using the I-squared statistic [25]; however,
the sparse data from several sources limited the
ability of these tests to detect heterogeneity.

Using Cochran-Mantel–Haenszel analysis,
an overall incidence rate difference (IRD) was
also estimated for each outcome as a supple-
mental result. Both the random and fixed effect
model results were estimated but the random
effects result is reported as the main IRD finding
since it allows that the treatment effect may
vary in different populations.

A sensitivity analysis was executed to
understand the potential impact of bias due to
unmeasured confounding by smoking, body
mass index (BMI), and disease activity in US
data sources and SNDS (details in Supplemen-
tary Material). Additional pre-planned sensitiv-
ity analyses to understand the impact of
geography, disease severity, and length of
baseline period are detailed in the final study
report available on the EU PAS register.

Compliance with Ethics Guidelines

Study B023 was conducted in accordance with
ethical principles of the Helsinki Declaration of
1964 and its later amendments, and Good
Clinical Practice guidelines. Ethical approval
was provided by Advarra IRB Committee, a
centralized IRB in the USA, (Reference
Pro00042607), and CNIL for French SNDS data
(reference 919392). All data were de-identified
to ensure patient confidentiality and used in
accordance with data license agreements. The
requirement for informed consent was therefore
waived.

RESULTS

Study Population

Patients were identified from 14 data sources
across Europe, the US, and Japan (Table 1). Of
9013 eligible patients treated with baricitinib,
7606 (84%) were propensity score-matched 1:1
with patients treated with TNFi and included in
the comparative analysis of VTE, for a total 5879
and 6512 person-years of baricitinib and TNFi,
respectively. A greater proportion of eligible
patients were successfully matched in European
(ARTIS 97%, Betriebskrankenkasse [BKK] 90%,
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SNDS 88%) than in US (70% overall) or Japan
(85% overall) data. On average, patients were
followed for 9 and 10 months of baricitinib and
TNFi treatment, respectively. The largest data
sources, ARTIS and SNDS, contributed 2314
(1685) and 1855 (2859) person-years of barici-
tinib exposure (and patients) to the meta-anal-
ysis, respectively, with an average follow-up of
16 and 8 months. These data sources con-
tributed 39% (ARTIS) and 32% (SNDS) of the
total baricitinib exposure, i.e., person-time, to
the meta-analysis for VTE, with the third largest
source, BKK in Germany, contributing 9%. Per-
son-time and counts of patients in the MACE
and serious infection analysis cohorts did not
differ meaningfully from the VTE analysis
cohort and are therefore not reported.

Patient characteristics were described from
information available prior to cohort entry, i.e.,
the baseline period 6 months prior to and
including the date of initiation of the index
medication (claims data, ARTIS) and informa-
tion collected at enrolment (CorEvitas). Prior to
matching, patients treated with baricitinib were
more likely to be female and older than those
treated with TNFi, with non-US patients treated
with the 2-mg dose tending to be more than a
decade older. Baricitinib cohort patients were
more likely to have received bDMARDs or con-
comitant cDMARDs during baseline and to take
more medications (e.g., antibiotics, antihyper-
tensives, beta-blockers, calcium channel block-
ers, and statins) compared to patients treated
with TNFi (Supplementary Material,
Tables S3–S6). After propensity score matching,
differences between treatment groups resolved,
with little to no difference remaining in the
prevalence of measured risk factors between
treatment cohorts for each outcome analyzed.
Because the 6-month baseline may have limited
information available on clinical history, a
sensitivity analysis in French data extended the
baseline to 2 years. No important differences
emerged with this extended period (Supple-
mentary Material, Table S7). Selected charac-
teristics of patients from the largest US and
European data sources initiating baricitinib or
TNFi treatment and included in comparative
analyses are described in Table 2, and the

remaining data sources are included in Supple-
mentary Material, Tables S8-S11.

