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Objective. Janus kinase (JAK) inhibition effectively treats immune-mediated inflammatory diseases (IMIDs); how-
ever, concern over the risk of major adverse cardiac events (MACE) and venous thromboembolism (VTE) remains.
We aimed to evaluate the safety (VTE and MACE outcomes) of JAK inhibitors in the treatment of IMIDs.

Methods. A search in PubMed, Embase, and ClinicalTrials.gov databases was conducted for randomized clinical
trials (RCTs) of JAK inhibitors across IMIDs. Primary outcomes were VTE and MACE with JAK inhibitors compared with
placebo and active comparator arms stratified by follow-up time.

Results. Sixty-six RCTs enrolled 38,574 patients with a mean age of 48.8 years and a mean follow-up of 10.5 months.
JAK inhibitors had a numerically higher rate of VTE when compared with controls (odds ratio [OR] 1.65; 95% confidence
interval [CI]: 0.97-2.79), driven by trials with a follow-up duration of 12 or more months (OR 2.17; 95% CI: 1.16-4.05;
Pinteraction = 0.05). When compared with active comparators, JAK inhibitors increased VTE in clinical trials with 12 or more
months’ versus less than 12 months’ follow-up time (OR 2.38 [95% CI: 1.24-4.57] vs 0.30 [95% CI: 0.07-1.26], respec-
tively; Pinteraction = 0.01). No increased risk of VTE was seen when comparing JAK inhibitors with placebo arms. For the
outcome of MACE, the results were largely similar but did not reach statistical significance (OR 1.19; 95% CI: 0.86-1.64).

Conclusion. JAK inhibitors when compared with active comparator arms increased the risk of VTE, which was
dependent on duration of exposure. Future clinical trials with extended follow-up are needed to clarify the safety
profiles of JAK inhibitors.

INTRODUCTION

Janus kinase (JAK) inhibition via oral small molecule inhibitors is

commonly used in treatment across immune-mediated inflamma-

tory diseases (IMIDs), including rheumatoid arthritis, psoriatic arthri-

tis, inflammatory bowel disease, and atopic dermatitis (1). Four JAK

inhibitors are currently approved by the US Food and Drug Admin-

istration (FDA) in the United States (abrocitinib, baricitinib, upadaciti-

nib, and tofacitinib), whereas filgotinib is approved in Europe for the

treatment of certain IMIDs. In prior clinical trials of JAK inhibitors, a

concern was raised over a numerically higher rate of venous throm-

boembolism (VTE), including pulmonary embolism, specifically at

higher JAK inhibitor dosing (4 mg of baricitinib) in those with rheu-

matoid arthritis (2,3). However, expanded meta-analyses of IMIDs

across a variety of JAK inhibitors (4,5) and a prospective registry

analysis over 5 years have not shown this (6).
In a clinical trial evaluating tofacitinib in patients with rheuma-

toid arthritis, tofacitinib displayed a higher incidence of pulmonary

embolism when compared with a tumor necrosis factor (TNF)

inhibitor (7). This led to a 2019 FDA black box warning for VTE at

the higher dose of tofacitinib (10 mg twice daily) as well as a man-

date for a postmarketing surveillance study, the Oral Rheumatoid

Arthritis Trial (ORAL) Surveillance study (8). This study, which

enrolled patients with elevated cardiovascular risk rheumatoid

arthritis, found after a median follow-up of 4.0 years an increased

risk of VTE up to a hazard ratio (HR) of 3.52 with a 95% confi-

dence interval (CI) of 1.74 to 7.12 at 10mg twice daily of tofacitinib

(high dose) and risk of major adverse cardiovascular events
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(MACE) (HR 1.33; 95% CI: 0.91-1.94) (9) across both high and
low (5 mg twice daily) doses of tofacitinib (8).

In September 2021, on the basis of preliminary results from
ORAL Surveillance, the FDA expanded the black box warning to
also include MACE and even malignancy and all-cause mortality
(10). Given the high efficacy of JAK inhibitors and the concern for
increases in VTE and MACE, our objective was to assess the
safety of JAK inhibitors compared with both placebo and active
comparator arms used in the treatment of IMIDs.

