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Objective. The ORAL Surveillance trial found a dose-dependent increase in venous thromboembolism (VTE) and
pulmonary embolism (PE) events with tofacitinib versus tumor necrosis factor inhibitors (TNFi). We aimed to assess
VTE incidence over time and explore risk factors of VTE, including disease activity, in ORAL Surveillance.

Methods. Patients with rheumatoid arthritis (RA) aged 50 years or older with at least one additional cardiovascular
risk factor received tofacitinib 5 or 10 mg twice daily (BID) or TNFi. Post hoc, cumulative probabilities and incidence
rates (patients with first events/100 patient-years) by 6-month intervals were estimated for adjudicated VTE, deep vein
thrombosis, and PE. Cox regression models identified risk factors. Clinical Disease Activity Index leading up to the
event was explored in patients with VTE.

Results. Cumulative probabilities for VTE and PE were higher with tofacitinib 10 mg BID, but not 5 mg BID, versus
TNFi. Incidence rates were consistent across 6-month intervals within treatments. Across treatments, risk factors for
VTE included prior VTE, body mass index greater than or equal to 35 kg/m2, older age, and history of chronic lung dis-
ease. At the time of the event, most patients with VTE had active disease as defined by Clinical Disease Activity Index.

Conclusion. Incidences of VTE and PE were higher with tofacitinib (10 > 5 mg BID) versus TNFi and were
generally consistent over time. Across treatments, VTE risk factors were aligned with previous studies in the general
RA population. These data highlight the importance of assessing VTE risk factors, including age, body mass index,
and VTE history, when considering initiation of tofacitinib or TNFi in patients with active RA.

INTRODUCTION

Rheumatoid arthritis (RA) is an autoimmune disorder charac-

terized by systemic inflammation with frequent joint destruction.1

Compared with the general population, patients with RA have a

greater risk of venous thromboembolism (VTE) events, including

deep vein thrombosis (DVT) and pulmonary embolism (PE),2–7

which may result from a combination of hypercoagulation,

stasis, and endothelial dysfunction associated with RA-induced

systemic inflammation.8–10 In addition to active RA, multiple

predisposing factors can trigger VTE through additive or

synergistic interactions.10,11 These include genetic factors (family

history of VTE, inherited thrombophilia), older age, active cancer,

Black race, smoking, obesity, major surgical procedures,
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immobilization, and use of corticosteroids, oral contraception,
and hormone replacement therapy (HRT).11–20 Furthermore,
patients with RA have increased risk of cardiovascular
diseases,21 and associations between cardiovascular risk factors
and VTE risk have been reported.22

ORAL Surveillance (NCT02092467), a postauthorization
safety study of patients with RA aged 50 years or older with at
least one additional cardiovascular risk factor, could not demon-
strate the noninferiority of tofacitinib versus tumor necrosis factor
inhibitors (TNFi) for the coprimary endpoints of adjudicated major
adverse cardiovascular events and malignancies excluding non-
melanoma skin cancer. For these outcomes, incidence was
increased with tofacitinib 5 and 10 mg twice daily (BID) versus
TNFi.23

Primary analyses of ORAL Surveillance found that adjudi-
cated VTE and PE events occurred more frequently and in a
dose-dependent manner (10 > 5 mg BID) with tofacitinib com-
pared with TNFi.23 An exploratory analysis could not identify any
biomarkers mechanistically associated with the increased risk of
VTE for tofacitinib versus TNFi.24 Across treatments, VTE
appeared to be associated with disease activity; risk of
VTE trended higher in patients with Clinical Disease Activity Index
(CDAI)–defined active disease versus those in remission.25 Nota-
bly, a recent subgroup analysis of ORAL Surveillance indicated
that increased risk of major safety outcomes, including VTE, with
tofacitinib versus TNFi was driven by age and smoking history.26

Here, we aimed to further our understanding of VTE events in
ORAL Surveillance by evaluating cumulative probabilities and inci-
dence over time and by examining the relationship between VTE
events and risk factors of VTE at group level and in individual
patients with RA.

PATIENTS AND METHODS

Study design and patients. ORAL Surveillance
(NCT02092467) was a randomized, open-label, noninferiority,
Phase 3b/4, safety endpoint study conducted from March 2014
to July 2020 in patients with active RA despite methotrexate treat-
ment who were aged 50 years or older and had at least one addi-
tional cardiovascular risk factor (current smoker, hypertension,
high-density lipoprotein-cholesterol <40 mg/dL, diabetes melli-
tus, family history of premature coronary heart disease, extra-
articular disease associated with RA, or history of coronary artery
disease). Full study design details were reported previously.23

Patients were randomized 1:1:1 to receive oral tofacitinib 5 or
10 mg BID, or a subcutaneous TNFi (adalimumab 40 mg every
2 weeks [North America: United States, Puerto Rico, and
Canada] or etanercept 50 mg once weekly [rest of the world]),
with their prestudy methotrexate dose, unless modification was
clinically indicated.