Primary Outcome—VTE

Across all data sources, 97 patients experienced
a VTE during a mean overall follow-up of
9 months (baricitinib) and 10 months (TNFi),
56 of whom were treated with baricitinib. In
decreasing frequency of cases, the data sources
where at least five patients experienced VTE
during follow-up were ARTIS (n = 37), SNDS
(n = 33), HealthVerity Private Source 20 (PS20)
(n = 10), and BKK (n = 9). The overall IRR was
statistically significantly elevated for baricitinib
vs. TNFi (IRR = 1.51; 95% CI 1.10, 2.08)
(Fig. 1A). The IRD between baricitinib and TNFi
was 0.26 (95% CI -,0.04, 0.57) per 100 person-
years (Fig. 1B) from the random effects model,
with the greater rate among patients treated
with baricitinib; the IRD was not statistically
significant. In other words, assuming a constant
rate over time, for every 1000 patients treated
with baricitinib instead of a TNFi, an additional
three VTE would be expected each year. Both
random and fixed effect model results were
estimated for IRD (Fig. 1B) but only the random
effects result is presented as the main IRD
finding since it allows that the treatment effect
may vary in different populations and point
estimates did not differ. The incidence of VTE in
each data source is provided in the Supple-
mentary Material (Table S12). A bias analysis
carried out to assess the possible impact of
unmeasured confounding by smoking, obesity,
and disease activity on the effect of baricitinib
on VTE compared to TNFi suggested that results
were unlikely to have been meaningfully
impacted by not controlling for these factors
(Supplementary Material, Table S13).

Clinical characteristics of patients with VTE
were similar to those of the overall RA cohorts,
except for age and sex (Table 3) but compar-
isons are limited by the small number of
patients with events. The mean age of patients
with a VTE appeared higher (mean age in ARTIS
64 years; SNDS mean 68 years) than the mean
age of patients included in VTE analyses (mean
age in ARTIS 59 years; SNDS mean 58 years),
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Fig. 1 Meta-analysis for VTE comparing baricitinib and
TNF inhibitors showing A incidence rate ratios and
B incidence rate differences. ARTIS anti-rheumatic ther-
apy in Sweden, BKK Betriebskrankenkasse, CI confidence
interval, GLMM generalized linear mixed model, HIRD
HealthCore Integrated Research Database, IRR incidence
rate ratio, JMDC JMDC, Inc.’s claims database, JP Japan,
MDR military health system data repository, Optum�
Clinformatics� Optum’s de-identified Clinformatics�

Data Mart Database, PS20 private source 20, PY
person-years, RD rate difference, SNDS Système National
des Données de Santé, TNFi tumor necrosis factor
inhibitor, US United States, VTE venous thromboem-
bolism. For some data sources, low counts (i.e.,\11) were
masked as required to maintain data privacy, as required by
local regulations
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although sample sizes were small and no sta-
tistical comparisons were made. In the ARTIS,
SNDS, and BKK data sources, almost all patients
in the baricitinib cohort with a VTE during
follow-up were male, unlike for TNFi cohorts
(Table 3). Notably within PS20, all six patients
with VTE treated with baricitinib, and one of
four patients with VTE treated with TNFi, had a
recent hospitalization within the 4 weeks prior
to the event. Within data sources with at least
five patients with VTE, there were no other
differences in selected VTE clinical risk factors,
although the number of patients with events
limits these qualitative descriptions. The distri-
bution of time to VTE was variable, ranging
from 1 to 1458 days. For the baricitinib cohort,
the mean (median) time to event was 502 (454)
days in ARTIS and 227 (204) days in SNDS,
consistent with the mean (median) follow-up
time in these cohorts. In the TNFi cohort, the
mean (median) time to event was 565 (454)

days in ARTIS and 181 (113) days in SNDS,
consistent with the mean (median) follow-up
time in these cohorts.

