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Abstract
Background Although Janus kinase (JAK) inhibitors have expanding indications, deep vein thrombosis (DVT) and pulmonary 
embolism (PE) are serious adverse events associated with their use. Moreover, their analysis using the Japanese database of 
spontaneous adverse drug reaction reports has not yet been conducted.
Objective The objective of this study was to analyze the Japanese Adverse Drug Event Report database (JADER) to evaluate 
the association between JAK inhibitors and DVT and PE.
Methods JADER reports from April 2004 to October 2023 were analyzed. A classification of reports for the period covered 
was performed by drug, and an imbalance analysis was performed with oral JAK inhibitors as the target drug and DVT, PE, 
and “embolic and thrombotic events, venous” (Standardised MedDRA Query; SMQ) as the target adverse events. Reported 
odds ratios (ROR) and information components (IC) were calculated for signal detection.
Results Overall, 6631 JAK inhibitor-related adverse events were reported, including 60 and 41 cases of DVT and PE, respec-
tively. The ROR and IC of the JAK inhibitors for DVT were 2.52 (1.95–3.25) and 1.27 (0.41–2.13), while those of baricitinib 
for DVT were 4.37 (2.83–6.73) and 1.90 (0.47–3.33), respectively. ROR signals were detected for JAK inhibitors for PE and 
“embolic and thrombotic events, venous (SMQ),” overall and for several JAK inhibitors but none for IC.
Conclusions Several JAK inhibitors are under postmarketing phase vigilance, and the number of reported adverse events 
is low. However, when administering these drugs, care should be taken to avoid the development of thromboembolism, 
considering the patient’s background.

Key Points 

Deep vein thrombosis and pulmonary embolism are seri-
ous side effects of Janus kinase inhibitors.

We analyzed spontaneous reports of adverse events from 
people of Japanese ethnicity, who are known to have a 
lower incidence of thrombosis.

Some JAK inhibitors may increase the risk of DVT in 
Japanese patients, warranting cautious use.

1 Introduction

Janus kinase (JAK) inhibitors have been increasingly used 
to treat rheumatoid arthritis and other immune-mediated 
inflammatory diseases in Japan since 2013. However, 
thromboembolism is a serious side effect of JAK inhibi-
tors. Therefore, they should be used with caution, espe-
cially in at-risk patients, such as those with smoking hab-
its or a history of coronary artery disease because their 
mechanism is unknown [1]. Several pharmacovigilance 
analyses have been reported for JAK inhibitors and throm-
boembolism using the Food and Drug Administration 
Adverse Event Reporting System (FAERS) or the World 
Health Organization (WHO) Vigibase [2–4]. These reports 
showed an association between JAK inhibitors and venous 
thromboembolisms such as deep vein thrombosis (DVT) 
and pulmonary embolism (PE). FAERS and Vigibase 
include reports from Japan but are skewed with a higher 
percentage from North America and Europe. Japanese 
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people are known to have a lower incidence of venous 
thromboembolism than Westerners [5, 6]. Additionally, 
and factor V Leiden and prothrombin mutations, one of the 
causes of activated protein C resistance seen in Western-
ers, have not been identified in the Japanese population, 
among other characteristics. Moreover, the proportion of 
protein C or S deficiency is higher in Japanese patients 
with DVT than in Westerners [7]; therefore, it is useful 
to analyze Japanese patients with different backgrounds 
compared to their Western counterparts.

Consequently, this study aims to evaluate the associa-
tion between JAK inhibitors use and DVT/PE in Japanese 
patients using the latest Japanese Adverse Drug Event 
Report database (JADER) data.