MATERIALS AND METHODS

Search strategy and selection criteria. This meta-
analysis and systematic review was performed in accordance
with Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines (11). This analysis was not considered
for institutional review board review because there was no direct
human subject involvement.

A time-limited search from January 1, 1990, to January
28, 2022, was conducted using PubMed and Embase databases.
To identify grey literature, www.ClinicalTrials.gov and https://www.
accessdata.fda.gov/scripts/cder/daf/index.cfm were searched.
We also considered references of the eligible studies to identify fur-
ther studies. The following Medical Education Subject Headings
were used for this search: “Autoimmune disease” or “inflammatory
immune-mediated disease” or “rheumatoid arthritis” or “psoriasis”
or “psoriatic arthritis” or “inflammatory arthritis” or “ankylosing
spondylitis” or “atopic dermatitis” or “systemic lupus erythemato-
sus” or “inflammatory bowel disease” or “ulcerative colitis” or
“crohns” and “JAK inhibitors” or “tofacitinib” or “abrocitinib” “bari-
citinib” or “upadacitinib” or “filgotinib” and “myocardial infarction”
or “myocardial ischemia” or “heart failure” or “non-fatal ischemic
stroke” or “cardiac mortality” or “deep vein thrombosis” “pulmo-
nary embolism.” The search was limited by the following con-
straints: English language and human study participants.

The prespecified eligibility criteria were randomized clinical trials
(RCTs) that met the initial search terms of an IMID involving JAK inhib-
itors with either a placebo or active comparator arm (eg, an approved
biologic or targeted therapy). JAK inhibitors were included if they were
approved for the treatment of an IMID either in the United States with
the US FDA or in Europe with the European Commission. Studies
without a comparison arm and observational studies were not
included. Editorials, letters, and review articles were excluded.

The studies were screened by two independent authors (MHM
andMSG). Nonrelevant studies were excluded on the basis of the title
and abstract. Full-text studies were then screened for final selection
on the basis of the abovementioned prespecified inclusion criteria.

Data analysis. Two reviewers independently reviewed the
literature and extracted and entered data. We only sought sum-
mary estimates data. Data extracted included first author, year of
publication, age (years), percentage of male patients, number of

patients studied in each arm, IMID type, JAK inhibitor type,
follow-up duration (months), and type of comparison arm (pla-
cebo or standard of care). We searched the FDA website
(https://www.accessdata.fda.gov/scripts/cder/daf/index.cfm) for
JAK inhibitors for unpublished MACE and VTE events. If a dis-
crepancy between data abstracted from FDA dockets and the
published literature was found, data from the published literature
were used (9). Two authors independently appraised the method-
ological quality of included trials using the Cochrane Risk of Bias
Tool, which assessed selection, allocation, performance, detec-
tion, attrition, and reporting bias (Supplementary Table 1) (12).

The prespecified end points were MACE and VTE with JAK
inhibitors when compared with 1) both placebo and an active
comparator arm (combined, also termed “control arm”), 2) pla-
cebo only, and 3) an active comparator arm only (eg, an active
treatment such as biologic therapy) as dictated in the clinical trial.
MACE was defined as cardiovascular mortality, myocardial ische-
mia, myocardial infarction, nonfatal ischemic stroke, and heart fail-
ure. VTE was defined as a study documented or adjudicated
venous thrombolism (e.g. deep vein thrombosis and/or pulmo-
nary embolism).