Secondary Outcomes

MACE
A total of 93 patients experienced MACE during
a mean overall follow-up of 8 months (barici-
tinib) and 10 months (TNFi), 54 of whom were
receiving treatment with baricitinib. There were
four data sources with more than five patients
with a MACE during follow-up: ARTIS (n = 29),
SNDS (n = 36), BKK (n = 12), and PS20 (n = 6). A
numerically greater, non-statistically significant
overall IRR was estimated when baricitinib was
compared with TNFi with respect to risk of
MACE (IRR = 1.54; 95% CI 0.93, 2.54; Fig. 2A).
The difference in incidence rates (IRD) between
baricitinib and TNFi was 0.22 (95% CI -0.07,

Table 3 Demographic characteristics (sex and age) of patients with events in the VTE analysis cohort in data sources with
greater than five events

Total patients Patients with VTE

Baricitinib cohort TNFi cohort Overall Baricitinib cohort TNFi cohort Overall

ARTIS N = 1685 N = 1685 N = 3370 N = 23 N = 14 N = 37

Age, years; mean (SD) 59 (14) 59 (14) 59 (14) 63 (10) 65 (11) 64 (11)

Sex, female; n (%) 1382 (82) 1393 (83) 2775 (82) 18 (78) 11 (79) 29 (78)

SNDS N = 2859 N = 2859 N = 5718 N = 20 N = 13 N = 33

Age, years; mean (SD) 58 (13) 58 (13) 58 (11) 69 (10) 66 (12) 68 (11)

Sex, female; n (%) 2268 (79) 2303 (81) 4571 (80) B 10 B 10 B 10

PS20 N = 748 N = 748 N = 1496 N = 6 N = 4 N = 10

Age, years; mean (SD) 55 (11) 56 (12) 55 (12) 60 (9) 55 (6) 58 (8)

Sex, female; n (%) 643 (86) 635 (85) 1278 (85) 5 (83) 3 (75) 8 (80)

BKK N = 765 N = 765 N = 1530 N = 3 N = 6 N = 9

Age, years; mean (SD) 57 (13) 56 (14) 56 (13) 54 (2) 59 (16) 57 (13)

Sex, female; n (%) 572 (75) 573 (75) 1145 (75) 1 (33) 5 (83) 6 (67)

For some data sources, low counts (i.e., B 10) were masked as required to maintain data privacy, as required by local
regulations
ARTIS anti-rheumatic therapy in Sweden, BKK Betriebskrankenkasse, N number in specific category, n number of patients,
PS20 private source 20, SD standard deviation, SNDS Système National des Données de Santé, VTE venous
thromboembolism
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Fig. 2 Meta-analysis for MACE comparing baricitinib
and TNF inhibitors showing A incidence rate ratios and
B incidence rate differences. ARTIS anti-rheumatic ther-
apy in Sweden, BKK Betriebskrankenkasse, CI confidence
interval, GLMM generalized linear mixed model, HIRD
HealthCore Integrated Research Database, IRR incidence
rate ratio, JMDC JMDC, Inc.’s claims database, JP Japan,
MACE major adverse cardiovascular event, MDR military
health system data repository, Optum� Clinformatics�

Optum’s de-identified Clinformatics� Data Mart Data-
base, PS20 private source 20, PY person-years, RD rate
difference, SNDS Système National des Données de Santé,
TNFi tumor necrosis factor inhibitor, US United States.
For some data sources, low counts (i.e., B 10) were
masked as required to maintain data privacy, as required by
local regulations

Rheumatol Ther



0.52) per 100 person-years from the random
effects model, with a non-significant greater
rate observed in patients treated with baricitinib
(Fig. 2B). Stated differently, for every 1000
patients treated with baricitinib instead of a
TNFi, an additional two MACE would be
expected each year. Both random and fixed
effect model results were estimated for IRD
(Fig. 2B) but only the random effects result is
presented as the main IRD finding since it
allows that the treatment effect may vary in
different populations and point estimates did
not differ. The incidence of MACE in each data
source is provided in the Supplementary Mate-
rial (Table S12).

