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ABSTRACT

Objective In the ORAL (Oral Rheumatoid Arthritis trial)
Surveillance study of patients with rheumatoid arthritis
aged >50 years with >1 additional cardiovascular risk
factor, incidence of pulmonary embolism was higher with
tofacitinib 10 mg two times per day than with tumour
necrosis factor inhibitors (TNFi). This exploratory post

hoc analysis examined whether biomarkers explained

the associations of tofacitinib versus TNFi with venous
thromboembolism (VTE).

Methods ORAL Surveillance was a prospective, open-
label, event-driven, non-inferiority, postauthorisation
safety study. Patients were randomised 1:1:1 to receive
tofacitinib 5 mg or 10 mg two times per day or a TNFi. For
this analysis, 294 soluble, proteomic, genetic and antibody
biomarkers (of which 79 had a known role in inflammation,
coagulation, vascular biology or Janus kinase signalling)
were quantified in serum collected at baseline, month 12
and study end.

Results Overall, 4362 patients were randomised and
treated. The exploratory biomarker data set included 285
patients (57 VTE cases; 228 matched controls). D-dimer
was quantified in 3732 patients (54 VTE cases; 3678
controls). No biomarker demonstrated a clear mechanistic
association with the increased risk of VTE for tofacitinib
versus TNFi. Month 12 D-dimer levels were positively
associated with risk of a subsequent VTE within the
tofacitinib 5mg and 10 mg two times per day arms.
Conclusions Overall, this post hoc analysis did not
identify biomarkers that explained the increased VTE risk
for tofacitinib versus TNFi. Individual VTE risk should be
considered when making decisions about initiation or
maintenance of tofacitinib treatment.

Trial registration number NCT02092467; ClinicalTrials.
gov.

INTRODUCTION
Venous thromboembolism (VTE) is a multi-
factorial disease encompassing deep vein

WHAT IS ALREADY KNOWN ABOUT THIS
SUBJECT?

= In the ORAL Surveillance study of patients with
rheumatoid arthritis aged >50 years with >1 addi-
tional cardiovascular risk factor, incidence of pul-
monary embolism was higher with tofacitinib 10mg
two times per day than with tumour necrosis factor
inhibitors (TNFi).

WHAT DOES THIS STUDY ADD?

= This post hoc analysis of 294 soluble, proteomic,
genetic and antibody biomarkers did not identify any
biomarkers that were mechanistically associated
with the increased venous thromboembolism (VTE)
risk for tofacitinib versus TNFi in ORAL Surveillance.

= D-dimer levels at month 12 were positively associ-
ated with risk of a subsequent VTE within the tofaci-
tinib 5mg and 10 mg two times per day arms.

HOW MIGHT THIS IMPACT ON CLINICAL
PRACTICE?

= Individual VTE risk should be considered when mak-
ing decisions about initiation or maintenance of to-
facitinib treatment.

= The decision to monitor D-dimer levels should be
made by clinicians on an individual patient basis,
with full consideration of the merits of D-dimer
assessment in the context of patient presentation,
disease activity and tofacitinib exposure.

thrombosis (DVT) and pulmonary embo-
lism (PE). The pathogenesis of VTE reflects
a combination of inherited and acquired risk
factors." Risk factors for VTE may be transient
or persistent, and they are broadly catego-
rised as relating to hypercoagulability, stasis
and endothelial injury.'

The incidence of VTE ranges from 104
to 183 per 100 000 person-years in Western
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populations and increases with age.” Patients with auto-
immune disorders, including rheumatoid arthritis (RA),
have approximately double the risk of VIE compared
with the general population.*” This increased risk likely
reflects crosstalk between inflammation and coagulation,
including endothelial dysfunction and increased tissue
factor expression induced by inflammatory cytokines.®
Notably, patients with RA have elevated levels of D-dimer,
a VTE biomarker and C-reactive-protein (CRP), a marker
of inflammation. Furthermore, markers of RA disease
activity also correlate with levels of D-dimer and CRP?
and are strongly associated with VTE risk,” supporting
the link between coagulation and inflammation. Accord-
ingly, the impact of pharmacological treatments for RA
on the risk of VIE should be carefully assessed.

