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Summary
Background: Tofacitinib is an oral, small molecule JAK inhibitor for the treatment of 
ulcerative colitis (UC).
Aim: To report incidence of deep vein thrombosis (DVT) and pulmonary embolism 
(PE) in the tofacitinib UC programme.
Methods: DVT and PE were evaluated from one phase 2 and two phase 3 induc‐
tion studies, one phase 3 maintenance study and an ongoing, open‐label, long‐term 
extension (OLE) study (September 2018 datacut). Data were analysed in induction, 
maintenance and overall (patients receiving ≥ 1 dose of tofacitinib 5 or 10 mg b.d. in 
any phase 2, 3 or OLE study) cohorts.
Results: 1157 patients (2404 patient‐years’ exposure; ≤ 6.1 years’ tofacitinib treat‐
ment) were evaluated in the overall cohort. In induction, one placebo‐treated patient 
had DVT and one had PE; no tofacitinib‐treated patients had DVT/PE. In mainte‐
nance, one placebo‐treated patient had DVT and one had PE; no tofacitinib‐treated 
patients had DVT/PE. In the overall cohort, one patient had DVT (incidence rate  
[patients with events/100 patient‐years; 95% CI]: 0.04 [0.00‐0.23]); four had PE  
(0.16 [0.04‐0.41]); all received predominant dose tofacitinib 10  mg b.d.; all had  
venous thromboembolism risk factors alongside UC.
Conclusions: In this post hoc analysis of patients with UC, during tofacitinib expo‐
sure, one patient had DVT and four had PE, all during the OLE study, on predominant 
dose 10 mg b.d. (83% of overall cohort patients received predominant dose 10 mg b.d.) 
with venous thromboembolism risk factors. This analysis is limited by small sam‐
ple size and limited drug exposure; further studies are needed. ClinicalTrials.gov: 
NCT00787202, NCT01465763, NCT01458951, NCT01458574, NCT01470612.

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction 
in any medium, provided the original work is properly cited and is not used for commercial purposes.
© 2019 The Authors. Alimentary Pharmacology & Therapeutics published by John Wiley & Sons Ltd.

mailto:﻿
https://orcid.org/0000-0002-3314-7960
https://orcid.org/0000-0002-4971-6902
https://orcid.org/0000-0001-7341-1351
mailto:wsandborn@ucsd.edu
http://creativecommons.org/licenses/by-nc/4.0/


     |  1069SANDBORN et al

1  | INTRODUC TION

Tofacitinib is an oral, small molecule Janus kinase inhibitor for the 
treatment of ulcerative colitis (UC). Tofacitinib safety in UC was eval‐
uated in phase 2 and phase 3 randomised controlled studies,1,2 and 
in an ongoing, open‐label, long‐term extension (OLE) study.3

Recently, the data safety monitoring board for tofacitinib rheu‐
matology studies determined that the frequency of pulmonary em‐
bolism (PE) in the tofacitinib 10 mg twice daily (b.d.) arm was higher 
than the frequency of PE in the tumour necrosis factor inhibitor 
comparator arm in an FDA post‐marketing requirement safety study 
(A3921133; NCT02092467)4 designed to evaluate the long‐term 
risk of major adverse cardiovascular events and malignancy.

Study A3921133 is an ongoing, open‐label, endpoint‐driven 
study, evaluating the safety of tofacitinib 5 mg b.d. and tofacitinib 
10  mg b.d. compared with tumour necrosis factor inhibitors in  
patients with rheumatoid arthritis. Patients had to be 50  years 
of age or older, had at least one cardiovascular risk factor and 
be on a stable dose of methotrexate to be eligible for enrolment. 
Subsequently, based on the information from study A3921133 and 
consideration of information pertaining to PE for other Janus kinase 
inhibitors, Pfizer has determined as part of its pharmacovigilance 
procedures that PE is an important potential risk for treatment with 
tofacitinib.

The non‐A3921133 rheumatoid arthritis studies included pla‐
cebo‐controlled (≤ 3 months of follow‐up), active‐controlled (up to 
24 months of follow‐up) and OLE (up to 9.5 years of tofacitinib treat‐
ment follow‐up) periods.5,6 Data from these phase 2, phase 3 and 
OLE studies of tofacitinib in rheumatoid arthritis (excluding study 
A3921133) showed that incidence rates (IRs; patients with events 
per 100 patient‐years) for deep vein thrombosis (DVT) and PE in the 
placebo group during the placebo‐controlled period were 0.41 [95% 
confidence interval (CI): 0.01‐2.30] for DVT and 0.41 [0.01‐2.30] for 
PE. The IRs in tofacitinib‐treated patients (5 mg b.d. and 10 mg b.d. 
doses) from all periods were in the range of 0.00‐0.21 for DVT and 
0.00‐0.15 for PE, and were similar with tofacitinib 5  mg b.d. and 
10 mg b.d. doses.5,6

DVT/PE events have been reported in rheumatoid arthritis clin‐
ical studies of other Janus kinase inhibitors including baricitinib 
(all baricitinib doses: DVT IR: 0.4; PE IR: 0.2)7 and upadacitinib (all 
upadacitinib doses: DVT: 0/329 patients through Week 12; 1/498 
patients through Week 24; PE: 2/329 patients through Week 12; 
6/498 patients through Week 24).8 All patients with DVT/PE events 
in the rheumatoid arthritis studies of the Janus kinase inhibitors  
baricitinib and upadacitinib had additional DVT/PE risk factors.7,8

Reported literature values for IRs of thromboembolic events 
among persons with rheumatoid arthritis treated with a variety of 
biologic and/or conventional therapies ranged between 0.04‐0.79.9-

22 Rheumatoid arthritis is a known risk factor for DVT/PE events, 
with a risk ratio for DVT of 2.08 and a risk ratio for PE of 2.17 for  
rheumatoid arthritis vs nonrheumatoid arthritis, based on a meta‐
analysis of nine observational studies in patients with rheumatoid 
arthritis.23

UC is a known risk factor for DVT/PE events, with reported IRs 
of 0.07‐0.30 for DVT and 0.04‐0.20 for PE.24-26 We report incidence 
of venous thromboembolic events in the tofacitinib UC clinical de‐
velopment programme as of September 2018.