Clinical characteristics and use of RA medi-
cations in patients with MACE were generally
consistent with the overall cohort of RA
patients, except for age (Supplementary Mate-
rial, Table S14) although these are qualitative
comparisons limited by the small number of
events. The mean age of patients treated with
baricitinib with a MACE appeared higher (mean
age in ARTIS 68 years; SNDS 68 years) than the
overall age of the baricitinib cohort included in
MACE analyses (mean age in ARTIS 59 years;
SNDS 58 years). The majority of French patients
in both treatment cohorts who experienced
MACE were male (n = 22 of 36 overall; Supple-
mentary Material, Table S14). The distribution
of time to MACE was variable, ranging from 1 to
1460 days. For the baricitinib cohort, the mean
(median) time to event was 503 (454) days in
ARTIS and 216 (171) days in SNDS, consistent
with the mean follow-up, i.e., treatment, in
these cohorts. In the TNFi cohort, the mean
(median) time to event was 583 (484) days in
ARTIS and 226 (174) days in SNDS, consistent
with the mean (median) follow-up time in these
cohorts.

Serious Infection
There were 321 patients with serious infections
during a mean overall follow-up of 10 months
(baricitinib) and 11 months (TNFi), 176 of
whom were treated with baricitinib. There were
several data sources with more than five
patients with serious infection during follow-
up: ARTIS (n = 160), SNDS (n = 72), BKK
(n = 29), PS20 (n = 16), CorEvitas Japan

(n = 15), and PharMetrics Plus (n = 6). A
numerically greater, non-statistically significant
overall IRR was estimated when comparing risk
of serious infection in baricitinib vs. TNFi
cohorts (IRR = 1.36; 95% CI 0.86, 2.13)
(Fig. 3A). The IRD between baricitinib and TNFi
was 0.57 (95% CI -0.07, 1.21) per 100 person-
years from the random effects model (Fig. 3B),
with a greater incidence rate among patients
treated with baricitinib; this difference was not
statistically significant. This would mean for
every 1000 patients treated with baricitinib
instead of a TNFi, six additional serious infec-
tions would be expected each year. Both ran-
dom and fixed effect model results were
estimated for IRD (Fig. 3B) but only the random
effects result is presented as the main IRD
finding since it allows that the treatment effect
may vary in different populations and point
estimates did not differ. The incidence of seri-
ous infection in each data source is provided in
the Supplementary Material (Table S12).

Clinical characteristics of patients with seri-
ous infections were similar to those observed in
the overall cohort of RA patients but sample
sizes were too small to be informative. The three
data sources with the greatest number of serious
infection events, consistent with their overall
sample sizes, were ARTIS (n = 160), SNDS
(n = 72), and BKK (n = 29). Within these sour-
ces, results suggest that patients with serious
infections may be older and more often male,
than patients in the overall cohorts (Supple-
mentary Material, Table S15). However, these
are qualitative observations that were not sta-
tistically tested.

The distribution of time to serious infection
was variable, with minimum of 1 day and
maximum of 1460 days. Optum’s de-identified
Clinformatics� Data Mart Database (Optum�
Clinformatics�) and BKK reported the shortest
time to serious infection. For the baricitinib
cohort, mean (median) time to serious infection
was 80 (79) days in Optum� Clinformatics�
(n\11) and 107 (100) days in BKK (n = 17). For
the TNFi cohort, time to serious infection was
205 (216) in Optum� Clinformatics� (n\ 11)
and 188 (96) in BKK (n = 12). ARTIS (n = 94)
reported the longest mean (median) time to
serious infection, of 485 (428) days in the
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Fig. 3 Meta-analysis for serious infection comparing
baricitinib and TNF inhibitors showing A incidence rate
ratios and B incidence rate differences. ARTIS anti-
rheumatic therapy in Sweden, BKK Betriebskrankenkasse,
CI confidence interval, GLMM generalized linear mixed
model, HIRD HealthCore Integrated Research Database,
IRR incidence rate ratio, JMDC JMDC, Inc.’s claims
database, JP Japan, MDR military health system data
repository, Optum� Clinformatics� Optum’s de-identified