ORAL Surveillance was conducted in accordance with the
Declaration of Helsinki, International Council for Harmonisation

Guidelines for Good Clinical Practice, and local country regula-
tions, and was approved by each center’s institutional review
board or Independent Ethics Committee. Patients provided writ-
ten informed consent.

Outcomes and statistical analyses. Adjudicated VTE
events were assessed by an external, independent committee.
All randomized patients receiving at least one dose of the study
drug were included in the analysis (safety analysis population).
An ad hoc safety analysis conducted by the Data and Safety
Monitoring Board identified an increased PE frequency with tofa-
citinib 10 mg BID versus TNFi and an increase in overall mortality
with tofacitinib 10 mg BID versus 5 mg BID or TNFi, resulting in
a 2019 protocol amendment and dose reduction from tofacitinib
10 to 5 mg BID.27 All patients, including those who had their dose
reduced from tofacitinib 10 to 5 mg BID, were analyzed in their
originally randomized group; data collected after the dose switch
were included in the tofacitinib 10 mg BID group. Demo-
graphics/baseline disease characteristics were reported descrip-
tively for patients with VTE events within the total time risk
period, defined as the time from first study dose to the last con-
tact date (ie, the maximum of adverse event start date, adverse
event stop date, last visit date, withdrawal date, or last telephone
contact date; if a patient died, the last contact date was date of
death).

For calculation of the incidence and risk of adjudicated VTE,
DVT, and PE, events were counted within a predefined risk
period. Because these events are considered to have a
short latency period, the risk period was based on the 28-day
on-treatment time, defined as the time from first study dose to last
study dose plus 28 days or to the last contact date, whichever
was earliest. Events that occurred outside the predefined risk
period were excluded from the analysis. Patients without events
were censored at the end of the risk period.

Cumulative probabilities of patients with VTE events over
time across treatments were estimated using Kaplan-Meier
analyses and compared using log-rank tests.

Exposure-adjusted incidence rates (IRs) were defined as the
number of patients with a first event per 100 patient-years, along
with two-sided 95% confidence intervals (CIs) using the exact
Poisson method.28 Hazard ratios (HRs) and 95% CIs were esti-
mated, based on Cox proportional hazard models for pairwise
comparisons among treatments (tofacitinib 5 or 10 mg BID ver-
sus TNFi; tofacitinib 10 versus 5 mg BID), with treatment as the
only covariate.29 Sensitivity analyses were performed (IRs and
HRs for VTE, DVT, and PE) in which data were censored after
patients randomized to the tofacitinib 10 mg BID group had their
dose reduced to 5 mg BID following the 2019 protocol amend-
ment. For comparability, this dataset contained only data col-
lected on or before April 22, 2019, for all patients across
treatments. IRs and HRs for VTE, DVT, and PE were also calcu-
lated by age or by baseline cardiovascular risk profile (history of
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atherosclerotic cardiovascular disease [ASCVD] and baseline car-
diovascular risk scores), as previously described.30

The number needed to harm (NNH) was calculated post hoc
based on the IR difference of tofacitinib 5 or 10 mg BID versus
TNFi. A positive NNH indicated the number of patient-years of tofa-
citinib exposure needed for onemore patient to report an additional
event versus TNFi; a negative NNH indicated the number of
patient-years of TNFi exposure needed for one more patient to
report an additional event versus tofacitinib. The number of patients
exposed for 5 years needed to harmwas calculated by dividing the
number of patient-years NNH by 5. NNH by agewas also reported.

Potential baseline risk factors for VTE events were identified
post hoc using simple (including treatment and one baseline risk
factor at a time) and multivariable (including treatment and >1
baseline risk factor) models. First, potential risk factors, selected
based on previous reports in the literature, were screened using
the simple Cox analyses, which included treatment and a single
candidate baseline risk factor in each model. Potential baseline
risk factors with P less than 0.10 in the simple Cox analyses were
subjected to further selection via a backward selection algorithm
in a multivariable Cox model, which included the effects of treat-
ment (not subject to backward selection) and all potential baseline
risk factors identified in the simple Cox analyses. The predefined
cutoff for a risk factor to stay in the multivariable model was
P less than 0.10. HRs with 95% CIs, nominal P values of treat-
ment, and baseline risk factors were reported. Baseline risk fac-
tors with P less than 0.05 from the multivariable Cox models
were considered as predictive. Post hoc multivariable Cox mod-
els were used to identify time-dependent risk factors for VTE
events, including DVT and PE (see Supplementary Materials). As
sensitivity analyses to the multivariable Cox model via backward
selection described in this article, a multivariable Cox analysis via
forward selection and a multivariable Poisson regression analysis
via forward selection were performed.

