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ABSTRACT
Objectives  To provide an integrated analysis of major 
adverse cardiovascular events (MACEs) and events of 
venous thromboembolism (VTE) and associated risk factors 
across rheumatoid arthritis (RA), psoriatic arthritis (PsA), 
and ankylosing spondylitis (AS) phase 2b/3 upadacitinib 
clinical programmes.
Methods  Data were analysed and summarised from 
clinical trials of RA, PsA and AS treated with upadacitinib 
15 mg once daily (QD) and 30 mg QD (as of 30 June 
2021). Data from adalimumab (RA and PsA) and 
methotrexate (RA) arms were included as comparators. 
Adjudicated MACEs and VTE events were presented as 
exposure-adjusted rates per 100 patient-years (E/100 PY). 
Univariable Cox proportional hazard regression analyses 
assessed potential associations of risk factors for MACE 
and VTE.
Results  In total, 4298 patients received upadacitinib 15 
mg (RA n=3209, PsA n=907 and AS n=182) and 2125 
patients received upadacitinib 30 mg (RA n=1204 and 
PsA n=921). In patients with RA and PsA, rates of MACE 
(0.3–0.6 E/100 PY) and VTE (0.2–0.4 E/100 PY) were 
similar across upadacitinib doses; in patients with AS, 
no MACEs and one VTE event occurred. Most patients 
experiencing MACEs or VTE events had two or more 
baseline cardiovascular risk factors. Across RA and PsA 
groups, rates of MACEs and VTE events were similar.
Conclusions  Rates of MACEs and VTE events with 
upadacitinib were consistent with previously reported data 
for patients receiving conventional synthetic and biologic 
disease-modifying anti-rheumatic drugs and comparable 
with active comparators adalimumab and methotrexate. 
Associated patient characteristics are known risk factors 
for MACEs and VTE events.
Trial registration numbers  RA (SELECT-NEXT: 
NCT02675426; SELECT-MONOTHERAPY: NCT02706951; 
SELECT-BEYOND: NCT02706847; SELECT-COMPARE: 
NCT02629159; SELECT-EARLY: NCT02706873, 
SELECT-CHOICE: NCT03086343), PsA (SELECT-PsA 2: 
NCT03104374; SELECT-PsA 1: NCT03104400), and AS 
(SELECT-AXIS 1: NCT03178487).

INTRODUCTION
Patients with untreated immune-mediated 
inflammatory diseases (IMIDs) are at 
increased risk of major adverse cardiovascular 
events (MACEs) and venous thromboembo-
lism (VTE) compared with the general popu-
lation.1–4 Patients with rheumatoid arthritis 

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Upadacitinib is a Janus kinase (JAK) inhibitor that 
has demonstrated effectiveness in treating adults 
with rheumatoid arthritis (RA), psoriatic arthritis 
(PsA), ankylosing spondylitis (AS), non-radiographic 
axial spondyloarthritis and ulcerative colitis. 
Upadacitinib is also effective in treating adults and 
adolescents with atopic dermatitis.

	⇒ In the ORAL Surveillance trial conducted in patients 
with RA aged 50 years and older who had at least one 
cardiovascular (CV) risk factor, the combined doses 
of another JAK inhibitor, tofacitinib (5 and 10 mg), 
failed to meet non-inferiority versus tumour necrosis 
factor (TNF) inhibitor therapy for incidence rates of 
major adverse cardiovascular events (MACEs) and 
malignancy, excluding non-melanoma skin cancer. 
In a post hoc analysis from this study, the 10 mg 
dose of tofacitinib showed a trend for increased 
risk of venous thromboembolism (VTE) compared 
with patients who were taking TNF inhibitor therapy 
among patients both with and without a history of 
atherosclerotic CV disease. The 5 mg dose of tofaci-
tinib also demonstrated a trend for increased risk of 
MACE in patients with a history (but not those with-
out a history) of atherosclerotic CV disease.

	⇒ Treatment recommendations for RA promulgat-
ed by the European Alliance of Associations for 
Rheumatology, as well as the European Medicines 
Agency and the US Food and Drug Administration, 
advise healthcare providers to account for pertinent 
risk factors for CV events, cancer and VTE when con-
sidering the use of JAK inhibitors.
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(RA) carry a twofold, increased risk of cardiovascular 
(CV) morbidity and mortality and threefold increased 
risk of VTE.5 6 Psoriatic arthritis (PsA) is also associated 
with an increased risk of MACEs and VTE, with evidence 
mounting for an association in ankylosing spondylitis 
(AS).1–4 7 While traditional risk factors for MACEs and 
VTE are more prevalent in RA, PsA and AS than in the 
general population, these factors alone do not fully 
explain IMID-associated risks.2–4 7–10

Systemic inflammation, a hallmark of all IMIDs, is asso-
ciated with risk of CV disease.11–15 Small-molecule Janus 
kinase (JAK) inhibitors are anti-inflammatory therapeu-
tics for management of several IMIDs including RA, PsA 
and AS.