2  | MATERIAL S AND METHODS

We evaluated DVT and PE events in the tofacitinib UC clinical de‐
velopment programme in three cohorts. The induction cohort in‐
cluded patients receiving placebo or tofacitinib 10 mg b.d. in phase 2 
(A3921063) or phase 3 induction studies (OCTAVE Induction 1 and 
2). The maintenance cohort included patients receiving placebo, 
tofacitinib 5 mg b.d. or tofacitinib 10 mg b.d. in the phase 3 mainte‐
nance study (OCTAVE Sustain). The overall cohort included patients 
receiving ≥ 1 dose of tofacitinib 5 mg b.d. or tofacitinib 10 mg b.d. 
in any phase 2, phase 3 or OLE study (data as of September 2018;  
database not locked). Study designs were described 
previously.1-3,27

DVT and PE events were identified using clinically relevant pre‐
ferred terms in the Standardised Medical Dictionary for Regulatory 
Activities query ‘Embolic and thrombotic events, venous’. IRs were 
calculated based on the unique number of patients with events per 
100 patient‐years of exposure. Exact Poisson CIs (adjusted for pa‐
tient‐years) are provided. For the overall cohort, patients were cate‐
gorised by average daily dose of tofacitinib: predominant dose 5 mg 
b.d. (average total daily dose < 15 mg) and predominant dose 10 mg 
b.d. (average total daily dose ≥ 15 mg). For patients with DVT and PE 
events, prior medical history was reviewed for information on risk 
factors for DVT/PE.

All studies received appropriate Institutional Review Board and/
or Independent Ethics Committee approval.

3  | RESULTS

Treatment exposure and IRs for DVT and PE in the three co‐
horts are presented in Table 1. In the induction cohort (N = 1220 
[placebo: N  =  282; tofacitinib 10  mg b.d.: N  =  938; median 
age  =  39  years), there was one patient receiving placebo with 
DVT and one patient receiving placebo with PE (both events  
assessed as moderate in severity by the investigators). No  
tofacitinib‐treated patients in the induction cohort had DVT or 
PE. In the maintenance cohort (N = 592; median age = 41 years), 
there was one patient in the placebo group with DVT (severity 
assessed as moderate) and one patient in the placebo group with 
PE (two separate events in the same patient; the first assessed 
as moderate and the second assessed as mild); both had received 
tofacitinib 10 mg b.d. during induction studies. No patients in the 
tofacitinib dose groups of the maintenance cohort had DVT or 
PE. In the overall tofacitinib‐treated cohort (N  =  1157; median 
age = 39 years), there was one patient with DVT (IR [95% CI]: 0.04 
[0.00‐0.23]; severity assessed as moderate) and four patients 
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with PE (0.16 [0.04‐0.41]; severities assessed as moderate [2] and 
severe [2]; one patient died due to one of the events assessed 
as severe). Each of the events in the overall tofacitinib‐treated 
cohort occurred during the OLE study; all patients were from the 
predominant dose tofacitinib 10  mg b.d. group. Demographics 
and clinical characteristics for patients with DVT/PE events are 
presented in Table 2. Further details for each of the patients with 
DVT/PE events are provided below.

In the induction studies, DVT/PE events occurred in two pla‐
cebo‐treated patients:

1.	 A 30‐year‐old male with ulcerative pancolitis had DVT, 3  days 
following the first dose of placebo (Day 3 in the phase 2 
induction study). The patient had prior history of Factor V 
mutation, PE and superficial thrombophlebitis. The patient had 
a body mass index of 22.1  kg/m2 (normal weight) and had 
never smoked. The patient had moderate disease activity at 
baseline of A3921063 (total Mayo score of 8, the latest Mayo 
score available before the event). C‐reactive protein (CRP) level 
at Day 1 in A3921063 (latest available data prior to onset 
of DVT) was 24.9  mg/L. The patient was taking concomitant 
methylprednisolone 4  mg/d at the time of the DVT event.

2.	 A 32‐year‐old female with extensive colitis/pancolitis had PE re‐
quiring hospitalisation 59  days following the first placebo dose 
(Day 59 in OCTAVE Induction 1). The patient had no significant 
prior medical history. The patient had a body mass index of 
30.0 kg/m2 (obese) and had never smoked. The patient had mod‐
erate disease activity at baseline of induction (total Mayo score 

of 9) and had mild disease activity (partial Mayo score of 4) at  
Day 55 (latest available data prior to PE onset). CRP level at Day 55  
in OCTAVE Induction 1 (latest available data prior to onset of PE) 
was 1.3 mg/L. The patient was taking concomitant methylpredni‐
solone 8 mg/d during OCTAVE Induction 1 including at the time 
of the PE event.

In the maintenance study (OCTAVE Sustain), DVT/PE events oc‐
curred in two patients in the placebo treatment group:

1.	 A 48‐year‐old male with left‐sided colitis had DVT on  
Day 61 of OCTAVE Sustain while receiving placebo, hav‐
ing previously received 63  days’ treatment with tofacitinib  
10  mg b.d. in OCTAVE Induction 2. The patient had no sig‐
nificant prior medical history. The patient had a body mass 
index of 25.6  kg/m2 (overweight) and was an ex‐smoker. The 
patient had mild disease at baseline of OCTAVE Sustain (total 
Mayo score of 4, the latest available Mayo score prior to the 
event) and severe disease (partial Mayo score of 8) at Day 62 
in OCTAVE Sustain (the closest available partial Mayo score 
data to time of event). CRP level at Day 62 in OCTAVE Sustain 
was 98.3  mg/L. The patient discontinued OCTAVE Sustain due 
to treatment failure. The patient was not receiving concomitant 
corticosteroids during OCTAVE Sustain, including at the time 
of the event.