For patients with an adjudicated VTE event, disease activity
was evaluated throughout the study (up to the last visit preceding
the VTE event) using CDAI and categorized as remission (≤2.8) or
low (>2.8–≤10), moderate (>10–≤22), or high (>22) disease
activity.31 The number of patients with VTE in each CDAI category
was reported descriptively. Characteristics of individual patients
with VTE, including demographic characteristics, CDAI score
prior to the event, and persistent and transient risk factors associ-
ated with provoked VTE, were reported descriptively.

It should be noted that ORAL Surveillance was not powered
to assess comparisons for VTE events across treatments. No
multiplicity adjustments were applied across analyses.

RESULTS

Patients. Of 4,362 patients who were randomized and
treated, 1,455 received tofacitinib 5 mg BID, 1,456 received tofa-
citinib 10 mg BID, and 1,451 received TNFi. Median

follow-up duration was 4.0 years. Demographics/baseline dis-
ease characteristics were previously reported23; selected
demographics/baseline disease characteristics for the study
population are in Supplementary Table 1.

Cumulative probabilities and incidence of VTE
events over time with tofacitinib and TNFi. As previously
reported,23 VTE events occurred during the 28-day on-treatment
period in 17 (1.2%), 34 (2.3%), and 10 (0.7%) patients receiving
tofacitinib 5 mg BID, tofacitinib 10 mg BID, and TNFi, respectively.
IRs and HRs (tofacitinib 5 and 10 mg BID versus TNFi) for VTE,
DVT, and PE, as previously reported,23 are shown in Supplemen-
tary Figure 1, along with NNH for tofacitinib 5 and 10 mg BID rela-
tive to TNFi. Details regarding patients with VTE are in the
Supplementary Results.

Kaplan-Meier analyses for VTE, DVT, and PE events (Figure 1)
showed that separation was evident between tofacitinib 10mg BID
and TNFi for VTE and PE, and less evident for DVT (log-rank
P values 0.0001, <0.0001, and 0.0730, respectively), and also indi-
cated a dose-dependency; there was separation between tofaciti-
nib 10 mg BID and 5 mg BID for VTE and PE. Kaplan-Meier
estimates for VTE, DVT, and PE events with tofacitinib 5 mg BID
and TNFi were similar (log-rank P values >0.05) (Figure 1). Over
72 months, the estimated cumulative probability of an event with
tofacitinib 5 mg BID, tofacitinib 10 mg BID, and TNFi, respectively,
was 1.4%, 4.5%, and 0.8% for VTE, 0.9%, 1.5%, and 0.6% for
DVT, and 0.7%, 3.4%, and 0.3% for PE.

Across 6-month time intervals (up to 54 months onwards),
IRs for VTE, DVT, and PE were generally higher with both tofa-
citinib doses versus TNFi and with tofacitinib 10 versus 5 mg
BID. Importantly, visual inspection over the 6-month intervals
indicated that the IRs of VTE were consistent over time within
each treatment group (ie, not restricted to the acute phase
after treatment initiation) and they generally aligned with the
overall IRs (Figure 2). Sensitivity analyses conducted for adjudi-
cated VTE, DVT, and PE, wherein data were censored after
patients receiving tofacitinib 10 mg BID had been switched to
5 mg BID, were consistent with primary results from the main
analyses (Supplementary Figure 2).

Baseline risk factors for VTE events across
treatments. Within the total time risk period, 66 patients had
VTE events (tofacitinib 5 mg BID: n = 18; tofacitinib 10 mg BID:
n = 36; and TNFi: n = 12). Patients with versus without VTE events
(Table 1) had a slightly higher mean age and mean body mass
index (BMI) and were more likely to have a history of VTE,
hypertension, coronary heart disease, and be receiving cortico-
steroids at baseline. Other baseline disease characteristics were
generally similar between patients with and without VTE events
(Table 1). Few patients received oral contraceptives or HRT or
anticoagulant treatment, with no consistent trends between
patients with versus without VTE events (Table 1).

CHARLES-SCHOEMAN ET AL1220
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Figure 1. Kaplan-Meier plots of the probability of patients with adjudicated (A) VTE, (B) DVT, and (C) PE events (28-day on-treatment time). For
patients randomized to the tofacitinib 10 mg BID group who had their dose reduced to 5 mg BID, data collected after the dose switch were
included in the tofacitinib 10 mg BID group. The three pairwise comparisons (tofacitinib 5 mg BID, tofacitinib 10 mg BID, and TNFi) were based
on a log-rank test, which followed chi-square distribution with degrees of freedom equal to 1 for each pairwise comparison. BID, twice daily;
DVT, deep vein thrombosis; PE, pulmonary embolism; TNFi, tumor necrosis factor inhibitor; VTE, venous thromboembolism.