Recent data from the ORAL Surveillance study in 
patients aged 50 years and older with at least one addi-
tional CV risk factor suggest a trend for a comparative 
increased risk of MACE and VTE with tofacitinib (10 
mg dose) versus tumour necrosis factor (TNF) inhibitor 
therapy.16 In patients treated with tofacitinib 5 mg two 
times per day with a history of atherosclerotic CV disease, 
there was also a trend for increased risk for MACEs, but 
this potential increased risk was not detected in patients 
without a history of atherosclerotic CV disease.17 Patients 
aged ≥65 years and past/current smokers may have been 
at an increased risk.18 There have been mixed results 
observed with real-world data sets. Data from the overall 
tofacitinib development programme did not suggest 
increased risk. Likewise, findings from the observational 
STAR-RA administrative claims-based study did not iden-
tify a significantly increased risk of CV outcomes with 
tofacitinib compared with TNF inhibitors in a broad 
patient population with RA (of note, tofacitinib 5 mg is 
approved in the USA for RA, and this was a US claims-
based study).18 19 However, in the STAR-RA study, a 
numerically but not statistically significant increased risk 

of CV outcomes was observed in patients with RA and 
CV risk factors or a history of CV disease.19 Results of a 
multi-database, international study suggest an increased 
risk of VTE and numerically increased risk of MACE 
with baricitinib compared with TNF inhibitors.20 While 
several registries show rates of MACE or VTE are not 
increased with JAK inhibitors compared with TNF inhib-
itors, findings from one registry showed a three-times 
greater incidence of VTE with JAK inhibitors compared 
with TNF inhibitors.21–24 In summary, analyses of longer-
term clinical trials and registry data have not been consis-
tent or definitive, and there is a need for additional data 
to further evaluate the risk of MACE and VTE across the 
JAK inhibitor class.

Upadacitinib is an oral, reversible JAK inhibitor, engi-
neered to have greater inhibitory potency for JAK1 versus 
JAK2, JAK3, and TYK2 and is approved to treat RA, PsA, 
AS, non-radiographic axial spondyloarthritis, atopic 
dermatitis and ulcerative colitis.25 Here, in this study, we 
report results from a long-term, integrated analysis of 
MACE and VTE occurring with upadacitinib 15 mg or 
30 mg and active comparators across the RA, PsA and AS 
phase 2b/3 clinical programmes, with an emphasis on the 
15 mg dose approved to treat these rheumatic diseases. 
Objectives of this analysis include evaluating the overall 
risk of MACE and VTE in patients receiving upadacitinib, 
comparing observed rates of MACE and VTE with upad-
acitinib to those of active comparators and evaluating 
patient characteristics for potential association with an 
increased risk of MACE and VTE.

METHODS
Studies
This analysis included safety data from upadacitinib 
phase 3 clinical trials for RA (six trials), PsA (two trials) 
and AS (one trial; phase 2b/3) (online supplemental 
table 1). All patients were aged 18 years or older.

Patient and public involvement
Patients and the public were not involved in the design, 
analysis or dissemination of the study results.

Treatments
Data are pooled across studies within each disease and 
reported for the following treatment groups: upadacitinib 
15 mg once daily (QD) (RA, PsA and AS), upadacitinib 
30 mg QD (RA and PsA), adalimumab 40 mg subcuta-
neously every other week (RA (SELECT-COMPARE) and 
PsA (SELECT-PsA 1)) and methotrexate monotherapy 
(RA (SELECT-EARLY)). Patients receiving upadacitinib 
did so either as monotherapy or in combination with 
methotrexate or other conventional synthetic disease-
modifying anti-rheumatic drug (csDMARD) therapy, 
depending on study protocol. All patients from the 
SELECT-COMPARE study receiving upadacitinib or adal-
imumab received background methotrexate; patients 
from the SELECT-PsA 1 study received adalimumab with 
or without concomitant background csDMARDs. All 

WHAT THIS STUDY ADDS
	⇒ In this integrated safety analysis of upadacitinib 15 mg once daily 
(QD) and 30 mg QD (across six trials in RA, two trials in PsA and 
one trial in AS), the observed rates of MACE and VTE were similar 
to those reported with the active comparators adalimumab (RA and 
PsA) and methotrexate (RA) and appeared consistent with the rates 
reported in the published literature for RA.

	⇒ Potential risk factors associated with MACE and VTE in patients with 
RA and PsA receiving upadacitinib were identified, and the patient 
characteristics associated with MACE and VTE are known risk fac-
tors for these events.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

	⇒ Based on the results of this integrated safety analysis of events 
of MACE and VTE across patients with RA, PsA and AS in the up-
adacitinib clinical trial programme and the information regarding 
characteristics of those patients who experience an event of MACE 
or VTE, clinicians will be aided in their benefit:risk assessment to 
determine which patients will be appropriate candidates for upa-
dacitinib therapy.
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methotrexate data reflects monotherapy use from the 
SELECT-EARLY study.