Tofacitinib is an oral Janus kinase (JAK) inhibitor
for the treatment of RA. ORAL (Oral Rheumatoid
Arthritis triall) Surveillance was a phase IIIb/IV safety
study conducted from March 2014 to July 2020 to eval-
uate the safety of tofacitinib 5mg two times per day and
tofacitinib 10mg two times per day compared with a
tumour necrosis factor inhibitor (TNFi) in patients with
moderate to severe RA >50 years of age with at least one
additional cardiovascular risk factor."’ In February 2019,
the Data Safety Monitoring Board (DSMB) identified
an increased frequency of PE with tofacitinib 10mg two
times per day versus TNFi and increased overall mortality
in the tofacitinib 10 mg two times per day arm, compared
with the arms receiving tofacitinib 5 mg two times per day
or TNFi.

To address the findings for PE, this exploratory post hoc
analysis was undertaken to identify potential mechanistic
biomarker and pharmacogenomic associations of tofaci-
tinib and TNFi with VTE in ORAL Surveillance. Specif-
ically, we sought to determine whether any biomarkers
could explain the increased risk of VIE in the tofacitinib
10mg arm relative to TNFi or identify patients receiving
tofacitinib at a higher risk of VTE, as well as describe
differentiating characteristics between patients with and
without VTE.

PATIENTS AND METHODS

Study design

ORAL Surveillance (NCT02092467) was a prospective,
randomised, open-label, event-driven, non-inferiority,
postauthorisation safety endpoint study with the copri-
mary endpoints of adjudicated major adverse cardiovas-
cular events (MACE) and malignancies. Details of the
study design, including the study protocol, have been
published previously." Patients were randomised 1:1:1
to receive open-label tofacitinib 5mg two times per day,
tofacitinib 10 mg two times per day or TNFi (adalimumab
40mg every 2 weeks subcutaneously (USA, Puerto Rico
and Canada) or etanercept 50 mg once weekly subcuta-
neously (rest of the world)). Patients continued back-
ground methotrexate treatment unless modification was
indicated. After the February 2019 DSMB findings for PE

and mortality, the adjudication of VIE events (PE and
DVT) was added to the study protocol, and the study was
modified to discontinue treatment with tofacitinib 10 mg
two times per day while continuing the other treatment
arms. Patients receiving tofacitinib 10mg two times per
day reduced their dose to 5mg two times per day. Plasma
and serum samples were collected at baseline, at month
12 and at the end-of-study visit (which was conducted
within 1month of study completion, when the targeted
number of MACE and malignancies (excluding non-
melanoma skin cancer) had been met). A blood sample
for DNA genotyping was collected at baseline.

The inclusion and exclusion criteria for patients
enrolled in ORAL Surveillance have been published previ-
ously."’ In brief, patients were required to be >50 years
of age and to have had at least one additional cardiovas-
cular risk factor (current cigarette smoker, hypertension,
high-density lipoprotein cholesterol <40 mg/dL, diabetes
mellitus, family history of premature coronary heart
disease or personal history of coronary artery disease or
extra-articular RA).

Biomarkers assessed

Biomarkers selected for analysis included those used
for VTE assessment or those related to inflammation,
platelet levels or platelet activation state, the coagula-
tion cascade, vascular biology or those known to affect
JAK pathways (online supplemental table 1). Soluble
and proteomic biomarkers were classified into tiers for
a multiple-testing hierarchy based on a priori interest,
with tier 1 being of greatest relevance and tier 4 being
less relevant due to lack of preselection by the criteria
cited above. Tier 1 included CRP, D-dimer and throm-
bopoietin (TPO). Tier 2 included factor VIII (FVIII),
thrombin—antithrombin complex (TAT), tissue factor
pathway inhibitor (TFPI), plasminogen activator inhibi-
tor-1 (PAI-1), levels of protein C and antithrombin (AT),
apolipoprotein C-III (apoCIII) and leptin. Tiers 3 and 4
included 276 markers from a high-throughput proteomic
assay (Olink Proteomics, Uppsala, Sweden) that were
added to encompass biomarkers beyond the prespecified
analytes identified above. Of these, 61 proteins of interest
were classified as tier 3 based on their putative relation-
ship to VTE, the coagulation cascade, endothelial func-
tion or inflammation, and the remaining 215 proteins
with no clear association with VIE or inflammation were
classified as tier 4.