2.	 A 48‐year‐old male with extensive colitis/pancolitis had PE requir‐
ing hospitalisation on Day 22 of OCTAVE Sustain while receiv‐
ing placebo, having previously received 63 days’ treatment with  

TA B L E  1   IRs of DVT and PE among patients in the induction, maintenance and overall cohorts of the tofacitinib UC clinical development 
programme

 

Induction cohort (8 wk) Maintenance cohort (52 wk) Overall cohort (≤ 6.1 y)b

Placebo 
(N = 282)

Tofacitinib
10 mg b.d. 
(N = 938)

Placebo 
(N = 198)

Tofacitinib
5 mg b.d. 
(N = 198)

Tofacitinib
10 mg b.d. 
(N = 196)

Predominant 
dose 
tofacitinib
5 mg b.d. 
(N = 197)

Predominant 
dose tofacitinib
10 mg b.d. 
(N = 960)

Tofacitinib 
All (N = 1157)

Patient‐years 
of exposure

44.8 156.2 100.4 146.2 154.3 595.5 1808.1 2403.6

DVT,a n (%) 1 (0.4)c 0 (0.0) 1 (0.5)c 0 (0.0) 0 (0.0) 0 (0.0) 1 (0.1)c 1 (0.1)

IR [95% CI] 1.99 
[0.05‐11.07]

0.00 
[0.00‐2.22]

0.97 
[0.02‐5.39]

0.00 
[0.00‐2.48]

0.00 
[0.00‐2.35]

0.00 
[0.00‐0.61]

0.05  
[0.00‐0.30]

0.04 
[0.00‐0.23]

PE,a n (%) 1 (0.4)c 0 (0.0) 1 (0.5)d 0 (0.0) 0 (0.0) 0 (0.0) 4 (0.4)e 4 (0.3)

IR [95% CI] 1.98 
[0.05‐11.04]

0.00 
[0.00‐2.22]

0.98 
[0.02‐5.44]

0.00 
[0.00‐2.48]

0.00 
[0.00‐2.35]

0.00 
[0.00‐0.61]

0.21  
[0.06‐0.55]

0.16 
[0.04‐0.41]

Abbreviations: b.d., twice daily; CI, confidence interval; DVT, deep vein thrombosis; IR, incidence rate (unique patients with events per 100 patient‐
years of exposure); N, number of patients; n, unique number of patients with event; OLE, open‐label, long‐term extension; PE, pulmonary embolism; 
UC, ulcerative colitis.
aExcluding events occurring after 28 days from the last dose of the corresponding cohort (except patients that are ongoing in the OLE study); no 
events were reported beyond 28 days from the last dose. 
bData are as of September 2018 (OLE study database not locked). 
cSeverity was assessed as moderate. 
dOne patient experienced two separate events; the first assessed as moderate (1); the second assessed as mild (1). 
eSeverities were assessed as moderate (2) and severe (2). 
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tofacitinib 10 mg b.d. in OCTAVE Induction 1. The patient had 
prior history of venous thrombosis. The patient had a body mass 
index of 24.3 kg/m2 (normal weight) and was an ex‐smoker. The 
patient had moderate disease at baseline of OCTAVE Sustain 
(total Mayo score of 7, the latest available Mayo score prior to 
the event) and mild disease (partial Mayo score of 4) at Day 29 in 
OCTAVE Sustain (the closest available partial Mayo score data 
to time of event). CRP level at baseline of OCTAVE Sustain (lat‐
est available data prior to onset of PE) was 9.8 mg/L. The pa‐
tient was receiving concomitant prednisolone during OCTAVE 
Sustain, including at the time of the event (dose at time of event: 
7.5 mg/d).

In the overall cohort, DVT/PE events occurred in five patients 
(1 DVT and 4 PE), and all occurred during the OLE study in patients 
receiving tofacitinib 10 mg b.d. at the time of event (2 patients stopped 
tofacitinib treatment 4‐5 days prior to the event onset, one of whom 
resumed tofacitinib treatment afterwards). All patients had received a 
predominant dose of tofacitinib 10 mg b.d. during the entire UC clinical 
programme:

1.	 A 58‐year‐old female with proctosigmoiditis had DVT in the 
right lower extremity while receiving tofacitinib 10 mg b.d., after 
1149 days of treatment with tofacitinib 10 mg b.d. (Day 1149 in 
the OLE; the patient received placebo for 62  days in OCTAVE 
Induction 1, prior to entering the OLE). DVT was diagnosed 
following a long‐haul flight and management of an infected leg 
wound sustained in a recent motorbike accident, for which the 
patient was hospitalised. The patient had a body mass index 
of 22.2  kg/m2 (normal weight) and had never smoked. The 
patient had severe disease at baseline of OLE (total Mayo 
score of 11) and was in remission (partial Mayo score of 0) 
at Day 1082 of the OLE (latest available data prior to DVT 
onset). CRP level at baseline of the OLE (latest available data 
prior to DVT onset) was 2.2  mg/L. The patient was receiving 
ongoing prophylactic oestrogen for post‐menopausal changes.

2.	 A 25‐year‐old male with left‐sided colitis had PE within the right 
lower lobe requiring hospitalisation while receiving tofacitinib 
10 mg b.d., after 216 days of treatment with tofacitinib 10 mg b.d 
(Day 153 in the OLE; the patient received tofacitinib 10 mg b.d. 
for 64 days in OCTAVE Induction 2, prior to entering the OLE). 
The patient had prior history of DVT and PE, but was not receiv‐
ing anti‐coagulation medication at baseline of OCTAVE Induction 
2. The patient had a body mass index of 25.2 kg/m2 (overweight) 
and had never smoked. The patient had moderate disease activity 
at baseline of OLE (total Mayo score of 8) and had mild disease 
activity (partial Mayo score of 2) at Day 124 of the OLE (latest 
available data prior to PE onset). CRP level at baseline of the OLE 
(latest available data prior to PE onset) was 0.2 mg/L.

3.	 A 57‐year‐old male with left‐sided colitis had bilateral PE requir‐
ing hospitalisation while receiving tofacitinib 10  mg b.d., after 
236 days of treatment with tofacitinib 10 mg b.d. (Day 174 in the 
OLE; the patient received tofacitinib 10  mg b.d. for 62  days in 

OCTAVE Induction 1, followed by placebo for 63 days in OCTAVE 
Sustain, prior to entering the OLE). The patient had prior history 
of phlebothrombosis, stroke, hypertension and hypercholesterol‐
aemia. The patient had a body mass index of 28.6 kg/m2 (over‐
weight) and was an ex‐smoker. The patient had moderate disease 
activity at baseline of OLE (total Mayo score of 10) and had mild 
disease activity (partial Mayo score of 2) at Day 125 of the OLE 
(latest available data prior to PE onset). CRP level at baseline of 
the OLE (latest available data prior to PE onset) was 3.4 mg/L.