Clinformatics� Data Mart Database, PS20 private source
20, PY person-years, RD rate difference, SNDS Système
National des Données de Santé, TNFi tumor necrosis
factor inhibitor, US United States. For some data sources,
low counts (i.e., B 10) were masked as required to
maintain data privacy, as required by local regulations
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baricitinib cohort and 562 (453) in the TNFi
cohort, consistent with the mean follow-up
times of these cohorts.

Among the total 9013 eligible patients trea-
ted with baricitinib available prior to matching,
there were no cases of hospitalized TB recorded;
three cases in total were identified in the TNFi
cohort.

DISCUSSION

Study B023 aimed to compare the safety of
baricitinib with TNFi for the treatment of
patients with RA in routine care for risk of VTE,
MACE, or serious infection. A meta-analysis was
used to combine results across 14 post-market-
ing data sources in Europe, the US, and Japan.
With a mean overall exposure of 9 months,
treatment with baricitinib was associated with a
significantly increased risk of VTE versus TNFi
(IRR = 1.51, 95% CI 1.10, 2.08). The incidence
rate was greater among patients treated with
baricitinib than with TNFi, with an IRD of 0.26
(95% CI -0.04, 0.57) per 100 PY. Risk of MACE
was also numerically greater with baricitinib
versus TNFi, although not statistically signifi-
cant, during a mean overall exposure of
8 months (IRR = 1.54, 95% 0.93, 2.54; IRD =
0.22 95% CI -0.07, 0.52 per 100 PY). Results
for serious infection also estimated a numeri-
cally greater, non-statistically significant risk
with baricitinib than with TNFi during a mean
overall exposure of 10 months (IRR = 1.36, 95%
CI 0.86, 2.13; IRD = 0.57, 95% CI -0.07, 1.21
per 100 PY). Overall incidence rates were not
estimated in the study and comparative risk
should be interpreted in terms of patient
cohorts or populations, rather than individual
risk.

Patients with RA are at greater risk of a wide
range of comorbidities [26], including the con-
ditions evaluated in this study. Risk of VTE in
this population is increased by 30–40% com-
pared to the general population [3, 5, 27], and
has been associated with disease activity [28].
Among patients receiving treatment for RA,
particularly those proceeding through a
sequence of advanced therapies [29], risk of VTE

was elevated with bDMARDs compared to
cDMARDs or methotrexate treatment [5, 30].

Few studies have assessed the comparative
risk of VTE associated with JAKi, the most
notable of which was the post-marketing study
for tofacitinib, the ORAL Surveillance random-
ized trial in patients with RA enriched for MACE
risk factors [31]. A significant imbalance occur-
red in the incidence of pulmonary embolism
and all-cause mortality in the 10-mg twice-daily
arm of the trial, which led to a US Food and
Drug Administration (FDA) black box warning
update in 2021 for all JAKi approved in the US
for the treatment of RA and other inflammatory
conditions. Using US claims data (2012–2019),
Desai et al. [32] compared new users of tofaci-
tinib (5301 person-years) with TNFi (75,824
person-years) and did not detect a meaningful
difference in risk of VTE (HR = 1.13; 95% CI
0.77, 1.65). A meta-analysis of data from 29
randomized trials (13,910 patients) found no
significant association with risk of VTE for JAKi
compared to placebo (odds ratio 0.91; 95% CI
0.57, 1.47), with consistent results for barici-
tinib (odds ratio 1.12; 95% CI 0.27, 4.69) [33].
Most recently, however, in an observational
study conducted within the ARTIS data the risk
of VTE in patients with RA treated with barici-
tinib (3412 person-years) was 1.79-fold (95% CI
1.25, 2.55) greater compared to patients treated
with TNFi after adjusting for treatment history,
smoking, and RA disease-related variables, i.e.,
DAS28, CRP, and HAQ [34].