VTE RISK WITH TOFACITINIB AND TNFi IN RA 1221
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Multivariable Cox analyses identified a history of VTE, BMI
greater than or equal to 35 kg/m2, older age, and a history of
chronic lung disease as baseline risk factors for VTE across all
treatments (P < 0.05; Supplementary Figure 3A; multivariable
Cox models for DVT and PE are shown in Supplementary
Figure 3B and 3C). Results from the simple Cox analyses screen-
ing for potential baseline risk factors are in Supplementary Table 2
(risk factors with P < 0.10 were subjected to further selection via
backward selection with P < 0.10 to retain a risk factor in the

multivariable model). Time-dependent risk factor analyses results
are in Supplementary Figure 4. Additional sensitivity/exploratory
analyses with forward selection for Cox regression and Poisson
regression identified the same, or nearly the same, explanatory
variables for inclusion in the final model (data not shown).

Association of age with risk of VTE with tofacitinib
versus TNFi. Older age was a risk factor in the multivariable
model for VTE, and analysis by age (younger than 65 and 65

Figure 2. IRs (patients with first events/100 PY; 95% CIs) for adjudicated (A) VTE, (B) DVT, and (C) PE events, by 6-month intervals (28-day
on-treatment time). For patients randomized to the tofacitinib 10 mg BID group who had their dose reduced to 5 mg BID, data collected after
the dose switch were included in the tofacitinib 10 mg BID group. Overall IRs (95% CIs) were previously reported23 and are included as reference.
*Includes data after 54 months up to approximately 72 months. BID, twice daily; CI, confidence interval; DVT, deep vein thrombosis; IR, incidence
rate; n, number of patients with a first event within the time interval; N, number of patients at risk within each time interval; PE, pulmonary embolism;
PY, patient-years; TNFi, tumor necrosis factor inhibitor; VTE, venous thromboembolism.

CHARLES-SCHOEMAN ET AL1222
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years or older) was prespecified in ORAL Surveillance.23 As previ-
ously reported,23 IRs and HRs of VTE (Figure 3) and PE
(Supplementary Figure 5) in the overall population were dose-
dependently increased with tofacitinib versus TNFi. NNH indi-
cated that 198 and 763 patients would need to be treated with
tofacitinib 10 mg BID or 5 mg BID, respectively, for one year to
have one additional event of VTE versus TNFi. Across treatments,
rates of DVT were similar (Supplementary Figure 6).

IRs of VTE, PE, and DVTwith tofacitinib were numerically higher
in patients who were aged 65 years or older versus younger than
65 years (Figure 3A, Supplementary Figure 5A, and Supplementary
Figure 6A). In patients younger than 65 years of age, risk of VTE
was higher with tofacitinib 10 mg BID versus TNFi (HR [95% CI]
2.90 [1.23–6.87]; NNH versus TNFi: 259 patient-years), but a risk
difference was not suggested with tofacitinib 5 mg BID versus TNFi
(HR [95% CI] 0.93 [0.32–2.64]; NNH versus TNFi: −6,465 patient-
years) (Figure 3B). In patients who were 65 years or older, risk of

VTE was higher versus TNFi for both tofacitinib 5 mg BID
(HR [95% CI] 3.73 [1.03–13.54]; NNH versus TNFi: 188 patient-
years) and tofacitinib 10 mg BID (HR [95% CI] 5.02 [1.44–17.47];
NNH versus TNFi: 126 patient-years) (Figure 3B). Data on risk for
PE with tofacitinib versus TNFi in patients aged younger than 65
years or 65 years or older (generally similar to those for VTE) and
DVT are in Supplementary Figures 5B and 6B, respectively.

Association of baseline cardiovascular risk profile
with risk of VTE with tofacitinib versus TNFi. IRs for VTE,
DVT, and PE were higher in patients with versus without history
of ASCVD with tofacitinib 10 mg BID and TNFi but not with tofaci-
tinib 5 mg BID (Supplementary Figure 7). Patients with history of
ASCVD had a higher risk of VTE, DVT, and PE with tofacitinib
10 mg BID versus TNFi, whereas among patients without history
of ASCVD, risk of VTE, DVT, and PE was higher with both tofaciti-
nib doses versus TNFi (Supplementary Figure 8). Further

Table 1. Patient demographics and baseline disease characteristics for patients with vs without VTE events (total time analysis)

Patients with VTE events (N1 = 66) Patients without VTE events (N1 = 4,296)

Tofacitinib
5 mg BID
(N = 18)

Tofacitinib
10 mg BIDa

(N = 36)
TNFi

(N = 12)

Tofacitinib
5 mg BID
(N = 1,437)

Tofacitinib
10 mg BIDa

(N = 1,420)
TNFi

(N = 1,439)

Age, years, mean (SD) 66.5 (7.3) 63.1 (6.4) 62.9 (5.4) 60.7 (6.8) 61.4 (7.1) 61.3 (7.5)
≥65 years, n (%) 11 (61.1) 15 (41.7) 4 (33.3) 402 (28.0) 463 (32.6) 458 (31.8)