Safety assessments
Treatment-emergent adverse events (TEAEs) were 
defined as onset on or after the first dose of study drug 
and up to 30 days or 70 days after the last dose for upadac-
itinib/methotrexate or adalimumab, respectively. TEAEs 
were coded using the Medical Dictionary for Regulatory 
Activities (MedDRA) System Organ Classes and Preferred 
Terms.

MACE and VTE were adjudicated by a blinded, 
independent CV adjudication committee. MACE 
included CV death, non-fatal myocardial infarction 
and non-fatal stroke. VTEs included pulmonary embo-
lism (PE) only, deep vein thrombosis (DVT) only 
and concurrent DVT and PE. To categorise CV risk 
factors at baseline, the following characteristics were 
included: history of diabetes mellitus, previous CV 
event before study enrolment, hypertension, current 
or former tobacco/nicotine use, elevated low-density 
lipoprotein cholesterol levels (LDL-C; ≥3.36 mmol/L 
(≥130 mg/dL)) and decreased high-density lipopro-
tein cholesterol levels (HDL-C; <1.034 mmol/L (<40 
mg/dL)).

Statistical analyses
All TEAEs are reported as exposure-adjusted event 
rates (EAERs; event per 100 patient-years (E/100 
PY)) based on the treatment received at the time 
of the reported adverse event with 95% CIs calcu-
lated using the exact method for the Poisson mean; 
all events, including multiple events occurring in a 
single patient, were included in the numerator. For 
EAERs, exposure time was calculated as the total 
study drug duration. Exposure-adjusted incidence 
rates with 95% CIs were calculated using the exact 
method for the Poisson mean and calculated as the 
number of patients with one or more events per 100 
PY. In patients who experienced an event, exposure 
time was calculated as the time to the first event; in 
patients who did not experience an event, exposure 
time was censored on the day of the patient’s last 
assessment or cut-off date of database lock, which-
ever occurred first. Kaplan-Meier curves were gener-
ated to assess any time dependence for the events 
and if a differential dose effect was present. RA trials 
containing upadacitinib 15 mg and 30 mg arms were 
analysed separately for rates of total MACE and VTE 
and via Kaplan-Meier analysis to further assess for 
potential dose-effects within those trial patient popu-
lations. Univariable Cox proportional hazard regres-
sion analyses were performed using an as observed 
approach to determine the potential association of 
known risk factors on MACE and VTE in the study 
populations; assessed risk factors included: age (≥65 
vs <65 years); sex; region (North America vs Europe); 
disease activity (determined using C-reactive protein 

(CRP)); disease duration since diagnosis; body mass 
index; history of VTE; history of CV events; history of 
hypertension; elevated LDL-C levels (≥3.36 mmol/L 
(≥130 mg/dL)); decreased HDL-C levels (<1.034 
mmol/L (<40 mg/dL)); diabetes; current tobacco 
use; age plus smoking (the combined factor of being 
aged ≥65 years or a current or former smoker); and 
concomitant medication use including methotrexate, 
steroid, cyclooxygenase-2 inhibitor, antithrombotic, 
statin, aspirin and oral contraceptive/hormone 
replacement therapy. Change from baseline in select 
laboratory parameters of LDL-C, HDL-C and LDL-
C:HDL-C ratio was analysed as time-varying covari-
ates in the Cox proportional hazard models. Time-
weighted average of change from baseline in disease 
activity to time of event (all available observations) 
or study end for patients without an event (Clinical 
Disease Activity Index (CDAI) and Disease Activity 
Score in 28 Joints (DAS28-CRP) were analysed for RA; 
Disease Activity in Psoriatic Arthritis (DAPSA) was 
analysed for PsA) was calculated for both MACE and 
VTE as area under the curve of change from baseline 
and standardised by length of available time duration 
for patients with events versus those without; analysis 
of covariance was used to determine the least squares 
mean and p value with adjudicated CV event as an 
outcome and baseline value as a covariate. Due to the 
nature in which adverse event data are collected and 
recorded, the absence of an adverse event for a given 
patient assumes that no event occurred. Medication 
and medical history data are collected in a similar 
manner. The variable of baseline disease activity 
(CRP) was missing 10.2% of data in the RA popula-
tion. All other variables used in this component of the 
analysis were missing <0.1% of data.