Findings from previous studies examining
the association between JAKi and cardiovascular
outcomes have not been consistent. Results
from the ORAL Surveillance randomized trial
identified a 1.33-fold (95% CI 0.91, 1.94) greater
risk of MACE with tofacitinib versus TNFi
treatment in a cohort of patients enriched for
cardiovascular risk factors (50 years or older
with C 1 risk factor) [31]. This elevated risk was
present for both the 5- and 10-mg doses,
although not statistically significant given the
low incidence. The observational, non-ran-
domized STAR-RA study, which compared
tofacitinib with TNFi, detected a similar 1.24-
fold (95% 0.90, 1.69) risk of MACE in a cohort
designed to emulate the high-risk ORAL
Surveillance population [35]. However, no
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difference in risk was detected when the com-
parison was made in the same data, but in an
unselected real-world cohort with greater gen-
eralizability (HR = 1.01; 95% 0.83, 1.23). The
authors hypothesize that the association
between tofacitinib and cardiovascular out-
comes is modified by baseline cardiovascular
risk. An analysis of the ORAL Surveillance pop-
ulation found that increased risk of MACE was
mainly observed in patients with older age and
previous atherosclerotic cardiovascular disease
[36].

The B023 study also calculated a numerically
elevated risk of MACE (IRR = 1.54; 95% CI 0.93,
2.54), but point estimates from the two data
sources that contributed the most person-time
and events were not aligned, with IRRARTIS =
0.94 (95% CI 0.45, 1.96) and IRRSNDS = 2.33
(95% CI 1.15, 4.74). One explanation for this
observed difference in point estimates may be
the different proportions of more refractory
patients in each data source. Patients who are
first to initiate newly approved medications
may have more refractory disease or differ in
other important ways such as more comorbidi-
ties. The index period for Swedish ARTIS
patients included in B023 (Feb 2017 to Dec
2020) is more than 1 year longer compared to
French patients in SNDS (Sept 2017 to Dec
2019). In France, national guidance in
2017–2018 required French patients treated
with baricitinib to have had previously failed
treatment with bDMARDs [37]. This suggests
that a greater proportion of patients in SNDS
could be more refractory users compared to the
ARTIS data. The observed differences in ARTIS
and SNDS point estimates may therefore reflect
baseline differences in risk that modify the rel-
ative risk of MACE, as proposed by the STAR-RA
authors Khosrow-Khavar et al. [35]. While B023
was not designed to test for differences in MACE
risk by baseline risk, this explanation is sup-
ported by the different incidence rates of MACE
in ARTIS vs. SNDS (0.56 vs. 1.4 per 100 person-
years, respectively). Alternatively, given the low
incidence of MACE in general and in B023, this
may also simply reflect variability due to low
patient counts.

Patients with RA have an elevated risk of
infection due to disease and therapeutic

interventions [2]. Findings from interventional
studies show that JAKi users have a similar risk
of serious infection as TNFi users [38]. Incidence
rates from development programs have tended
to fall in the range of 3–4 cases per 100 person-
years, with increased risk in older patients [38].
ORAL Surveillance detected a non-statistically
significant, elevated risk of serious infection for
treatment with 5 mg tofacitinib compared to
TNFi (HR = 1.17; 95% CI 0.92, 1.50).