Female sex, n (%) 14 (77.8) 24 (66.7) 11 (91.7) 1,155 (80.4) 1,100 (77.5) 1,106 (76.9)
Race, n (%)

White 18 (100) 30 (83.3) 10 (83.3) 1,110 (77.2) 1,096 (77.2) 1,089 (75.7)
Black 0 (0) 3 (8.3) 2 (16.7) 63 (4.4) 62 (4.4) 81 (5.6)
Asian 0 (0) 0 (0) 0 (0) 65 (4.5) 56 (3.9) 55 (3.8)
Other 0 (0) 3 (8.3) 0 (0) 199 (13.8) 206 (14.5) 214 (14.9)

BMI, kg/m2, mean (SD) [N2] 32.3 (8.6) [17] 34.2 (6.7) [36] 36.0 (10.0) [12] 29.7 (6.5) [1,431] 29.6 (6.3) [1,417] 29.7 (6.6) [1,432]
BMI ≥30 kg/m2, n (%) 8 (44.4) 25 (69.4) 8 (66.7) 598 (41.6) 569 (40.1) 609 (42.3)
Smoking status, n (%)

Never smoked 8 (44.4) 12 (33.3) 8 (66.7) 727 (50.6) 740 (52.1) 764 (53.1)
Current smoker 6 (33.3) 7 (19.4) 1 (8.3) 405 (28.2) 395 (27.8) 352 (24.5)
Past smoker 4 (22.2) 17 (47.2) 3 (25.0) 305 (21.2) 285 (20.1) 323 (22.4)

Baseline HDL-c <40 mg/dL, n (%) 0 (0) 6 (16.7) 1 (8.3) 172 (12.0) 189 (13.3) 172 (12.0)
Baseline CRP >2.87 mg/L, n (%) 16 (88.9) 30 (83.3) 9 (75.0) 1,263 (87.9) 1,240 (87.3) 1,257 (87.4)
History of VTE (DVT or PE), n (%) 1 (5.6) 4 (11.1) 3 (25.0) 18 (1.3) 29 (2.0) 24 (1.7)
History of hypertension, n (%) 14 (77.8) 28 (77.8) 11 (91.7) 941 (65.5) 926 (65.2) 958 (66.6)
History of diabetes mellitus, n (%) 1 (5.6) 9 (25.0) 3 (25.0) 242 (16.8) 252 (17.7) 252 (17.5)
History of coronary heart disease, n (%) 1 (5.6) 7 (19.4) 4 (33.3) 160 (11.1) 165 (11.6) 160 (11.1)
History of extraarticular disease, n (%) 5 (27.8) 15 (41.7) 4 (33.3) 527 (36.7) 506 (35.6) 548 (38.1)
Oral contraceptives or HRT use at baseline, n (%) 2 (11.1) 1 (2.8) 0 (0) 49 (3.4) 40 (2.8) 45 (3.1)
Corticosteroid use at baseline, n (%) 12 (66.7) 24 (66.7) 11 (91.7) 824 (57.3) 805 (56.7) 819 (56.9)
Aspirin use at baseline, n (%) 3 (16.7) 13 (36.1) 3 (25.0) 209 (14.5) 218 (15.4) 221 (15.4)
Anticoagulantb use at baseline, n (%) 1 (5.6) 1 (2.8) 1 (8.3) 46 (3.2) 65 (4.6) 61 (4.2)
Hydroxychloroquinec use at baseline, n (%) 3 (16.7) 4 (11.1) 1 (8.3) 124 (8.6) 136 (9.6) 140 (9.7)
Baseline CDAI, mean (SD) [N2] 38.7 (12.6) [17] 41.7 (12.9) [36] 41.6 (11.9) [12] 39.8 (11.9) [1,393] 39.8 (12.1) [1,368] 39.7 (11.9) [1,375]
Baseline SDAI, mean (SD) [N2] 40.3 (12.9) [17] 43.4 (13.6) [36] 42.8 (12.9) [12] 41.5 (12.5) [1,393] 41.5 (12.6) [1,368] 41.4 (12.5) [1,374]
Baseline HAQ-DI, mean (SD) [N2] 1.5 (0.7) [18] 1.6 (0.7) [36] 1.5 (0.4) [12] 1.6 (0.6) [1,426] 1.6 (0.6) [1,402] 1.6 (0.6) [1,414]

a For patients randomized to the tofacitinib 10mg BID groupwho had their dose reduced to 5mg BID, data collected after the dose switch were
included in the tofacitinib 10 mg BID group.
b Aspirin was not considered an anticoagulant.
c Included hydroxychloroquine, chloroquine, and quinine.
BID, twice daily; BMI, body mass index; CDAI, Clinical Disease Activity Index; CRP, C-reactive protein; DVT, deep vein thrombosis; HAQ-DI, Health
Assessment Questionnaire-Disability Index; HDL-c, high-density lipoprotein-cholesterol; HRT, hormone replacement therapy; n, number of
patientsmeeting baseline criteria; N, number of patients in each treatment group; N1, number of patients with or without VTE events; N2, number
of patientswith observations; PE, pulmonary embolism; SD, standard deviation; SDAI, SimplifiedDisease Activity Index; TNFi, tumor necrosis factor
inhibitor; VTE, venous thromboembolism.
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assessment of patients without history of ASCVD showed that
IRs for VTE, DVT, and PE generally increased with increasing
baseline cardiovascular risk scores in the tofacitinib 5 and 10 mg
BID groups (Supplementary Figure 7).