Continuous variables were reported as mean with standard
deviation, categorical variables were expressed as frequency
and percentage, and adverse events were reported using odds
ratio (OR) and 95% CI. The trials were pooled using the fixed-
effect Mantel-Haenszel model (13), and subsequently stratified
by duration of follow-up and considered as the primary analysis
to allow incorporation of those with large weights (ORAL Surveil-
lance). To statistically allow all clinical trials that met our inclusion
criteria, an exploratory analysis was performed using fixed-effect
and random-effects models with continuity correction (which
accounted for zero events and the incorporation of the maximal
number of clinical trials in the analyses) in addition to a person-
years analysis (14). Heterogeneity between studies was assessed
with the Cochran’sQ test and I2 statistic (15). I2 values of less than
25%, 25% to 50%, 50% to 75%, and greater than 75% indicated
low, moderate, high, and extreme heterogeneity, respectively. A
meta-regression analysis was performed to evaluate the relation-
ship of follow-up time on outcomes. A P value less than 0.05
was considered statistically significant. A P value for interaction
(Pinteraction) was used to evaluate the difference between sub-
groups. Risk estimates and effect sizes were calculated using
Stata version 17.0 software (StataCorp).

Role of the funding source. There was no funding source
for this study.

RESULTS

Literature search. The initial search yielded 2931 reports,
of which 133 trials were reviewed in full and 66 met the study eligi-
bility criteria and were included in the final meta-analysis. VTE was
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reported in 66 clinical trials, whereas MACE was reported in in
63 (Table 1, Supplementary Figure 1) (9,16–75).

Baseline characteristics. The included studies encom-
passed rheumatoid arthritis (n = 30), ankylosing spondylitis
(n = 3), psoriasis (n = 5), psoriatic arthritis (n = 5), atopic dermati-
tis (n = 12), ulcerative colitis (n = 6), Crohn disease (n = 3), and
systemic lupus erythematosus (n = 2). A total of 38,574 patients
with IMIDs were enrolled between 2005 and 2021 (25,344 ran-
domized to JAK inhibitors and 13,230 randomized to placebo or
active comparator arms), with a mean follow-up of 10.5 months.
Overall, 54 studies compared JAK inhibitors with only a placebo,
eight studies compared JAK inhibitors with both a placebo and
an active comparator arm, and four studies compared JAK inhib-
itors with only an active comparator group abatacept [n = 1],
adalimumab [n = 7], dupilimab [n = 2], etanercept or adalimumab
[n = 1], and etanercept [n = 1]). The JAK inhibitors evaluated
were abrocitinib (n = 5), tofacitinib (n = 30), filgotinib (n = 4), upa-
dacitinib (n = 18), and baricitinib (n = 9). The mean age across all
clinical trials was 48.8 years, and 62.8% of patients were women.
The baseline characteristics of each study are provided in Table 1.

Outcomes. Relationship between JAK inhibitors and VTE.
JAK inhibitors displayed a numerically higher risk of VTE when
compared with control groups (OR 1.65; 95% CI: 0.97-2.79),
which was more pronounced in trials with longer follow-up
(≥12 months), resulting in a 117% increased risk of VTE, when

compared with controls (Pinteraction = 0.05) (Figure 1A). These
results on the time-dependent association between follow-up
time and risk of VTE were confirmed by meta-regression
(P < 0.01). In a subgroup analysis, this increased risk was mainly
observed when comparing JAK inhibitors with active compara-
tors with long-term (≥12 months) as opposed to short-term
follow-up (<12 months) (OR 2.38 [95% CI: 1.24-4.57] vs 0.30
[95% CI: 0.07-1.26], respectively; Pinteraction = 0.01) (Figure 1B).
No relationship was seen between VTE and JAK inhibitors when
compared with placebo arms (Figure 1C). A sensitivity analysis
incorporating all 66 clinical trials with VTE outcomes using a vari-
ety of different models (and after stratification by follow-up time
and a person-years anlaysis) yielded largely similar results and
point estimates (Tables 2 and 3, Supplementary Figures 2-5).