Incidence rates of serious infection in the
B023 data sources were generally consistent for
TNFi [31] and numerically greater for baricitinib
compared to clinical trial rates [11]. The
increased rates observed in the baricitinib
cohorts may reflect a general upward shift in
claims data due to differences in the case defi-
nitions between trials and claims data, differ-
ences in the populations analyzed, or both.
Either way, the overall relative risk of serious
infection estimated by the B023 meta-analysis
was modestly increased with differences once
again observed between the individual ARTIS
(IRR = 1.65; 95% CI 1.20, 2.26) and SNDS
(IRR = 1.04; 95% CI 0.65, 1.65) point estimates.
This result does not support the hypothesis that
the difference in effect estimates is related to a
larger proportion of early adopters in SNDS than
in ARTIS. However, rates of infection vary con-
siderably by time since treatment start and
there are important differences in mean follow-
up between the two sources (ARTIS 1.3 years vs.
SNDS 8 months).

Based on extensive longitudinal data from
the baricitinib cohort from the clinical devel-
opment program ([ 14,000 person-years, med-
ian exposure 1683 days, max exposure
3405 days), the rate of VTE (pulmonary embo-
lism or deep-vein thrombosis), MACE (myocar-
dial infarction, stroke, and cardiovascular
deaths), and serious infection during a median
4.6 years (maximum 9.3 years) treatment with
baricitinib remained stable over time at 0.49
(95% CI 0.38–0.61), 0.51 (95% CI 0.40, 0.64),
and 2.58 (95% CI 2.33, 2.86) per 100 person-
years [11]. There did not appear to be differ-
ences between the 4 mg (VTE, MACE, and seri-
ous infection IRs of 0.51, 0.54, and 2.62,
respectively, per 100 person-years) and 2 mg
(VTE, MACE, and serious infection IRs of 0.49,
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0.42, and 2.13, respectively, per 100 person-
years) doses based on the available information.
Observed VTE, MACE, and serious infection IRs
in patients treated with baricitinib from the
clinical development program and other RA
populations from various external sources sug-
gests they are numerically similar although no
statistical comparison was conducted [39].
However, results from controlled comparative
studies, including observational studies such as
B023, suggest that incidence rates of these
safety outcomes in patients treated with JAKi,
including baricitinib, are elevated compared to
similar populations treated with TNFi. The rate
from the baricitinib cohort in the clinical pro-
gram (VTE IR = 0.49 per 100 person-years) is not
comparable with rates from individual B023
data sources (where VTE IR ranged from 0.60 to
2.55 per 100 person-years for baricitinib cohorts
and 0.54 to 1.40 per 100 person-years for TNFi
cohorts) as outcome definitions, prevalence of
risk factors, and patient populations were dif-
ferent. Similar caution should be applied com-
paring IR from individual B023 data sources
with results from external sources. The charac-
teristics of patients evaluated in the B023 study
are those of real-world patients with RA treated
with baricitinib, particularly in Europe, where
the large majority of eligible patients were
included in analyses after propensity score
matching to TNFi.

In the future, results from two ongoing post-
marketing randomized trials, RA-BRANCH
(NCT04086745) and RA-BRIDGE
(NCT03915964), will be available to provide a
more complete understanding of the risk of
VTE, MACE, and serious infection associated
with baricitinib compared to TNFi in high-risk
patients with C 1 VTE risk factor and inade-
quate response or intolerance to C 1 prior
cDMARD or bDMARD.

Strengths and Limitations

Several strengths and limitations should be
considered when interpreting the results of this
study. Since this study was not randomized and
is based on data collected for other purposes,
the potential for bias due to confounding is a

concern. Several risk factors known to be asso-
ciated with the outcomes evaluated in this
study are not available or only partially com-
plete. Claims data present limited ability to
control for confounding by lifestyle factors such
as BMI and smoking, or clinical measures of
disease such as severity, activity, duration, or
treatment history. A summary of each limita-
tion along with the mitigations taken to address
it is presented below for consideration.