2  Methods

2.1  Source of Data

We used JADER data from April 2004 to October 2023, 
downloaded from the Pharmaceuticals and Medical 
Devices Agency (PMDA) website. The JADER database 
contains “adverse drug reaction case report information” 
and consists of four datasets: patient demographic infor-
mation (DEMO), drug information (DRUG), adverse 
events (REAC), and primary disease (HIST) tables. The 
DEMO table contains patient age and sex data. The DRUG 
table contains drug name, dose, reason for use, and dura-
tion of use. The REAC table contains the name of the 
adverse event, the outcome, and the date of occurrence 
of the adverse event. Finally, the HIST table provides 
information on the underlying disease. The JAK inhibi-
tors included in this study were tofacitinib, ruxolitinib, 
baricitinib, peficitinib, upadacitinib, filgotinib, and abroci-
tinib, which are oral drugs marketed in Japan as of October 
2023. Trends in the number of reports for each JAK inhibi-
tor and the background of the cases were analyzed. “Deep 
vein thrombosis” and “pulmonary embolism” were the 
investigated adverse events which are the Medical Diction-
ary for Regulatory Activities (MedDRA) preferred terms 
(PT) according to MedDRA version 26.1. Additionally, the 
Standardised MedDRA Query (SMQ), which encompasses 
various types of venous thromboembolisms, was included 
as a target adverse event. “Embolic and thrombotic events, 
venous” (SMQ code: 20000084) contains 97 PTs.

2.2  Signal Detection

Two types of signal detection methods, the reporting odds 
ratio (ROR) [8] and information component (IC) [9], were 
used for each combination of the target drug and target 

adverse event. The signal detection criterion for ROR was 
a lower limit of 95% confidence interval (CI) exceeding 1, 
whereas that for IC was a lower limit of 95% CI exceeding 0. 
Although the ROR is a widely used indicator, it can lead to 
false positives when the number of reports is low; therefore, 
we used it in conjunction with IC. Analyses were performed 
using JMP Pro 17.0.0 (SAS Institute Inc., Cary, NC).

3  Results

During the study period, 880,999 cases were reported in 
the JADER, with 6631 patients reporting adverse events 
caused by the use of JAK inhibitors. The most commonly 
reported adverse event associated with JAK inhibitors was 
pneumonia (596 cases), followed by herpes zoster (535 
cases) and anemia (442 cases). Adverse event reports for 
the oral JAK inhibitors included in this study have accu-
mulated since 2010, peaking in 2017 at 283 cases for rux-
olitinib and in 2018 at 392 cases for tofacitinib, declining 
thereafter (Fig. 1). The backgrounds of the reported cases 
for each JAK inhibitor are shown in Table 1. Analysis of 
report type showed a high percentage of “report from study” 
for tofacitinib, ruxolitinib, baricitinib, and peficitinib, par-
ticularly for peficitinib (81.3%). In contrast, upadacitinib, 
filgotinib, and abrocitinib showed high spontaneous report-
ing rates. Analysis of the ages of the reported cases showed 
that tofacitinib, ruxolitinib, baricitinib, peficitinib, upadaci-
tinib, and filgotinib had the highest number of patients in 
their 70s. Overall, 33.0% of the reported patients were aged 
> 70 years. Adverse events with tofacitinib, baricitinib, 
peficitinib, upadacitinib, and filgotinib were reported more 
frequently by women, whereas those with ruxolitinib and 
abrocitinib were reported more frequently by men. In terms 
of the primary disease and reason for JAK inhibitor use in 
the reported cases, rheumatoid arthritis was the most com-
mon reason for the use of all five drugs except ruxolitinib 
and abrocitinib: tofacitinib in 78.7%, baricitinib in 80.4%, 
peficitinib in 96.8%, upadacitinib in 75.4%, and filgotinib 
in 85.0%. Abrocitinib was indicated in Japan only for atopic 
dermatitis with an inadequate response to existing therapy at 
the time of analysis; 86.7% of the JADER reports included 
patients with atopic dermatitis. There were no reports on 
the use of upadacitinib for the treatment of spondyloarthritis 
axialis.