In addition to the predefined tiers of soluble and
proteomic biomarkers, genotyping was carried out at
baseline to assess the presence of two common inherited
mutations associated with thrombophilia, the factor V
Leiden R506Q mutation (rs6025) ""and the prothrombin
(factor IT) G20210A mutation (rs1799963)."* The somat-
ically acquired JAK2 V617F mutation (rs12343867) was
also assessed because of its known association with VTE."
The serum levels of four antiphospholipid antibodies
(anticardiolipin antibody (ACA), immunoglobulin G
(IgG), M (IgM) and anti-beta-2-glycoprotein 1 (B2GP1)
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IgG and IgM) were also quantified at baseline and month
12 because of their association with immune disorders
and VTE."* ® Thus, a total of 294 soluble, proteomic,
genetic and antibody markers were assessed, with 79 of
these being predefined.

As D-dimer levels >2x the upper limit of normal (ULN)
have been used in clinical trials to identify hospitalised
medically ill patients at elevated risk of VTE,'*"® the
prognostic value of a dichotomised 2x ULN cut-off for
D-dimer was also evaluated post hoc as a further anal-
ysis within the tofacitinib treatment arms. Other poten-
tial dichotomous D-dimer cut-offs (integer multiples of
ULN) were also explored in the exploratory biomarker
data set; however, as these demonstrated limited prog-
nostic value, results are not presented here.

Analyses exploring the associations between VTE risk
factors, D-dimer levels and VTE events were performed
to investigate an approach for the monitoring of D-dimer
levels to assess VIE risk.

Patient selection and sample availability

Three data sets were used for these analyses: the full
clinical data set, the exploratory biomarker data set and
the D-dimer data set. Measurement of CRP and platelet
counts was performed in the full clinical data set during
the trial. For this post hoc analysis, CRP and platelet
data at baseline and month 12 were obtained from the
unplanned 22 February 2019 data cut and classified into
patients with an incident VI'E event (cases) and patients
without incident VTE (controls) according to adverse
event data from patient case report forms (CRFs). All
other biomarkers were analysed retrospectively with
banked samples from baseline and month 12. The
exploratory biomarker data set included VTE cases iden-
tified from CRFs with events occurring by 22 February
2019, with four controls matched to each case based
on treatment arm, age and sex. The matched controls
were selected, so that the distribution of their follow-up
times matched those for VITE controls in the full clinical
data set (by deciles). To avoid the confounding effect of
anticoagulation treatment, patients with VTE events that
occurred prior to the month 12 visit were excluded from
the month 12 analyses. Analyses from the exploratory
biomarker data set identified one biomarker, D-dimer, to
carry forward for more extensive analysis.

The D-dimer data set, therefore, used all available
samples from final source-verified data up to 1 August
2019, including the end-of-study visit in addition to base-
line and month 12. For the D-dimer data set, all adju-
dicated VTE cases occurring within 28 days of the last
study treatment were included; the control group was the
full cohort of patients reporting no VIE events until last
follow-up. Samples from patients treated with anticoagu-
lants prior to sample collection were excluded at all time
points (aspirin use was permitted).

The selection of biomarkers and extent of the anal-
yses were limited by the number and types of samples
collected during the study. By necessity, patients with

unavailable samples and samples with assay failure were
omitted from all analyses. Sample availability by time
point, treatment arm and timing of event (before or after
month 12) is shown in online supplemental table 2. For
plasma, only samples derived from blood collected in
EDTA were available. For some analytes, matched citrate
and EDTA plasma collected from a cohort of healthy
donors were compared.

Statistical methods

Each biomarker was assessed for its role in VITE (DVT
and PE events combined, or PE alone) in three ways: (1)
prospective association of the biomarker with incident
events in at least one treatment arm, (2) pre-existing
differences in the biomarker by treatment arm that might
explain the increased number of events in combination
with prospective associations with incident events and (3)
treatmentrelated changes in the biomarker that might
be directly associated with incident events or that might
explain the increased number of events in combination
with the prospective associations with incident events.