First, we give a brief review of the strengths
of this study. There was broad geographic rep-
resentation of patients with RA receiving treat-
ment with baricitinib in routine care. Second,
the study used validated case definitions con-
firming the accuracy of VTE identified in
French, Swedish, and US data with PPV of 75.5-
92% [16–18]. Third, the study implemented
several design and analysis strategies to control
for and assess potential confounding, including
the use of an active comparator new user study
design, propensity score matching, and sensi-
tivity analyses. Finally, the implementation of a
common analytic strategy executed across
individual data sources may also have reduced a
source of heterogeneity.

There are also limitations. RA disease activity
is a risk factor for each of the study outcomes
(VTE, MACE, and serious infection) [28, 40, 41].
Inclusion of traditional risk factors may not
account fully or at all for the effects of RA. In an
effort to partially control for disease activity, an
RA-specific measure of healthcare resource uti-
lization was included in all propensity score
models, but this measure is known to be a poor
proxy [42]. A simple bias analysis was con-
ducted to quantify the magnitude of bias that
could have been introduced due to unmeasured
confounding by disease activity [43]. For all
outcomes, the bias analysis result suggested that
the final interpretation of the study results is
unlikely to have changed if information about
disease activity had been fully accounted for. In
support of this, a study in US RA registry
patients showed that adding disease activity to a
model of traditional risk factors for cardiovas-
cular disease contributed limited additional
ability to predict risk (change in c-statis-
tic = 0.04) [44]. Further, the recent analysis
conducted in ARTIS patients found that
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additionally adjusting for RA disease measures
(treatment history, DAS28, CRP, and HAQ) did
not attenuate the association between barici-
tinib and VTE [34].

Another limitation of the study was the
length of follow-up, which was brief. This study
was designed to provide rapid insight into the
safety of baricitinib with respect to specific
outcomes rather than to evaluate long-term
safety. The 9-month average follow-up of
patients may have limited the ability to fully
evaluate risk.

Next, insurance claims data present limited
ability to control for confounding by lifestyle
factors such as BMI and smoking, both of which
are risk factors for the outcomes investigated in
B023. In addition to the study design and ana-
lytic strategies, such as propensity score
matching and active comparator new user
design, which were incorporated to minimize
the impact of these potentially confounding
factors, additional bias analyses were used to
assess the robustness of results to missing
information on BMI and smoking. As before,
quantitative evaluation of the magnitude of
potential bias that could have occurred due to
BMI or smoking suggests that the study results
were unlikely to have been impacted in an
important way by not controlling for these
factors.

Finally, baseline risk factors were assessed in
the 6 months prior to initiation of study drug.
This period may be too short to allow for com-
plete assessment of patient comorbidities and
relevant risk factors. To evaluate the impact, a
sensitivity analysis in the SNDS data extended
the baseline to 2 years. As expected, the overall
prevalence of comorbidities increased, but no
differences appeared between the treatment
cohorts that were more extreme than the
prevalences evaluated in the bias analyses, sug-
gesting these differences would not meaning-
fully impact results. This was not evaluated in
other data sources.

To date, Study B023 is the largest, real-world
observational study evaluating VTE, MACE, and
serious infections among patients treated with
baricitinib compared to similar patients treated
with TNFi. Despite the limitations, this large,
multi-database study provides important

additional information on the safety of barici-
tinib into the evolving landscape of safety for
JAKi.

CONCLUSIONS

In conclusion, this study suggests that patients
receiving treatment with baricitinib for RA have
an increased risk of VTE compared with TNFi
treatment. A numerically greater IRR was esti-
mated for baricitinib compared to TNFi for
MACE, but this did not attain statistical signif-
icance and point estimates from the largest data
sources differed. Similarly, the overall IRR esti-
mating risk of serious infection was numerically
greater for baricitinib compared to TNFi and
non-statistically significant. Findings from this
study and their impact on clinical practice
should be considered in context of limitations
and other evidence regarding the safety and
efficacy of baricitinib and other JAK inhibitors.
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