Relationship between JAK inhibitors and MACE. There was a
numerically higher incidence of MACE in those randomized to JAK
inhibitors compared with control groups (OR 1.18; 95% CI:
0.83-1.68), which did not reach statistical significance even when
stratified by duration of follow-up (Figure 2A). In a subgroup analy-
sis comparing JAK inhibitors with comparator arms, a numerically
higher point estimate was seen in the relationship between JAK
inhibitors and MACE in those with long-term follow-up (OR 1.19;
95% CI: 0.83-1.70), but it did not achieve statistical significance
(Figure 2B). Finally, no relationship was observed between MACE
and JAK inhibitors when compared with the placebo group. A sen-
sitivity analysis incorporating all 63 clinical trials with MACE out-
comes using a variety of different models (and after stratification

Figure 1. Venous thromboembolism (VTE) risk based on follow-up time in patients randomized to Janus kinase (JAK) inhibitors, placebo, or a
comparator arm. A, JAK inhibitors versus placebo and comparator arm (termed “controls”). B, JAK inhibitors versus comparator arm. C, JAK
inhibitors versus placebo. Analysis by fixed-effects Mantel-Haenszel model. CI, confidence interval.
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by follow-up time and a person-years anlaysis) yielded similar
results (Tables 2 and 3, Supplementary Figures 6-9).

DISCUSSION

In this meta-analysis of 66 RCTs, JAK inhibitors, when com-
pared with controls, displayed a numerically higher rate of VTE,
which was dependent on the duration of exposure (greater than
12 months). The OR for VTE in those randomized to JAK inhibitors

versus an active comparator, as opposed to JAK inhibitors versus
a placebo, was significantly higher. These findings contrasted with
our observed associations withMACE, in which a numerically higher
rate of MACE in those randomized to JAK inhibitors was observed,
but no statistically significant association was seen.

To our knowledge, this is the largest and most up to date
meta-analysis to evaluate the safety (MACE and VTE) of JAK
inhibitors, particularly after the publication of the ORAL Surveil-
lance study (9). Prior trials and meta-analyses have shown

Table 3. Summary of outcomes by person-years follow-up

Outcome

JAK inhibitors vs
placebo and
comparator

arm, odds ratio
(95% CI)

JAK inhibitors vs
comparator arm,
odds ratio (95% CI)

JAK inhibitors vs
placebo arm,

odds ratio (95% CI)

VTE and MACE by
person-years
of follow-up

VTE with MH 1.64 (0.97-2.78) 1.71 (0.98-3.01) 0.70 (0.19-2.57)

MACE with MH 1.18 (0.86-1.63) 1.17 (0.83-1.67) 0.99 (0.49-1.91)

Note: Long-term follow-up was defined as ≥12 months, whereas short-term follow-up was defined as <12 months.
Abbreviations: CI, confidence interval; MACE, major adverse cardiovascular event; MH, Mantel-Haenszel; VTE, venous
thromboembolism.

Figure 2. Major adverse cardiovascular events (MACE) risk based on follow-up time in patients randomized to Janus kinase (JAK) inhibitors, pla-
cebo, or a comparator arm. A, JAK inhibitors versus placebo and comparator arm (termed “controls”). B, JAK inhibitors versus comparator arm.
C, JAK inhibitors versus placebo. Analysis by fixed-effects Mantel-Haenszel model. CI, confidence interval.
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heterogeneous outcomes. A meta-analysis by Yates and col-
leagues (4) evaluated 42 trials and found a nonsignificant differ-
ence of VTE with JAK inhibitors compared with placebo and
active comparators. Similarly, another meta-analysis of 26 trials
with JAK inhibitors found a nonsignificant increased risk of cardio-
vascular events with JAK inhibitors (5). These results suggest that
with the addition of the newly published studies, an association
between JAK inhibitors and VTE may be more significant in those
with extended (≥12 months) follow-up.

JAK inhibitors inhibit various JAK receptors (depending on the
specific drug) and have differential effects on downstream inflam-
matory activation, including cytokine activation and immunomodu-
latory capabilities, and thus could cause a variety of potential off-
target effects. Overall, although the mechanisms surrounding the
association between JAK inhibitors and VTE events are under
investigation, earlier clinical trials proposed that a higher risk of VTE
with JAK inhibitors was attributed to an elevation in platelet counts;
however, this elevation returned to baseline with long-term follow-
up (76). Similarly regarding potential MACE, JAK inhibitors, espe-
cially baricitinib and tofacitinib, are associated with an increase in cir-
culating total cholesterol levels, including an approximately 11%
increase in low-density lipoprotein cholesterol levels (as observed
in ORAL Surveillance) (9,77,78). It would be interesting to under-
stand whether in those on JAK inhibitors, the observed increases
in platelet count (although temporary), or low-density lipoprotein
choleserol correlate with subsequent VTE and/or MACE.