4.	 A 70‐year‐old male with proctosigmoiditis had a right segmental 
and sub‐segmental acute PE while receiving tofacitinib 10 mg b.d., 
after 447 days of treatment with tofacitinib (Day 383 in the OLE; 
the patient received tofacitinib 15 mg b.d. for 64 days in OCTAVE 
Induction 1, followed by placebo for 175 days in OCTAVE Sustain, 
prior to entering the OLE), with cholangiocarcinoma and metasta‐
ses to the peritoneum. The patient was hospitalised for jaundice 
and dilation of the biliary tract and died due to the event of PE. 
The patient had a body mass index of 32.1 kg/m2 (obese) and was 
an ex‐smoker. The patient had moderate disease activity at base‐
line of OLE (total Mayo score of 10) and had mild disease activity 
(partial Mayo score of 3) at Day 373 of the OLE (latest available 
data prior to PE onset). CRP level at baseline of the OLE (latest 
available data prior to PE onset) was 4.9 mg/L.

5.	 A 21‐year‐old female with extensive colitis/pancolitis had bilateral 
PE requiring hospitalisation while receiving tofacitinib 10 mg b.d., 
after 629 days of treatment with tofacitinib (Day 569 in the OLE; 
the patient received tofacitinib 15 mg b.d. for 60 days in OCTAVE 
Induction 2, followed by placebo for 61 days in OCTAVE Sustain, 
prior to entering the OLE). The patient was receiving oral con‐
traceptives for dysfunctional uterine bleeding. The patient had a 
body mass index of 32.9 kg/m2 (obese) and had never smoked. 
The patient had moderate disease activity at baseline of OLE (total 
Mayo score of 10) and was in remission (partial Mayo score of 0) at 
Day 547 of the OLE (latest available data prior to PE onset). CRP 
level at baseline of the OLE (latest available data prior to PE onset) 
was 30.3 mg/L.

None of the tofacitinib‐treated patients with DVT/PE in the overall 
cohort were taking corticosteroids at the time of event. Data on defi‐
ciency of Protein C, Protein S, or anti‐thrombin 3, presence of Leiden 
factor V, presence of methylenetetrahydrofolate reductase gene mu‐
tation and presence of lupus anti‐coagulant were not routinely col‐
lected in the clinical study database.

4  | DISCUSSION

In this post hoc analysis of patients from the tofacitinib UC clini‐
cal development programme as of September 2018, one patient 
had DVT and four patients had PE during tofacitinib treatment. 
In the overall tofacitinib‐treated cohort, the IR (95% CI) for DVT 
was 0.04 [0.00‐0.23] and the IR for PE was 0.16 (0.04‐0.41). In the 
placebo group of the induction cohort, there was one patient with 
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DVT and one patient with PE. In the maintenance cohort, one pa‐
tient in the placebo group had DVT and one patient in the placebo 
group had PE.

All DVT/PE events in patients receiving tofacitinib at the time of 
the event occurred during the OLE study, after at least 7 months of 
treatment, in patients receiving PD 10 mg b.d. (83% of all patients 

TA B L E  2   Demographics and clinical characteristics of patients with DVT and PE in the tofacitinib UC clinical development programme

Event
Age at time 
of event, y Gender, (M/F)

Treatment at 
time of event 
(PD for overall 
cohort)

Days of treat-
ment with 
placebo prior to 
event

Days of treat-
ment with 
tofacitinib prior 
to event Disease extent

Body mass  
index, kg/m2 Smoking status

Disease ac-
tivity at time 
of eventc

Platelet count 
at time of 
event,c  
103 cells/mm3

Hypertension, 
(Y/N)

Lipid levels 
at time of 
event,c mg/dL

Oral contraceptive 
and/or hormonal 
therapy, (Y/N) Notes

Induction studies

DVT 30 M Placebo 3 0 Ulcerative 
pancolitis

22.1 Never smoked TMS: 8 186 N TC: 159
HDL: 38
LDL: 108
TG: 65

N/A Prior history of Factor V 
mutation, PE and superficial 
thrombophlebitis.

Receiving methylpredniso‐
lone (4 mg/d) at the time 
of event

PE 32 F Placebo 59 0 Extensive colitis/
pancolitis

30.0 Never smoked TMS: 5 444 N TC: 216
HDL: 70
LDL: 127
TG: 97

N No significant prior medical 
history. Receiving methyl‐
prednisolone (8 mg/d) at 
the time of event

Maintenance study

DVT 48 M Placebo 61 63 Left‐sided colitis 25.6 Ex‐smoker PMS: 8d 390 N TC: 233
HDL: 41
LDL: 160
TG: 160

N/A Received tofacitinib 10 mg b.d. 
in induction for 63 d

PE 48 M Placebo 22 63 Extensive colitis/
pancolitis

24.3 Ex‐smoker PMS: 4e 216 Y TC:164
HDL: 50
LDL: 102
TG: 165

N/A Prior history of venous 
thrombosis. Received 
tofacitinib 10 mg b.d. in 
induction for 63 d

Overall – all events occurred in OLE study

DVT 58 F 10 mg b.d.a

(PD 10 mg b.d.)
62 1149 Proctosigmoiditis 22.2 Never smoked PMS: 0 233 N TC: 200

HDL: 75
LDL: 110
TG: 74

Y DVT diagnosed follow‐
ing long‐haul flight and 
management of an infected 
leg wound

PE 25 M 10 mg b.d.  
(PD 10 mg b.d.)

0 216 Left‐sided colitis 25.2 Never smoked PMS: 2 446 N TC: 190
HDL: 49
LDL: 123
TG: 92

N/A Prior history of DVT and PE

PE 57 M 10 mg b.d.  
(PD 10 mg b.d.)

63 236 Left‐sided colitis 28.6 Ex‐smoker PMS: 2 193 Y TC: 259
HDL: 82
LDL: 157
TG: 101

N/A Prior history of phle‐
bothrombosis, stroke, 
arterial hypertension and 
hypercholesterolaemia

PE 70 M 10 mg b.d.a,b  
(PD 10 mg b.d.)