3.1  DVT

The signal detection results for DVT are presented in 
Table 2. Overall, 60 cases of JAK inhibitors were reported, 
and both ROR and IC signals were detected, with a ROR 
of 2.52 (1.95–3.25) and an IC of 1.27 (0.41–2.13). In the 
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per-drug results, both ROR and IC signals were detected 
for baricitinib. Baricitinib was reported in 21 cases, with 
ROR and IC of 4.37 (2.83–6.73) and 1.90 (0.47–3.33), 
respectively. Tofacitinib was reported in 24 cases, with an 
ROR (95% CI) of 2.73 (1.82–4.09) and IC (95% CI) of 1.34 
(− 0.004 to 2.68), respectively; the signal was detected only 
in the ROR. Similarly, upadacitinib was positive with an 
ROR of 3.33 (1.58–7.03) but negative with an IC of 1.36 
(− 1.01 to 3.72).

3.2  PE

The signal detection results for the PE are listed in Table 3. 
Overall, 41 cases of PE due to JAK inhibitors were, with sig-
nals detected only in the ROR: 1.71 (1.26–2.34). The highest 
number of reported cases was 14 for baricitinib, with signals 
detected only in ROR: 2.91 (1.71–4.93).

3.3  Embolic and Thrombotic Events, Venous (SMQ)

The signal detection results for “embolic and thrombotic 
events, venous” (SMQ) are presented in Table 4. Overall, 
115 SMQ due to JAK inhibitors have been reported, wherein 
only the ROR signal was detected at 1.57 (1.30–1.89). 
Signals were also detected for tofacitinib, baricitinib, and 
upadacitinib only for RORs of 1.82 (1.37–2.42), 2.17 
(1.53–3.08), and 1.87 (1.05–3.31), respectively. IC was not 
detected for any of the JAK inhibitors. There have been no 
reports on the effects of abrocitinib.

4  Discussion

In this study, we analyze the reporting status of JAK inhibi-
tors in the JADER and used imbalance analysis to detect the 
signals of JAK inhibitors as a whole and baricitinib alone 
on DVT.

The number of adverse drug reaction reports for JAK 
inhibitors has increased since each drug was marketed, 
whereas the number of adverse drug reaction reports for 
tofacitinib, ruxolitinib, and peficitinib has decreased, pos-
sibly due to the Weber effect [10]. The number of reports 
on other JAK inhibitors is increasing and is expected to 
continue to increase. The JADER reports were catego-
rized into reports from trials and spontaneous reports. 
The 57.9% spontaneous reports of adverse events for JAK 
inhibitors in this study were from clinical trials, and this 
percentage of spontaneous reports is expected to increase 
in the future. However, some JAK inhibitors are under 
post-marketing surveillance in Japan, which affects report-
ing [11].

Regarding the background of the reported cases, approxi-
mately 70% of the patients were women in the adverse event 
reports of cases with JAK inhibitors because rheumatoid 
arthritis and other autoimmune diseases are more common 
in women. In Japan, 76.3% of patients with rheumatoid 
arthritis are women [12], and a similar trend was observed in 
the JADER adverse drug reaction reports. As this study ana-
lyzed JAK inhibitors and thromboembolism regardless of the 
reason for their use, the background of the indicated disease 

Fig. 1  Number of reported 
cases for each JAK inhibitor in 
JADER. There were no reports 
of Peficitinib in 2018

ca
se
s

0

50

100

150

200

250

300

350

400

450

tofacitinib ruxolitinib baricitinib peficitinib

upadacitinib filgotinib abrocitinib



372 T. Maeshima et al.

Table 1  Characteristics of JAK inhibitor use cases in JADER reports

Results as number and percentage, unless otherwise specified. In the Disease or reason for use section, a hyphenated column indicates that the 
drug is not indicated for use in Japan
JAK Janus kinase, JADER Japanese Adverse Drug Event Report database, COVID-19 coronavirus disease 2019
a Values that include multiple JAK inhibitor use cases
b Including two cases of rheumatoid arthritis and ulcerative colitis
c Including one case of alopecia areata combined with atopic dermatitis