The statistical testing is fully described in online
supplemental methods and online supplemental table 3.
Briefly, the predefined statistical criteria used to identify
biomarkers of potential interest included: a fully adjusted,
significant (false discovery rate of <0.05) prospective asso-
ciation with VTE in the tofacitinib treatment arm(s) or a
nominally significant association in conjunction with a
fully significant treatment effect (tofacitinib vs TNFi) on
the change in biomarker levels in a direction matching
the association with VTE risk.

Cox proportional hazards regression was used for all
models testing for prospective associations with incident
events. For the exploratory biomarker data set, inverse
probability weighting was also used to account for the
mismatch between the artificial 1:4 case-to-control ratio
and the actual such ratio in the full clinical data set.

RESULTS

Patients

Overall, 4362 patients were randomised and treated in
ORAL Surveillance. These patients comprised the full
clinical data set, which included 63 VTE cases and 4299
controls. A total of 285 patients were included in the
exploratory biomarker data set (57 VIE cases and 228
controls matched for age, sex and treatment arm) (online
supplemental table 4). The D-dimer data set included 54
VTE cases and 3678 controls (table 1). The number of
VTE cases varied slightly between the three data sets due
to the use of different data cut-offs, adjudication, sample
availability and the censoring of events that occurred
>28 days after the last study treatment.

Patient characteristics for the D-dimer data set were
generally similar between VTE cases and controls and
between treatment arms (table 1), with several notable
exceptions. Patients with VIE had a higher mean body
mass index (BMI) and were more likely to have a history
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Table 1 Patient demographics and baseline disease characteristics (D-dimer data set*)

Controls (n=3678) VTE cases (n=54)

Tofacitinib Tofacitinib Tofacitinib Tofacitinib

5mg two 10mg two 5mg two 10mg two

times per day times per day TNFi times per day times per day TNFi

(N=1243) (N=1194)t (N=1241) (N=14) (N=31)t (N=9)
Age (years), mean (SD) 60.5 (6.7) 61.3 (6.9) 61.1(7.4) 65.1 (6.9) 63.6 (6.2) 63.1 (5.6)
Female sex, n (%) 1005 (80.9) 931 (78.0) 962 (77.5) 11 (78.6) 21 (67.7) 8 (88.9)
White race, n (%) 970 (78.0) 943 (79.0) 952 (76.7) 14 (100.0) 27 (87.1) 8 (88.9)
BMI (kg/m?), mean (SD) 29.7 (6.6) 29.7 (6.3) 29.8 (6.7) 33.2 (9.6) 34.1 (6.6) 34.4 (6.9)
Current smoker, n (%) 361 (29.0) 340 (28.5) 305 (24.6) 4 (28.6) 5(16.1) 1(11.1)
Past smoker, n (%) 253 (20.4) 230 (19.3) 279 (22.5) 3(21.4) 14 (45.2) 2(22.2)
History of hypertension, n (%) 798 (64.2) 779 (65.2) 824 (66.4) 11 (78.6) 24 (77.4) 8 (88.9)
History of diabetes mellitus, n (%) 209 (16.8) 205 (17.2) 212 (17.1) 1(7.1) 6 (19.4) 2 (22.2)
History of coronary heart disease, n (%) 120 (9.7) 120 (10.1) 119 (9.6) 0 7 (22.6) 3(33.3)
History of extra-articular disease, n (%) 465 (37.4) 423 (35.4) 466 (37.6) 4 (28.6) 14 (45.2) 2 (22.2)
Baseline HDL-C<40mg/dL, n (%) 149 (12.0) 159 (13.3) 142 (11.4) 0 6 (19.4) 1(11.1)
History of VTE (DVT or PE), n (%) 13 (1.0) 10 (0.8) 10 (0.8) 1(7.1) 4(12.9) 2(22.2)
Oral contraceptive or HRT at baseline, n (%) 43 (3.5) 34 (2.8) 43 (3.5) 2 (14.3) 18.2) 0
Aspirin at baseline, n (%) 178 (14.3) 175 (14.7) 185 (14.9) 2 (14.3) 11 (35.5) 3(33.3)

*Includes patients who had valid D-dimer measurement at baseline and excludes patients who used anticoagulants at baseline (aspirin use was

permitted). VTE events were within the 28-day on-treatment risk period.