175 447 Proctosigmoiditis 32.1 Ex‐smoker PMS: 3 259 Y TC: 249
HDL: 10
LDL: 183
TG: 279

N/A Cholangiocarcinoma and me‐
tastases to the peritoneum

PE 21 F 10 mg b.d.  
(PD 10 mg b.d.)

61 629 Extensive colitis/
pancolitis

32.9 Never smoked PMS: 0 330 N TC: 201
HDL: 57
LDL: 113
TG: 157

Y Oral contraceptives for dys‐
functional uterine bleeding

Abbreviations: b.d., twice daily; DVT, deep vein thrombosis; F, female; HDL, high‐density lipoprotein; LDL, low‐density lipoprotein; M, male; N, no; N/A,  
not applicable; OLE, open‐label, long‐term extension; PD, predominant dose; PE, pulmonary embolism; PMS, partial Mayo score; TC, total  
cholesterol; TG, triglycerides; TMS, total Mayo score; Y, yes.
aTofacitinib treatment was stopped 4‐5 days prior to the event onset. 
bTofacitinib treatment was resumed 14 days after the event onset. 
cPer the latest available data prior to event onset. 
dPartial Mayo score at Day 62 in OCTAVE Sustain, 1 day after the event onset date (the closest available Mayo score data to time of event). 
ePartial Mayo score at Day 29 in OCTAVE Sustain, 7 days after the event onset date (the closest available Mayo score data to time of event). 
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in the overall cohort received PD 10  mg b.d.), and all had venous 
thromboembolism risk factors. Patients who were eligible to receive 
tofacitinib 10 mg b.d. in the OLE study were those who completed 

OCTAVE Induction 1 and 2 without clinical response, and those 
who completed OCTAVE Sustain but were not in remission, or were 
early withdrawals due to treatment failure in OCTAVE Sustain. IRs 

TA B L E  2   Demographics and clinical characteristics of patients with DVT and PE in the tofacitinib UC clinical development programme

Event
Age at time 
of event, y Gender, (M/F)

Treatment at 
time of event 
(PD for overall 
cohort)

Days of treat-
ment with 
placebo prior to 
event

Days of treat-
ment with 
tofacitinib prior 
to event Disease extent

Body mass  
index, kg/m2 Smoking status

Disease ac-
tivity at time 
of eventc

Platelet count 
at time of 
event,c  
103 cells/mm3

Hypertension, 
(Y/N)

Lipid levels 
at time of 
event,c mg/dL

Oral contraceptive 
and/or hormonal 
therapy, (Y/N) Notes

Induction studies

DVT 30 M Placebo 3 0 Ulcerative 
pancolitis

22.1 Never smoked TMS: 8 186 N TC: 159
HDL: 38
LDL: 108
TG: 65

N/A Prior history of Factor V 
mutation, PE and superficial 
thrombophlebitis.

Receiving methylpredniso‐
lone (4 mg/d) at the time 
of event

PE 32 F Placebo 59 0 Extensive colitis/
pancolitis

30.0 Never smoked TMS: 5 444 N TC: 216
HDL: 70
LDL: 127
TG: 97

N No significant prior medical 
history. Receiving methyl‐
prednisolone (8 mg/d) at 
the time of event

Maintenance study

DVT 48 M Placebo 61 63 Left‐sided colitis 25.6 Ex‐smoker PMS: 8d 390 N TC: 233
HDL: 41
LDL: 160
TG: 160

N/A Received tofacitinib 10 mg b.d. 
in induction for 63 d

PE 48 M Placebo 22 63 Extensive colitis/
pancolitis

24.3 Ex‐smoker PMS: 4e 216 Y TC:164
HDL: 50
LDL: 102
TG: 165

N/A Prior history of venous 
thrombosis. Received 
tofacitinib 10 mg b.d. in 
induction for 63 d

Overall – all events occurred in OLE study

DVT 58 F 10 mg b.d.a

(PD 10 mg b.d.)
62 1149 Proctosigmoiditis 22.2 Never smoked PMS: 0 233 N TC: 200

HDL: 75
LDL: 110
TG: 74

Y DVT diagnosed follow‐
ing long‐haul flight and 
management of an infected 
leg wound

PE 25 M 10 mg b.d.  
(PD 10 mg b.d.)

0 216 Left‐sided colitis 25.2 Never smoked PMS: 2 446 N TC: 190
HDL: 49
LDL: 123
TG: 92

N/A Prior history of DVT and PE

PE 57 M 10 mg b.d.  
(PD 10 mg b.d.)

63 236 Left‐sided colitis 28.6 Ex‐smoker PMS: 2 193 Y TC: 259
HDL: 82
LDL: 157
TG: 101

N/A Prior history of phle‐
bothrombosis, stroke, 
arterial hypertension and 
hypercholesterolaemia

PE 70 M 10 mg b.d.a,b  
(PD 10 mg b.d.)

175 447 Proctosigmoiditis 32.1 Ex‐smoker PMS: 3 259 Y TC: 249
HDL: 10
LDL: 183
TG: 279

N/A Cholangiocarcinoma and me‐
tastases to the peritoneum

PE 21 F 10 mg b.d.  
(PD 10 mg b.d.)

61 629 Extensive colitis/
pancolitis

32.9 Never smoked PMS: 0 330 N TC: 201
HDL: 57
LDL: 113
TG: 157

Y Oral contraceptives for dys‐
functional uterine bleeding

Abbreviations: b.d., twice daily; DVT, deep vein thrombosis; F, female; HDL, high‐density lipoprotein; LDL, low‐density lipoprotein; M, male; N, no; N/A,  
not applicable; OLE, open‐label, long‐term extension; PD, predominant dose; PE, pulmonary embolism; PMS, partial Mayo score; TC, total  
cholesterol; TG, triglycerides; TMS, total Mayo score; Y, yes.
aTofacitinib treatment was stopped 4‐5 days prior to the event onset. 
bTofacitinib treatment was resumed 14 days after the event onset. 
cPer the latest available data prior to event onset. 
dPartial Mayo score at Day 62 in OCTAVE Sustain, 1 day after the event onset date (the closest available Mayo score data to time of event). 
ePartial Mayo score at Day 29 in OCTAVE Sustain, 7 days after the event onset date (the closest available Mayo score data to time of event). 
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for DVT and PE events with tofacitinib were comparable with those 
reported for patients with UC.24,26

The present post hoc analysis provides information for physicians 
regarding the incidence of DVT and PE in patients with UC who were 
treated with tofacitinib, but is limited by small sample size and drug 
exposure. Further studies of venous thromboembolism in patients 
with UC treated with tofacitinib are needed. Additional analyses 
are ongoing to further characterise the association between treat‐
ment with tofacitinib and PE in other populations, including patients 
with rheumatoid arthritis. Given that PE has been determined as an 
important potential risk of treatment with tofacitinib, prescribers 
should review information pertaining to PE and tofacitinib in their 
current local product labelling (eg USPI in the US28 and SmPC in the 
EU29) and individualise treatment by considering risk factors for ve‐
nous thromboembolism.