Totala Tofacitinib Ruxolitinib Baricitinib Peficitinib Upadacitinib Filgotinib Abrocitinib

Approval year – 2013 2014 2017 2019 2020 2020 2021
Cases (n) 6631 2431 1513 1338 651 580 233 30
Report type
 Report from study 3828 (57.7) 1357 (55.8) 939 (62.1) 772 (57.7) 529 (81.3) 258 (44.5) 68 (29.2) 5 (16.7)
 Spontaneous 2795 (42.2) 1070 (44.0) 574 (37.9) 565 (42.2) 121 (18.6) 320 (55.2) 165 (70.8) 25 (83.3)
 Other or unknown 8 (0.1) 4 (0.2) 0 (0.0) 1 (0.07) 1 (0.2) 2 (0.3) 0 (0.0) 0 (0.0)

Age
 < 10 16 (0.2) 4 (0.2) 12 (0.8) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
 ≥ 10 to < 20 63 (1.0) 18 (0.7) 11 (0.7) 0 (0.0) 2 (0.3) 22 (3.8) 2 (0.9) 11 (36.7)
 ≥ 20 to < 30 98 (1.5) 68 (2.8) 3 (0.2) 11 (0.8) 2 (0.3) 10 (1.7) 1 (0.4) 3 (10.0)
 ≥ 30 to < 40 132 (2.0) 65 (2.7) 12 (0.8) 24 (1.8) 5 (0.8) 21 (3.6) 1 (0.4) 5 (16.7)
 ≥ 40 to < 50 339 (5.1) 153 (6.3) 44 (2.9) 77 (5.8) 24 (3.7) 30 (5.2) 11 (4.7) 2 (6.7)
 ≥ 50 to < 60 722 (10.9) 294 (12.1) 123 (8.1) 171 (12.8) 56 (8.6) 63 (10.9) 29 (12.4) 3 (10.0)
 ≥ 60 to < 70 1460 (22.0) 614 (25.3) 325 (21.5) 287 (21.5) 112 (17.2) 105 (18.1) 39 (16.7) 0 (0.0)
 ≥ 70 to < 80 2189 (33.0) 724 (29.8) 575 (38.0) 437 (32.7) 231 (35.5) 202 (34.8) 80 (34.3) 1 (3.3)
 ≥ 80 to < 90 1024 (15.4) 303 (12.5) 193 (0.13) 219 (16.4) 189 (29.0) 97 (16.7) 52 (22.3) 2 (6.7)
 ≥ 90 to < 100 62 (0.9) 16 (0.7) 4 (0.3) 20 (1.5) 13 (2.0) 10 (1.7) 1 (0.4) 0 (0.0)
 Youth 1 (0.02) 1 (0.04) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
 Adult 63 (1.0) 8 (0.3) 34 (2.2) 16 (1.2) 0 (0.0) 2 (0.3) 4 (1.7) 3 (10.0)
 Elderly 100 (1.5) 11 (0.5) 74 (4.9) 2 (0.1) 5 (0.8) 3 (0.5) 5 (2.1) 0 (0.0)
 Unknown 362 (5.5) 152 (6.3) 103 (6.8) 74 (5.5) 12 (1.8) 15 (2.6) 8 (3.4) 0 (0.0)

Sex
 Female 4032 (60.8) 1578 (67.8) 644 (42.6) 877 (70.0) 482 (74.0) 381 (66.8) 168 (72.1) 10 (33.3)
 Male 2300 (34.7) 749 (32.2) 795 (52.5) 366 (29.2) 164 (25.2) 188 (33.0) 53 (22.7) 18 (60.0)
 Unknown or missing 299 (4.5) 0 (0.0) 74 (4.9) 9 (0.7) 5 (0.8) 1 (0.2) 12 (5.2) 2 (6.7)