TFor patients assigned to receive tofacitinib at a dose of 10mg two times per day who had their dose reduced to 5mg two times per day, the data
collected after patients had been switched to 5mg two times per day were counted in the arm receiving 10 mg two times per day.

BMI, body mass index; DVT, deep vein thrombosis; HDL-C, high-density lipoprotein cholesterol; HRT, hormone replacement therapy; N, number
of patients in each treatment arm in the biomarker subpopulation; n, number of patients meeting baseline criteria; PE, pulmonary embolism; TNFi,

tumour necrosis factor inhibitor; VTE, venous thromboembolism.

of hypertension and previous VIE than controls. In the
tofacitinib 10 mg two times per day arm, the proportion
of patients using aspirin at baseline was numerically
higher in VTE cases than controls. Among VTE cases,
the tofacitinib 10mg two times per day arm included a
higher proportion of past smokers than the tofacitinib
5mg two times per day and TNFi arms. Characteristics
were also similar between the exploratory biomarker data
set (online supplemental table 4) and the full clinical
data set."’

Biomarker analyses

A summary of key results is provided in table 2. Notable
findings are discussed in further detail in the sections
below. Key statistical comparisons are provided in online
supplemental table 5 (tier 1 and 2 biomarkers) and
online supplemental table 6 (D-dimer), and full results
of statistical testing are available in online supplemental
files 2 and 3.

Genotyping

Carriers of the factor V Leiden (FVL/Fb; rs6025) or
prothrombin (F2; G20210A; rs1799963) mutations, indi-
vidually or combined, had an increased incidence of VITE
compared with non-carriers; however, the risk did not
vary significantly across treatment arms (online supple-
mental figure 1A). Removing carriers of these risk vari-
ants had a negligible impact on the hazard ratios (HRs)

for VIE or PE with tofacitinib 10mg two times per day
versus TNFi (online supplemental figure 1B). There
were no patients in the exploratory biomarker data set
with the JAK2 V617F mutation (rs12343867).

C reactive protein

Mean baseline CRP levels were elevated in both controls
and VTE cases (figure 1A), with no significant differences
between the tofacitinib and TNFi treatment arms (all
p>0.05). At month 12, CRP levels were reduced relative
to baseline across all treatment arms in both controls and
VTE cases (figure 1A,B). Among controls, the decrease
from baseline in CRP levels was greater in the tofac-
itinib treatment arms than in the TNFi treatment arm
and was dose dependent (p=2.702¢e—04 for tofacitinib
5mg vs TNFi; p=1.506e-11 for tofacitinib 10 mg vs TNFi;
figure 1B). However, at baseline and month 12, there was
no association between CRP levels and VTE or PE within
any treatment arm (all p>0.05).

D-dimer

Because clear associations were observed between
D-dimer and VTE in the exploratory biomarker data set
(notshown), the relationship between D-dimer levels and
all VTE confirmed by adjudication was explored using
the largest available set of controls (all patients without
VTE until the last follow-up, subject to limitations in
sample availability). In the D-dimer data set at baseline,
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Table 2 Summary of results from biomarker analyses

Biomarker evaluated Key results
Tier 1
CRP » No association with VTE events in any treatment arm at baseline or month 12
D-dimer » Higher month 12 levels were prospectively associated with a greater risk of a
subsequent VTE event with tofacitinib 5mg or 10mg two times per day (HR 4.676,
p=1.61e-04; and HR 1.922, p=1.54e-083; respectively)
» Treatment specificity of effects could not be established
TPO » Higher month 12 levels were prospectively associated with a greater risk of a
subsequent VTE event in the tofacitinib 10 mg two times per day arm (HR 1.752,
p=0.008)
» Treatment specificity of effects could not be established
Tier 2
Factor VIII, TAT, TFPI, PAI-1, » No clinically meaningful differences across treatment arms
protein C, AT, apoClll and leptin
Tiers 3 and 4
Proteomic assays (276 » Tier 3: No clinically meaningful differences across treatment arms
markers) » Tier 4: Two markers with no known relationship to VTE (ANG and TNFSF13B) showed

significant associations with PE events in the tofacitinib 10mg two times per day arm
» Treatment specificity of effects could not be established for either analyte