5  | DATA SHARING STATEMENT

Upon request, and subject to certain criteria, conditions and ex‐
ceptions (see https​://www.pfizer.com/scien​ce/clini​cal-trial​s/trial-
data-and-results for more information), Pfizer will provide access 
to individual de‐identified  participant data from Pfizer‐sponsored 
global interventional clinical studies conducted for medicines, vac‐
cines and medical devices (a) for indications that have been approved 
in the US and/or EU or (b) in programmes that have been terminated 
(ie development for all indications has been discontinued). Pfizer will 
also consider requests for the protocol, data dictionary and statisti‐
cal analysis plan. Data may be requested from Pfizer trials 24 months 
after study completion. The de‐identified participant data will be 
made available to researchers whose proposals meet the research 
criteria and other conditions, and for which an exception does not 
apply, via a secure portal. To gain access, data requestors must enter 
into a data access agreement with Pfizer.

ACKNOWLEDG EMENTS

The authors thank the patients, investigators and study teams who 
were involved in the tofacitinib ulcerative colitis clinical develop‐
ment programme. The authors also thank Vara Bandi, an employee 
of Eliassen Group Inc, which was a paid contractor to Pfizer Inc 
in the development of this manuscript (in the form of assistance 
with data compilation and verification); no contribution was made 
to editorial content. These studies were sponsored by Pfizer Inc. 
Medical writing support, under the guidance of the authors, was 
provided by Daniel Binks, PhD, at CMC Connect, a division of 
McCann Health Medical Communications Ltd, Macclesfield, UK 
and was funded by Pfizer Inc, New York, New York, USA in accord‐
ance with Good Publication Practice (GPP3) guidelines (Ann Intern 
Med. 2015;163:461‐464).

Declaration of personal interests: William J. Sandborn has re‐
ceived grants, personal fees and nonfinancial support from Pfizer 
Inc during the conduct of the study; grants and personal fees 

from AbbVie, Amgen, Celgene, Genentech, Gilead Sciences, 
Janssen, Lilly, Pfizer Inc, Prometheus Laboratories, Robarts 
Clinical Trials (owned by Health Academic Research Trust or 
HART), Salix Pharmaceuticals, Shire and Takeda; personal fees 
from Allergan, Arena Pharmaceuticals, Avexegen Therapeutics, 
Biogen Idec, Boehringer Ingelheim, Bristol‐Myers Squibb, Celltrion, 
Conatus, Cosmo Technologies, Ferring Pharmaceuticals, Forbion, 
Forward Pharma, Immune Pharmaceuticals, Incyte, Kyowa Hakko 
Kirin Pharma, Landos Biopharma, Miraca Life Sciences, Nivalis 
Therapeutics, Novartis, Nutrition Science Partners, Otsuka, Paul 
Hastings, Reistone, Seres Therapeutics, Sienna Biopharmaceuticals, 
Sigmoid Biotechnologies, Sterna Biologicals, Sublimity Therapeutics, 
Theravance Biopharma, Tigenix, Tillotts Pharma, UCB Pharma and 
Vivilex Pharmaceuticals; personal fees and other from BeiGene, 
Escalier Biosciences, Gossamer Bio, Oppilan Pharma, Precision 
IBD, Progenity, Ritter Pharmaceuticals and Vimalan Biosciences; 
grants from Atlantic Pharmaceuticals; and other fees from Ventyx 
Biosciences, all outside of the submitted work. Additionally, William 
J. Sandborn's spouse has received consulting fees from, and 
owned stock options in, Opthotech and Progenity, and has been 
an employee of, and owned stock options in, Escalier Biosciences, 
Oppilan Pharma, Precision IBD, Ventyx Biosciences and Vimalan 
Biosciences. Julian Panés has received consulting fees from AbbVie, 
Arena Pharmaceuticals, Boehringer Ingelheim, Celgene, Ferring, 
Genentech/Roche, GoodGut, GSK, Janssen, MSD, Nestlé, Oppilan, 
Pfizer Inc, Progenity, Takeda, Theravance, TiGenix and Topivert. 
Bruce E. Sands has received grant support, personal fees and non‐
financial support from Pfizer Inc during the conduct of this study; 
and personal fees from AbbVie, Akros Pharma, Allergan, Amgen, 
Arena Pharmaceuticals, AstraZeneca, Boehringer Ingelheim, Bristol‐
Myers Squibb, EnGene, Forward Pharma, Immune Pharmaceuticals, 
Ironwood Pharmaceuticals, Lycera, Lyndra, Receptos, Shire, Synergy 
Pharmaceuticals, Target PharmaSolutions, Theravance Biopharma 
R&D, TiGenix, Topivert and Salix; grants, personal fees and non‐
financial support from Celgene, Janssen and Takeda; and personal 
fees and nonfinancial support from 4D Pharma, Capella Bioscience, 
F. Hoffmann‐La Roche, Ferring, Gilead, Lilly, MedImmune, Oppilan 
Pharmaceuticals, Otsuka, Palatin Technologies, Prometheus 
Laboratories, Protagonist Therapeutics, Rheos Medicines, Seres 
Therapeutics, Vivelix Pharmaceuticals and UCB, all outside of the 
submitted work. Walter Reinisch has received research support from 
Abbott, AbbVie, AESCA, Centocor, Dr Falk Pharma, Immundiagnostik 
and MSD; lecture fees from Abbott, AbbVie, AESCA, Aptalis, 
Celltrion, Centocor, Danone, Dr Falk Pharma, Elan, Ferring, 
Immundiagnostik, Mitsubishi Tanabe Pharma, MSD, Otsuka, PDL, 
Pharmacosmos, Schering‐Plough, Shire, Takeda, Therakos, Vifor and 
Yakult; and consulting fees from Abbott, AbbVie, AESCA, Amgen, AM 
Pharma, Astellas, AstraZeneca, Avaxia Biologics, Bioclinica, Biogen 
Idec, Boehringer Ingelheim, Bristol‐Myers Squibb, Celgene, Cellerix, 
Celltrion, Centocor, ChemoCentryx, Covance, Danone, Dr Falk 
Pharma, Elan, Ferring, Galapagos, Genentech, Gilead, Grünenthal, 
ICON, Index Pharma, Inova, Janssen, Johnson and Johnson, Kyowa 
Hakko Kirin Pharma, Lipid Therapeutics, MedImmune, Millennium, 