Disease or reason for use
 Rheumatoid arthritis 1914b (78.7) – 1076 (80.4) 630 (96.8) 438 (75.4) 198 (85.0) –
 Ulcerative colitis 287 (11.8) – – – 46 (7.9) 28 (12.0) –
 Myelofibrosis – 1115 (73.7) – – – – –
 Polycythemia vera – 281 (18.6) – – – – –
 Graft-versus-host disease – 34 (2.2) – – – – –
 Atopic dermatitis – – 43 (3.2) – 55 (9.5) – 26 (86.7)
 COVID-19 – – 153 (11.4) – – – –
 Alopecia areata – – 7c (0.5) – – – –
 Psoriatic arthritis – – – – 17 (2.9) – –
 Spondyloarthritis axialis – – – – 0 – –
 Ankylosing spondylitis – – – – 5 (0.9) – –
 Crohn’s disease – – – – 4 (0.7) – –
 Other 69 (2.8) 54 (3.6) 7 (0.5) 2 (0.3) 4 (0.7) 0 0
 Unknown 161 (6.6) 29 (1.9) 52 (3.9) 19 (2.9) 12 (2.1) 7 (3.0) 4 (13.3)
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should also be considered when interpreting the results. For 
example, patients with rheumatoid arthritis are at a higher 
risk of VTE than nonpatients, and patients with rheumatoid 
arthritis treated with JAK inhibitors have been reported to be 
at a higher risk of PE than those treated with disease-mod-
ifying antirheumatic drugs [13]. In contrast, adult patients 
with atopic dermatitis have been reported to be at a higher 
risk of developing VTE than nonpatients [14]. However, a 
meta-analysis showed that treatment with JAK inhibitors 
in patients with atopic dermatitis was not associated with 

increased venous thromboembolism [15], and although the 
frequency of thrombosis in Japanese patients with inflam-
matory bowel disease is reportedly similar to that of other 
Asians and Westerners [16], the risk of thromboembolism 
with JAK inhibitors restricted to patients with inflammatory 
bowel disease is unknown.

In our analysis, two distinct DVT signals were detected 
using the JAK inhibitors as a whole. Conversely, in the anal-
ysis of each drug, we detected two different DVT signals 
only for baricitinib which indicates that the risk of adverse 

Table 2  Signal scores for JAK 
inhibitors-associated DVT

JAK Janus kinase, DVT deep vein thrombosis, ROR reported odds ratio, IC information component
*The adverse events are detected as signals

JAK inhibitor Total (n) Cases (n) ROR (95% CI) IC (95% CI)

JAK inhibitors 6631 60 2.52* (1.95–3.25) 1.27* (0.41–2.13)
Tofacitinib 2431 24 2.73* (1.82–4.09) 1.34 (− 0.004 to 2.68)
Ruxolitinib 1513 2 0.36 (0.09–1.44) − 1.12 (− 4.97 to 2.72)
Baricitinib 1338 21 4.37* (2.83–6.73) 1.90* (0.47–3.33)
Peficitinib 651 5 2.11 (0.87–5.09) 0.83 (− 1.90 to 3.55)
Upadacitinib 580 7 3.33* (1.58–7.03) 1.36 (− 1.01 to 3.72)
Filgotinib 233 2 2.36 (0.59–9.50) 0.69 (− 3.17 to 4.55)
Abrocitinib 30 0 – –

Table 3  Signal scores for JAK 
inhibitors-associated PE

JA janus kinase, PE pulmonary embolism, ROR reported odds ratio, IC information component
*The adverse events are detected as signals

JAK inhibitor Total (n) Cases (n) ROR (95% CI) IC (95% CI)