Genetic biomarkers

Factor V Leiden R506Q, » Factor V Leiden and prothrombin risk alleles, individually or combined, were associated

prothrombin (factor Il) G20210A
and JAK2 V617F mutations
effect on VTE)

with an increased incidence of VTE events but did not explain increased risk in the
tofacitinib arms (ie, removal of all risk allele carriers did not attenuate the treatment

» No VTE cases or matched controls had the JAK2 V617F activating mutation

Antibody biomarkers

ACA IgG, ACA IgM, anti-B2GP1 » No statistical differences were observed between treatment arms or between VTE cases

IgG and anti-2GP1 IgM and matched controls

ACA, anticardiolipin antibody; ANG, angiogenin; apoClll, apolipoprotein C-IIl; AT, antithrombin; CRP, C-reactive-protein; JAK2, Janus kinase
2; PAI-1, plasminogen activator inhibitor-1; PE, pulmonary embolism; TAT, thrombin-antithrombin complex; TFPI, tissue factor pathway
inhibitor; TNFi, tumour necrosis factor inhibitor; TNFSF13B, tumour necrosis factor ligand superfamily member 13B; TPO, thrombopoietin;

VTE, venous thromboembolism; B2GP1, beta-2-glycoprotein 1.

mean D-dimer levels were >2x ULN in all treatment arms
for both controls and VTE cases (figure 2). There was no
evidence of a significant relationship between baseline
D-dimer levels and VTE in any of the treatment arms (all
p>0.05).

Atmonth 12, mean D-dimer levels decreased from base-
line in controls from all treatment arms. Higher month
12 D-dimer levels were significantly associated with subse-
quent VTE in both tofacitinib treatment arms (HR 4.676
(p=1.61e-04) and HR 1.922 (p=1.54e-03) for tofacitinib
5mg two times per day and 10mg two times per day,
respectively), as were the changes from baseline at month
12 (HR 5.774 (p=1.34e-04) and HR 1.966 (p=3.11e-03)
for tofacitinib 5mg two times per day and 10mg two
times per day, respectively). The associations between
D-dimer levels and VTE at month 12 and for the change
from baseline at month 12 were more pronounced in
the tofacitinib 5mg two times per day than in the tofaci-
tinib 10mg two times per day treatment arm. This likely
reflects skewing of the mean from a single high estimate
of D-dimer concentration in one patient with an event

in the tofacitinib 5mg two times per day arm (out of six
total), who was diagnosed with DVT and PE on day 368,
shortly after the month 12 D-dimer sample was collected.
However, the overall interaction test between D-dimer
levels and treatment arms on subsequent VIE was not
significant for month 12 D-dimer or change from base-
line at month 12 (p>0.05).

Associations between dichotomised D-dimer levels
(<2xULN or >2xULN) and VTE were also examined
in an exploratory analysis. At baseline, approximately
half of the controls across all treatment arms demon-
strated D-dimer levels 22x ULN (48%-50%), compared
with approximately two-thirds of VTE cases (64%—68%:;
table 3). The proportion of control patients across all
treatment arms with a month 12 D-dimer level >2x ULN
was similar (26%-30%) and lower than at baseline.
However, the proportion of VIE cases with a D-dimer
level >2x ULN at month 12 was higher in the tofacitinib
5mg two times per day and 10 mg two times per day treat-
ment arms (100% and 58%, respectively) than in the
TNFi treatment arm (40%; table 3).
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Figure 1 (A) CRP levels at baseline and (B) changes from baseline in CRP levels at month 12 by treatment arm in controls and
VTE cases (full clinical data set). Normal assay range: <3 mg/L. For patients assigned to receive tofacitinib at a dose of 10 mg
two times per day who had their dose reduced to 5 mg two times per day, the data collected after patients had been switched
to 5 mg two times per day were counted in the arm receiving 10 mg two times per day, two times per day; Cl, confidence
interval; CRP, C-reactive protein; In, natural logarithm; LS, least squares; TNFi, tumour necrosis factor inhibitor; VTE, venous
thromboembolism.