RESULTS
Patients and exposure
Across studies, patients received at least one dose of 
treatment (upadacitinib 15 mg QD: for RA n=3209, 
for PsA n=907 and for AS n=182; upadacitinib 30 mg 
QD: for RA n=1204 and for PsA n=921; adalimumab 
40 mg every other week: for RA n=579 and for PsA 
n=429; methotrexate weekly: for RA n=314). Dura-
tion of study drug exposure varied across diseases and 
treatments with a maximum (median) exposure in 
years of 5.45 (3.46) for upadacitinib 15 mg (median 
(range) duration 1262 (2–1988) days), 5.20 (3.98) for 
upadacitinib 30 mg (median (range) duration 1452 
(1–1899) days), 5.44 (2.23) for adalimumab (median 
(range) duration 813 (14–1984) days) and 5.15 
(2.57) for methotrexate (median (range) duration 
939 (7–1880) days) in RA; 3.90 (2.25) for upadac-
itinib 15 mg (median (range) duration 820 (1–1424) 
days), 3.80 (2.25) for upadacitinib 30 mg (median 
(range) duration 820 (1–1386) days), and 3.97 (2.30) 
for adalimumab (median (range) duration 839 
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(14–1450) days) in PsA; and 3.26 (1.76) for upadac-
itinib 15 mg (median (range) duration 641 (6–1189) 
days) in AS. Irrespective of MACE and VTE outcomes, 
most baseline demographics and disease characteris-
tics were relatively comparable between treatment 
arms and diseases, with most patients having one or 
more CV risk factor(s) at baseline (table 1). However, 
expected RA-specific differences in baseline char-
acteristics, relative to other disease cohorts, were 
observed including a greater proportion of women 
(ranging from 76.4%–80.4% women across RA treat-
ment groups; 51.7%–54.7% across PsA cohorts; and 
29.1% in the AS cohort) and a higher use of glucocor-
ticoids (47.4%–60.4% across RA treatment groups; 
13.4%–16.8% across PsA cohorts; and 7.1% in the AS 
cohort). Some variability was noted in mean disease 
duration (ranging from 2.6–8.5 years across the RA 
cohorts; 5.9–7.3 years across the PsA cohorts; and 6.9 
years in the AS cohort). The patient population with 
AS was younger than the populations with RA or PsA 
with only 6.0% of patients aged ≥65 years, though 
the proportion of patients with two or more CV risk 
factors (40.1%) was comparable to those of the other 
disease states, and the methotrexate treatment arm in 
RA had a shorter disease duration.

MACE
In patients with RA, a total of 36 (EAER: 0.4 E/100 PY) 
and 20 (0.6 E/100 PY) events of MACE were reported 
with upadacitinib 15 mg and upadacitinib 30 mg, respec-
tively (figure 1). In PsA, five and six events of MACE were 
reported with upadacitinib 15 mg and upadacitinib 30 
mg, respectively (0.3 E/100 PY each), with no events of 
MACE observed in AS. Among patients receiving upad-
acitinib 15 mg in RA, one patient experienced two non-
fatal strokes, one patient had two non-fatal myocardial 
infarctions and one patient experienced one non-fatal 
myocardial infarction and CV death. Rates of MACE 
were generally consistent between upadacitinib 15 mg 
and active comparators with observed rates of 0.3 E/100 
PY for both adalimumab and methotrexate in RA and 0.3 
E/100 PY for adalimumab in PsA. When evaluating only 
those RA studies containing both upadacitinib doses, 
rates of MACE were 0.6 E/100 PY for both upadacitinib 
15 mg and 30 mg (online supplemental figure 1). Rates 
of stroke, non-fatal myocardial infarction and CV death 
were comparable across RA and PsA treatment groups 
(figure 1).

Differences in baseline data between patients experi-
encing MACE and those who did not were consistent with 
known characteristics associated with increased CV risk 
in the general population, with more events in patients 
aged ≥65 years; male sex; having a previous CV event, 
hypertension, diabetes mellitus, history of tobacco/nico-
tine use; concomitant use of glucocorticoids, antithrom-
botics, statins and aspirin (online supplemental table 2). 
All but three patients experiencing MACE had CV risk 
factors at baseline (n=2 with RA receiving upadacitinib 15 

mg; n=1 with PsA receiving adalimumab). The majority 
of patients experiencing MACE had two or more CV risk 
factors at baseline across treatments with 81.9% for upad-
acitinib 15 mg, 70.0% for upadacitinib 30 mg, 75.0% 
for adalimumab, and 100% for methotrexate in the RA 
study; and in the PsA study, 80.0% for upadacitinib 15 
mg, 83.3% for upadacitinib 30 mg and 66.7% for adalim-
umab. Statistically significant (p<0.05) risk factors from 
univariable models associated with an elevated risk of 
MACE varied between diseases (figure 2). Factors poten-
tially associated with MACE in patients with RA receiving 
upadacitinib 15 mg included male sex; age ≥65 years; 
hypertension; diabetes mellitus; current tobacco/nico-
tine use; history of a CV event; and use of aspirin, statins 
or antithrombotics. The combined variables of age ≥65 
years or current smoker were also potentially associated 
with MACE in patients with RA. In patients with PsA, 
aspirin use was associated with increased risk of MACE.