JAK inhibitors 6631 41 1.71* (1.26–2.34) 0.74 (− 0.29 to 1.78)
Tofacitinib 2431 13 1.48 (0.85–2.55) 0.50 (− 1.28 to 2.29)
Ruxolitinib 1513 8 1.46 (0.73–2.92) 0.47 (− 1.76 to 2.69)
Baricitinib 1338 14 2.91* (1.71–4.93) 1.35 (− 0.38 to 3.08)
Peficitinib 651 2 0.84 (0.21–3.39) − 0.17 (− 4.01 to 3.68)
Upadacitinib 580 5 2.39 (0.99–5.76) 0.95 (− 1.78 to 3.68)
Filgotinib 233 0 – –
Abrocitinib 30 0 – –

Table 4  Signal scores for JAK 
inhibitors-associated embolic 
and thrombotic events, venous 
(SMQ)

JAK janus kinase, SMQ Standardised Medical Dictionary for Regulatory Activities Query, ROR reported 
odds ratio, IC information component
*The adverse events are detected as signals

JAK inhibitor Total (n) Cases (n) ROR (95% CI) IC (95% CI)

JAK inhibitors 6631 115 1.57* (1.30–1.89) 0.63 (− 0.0001 to 1.25)
Tofacitinib 2431 49 1.82* (1.37–2.42) 0.83 (− 0.13 to 1.78)
Ruxolitinib 1513 15 0.89 (0.53–1.47) − 0.16 (− 1.84 to 1.51)
Baricitinib 1338 32 2.17* (1.53–3.08) 1.05 (− 0.13 to 2.22)
Peficitinib 651 5 0.68 (0.28–1.65) − 0.47 (− 3.19 to 2.26)
Upadacitinib 580 12 1.87* (1.05–3.31) 0.79 (− 1.07 to 2.66)
Filgotinib 233 3 1.15 (0.37–3.60) 0.14 (− 3.21 to 3.50)
Abrocitinib 30 0 – −
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events with its use may be as high as that in Westerners [4]. 
Whether the risk of thrombosis for JAK inhibitors is a class 
effect or varies according to drug type remains debatable. 
Baricitinib was reported to have a venous thromboembo-
lism incidence rate per 100 patient-year (95% CI) of 0.25 
(0.15–0.36) in a 3-year all-case post-marketing surveillance 
in patients with rheumatoid arthritis in Japan [17]. In this 
study, no JAK inhibitor expressed two different signals for 
PE; FAERS analysis reported that ROR and IC signals were 
detected with baricitinib, upadacitinib, and filgotinib [3]. In 
addition, venous thromboembolic signals were not detected 
with ruxolitinib in this study, whereas portal vein thrombosis 
and thrombosis signals were detected with FAERS analysis. 
It is unclear whether this discrepancy is due to race or other 
factors. Unlike other JAK inhibitors, the Japanese package 
insert for ruxolitinib does not include a warning on throm-
boembolism, which may introduce a reporting bias.

The limitations of this study include reporting biases due 
to spontaneous reporting and channeling because the prod-
ucts have not been on the market for a long time [18]. In 
addition, risk factors for thrombosis, such as age, obesity, 
concomitant medications, and underlying diseases, were 
not considered in the reported cases. Furthermore, although 
the analysis in this study considered Japanese backgrounds, 
there was no item for race in the report, and the possibility 
that non-Japanese races were reported cannot be ruled out. 
However, the results of the imbalance analysis suggest that 
some JAK inhibitors may be associated with a higher risk 
of DVT in Japanese patients, indicating the need for future 
clinical studies. The effects on the coagulation–fibrinolytic 
system and platelet activation need to be elucidated in the 
future.

5  Conclusions

We analyzed the association between JAK inhibitors and 
DVT and PE using JADER. Although the number of reports 
in JADER is small and some drugs are under postmarketing 
surveillance, caution should be exercised due to the develop-
ment of DVT and PE when using JAK inhibitors. The accu-
mulation of spontaneous adverse event reports is required 
in the future.
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