https://www.pfizer.com/science/clinical-trials/trial-data-and-results
https://www.pfizer.com/science/clinical-trials/trial-data-and-results


     |  1075SANDBORN et al

Mitsubishi Tanabe Pharma, MSD, Nestlé, Novartis, Ocera, Otsuka, 
PDL, Pfizer Inc, Pharmacosmos, Procter & Gamble, Prometheus 
Laboratories, Robarts Clinical Trials, Schering‐Plough, Second 
Genome, SetPoint Medical, Takeda, Therakos, TiGenix, UCB, Vifor, 
Zyngenia and 4SC. Chinyu Su, Nervin Lawendy, Nana Koram, Haiyun 
Fan, Thomas V. Jones, Irene Modesto and Daniel Quirk are employ‐
ees and stockholders of Pfizer Inc. Silvio Danese has been a speaker, 
consultant and advisory board member for AstraZeneca, Boehringer 
Ingelheim, Cosmo Pharmaceuticals, Ferring, Genentech, Grünenthal, 
Johnson and Johnson, Merck & Co, Millennium, Novo Nordisk, Pfizer 
Inc, Pharmacosmos, Takeda, TiGenix and Vifor.

AUTHORSHIP

Guarantor of the article: William J. Sandborn.
Author contributions: William J. Sandborn, Julian Panés, Bruce 

E. Sands, Walter Reinisch and Silvio Danese were investigators 
on the studies included in this analyses. Chinyu Su and Nervin 
Lawendy contributed to the design of the analyses and contrib‐
uted to acquisition of data. Nana Koram, Haiyun Fan, Thomas V. 
Jones, Irene Modesto and Daniel Quirk contributed to the design 
of the analyses. All authors contributed to the drafting of the man‐
uscript and critically reviewed/revised the manuscript for import‐
ant intellectual content. All authors approved the final version of 
the manuscript.

ORCID

William J. Sandborn   https://orcid.org/0000-0002-3314-7960 

Julian Panés   https://orcid.org/0000-0002-4971-6902 

Silvio Danese   https://orcid.org/0000-0001-7341-1351 

R E FE R E N C E S

	 1.	 Sandborn WJ, Ghosh S, Panes J, et al. Tofacitinib, an oral 
Janus kinase inhibitor, in active ulcerative colitis. N Engl J Med. 
2012;367:616‐624.

	 2.	 Sandborn WJ, Su C, Sands BE, et al. Tofacitinib as induction 
and maintenance therapy for ulcerative colitis. N Engl J Med. 
2017;376:1723‐1736.

	 3.	 Lichtenstein GR, Loftus EV Jr, Bloom S, et al. Tofacitinib, an oral 
Janus kinase inhibitor, in the treatment of ulcerative colitis: an in‐
terim analysis of an open‐label, long‐term extension study with up 
to 4.9 years of treatment [abstract]. Am J Gastroenterol. 2018;113 
(Suppl): Abstract 571.

	 4.	 US Food and Drug Administration. Safety trial finds risk of blood 
clots in the lungs and death with higher dose of tofacitinib (Xeljanz, 
Xeljanz XR) in rheumatoid arthritis patients; FDA to investigate. 
2019. https​://www.fda.gov/media/​12048​5/download. Accessed 
May 29, 2019.

	 5.	 Wollenhaupt J, Lee EB, Curtis JR, et al. Safety and efficacy of  
tofacitinib for up to 9.5 years in the treatment of rheumatoid arthri‐
tis: final results of a global, open‐label, long‐term extension study. 
Arthritis Res Ther. 2019;21:89.

	 6.	 Mease PJ, Kremer J, Cohen S, et al. Incidence of thromboembolic 
events in the tofacitinib rheumatoid arthritis, psoriasis, psoriatic 

arthritis and ulcerative colitis development programs [abstract]. 
Arthritis Rheumatol. 2017;69(Suppl 10): Abstract 16L.

	 7.	 Taylor PC, Weinblatt ME, Burmester GR, et al. Cardiovascular 
safety during treatment with baricitinib in rheumatoid arthritis. 
Arthritis Rheumatol. 2019;71:1042-1055.

	 8.	 Genovese MC, Fleischmann R, Combe B, et al. Upadacitinib (ABT‐494) 
in patients with active rheumatoid arthritis and inadequate response 
or intolerance to biological dmards: a phase 3 randomized, placebo‐
controlled, double‐blind study of a selective JAK‐1 inhibitor [abstract]. 
Arthritis Rheumatol. 2017;69(Suppl 10): Abstract 10L.

	 9.	 Matta F, Singala R, Yaekoub AY, Najjar R, Stein PD. Risk of venous 
thromboembolism with rheumatoid arthritis. Thromb Haemost. 
2009;101:134‐138.

	10.	 Davies R, Galloway JB, Watson KD, Lunt M, Symmons DP, Hyrich 
KL. Venous thrombotic events are not increased in patients with 
rheumatoid arthritis treated with anti‐TNF therapy: results from 
the British Society for Rheumatology Biologics Register. Ann Rheum 
Dis. 2011;70:1831‐1834.