Rates of MACE occurring during the first 12 months 
of exposure were numerically greater in patients with RA 
compared with those observed during exposures beyond 
12 months (figure 3). However, there was no clear pattern 
of time-to-event onset of MACE by Kaplan-Meier analysis 
(online supplemental figure 2). Patients with RA who 
developed MACE (vs those who did not) tended to have 
less improvement in disease activity; however, this pattern 
was not observed among patients with PsA (table  2). 
Among patients who experienced a treatment-emergent 
MACE while receiving upadacitinib 15 mg, 24.2% (8/33) 
and 57.6% (19/33) with RA were in remission based on 
CDAI and DAS28-CRP scores, respectively; and 20.0% 
(1/5) with PsA were in remission (based on DAPSA 
scores) at the time of the event, based on last available 
data before the event (online supplemental table 3). 
There was no association identified between MACE and 
maximum change from baseline in LDL-C, HDL-C or 
LDL-C:HDL-C ratio (measured at months 3 and 6 then 
every 6 months thereafter) (online supplemental figures 
3 and 4).

VTE
A total of 37 and 13 events of VTE were reported with 
upadacitinib 15 mg and upadacitinib 30 mg, respectively, 
in patients with RA (0.4 E/100 PY each; figure 4). In PsA, 
four and six events of VTE were reported with upadac-
itinib 15 mg (0.2 E/100 PY) and upadacitinib 30 mg (0.3 
E/100 PY), respectively. Rates of VTE were comparable 
overall between upadacitinib and active comparators 
with observed rates of 0.4 E/100 PY for adalimumab, 
0.5 E/100 PY for methotrexate in patients with RA and 
0.2 E/100 PY for adalimumab in PsA. When evaluating 
only those RA studies containing both upadacitinib 
doses, observed response rates were 0.5 E/100 PY and 
0.4 E/100 PY for upadacitinib 15 mg and upadacitinib 30 
mg, respectively (online supplemental figure 1). Rates of 
different types of VTE (PE only, DVT only, PE and DVT) 
were comparable across RA and PsA, with the majority of 
patients experiencing either PE only or DVT only.
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Inflammatory arthritisInflammatory arthritisInflammatory arthritis

Differences in baseline data between patients experi-
encing a VTE and those who did not included age ≥65 
years; obesity; history of baseline hypertension; tobacco/
nicotine use; and concomitant use of antithrombotics, 
statins and aspirin (online supplemental table 4). VTEs 
were observed in seven patients with no CV risks identi-
fied at baseline (n=4 in RA upadacitinib 15 mg; n=1 in 
RA upadacitinib 30 mg; n=1 in RA methotrexate; and 
n=1 in PsA adalimumab), but the majority of patients 
experiencing a VTE had two or more CV risk factors 
across treatment groups, with 59.5% for upadacitinib 
15 mg, 53.8% for upadacitinib 30 mg, 60.0% for adali-
mumab and 50.0% for methotrexate in the RA group; 
and in the PsA group, 100% for upadacitinib 15 mg, 
66.7% for upadacitinib 30 mg and 50.0% for adalim-
umab. Among patients experiencing VTE, there was a 

higher percentage with a previous history of a VTE event 
(16.2% and 15.4% in upadacitinib 15 mg and 30 mg, 
respectively). All patients with PsA receiving upadaci-
tinib 15 mg or upadacitinib 30 mg and experiencing a 
VTE had no history of a previous VTE event. Statistically 
significant (p<0.05) risk factors associated with VTE 
occurrence as identified from univariable models varied 
between dose and disease (figure 5). Factors potentially 
associated with VTE in patients with RA receiving upad-
acitinib 15 mg included age ≥65 years; male sex; body 
mass index ≥30 kg/m2; previous VTE; geographical 
region (North America vs Europe); use of aspirin, statins 
or antithrombotics; and the combined factor of being 
aged ≥65 years or a current or former smoker. There 
were no significant associations between risk factors and 
VTE observed in PsA.

Figure 1  MACE breakdown by event type in RA and PsA. AS is not represented here as there were no MACE. ADA, 
adalimumab; CV, cardiovascular; E, events; E/100, events per 100; EAIR; exposure-adjusted incidence rate (n/100 PY); EOW, 
every other week; MACE, major adverse cardiovascular events; MI, myocardial infarction; MTX, methotrexate; PsA, psoriatic 
arthritis; PY, patient-years; QD, once daily; RA, rheumatoid arthritis; UPA, upadacitinib.
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Rates of VTE occurring during the first 12 months of 
exposure did not appear to differ from rates observed 
during exposures beyond 12 months (figure 6). In addi-
tion, there was no clear pattern of time to event of VTE 
by Kaplan-Meier analysis (online supplemental figure 5). 
Patients receiving upadacitinib 15 mg who did not experi-
ence a VTE event tended to have a greater improvement 
in disease activity (in some cases significant) compared 
with those who did; however, this trend was less clear or 
not apparent for patients receiving upadacitinib 30 mg 
(table 2). Among patients who experienced a treatment-
emergent VTE while receiving upadacitinib 15 mg, 
16.2% (6/37) and 35.1% (13/37) with RA were in remis-
sion based on CDAI and DAS28-CRP, respectively; and 

no patients with PsA were in remission (based on DAPSA 
scores) at the time of the event, based on last available 
data before the event (online supplemental table 3). 
There was no association between VTE and maximum 
change from baseline HDL levels or LDL:HDL ratio 
(online supplemental figures 6 and 7).