Disease activity and other VTE risk factors in
individual patients with VTE. Across treatments, most
patients with VTE had residual disease activity preceding
the event. Few VTE events occurred in patients who were in

Figure 3. Risk of VTE with tofacitinib versus TNFi, overall and by age (28-day on-treatment time): (A) IRs (patients with first events/100 PY;
95% CIs) and (B) HRs (95% CIs) with tofacitinib versus TNFi. For patients randomized to the tofacitinib 10 mg BID group who had their dose
reduced to 5 mg BID, data collected after the dose switch were included in the tofacitinib 10 mg BID group. Overall IRs (95% CIs) and HRs
(95% CIs) (except HRs for combined tofacitinib doses) were previously reported23 and are included as reference. HRs (95% CIs), shown on a log-
arithmic scale, were based on two simple Cox proportional hazard models with treatment as a covariate; one was for comparing combined tofa-
citinib doses versus TNFi and the other was for pairwise comparisons among the treatments. *A positive NNH indicated the number of PY of
tofacitinib exposure needed for one more patient to report an additional event versus TNFi; a negative NNH indicated the number of PY of TNFi
exposure needed for one more patient to report an additional event versus tofacitinib. †A positive NNH (over 5 years) indicated the number of
patients who would need to be treated with tofacitinib for 5 years to have one additional event compared with TNFi; a negative NNH (over 5 years)
indicated the number of patients who would need to be treated with TNFi for 5 years to have one additional event compared with tofacitinib.
BID, twice daily; CI, confidence interval; HR, hazard ratio; IR, incidence rate; n, number of patients with a first event within the risk period; N, num-
ber of patients in each treatment group in the safety population; NNH, number needed to harm; PY, patient-years; TNFi, tumor necrosis factor
inhibitor; VTE, venous thromboembolism.
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CDAI-defined remission (1/17 [5.9%], 6/33 [18.2%], and 0/10
[0.0%] events with tofacitinib 5 mg BID, tofacitinib 10 mg BID,
and TNFi, respectively); 88.3% (53/60) of events occurred in
patients with CDAI-defined high, moderate, or low disease activity
(Figure 4).

CDAI disease activity category leading up to the event and
other risk factors or triggers for patients with VTE are shown in
Figure 5 (further patient details provided in Supplementary
Table 3). Early events (ie, occurring up to 6 months) largely
occurred in patients with high or moderate disease activity.
These data also show that several of the patients with VTE
remained in the trial for a relatively long time with uncontrolled
disease activity.

Most patients with events had at least one risk factor for VTE
that was present at baseline (eg, BMI ≥35 kg/m2, age ≥65 years,
or history of smoking) (Figure 5 and Supplementary Table 3).
Moreover, across treatments, patients with VTE events frequently
acquired important transient risk factors during the trial; 41.2%
(7/17), 17.6% (6/34), and 50.0% (5/10) of patients with VTE
treated with tofacitinib 5 mg BID, tofacitinib 10 mg BID, or TNFi,
respectively, had surgery or were hospitalized because of acute
illness within 3 months before the VTE. Infections occurred within
3 months of VTE in 52.9% (9/17), 44.1% (15/34), and 40.0%
(4/10) of patients treated with tofacitinib 5 mg BID, tofacitinib

10 mg BID, or TNFi, respectively (urinary tract and respiratory
infections were the most common) (Supplementary Table 3).

Three patients died because of adjudicated VTE; one
received tofacitinib 5 mg BID (75-year-old female past smoker,
with adjudicated DVT, PE, and concomitant influenza and pneu-
monia; patient #8 in Figure 5) and two received tofacitinib 10 mg
BID (67-year-old male past smoker and a 55-year-old female past
smoker with previous VTE; both with adjudicated PE; patients
#33 and #50, respectively, in Figure 5).