	11.	 Ramagopalan SV, Wotton CJ, Handel AE, Yeates D, Goldacre MJ. 
Risk of venous thromboembolism in people admitted to hospital 
with selected immune‐mediated diseases: record‐linkage study. 
BMC Med. 2011;9:1.

	12.	 Choi HK, Rho YH, Zhu Y, Cea‐Soriano L, Aviña‐Zubieta JA, Zhang Y. 
The risk of pulmonary embolism and deep vein thrombosis in rheu‐
matoid arthritis: a UK population‐based outpatient cohort study. 
Ann Rheum Dis. 2013;72:1182‐1187.

	13.	 Zoller B, Li X, Sundquist J, Sundquist K. Risk of pulmonary embo‐
lism in patients with autoimmune disorders: a nationwide follow‐up 
study from Sweden. Lancet. 2012;379:244‐249.

	14.	 Kang JH, Keller JJ, Lin YK, Lin HC. A population‐based case‐control 
study on the association between rheumatoid arthritis and deep 
vein thrombosis. J Vasc Surg. 2012;56:1642‐1648.

	15.	 Chung WS, Peng CL, Lin CL, et al. Rheumatoid arthritis increases 
the risk of deep vein thrombosis and pulmonary thromboembolism: 
a nationwide cohort study. Ann Rheum Dis. 2014;73:1774‐1780.

	16.	 Kim SC, Schneeweiss S, Liu J, Solomon DH. Risk of venous throm‐
boembolism in patients with rheumatoid arthritis. Arthritis Care Res 
(Hoboken). 2013;65:1600‐1607.

	17.	 Rajwanshi R, Sarsour K, Governale L, Arnieri B, Oliveri D, Berber 
E. Analysis of incidence rates of pulmonary embolism in the 
rheumatoid arthritis population compared with the non‐rheuma‐
toid arthritis population [abstract]. Arthritis Rheumatol. 2015;67: 
Abstract 33.

	18.	 Ogdie A, Kay McGill N, Shin DB, et al. Risk of venous thrombo‐
embolism in patients with psoriatic arthritis, psoriasis and rheuma‐
toid arthritis: a general population‐based cohort study. Eur Heart J. 
2018;39:3608-3614.

	19.	 Liang KP, Liang KV, Matteson EL, McClelland RL, Christianson TJ, 
Turesson C. Incidence of noncardiac vascular disease in rheumatoid 
arthritis and relationship to extraarticular disease manifestations. 
Arthritis Rheum. 2006;54:642‐648.

	20.	 Bacani AK, Gabriel SE, Crowson CS, Heit JA, Matteson EL. 
Noncardiac vascular disease in rheumatoid arthritis: increase in  
venous thromboembolic events? Arthritis Rheum. 2012;64:53‐61.

	21.	 Holmqvist ME, Neovius M, Eriksson J, et al. Risk of venous throm‐
boembolism in patients with rheumatoid arthritis and associa‐
tion with disease duration and hospitalization. JAMA. 2012;308: 
1350‐1356.

	22.	 Yusuf HR, Hooper WC, Grosse SD, Parker CS, Boulet SL, Ortel 
TL. Risk of venous thromboembolism occurrence among adults 
with selected autoimmune diseases: a study among a U.S.  
cohort of commercial insurance enrollees. Thromb Res. 2015; 
135:50‐57.

	23.	 Ungprasert P, Srivali N, Spanuchart I, Thongprayoon C, Knight 
EL. Risk of venous thromboembolism in patients with rheumatoid 

https://orcid.org/0000-0002-3314-7960
https://orcid.org/0000-0002-3314-7960
https://orcid.org/0000-0002-4971-6902
https://orcid.org/0000-0002-4971-6902
https://orcid.org/0000-0001-7341-1351
https://orcid.org/0000-0001-7341-1351
https://www.fda.gov/media/120485/download


1076  |     SANDBORN et al

arthritis: a systematic review and meta‐analysis. Clin Rheumatol. 
2014;33:297‐304.

	24.	 Weng M‐T, Park SH, Matsuoka K, et al. Incidence and risk factor 
analysis of thromboembolic events in East Asian patients with in‐
flammatory bowel disease, a multinational collaborative study. 
Inflamm Bowel Dis. 2018;24:1791‐1800.

	25.	 Kappelman MD, Horvath‐Puho E, Sandler RS, et al. Thromboembolic 
risk among Danish children and adults with inflammatory bowel dis‐
eases: a population‐based nationwide study. Gut. 2011;60:937‐943.

	26.	 Bernstein CN, Blanchard JF, Houston DS, Wajda A. The incidence of 
deep venous thrombosis and pulmonary embolism among patients 
with inflammatory bowel disease: a population‐based cohort study. 
Thromb Haemost. 2001;85:430‐434.

	27.	 Sandborn WJ, Panés J, D'Haens GR, et al. Safety of tofacitinib 
for treatment of ulcerative colitis, based on 4.4 years of data 
from global clinical trials. Clin Gastroenterol Hepatol. 2019;17: 
1541-1550.

	28.	 US Food and Drug Administration. XELJANZ (tofacitinib): high‐
lights of prescribing information. 2019. https​://label​ing.pfizer.com/
ShowL​abeli​ng.aspx?xml:id=959. Accessed August 2, 2019.

	29.	 European Medicines Agency. Xeljanz (tofacitinib) ‐ summary of 
product characteristics. 2019. https​://www.ema.europa.eu/en/
docum​ents/produ​ct-infor​matio​n/xelja​nz-epar-produ​ct-infor​ma‐
tion_en.pdf. Accessed August 2, 2019.

How to cite this article: Sandborn WJ, Panés J, Sands BE,  
et al. Venous thromboembolic events in the tofacitinib 
ulcerative colitis clinical development programme. Aliment 
Pharmacol Ther. 2019;50:1068–1076. https​://doi.
org/10.1111/apt.15514​

https://labeling.pfizer.com/ShowLabeling.aspx?xml:id=959
https://labeling.pfizer.com/ShowLabeling.aspx?xml:id=959
https://www.ema.europa.eu/en/documents/product-information/xeljanz-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/xeljanz-epar-product-information_en.pdf
https://www.ema.europa.eu/en/documents/product-information/xeljanz-epar-product-information_en.pdf
https://doi.org/10.1111/apt.15514
https://doi.org/10.1111/apt.15514