In general, IMIDs are strongly associated with enhanced risk
of VTE and MACE (79–81), which may be mitigated with immuno-
modulatory therapies, including TNF inhibitors (82–86). Thus, a
potential protective effect may explain our finding of a higher risk
of VTE with JAK inhibitors (and numerically with MACE) versus an
active comparator (generally TNF inhibitors) as opposed to JAK
inhibitors versus a placebo arm. Whether our hypothesis on a
potential beneficial effect of other disease-modifying antirheumatic
drugs, as opposed to a harmful impact of JAK inhibitors, in IMIDs
is true is not yet clear. Further exploration will require additional
clinical trials with an active comparator group in populations with
higher cardiovascular (CV) risk to investigate both clinical out-
comes and mechanisms of VTE, MACE, and JAK inhibitors.

Conversely, although our study suggested a time-dependent
nature association with JAK inhibitors and thrombosis, other studies
have not shown this. A recent analysis of the FDA’s Adverse Event
Reporting System database between 2010 and 2019 found no asso-
ciation (eg, random) between duration of exposure to JAK inhibitors
and thrombosis and found that the outcome primarily occurred in
older individuals. Although real-world data, these data may be con-
founded by lack of an active control and comparator group but do
strongly highlight the importance in investigating this topic, specifically
that JAK inhibitors may actually be associated with thrombosis, and
the need for further studies to clarify these discrepancies (87).

Finally, although we did not observe a statistically significant
association, the point estimates in the association between

MACE and JAK inhibitors were increased; however, this was pre-
dominantly due to the influence of findings from ORAL Surveil-
lance, which had extended follow-up and enrolled those with a
higher-risk cardiovascular profile. Therefore, future RCTs will also
require enrolling those considered at higher cardiovascular risk,
with extended follow-up to expand on these analyses.

These study findings should be interpreted in light of some
important limitations. Individual patient-level data were not available,
and we could not stratify by populations such as those with pre-
existing cardiovascular conditions, those with pre-existing thrombo-
embolic risk factors, and those with advanced age. Importantly, the
duration of follow-up time varied significantly across studies, and a
large portion of our results are driven by recent findings from ORAL
Surveillance, which primarily assessed an older rheumatoid arthritis
population with CV risk factors, thus potentially biasing the analyses
toward a signal-to-harm across JAK inhibitors. Nevertheless, this
trial is important to include because it significantly impacted FDA
decisions to implement a black box warning across all JAK inhibitors
and inflammatory subtypes, and other trials made up approximately
half of the weighted analysis. Additionally, our findings of an adverse
effect of JAK inhibitors on VTE in the comparator arm, but not the
placebo arm,may also be due to the short duration of contemporary
placebo-controlled clinical trials and thus not allowing enough expo-
sure time to observe an adverse impact of JAK inhibitors. Finally, dif-
ferent JAK inhibitors target different cytokines depending on the
specific IMIDs (which also have different inherent VTE and CV risks),
and this analysis did not parse out these important nuances. All of
these factors account for some level of heterogeneity within the
meta-analysis and deserve confirmation in larger populations with
higher CV risk, in which the signal-to-harm is more substantial.

JAK inhibitors have a higher risk of VTE with long-term
follow-up when compared with an active treatment arm, with a
numerically higher but nonsignificant association found between
JAK inhibitors and MACE. The results of future large-scale RCTs
with long-term follow-up and in those patients with pre-existing
cardiovascular and thromboembolic conditions will give a clear
picture on the safety of JAK inhibitors and are sorely needed.
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