DISCUSSION

The ORAL Surveillance trial found a dose-dependent
increase in events of VTE and PE with tofacitinib versus TNFi in
patients with RA aged 50 years or older with at least one addi-
tional cardiovascular risk factor.23 These post hoc analyses found
that over 72 months, the cumulative probabilities of VTE and PE
events were higher with tofacitinib 10 mg BID versus TNFi and
higher with tofacitinib 10 versus 5 mg BID. VTE events were
observed throughout the trial, and IRs were similar over longitudi-
nal follow-up (measured in 6-month intervals), suggesting that
incidence of events was not restricted to the acute phase after
treatment initiation and did not increase with longer treatment
duration. Exploration of the relationship between VTE events and

Figure 4. CDAI scores at last visit before VTE event. Each dot represents an individual patient with VTE during the 28-day on-treatment time.
Data represent the most recent CDAI measurement available preceding the VTE event (visits were scheduled at day 1, months 2 and 3, and
approximately every 3 months thereafter). For patients randomized to the tofacitinib 10 mg BID group who had their dose reduced to 5 mg BID,
data collected after the dose switch were included in the tofacitinib 10 mg BID group. *One patient in the tofacitinib 10 mg BID group had a missing
CDAI score and is not included here. BID, twice daily; CDAI, Clinical Disease Activity Index; HDA, high disease activity; LDA, low disease activity;
MDA, moderate disease activity; n, number of patients in each CDAI category; N, number of patients with a first VTE event within the risk period;
TNFi, tumor necrosis factor inhibitor; VTE, venous thromboembolism.
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Figure 5. Disease activity and risk factors of individual patients with VTE. Rows represent individual patients with VTE during the 28-day on-treatment
time, ordered by time to event per treatment arm. CDAI disease activity categories (remission, ≤2.8; LDA, >2.8–≤10; MDA, >10–≤22; HDA, >22) are
shown up to the most recent CDAI measurement available preceding the VTE event. Light gray boxes represent missing CDAI values. Events of
surgery, hospitalization, and infection were only included if occurring within 3 months before VTE. For patients randomized to the tofacitinib
10 mg BID group who had their dose reduced to 5 mg BID, data collected after the dose switch were included in the tofacitinib 10 mg BID group.*CDAI
value missing at month 9. †BMI missing at baseline; weight was 116 kg. AKI, acute kidney injury; BID, twice daily; BMI, body mass index; CDAI, Clinical
Disease Activity Index; CKD3, chronic kidney disease stage 3; COPD, chronic obstructive pulmonary disease; dx, diagnosis; FV Leiden Het, Factor V
Leiden heterozygous mutation; HDA, high disease activity; HF, heart failure; Hosp., hospitalization; HRT, hormone replacement therapy; ILD, interstitial
lung disease; LDA, low disease activity; MDA, moderate disease activity; MI, myocardial infarction; TNFi, tumor necrosis factor inhibitor; VTE, venous
thromboembolism.
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risk factors for VTE indicated that most events, across treatments,
occurred in patients with more than one VTE risk factor, including
residual disease activity.

Absolute risk (IRs [95% CIs]) for VTE, DVT, and PE with
tofacitinib and TNFi in ORAL Surveillance was broadly compa-
rable with ranges previously reported for tofacitinib and bio-
logic disease-modifying antirheumatic drugs among patients
with RA with cardiovascular risk factors.32 Furthermore, IRs
(95% CIs) for VTE, DVT, and PE events with tofacitinib 5 mg
BID in ORAL Surveillance were also similar to data reported in
integrated safety analyses of the baricitinib and upadacitinib
RA trial programs.33,34 However, with tofacitinib 10 mg BID in
ORAL Surveillance, IRs for VTE and PE events (0.70 and 0.50,
respectively) were higher than those reported in tofacitinib clin-
ical trial and registry data (VTE 0.37–0.51 and 0.22, respec-
tively; PE 0.24–0.25 and 0.11, respectively) or biologic
disease-modifying antirheumatic drug clinical trial and registry
data (VTE [registry data only]: 0.51; PE 0.06–0.2 and 0.27,
respectively).32 Notably, IRs (95% CI) for VTE with tofacitinib
5 and 10 mg BID were also similar to those reported from post
hoc analyses applying risk-enrichment criteria (similar to those
of ORAL Surveillance) to the upadacitinib35 and baricitinib33

RA clinical trial programs.
Events of VTE are considered a consequence of

interactions between multiple persistent or transient provoking
factors.10,11 We identified previous VTE, morbid obesity (BMI
≥35 kg/m2), and older age (≥65 years) as baseline and persis-
tent risk factors for VTE across treatments in ORAL Surveil-
lance. Our results align with reports of risk factors for VTE in
patients with RA,36 including those treated with baricitinib.37

In addition, we found that history of chronic lung disease was
a risk factor for VTE across treatments, an association that
has previously been found for patients with advanced chronic
obstructive pulmonary disease.38 Shared risk factors between
VTE and ASCVD have been previously identified in patients
with RA,36 and this was also indicated in our analysis. It is
noteworthy that other known risk factors for VTE, including oral
corticosteroids and oral contraceptives or HRT use,15,18

were not identified as predictive risk factors in the simple Cox
analyses, and therefore, were not included in the subsequent
multivariable analyses.