Despite the small number of PE events, analyses of the
associations between PE events and D-dimer levels at
baseline and month 12 produced similar outcomes to the
analyses with all VTE events (online supplemental figure
2; online supplemental table 7).

Analyses were also performed to explore the poten-
tial incremental value of D-dimer monitoring in patients

treated with tofacitinib and with known VTE risk factors
(age 265 years, BMI >30 kg/mQ, smoking history and
hypertension). Results are described in online supple-
mental file 1. Formal statistical test results of incident risk
by dichotomised D-dimer treatment arm and/or VTE risk
factors from both baseline and month 12 are provided in
online supplemental file 3.

=@- Tofacitinib 5 mg BID -@- Tofacitinib 10 mg BID -A- TNFi

Controls

LS mean (95% Cl) D-dimer level, ng FEU/mL

Cases

T T
Month 12 Month 12

Baseline End of study Baseline End of study
n
Tofacitinib 5 mg BID 1243 1080 436 14 6 N/A
Tofacitinib 10 mg BID 1194 1007 388 31 19 N/A
TNFi 1241 1056 451 9 5 N/A

Figure 2 D-dimer levels at baseline, month 12 and end of study by treatment arm in controls and VTE cases (D-dimer data
set). Normal assay range: <0.53 ug FEU/mL. For patients assigned to receive tofacitinib at a dose of 10 mg two times per day
who had their dose reduced to 5 mg two times per day, the data collected after patients had been switched to 5mg two times
per day were counted in the arm receiving 10 mg two times per day. P values for treatment comparisons at each time point are
shown in online supplemental table 6. BID, two times per day; Cl, confidence interval; FEU, fibrinogen equivalent units; LS,
least squares; TNFi, tumour necrosis factor inhibitor; ULN, upper limit of normal; VTE, venous thromboembolism.
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Table 3 Levels of D-dimer in controls and VTE cases using a cut-off of 2xULN at baseline and month 12 (D-dimer data set)

Baseline Month 12
Controls, VTE cases, Controls, VTE cases,
Treatment arm ULN n (%) n (%) n (%) n (%)
Tofacitinib 5mg two times per day >2xULN 618 (50) 9 (64) 282 (26) 6 (100)
<2xULN 625 (50) 5 (36) 798 (74) 0 (0)
Tofacitinib 10mg two times per day* >2xULN 602 (50) 21 (68) 290 (29) 11 (58)
<2xULN 592 (50) 10 (32) 717 (71) 8 (42)
TNFi >2xULN 599 (48) 6 (67) 316 (30) 2 (40)
<2xULN 642 (52) 3 (33) 740 (70) 3 (60)

*For patients assigned to receive tofacitinib at a dose of 10mg two times per day who had their dose reduced to 5mg two times per day, the

data collected after patients had been switched to 5mg two times per day were counted in the arm receiving 10mg two times per day.
TNFi, tumour necrosis factor inhibitor; ULN, upper limit of normal; VTE, venous thromboembolism.

TPO and platelets
In the matched controls, baseline TPO levels in the
tofacitinib 10 mg two times per day treatment arm were
lower than those in the TNFi treatment arm (p=0.014;
figure 3A). A similar trend was observed within the VTE
cases, although this was not significant (p>0.05). In line
with the higher baseline levels, a reduction in TPO levels
at month 12 was observed for both controls and VITE
cases treated with TNFi, which was not seen with tofac-
itinib treatment (figure 3B). Furthermore, the treatment
difference in TPO levels for tofacitinib 10 mg two times
per day versus TNFi was statistically significant in VTE
cases (p=0.009). Month 12 levels were also associated
with incident VTE events in the tofacitinib 10mg two
times per day arm (HR 1.752, p=0.008). Both baseline
and month 12 TPO levels were associated with incident
PE events in the tofacitinib 10 mg two times per day arm
(HR 2.584 (p=0.002) and HR 1.649 (p=0.014), respec-
tively). However, the interaction tests between TPO levels
and treatment arms for VIE and PE were not significant.
To better understand the changes in TPO levels, platelet
counts were also assessed in the full clinical data set at the
cohort and individual levels at every visit. No meaningful
deviations in platelet levels were observed around the
time of the VTE event in cases (data not shown). All treat-
ment arms demonstrated a mean reduction in platelet
counts at month 12, with modest but significantly larger
reductions observed in the TNFi arm than in the tofaci-
tinib arms in controls (figure 3C).