DISCUSSION
This long-term analysis of safety data using integrated data 
sets across the upadacitinib RA, PsA and AS programmes 
evaluated events and risk of MACE and VTE across 
nine clinical trials. These data demonstrate generally 
consistent MACE and VTE event rates for upadacitinib 

40 800 0.5 1 10
Hazard  Ratio for  MACE in PsA (95% CI)
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Figure 2  MACE risk factors in patients receiving UPA 15 mg (univariable analysis). Red boxes indicate statistical significance 
(p<0.05). *Hazard ratios not estimated due to zero events in ≥1 parameter. †Equivalent to LDL-C ≥130 mg/dL vs <130 mg/dL. 
‡Equivalent to HDL-C <40 mg/dL vs ≥40 mg/dL.BMI, body mass index; COX-2, cyclooxygenase-2; CRP, C-reactive protein; 
CV, cardiovascular; dx, diagnosis; HDL-C, high-density lipoprotein cholesterol; HRT, hormone-replacement therapy; LDL-C, 
low-density lipoprotein cholesterol; MACE, major adverse cardiovascular event; MTX, methotrexate; NE, not estimable; PsA, 
psoriatic arthritis; RA, rheumatoid arthritis; UPA, upadacitinib; VTE, venous thromboembolism; y, years.
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across RA and PsA, with observed rates falling within 
the published ranges for these disease states.4 26–29 Event 
rates appeared consistent across both upadacitinib 15 mg 
and 30 mg doses as well as with those observed for adal-
imumab and methotrexate. Within AS, a single event of 
VTE was reported with upadacitinib, and there were no 
events of MACE, which is not surprising given patients 
with AS were younger and less likely to have multiple CV 
risk factors and previous CV events, compared with RA 
and PsA, and there was a limited number of patients in 
the AS group. Although recruited patients were heter-
ogeneous across different trial populations and disease 

states, more than three-fourths of patients presented 
with one or more traditional CV risk factors beyond their 
active disease at baseline, and the majority of patients 
experiencing events had two or more CV risk factors 
entering the study.

Of note, this analysis observed similar overall rates 
of MACEs (ranging from 0.3–0.6 E/100 PY) and VTE 
events (from 0.2–0.5 E/100 PY) across treatment groups 
and indications. While this is aligned with the previously 
reported safety profile of upadacitinib,30 other published 
literature in rheumatological conditions described higher 
incidence rates of MACEs (1.57 (95% CI 1.51–1.63)) 
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Figure 3  Events of MACE in RA and PsA by length of upadacitinib exposure in 12-month increments. ADA, adalimumab; E, 
event; EOW, every other week; MACE, major adverse cardiovascular event; MTX, methotrexate; PsA, psoriatic arthritis; PY, 
patient-years; QD, once daily; RA, rheumatoid arthritis; UPA, upadacitinib.
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in comparison with VTE events (0.34 (95% CI 0.31–
0.37)).31 However, it is important to note the differences 
in data sources (real-world evidence vs post hoc analysis 
of randomised controlled trials). As such, we cannot rule 
out the possibility that rates of MACEs and VTE events 
reported here could differ from what may occur in real-
world situations.

Heightened scrutiny has been placed on JAK inhib-
itor therapies for the treatment of IMIDs, in particular 
around CV and thrombotic events, largely stemming 
from the results of the tofacitinib ORAL Surveillance 
study. This long-term, prospective, randomised, head-to-
head trial demonstrated a numerical trend for increased 
risk of MACE and VTE (only the 10 mg dose), among 
other serious adverse events, for the JAK inhibitor tofac-
itinib compared with TNF inhibitor therapy in a popu-
lation enriched for CV risk (patients who were aged ≥50 
years with at least one CV risk factor).16 The increased 
relative risk of CV events observed in ORAL Surveillance 
of tofacitinib versus TNF inhibitor therapy appeared to be 
driven by those patients aged ≥65 years, smokers or those 
having a medical history of atherosclerotic disease.16 17 In 
real-world data sources, an increased risk of CV outcomes 
with tofacitinib has been less definitive with a majority of 
analyses not identifying an increased risk in an overall 
population not enriched for increased CV risk.19 21 22 A 
recent analysis of data from multiple registries points to 

an inconsistent but numerically greater risk of MACE 
for baricitinib relative to TNF inhibitor therapy.20 A 
meta-analysis of results from the baricitinib clinical trial 
programmes suggests a concern for increased risk of 
VTE with the 4 mg dose of baricitinib.32 Events of VTE 
occurred at a higher incidence at the 10 mg dose than 
with the 5 mg dose for tofacitinib in the ORAL Surveil-
lance study as well.16 To assess for a potential dose effect 
of MACE/VTE between the 15 mg and 30 mg upadaci-
tinib doses, only studies including both doses of upadaci-
tinib were pooled and analysed, and a dose effect was not 
apparent for either MACE or VTE.