We report here that most VTE events in ORAL Surveillance
occurred in patients who had residual disease activity (ie, not in
CDAI-defined remission) at the last visit prior to the event, sug-
gesting that any disease activity may be associated with an
increased risk of VTE, in line with previous analyses.39,40 Aligned
with these data, it was recently reported that VTE risk across
treatments in ORAL Surveillance tended to be higher in patients
who had residual disease activity, as measured by CDAI, versus
those who were in remission.25 Molander et al demonstrated that
the incidence and risk of VTE were higher with greater RA disease
activity, as measured by Disease Activity Score 28 erythrocyte

sedimentation rate.39 Furthermore, time-averaged Disease Activ-
ity Score 28 C-reactive protein was previously identified as a sig-
nificant risk factor for VTE in patients with RA.40 Interestingly, six
of the seven patients in the current analysis who were in remission
and had VTE were receiving tofacitinib 10 mg BID, which may
suggest that disease activity could have less of an impact on the
development of VTE for this patient group, although the number
of patients was too small to draw definitive conclusions. In addi-
tion to baseline risk factors and disease activity data noted above,
it is noteworthy that a substantial proportion of patients with VTE,
across treatment arms, were hospitalized for acute illness or
surgery, or had infections within 3 months before the VTE event.
Several patients also had VTE events in combination with
previous/concomitant myocardial infarction and worsening of
heart failure, or were heterozygous for factor V Leiden, all of which
are risk factors for VTE.18,19 Our results highlight the importance
of disease management, effective disease control, and treat-
to-target recommendations for patients with RA.

Rates of VTE and PE were higher with tofacitinib 10 mg BID
versus TNFi in ORAL Surveillance and numerically more frequent
with tofacitinib 5 mg BID versus TNFi.23 The data we provide here
suggest that risk of VTE with tofacitinib 5 mg BID versus TNFi is
higher in patients aged 65 years or older. These results align with
a recent analysis of ORAL Surveillance that identified age 65 years
or older or ever smoking (ie, current or past) as differential risk fac-
tors for increased risk of VTE and other major safety outcomes
with the combined tofacitinib doses versus TNFi.26 In that analy-
sis, a difference in risk of VTE in patients aged younger than
65 years who had never smoked was not detected with tofacitinib
10 mg BID versus TNFi. Notably, current or past smoking were
not identified as predictive baseline risk factors in the multivariable
analyses we present here, but in the general population, greater
VTE risk has previously been observed in ever versus never
smokers, particularly in current or past heavy smokers.41 Pack-
years of smoking could not be determined in ORAL Surveillance,
but it should be noted that, across treatments, more than 90%
of current and past smokers had a smoking history of more than
10 years and a median smoking duration of more than 30 years.26

Thus, the available data point to the relevance of history of smok-
ing for the increased risk of VTE with tofacitinib 10 mg BID versus
TNFi. It is likely that older age (≥65 years) and long-term smoking
history are both associated with conditions or risk factors driving
the risk of VTE and PE with tofacitinib; however, we have not been
able to identify these in our analyses. To further enhance our pre-
cision in identifying patients at increased risk of VTE with tofaciti-
nib versus TNFi, we will need mechanistic understanding of any
relationship between Janus kinase inhibitors and VTE events,
and to do so, translational research is likely required. Moreover,
it is also not clear to what extent TNFi provides protective effects
against VTE events. Notably, an ongoing clinical trial is assessing
risk of VTE with baricitinib versus TNFi in patients with RA and
VTE risk factors,42 and this study could potentially provide more
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clarity on the risk of VTE with Janus kinase inhibitors, including risk
factor identification.

Limitations of ORAL Surveillance were reported previously,
including the fact that this study was not powered to compare
VTE risk across treatments.23 This also limited our ability to iden-
tify and evaluate important but uncommon risk factors of VTE.
Furthermore, low numbers of VTE, DVT, and PE events in some
treatment groups precluded assessments of interaction or effect
modification that would be of high interest to inform a personal-
ized medicine approach. Additionally, the risk factor analyses
were exploratory in nature. Details of patient medical histories
were not fully collected.

The results of this analysis of VTE in ORAL Surveillance dem-
onstrated that, in patients with RAwhowere aged 50 years or older
with at least one additional cardiovascular risk factor, the cumula-
tive incidence of VTE and PE events was higher with tofacitinib
10 mg BID versus tofacitinib 5 mg BID and TNFi, and the IRs were
generally consistent over time within each treatment. NNH indi-
cated that 198 patients would need to be treated with tofacitinib
10 mg BID for one year to have one additional event of VTE versus
TNFi. For tofacitinib 5 mg BID, the recommended dosage for RA,
NNH versus TNFi was 763. Exploratory analyses identified history
of VTE,morbid obesity, and older age as the strongest baseline risk
factors for VTE across all treatments and also indicated the impor-
tance of transient VTE risk factors, including uncontrolled disease
activity. These data highlight the importance of assessing risk fac-
tors for VTE when deciding whether to initiate tofacitinib or TNFi
treatment in patients with active RA.
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