As a result of these different safety findings for MACE 
and VTE, regulatory authorities have sought to mitigate 
the potential increased risk for these serious adverse 
events with JAK inhibitor therapy, either by restricting 
the labelled population (Food and Drug Administration) 
or through the inclusion of language within the warnings 
and precautions for those patients who may be at risk 
(Food and Drug Administration and European Medicines 
Agency).18 Recent treatment recommendations for RA 
promulgated by the European Alliance of Associations for 
Rheumatology,33 the European Medicines Agency34 and 
the US Food and Drug Administration35 stress the impor-
tance of a benefit:risk assessment between the healthcare 
professional and the patient. While some risks for CV 
and thrombotic events have recently been highlighted, 

Table 2  Association between time-weighted average of change from baseline in disease activity and adjudicated MACE and 
VTE in RA and PsA

Treatment

TWA of patients with 
adjudicated event

TWA of patients without 
adjudicated event LS mean 

difference
Percentage 
difference P valuen LS mean (95% CI) n LS mean (95% CI)

MACE

RA

 � CDAI UPA 15 mg 33 –23.75 (–26.98 to –20.51) 3172 –27.13 (–27.46 to –26.80) –3.38 14 0.042

 �  UPA 30 mg 20 –24.06 (–28.21 to –19.91) 1184 –28.46 (–29.00 to –27.92) –4.40 18 0.039

 � DAS28-CRP UPA 15 mg 33 –2.43 (–2.80 to –2.06) 3174 –2.70 (–2.74 to –2.66) –0.27 11 0.155

 �  UPA 30 mg 20 –2.56 (–3.04 to –2.09) 1184 –2.94 (–3.00 to –2.87) –0.38 15 0.124

PsA

 � DAPSA UPA 15 mg 5 –25.70 (–39.76 to –11.63) 902 –32.81 (–33.86 to –31.75) –7.11 28 0.323

 �  UPA 30 mg 6 –26.99 (–38.67 to –15.31) 915 –33.79 (–34.74 to –32.84) –6.81 25 0.255

VTE

RA

 � CDAI UPA 15 mg 37 –23.32 (–26.41 to –20.24) 3168 –27.15 (–27.48 to –26.82) –3.83 16 0.016

 �  UPA 30 mg 13 –29.14 (–34.38 to –23.90) 1191 –28.39 (–28.93 to –27.85) 0.75 –3 0.779

 � DAS28-CRP UPA 15 mg 37 –2.19 (–2.55 to –1.84) 3170 –2.70 (–2.74 to –2.67) –0.51 23 0.005

 �  UPA 30 mg 13 –2.99 (–3.58 to –2.40) 1191 –2.93 (–2.99 to –2.87) 0.06 –2 0.855

PsA

 � DAPSA UPA 15 mg 4 –26.98 (–42.69 to –11.27) 903 –32.86 (–33.92 to –31.81) –5.88 22 0.464

 �  UPA 30 mg 6 –32.43 (–45.21 to –19.66) 915 –33.78 (–34.72 to –32.83) –1.34 4 0.837

CDAI, Clinical Disease Activity Index; CRP, C-reactive protein; DAPSA, Disease Activity in Psoriatic Arthritis; DAS28-CRP, Disease Activity Score-28 
for rheumatoid arthritis with CRP; LS, least squares; MACE, major adverse cardiovascular event; PsA, psoriatic arthritis; RA, rheumatoid arthritis; 
TWA, time-weighted average; UPA, upadacitinib; VTE, venous thromboembolism.
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there remains a significant unmet need to further define 
those patients most at risk because notably, unresolved 
systemic inflammation is itself a strong contributor to 
the underlying risk. In particular, uncontrolled IMIDs 
associated with chronic inflammation are linked with 
increased CV risk, including heart failure, myocardial 
infarction and stroke, as well as associated inflammatory 
changes in lipid parameters, thereby increasing the risk 
of atherosclerotic CV disease.9 36–38 Patients with IMIDs 
experience up to a twofold greater risk of CV morbidity 
and mortality and threefold increased risk of VTE.5 6 39–41 
Long-term evidence from a prospective cohort study 
with 20 years of follow-up has shown that patients with 

RA have a higher risk for CV disease than the general 
population.42 However, in a population-based review of 
medical records, patients who achieved remission in RA 
have been shown to have comparable risk of CV disease 
versus people without RA, whereas the risk of CV disease 
was increased in patients who experience intermediate 
RA activity or acute flares.43

Results from a post hoc analysis of data from the tofac-
itinib ORAL Surveillance study found patients with 
active disease appeared to have a higher risk of MACE 
and VTE than did those patients who were in remission, 
supporting the concept that even low levels of chronic 
inflammation can result in adverse CV events.44 Overall, 
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Figure 4  VTE breakdown by event type* in RA and PsA. ADA, adalimumab; DVT, deep vein thrombosis; E, event; E/100, 
event per 100; EAIR, exposure-adjusted incidence rate; EOW, every other week; MTX, methotrexate; PE, pulmonary 
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a greater percentage of patients experiencing a MACE 
or VTE had active disease at the time of the event versus 
those patients in remission who were receiving upadaci-
tinib 15 mg or 30 mg. In this analysis, changes in disease 
activity from baseline to the time of an event or end of 
study were inconsistent for MACE and VTE between 
upadacitinib doses and diseases, underscoring the need 
for further investigation into the relationship between 
inflammatory disease control and risk of MACE or VTE 
with upadacitinib. Fleischmann et al,45 conducted an inte-
grated post hoc analysis of pooled safety data from six 
upadacitinib phase 3 RA trials (n=3209 receiving upadac-
itinib 15 mg; n=579 receiving adalimumab; 314 receiving 
methotrexate) to assess the potential risk of upadacitinib 

in a similar population to patients in the ORAL Surveil-
lance study. Results of the analysis showed incidence of 
MACE and VTE were generally similar across treatment 
groups, although patients at higher risk for CV events 
had increased rates of MACE and VTE.45

In RA, up to 70% of MACE risk is explained by tradi-
tional risk factors or inflammation-specific factors, and 
the majority of VTE cases are associated with pre-existing 
risk factors.46 47 Consistent with findings in the published 
literature, the majority of MACE and VTE across RA, PsA 
and AS occurred in patients with pre-existing risks associ-
ated with MACE and VTE or in those using concomitant 
antithrombotics, statins or aspirin. Of note, the associ-
ation between antithrombotic, statin and aspirin use is 
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Figure 5  VTE risk factors in patients receiving UPA 15 mg (univariable analysis). Red boxes indicate statistically significant 
differences (p<0.05). *Hazard ratios not estimated due to zero events in ≥1 parameter. †Equivalent to LDL-C ≥130 mg/dL vs 
<130 mg/dL. ‡Equivalent to HDL-C <40 mg/dL vs ≥40 mg/dL. BMI, body mass index; COX-2, cyclooxygenase-2; CRP, C-
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rheumatoid arthritis; UPA, upadacitinib; VTE, venous thromboembolic event; y, years.
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likely confounded by adherence to prevention/treat-
ment guidelines for use of these medications in patients 
at risk for or previously diagnosed with CV disease.48 49 
Increasing numbers of CV risk factors appeared to also 
be associated with an increased occurrence in events, 
suggesting that patients with multiple risk factors may 
be at particular risk. A relatively high proportion of 
the population had more than one risk factor; indeed, 
approximately 40–50% of patients with RA in this unse-
lected population had two or more CV risk factors, which 
speaks to the generalisability of our results. There was no 
association between longer exposure to upadacitinib and 
rates of MACE or VTE in this analysis, which is a relevant 
finding given shifts in lipid parameters, and effects from 
those shifts are often delayed.50 There was no significant 
difference observed between upadacitinib doses.

Some limitations to this study require acknowledge-
ment. The studies included lacked a long-term placebo 
control arm for comparative analysis, along with a shorter 
duration in patient-years for the active comparator groups 
adalimumab and methotrexate. Comparisons between 
upadacitinib and adalimumab were only available within 
a single RA and PsA study, and not all studies included 
both upadacitinib 15 mg and 30 mg doses within the 
same study. All data were sourced from controlled clinical 
trials and not prospective studies designed to specifically 
evaluate and compare rates of MACE and VTE. All anal-
yses were conducted post hoc. Study endpoints were not 
multiplicity controlled. Overall, relatively few events were 
observed, limiting our ability to make definitive conclu-
sions from regression analyses and an inability to control 
for potential confounders. Only four events of MACE in 
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the adalimumab arm and two events in the methotrexate 
arm limit inference of MACE (and VTE) risk comparing 
upadacitinib to active therapies in RA. Data concerning 
AS were limited in comparison to RA and PsA given the 
patient population size and small number of events. Data 
from this analysis and from published data concerning 
background rates regarding PsA and AS are much more 
limited than are data for RA. It should also be noted that 
we discuss the findings of several observational studies in 
the context of the ORAL Surveillance clinical trial, and 
observational studies are at higher risk of bias than clin-
ical trials.

In conclusion, this integrated analysis of upadaci-
tinib use across the RA, PsA and AS phase 2b/3 clinical 
programmes found rates of MACE and VTE consistent 
with observed rates in the published literature and compa-
rable to the active comparators adalimumab and metho-
trexate included in these programmes. Traditional CV, 
thrombotic and anti-inflammatory risk factors appeared 
associated with event occurrence in patients receiving 
upadacitinib. Continued follow-up is ongoing to further 
contextualise the risk of MACE and VTE in the upadac-
itinib in the RA, PsA and AS clinical trial programmes.
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