Other biomarkers

Additional soluble analytes implicated in thrombogen-
esis (factor VIII, TAT, TFPI, PAI-1, protein C, AT, apoCIII
and leptin) were assessed for differences between VIE
cases and matched controls by treatment arm at baseline
or change from baseline at month 12. These analyses
revealed a small number of statistically significant effects
(online supplemental table 5). However, none of these
findings was consistent with a mechanistic relationship
between tofacitinib 10mg two times per day treatment
and increased incidence of VIE events, nor did any of
these findings identify any biomarkers that could be used

to predict the risk of VIE events in patients prescribed
tofacitinib.

Assessment of antiphospholipid antibodies (ACA IgG,
ACA IgM anti-B2GP1 IgG and antif2GP1 IgM) was
performed at baseline and month 12. Clinical interpre-
tation of these results (ie, positive vs negative) was based
on clinical laboratory-defined cut-offs. Positive results for
antiphospholipid antibodies were observed in very few
patients. For IgG antibodies, two positive antibodies were
observed at baseline in VTE cases (one each for ACA
and anti-B2GP1) compared with four patients each for
ACA and anti-32GP1 in matched controls. There were no
meaningful changes in this small number of positive anti-
bodies at month 12. There were no statistical differences
between treatment arms at baseline or change from base-
line at month 12, nor were there any statistically signifi-
cant associations with incident events in any arm at either
timepoint (data not shown).

Analysis of a broad panel of exploratory proteomic
biomarkers revealed two proteins that met any of the
predefined criteria for identifying biomarkers of poten-
tial interest (all results are shown in online supplemental
file 2). A statistically significant association of angiogenin
(ANG) levels with incident PE events was observed in the
tofacitinib 10 mg two times per day treatment arm at base-
line (HR 2.427, p=1.661e-04). Patients in the tofacitinib
10mg two times per day arm also experienced significant
decreases in tumour necrosis factor ligand superfamily
member 13B (TNFSF13B) levels at month 12 relative
to the TNFi treatment arm in VIE controls (p=0.001).
Lower levels of TNFSF13B at month 12 were associated
with incident PE events within the tofacitinib 10 mg two
times per day arm (HR 0.378; p=0.016).

DISCUSSION

This comprehensive analysis of biomarkers was performed
to identify a potential mechanistic relationship for the
observed differences in VIE (which primarily manifested
as PE) between the tofacitinib and TNFi treatment arms
in the ORAL Surveillance study. Despite the wide range
of biomarkers assessed in these analyses (a total of 294),
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Figure 3 (A) TPO levels at baseline and changes from
baseline in TPO levels at month 12; (B) exploratory biomarker
data set; (C) changes from baseline in platelet counts at
month 12 (full clinical data set) in controls and VTE cases.
For patients assigned to receive tofacitinib at a dose of 10
mg two times per day who had their dose reduced to 5 mg
two times per day, the data collected after patients had been
switched to 5 mg two times per day were counted in the
arm receiving 10 mg two times per day. BID, twice daily; Cl,
confidence interval; In, natural logarithm; LS, least squares;
TNFi, tumour necrosis factor inhibitor; TPO, thrombopoietin;
VTE, venous thromboembolism.

none was identified as having a clear mechanistic associ-
ation with the increased risk of VIE with tofacitinib rela-
tive to TNFi.

D-dimer and TPO, as well as ANG, an exploratory
analyte with no known association with VIE, demon-
strated associations between baseline and/or month
12 levels and VTE or PE. There was also an association
between change from baseline in D-dimer levels at
month 12 and VTE and PE events. However, the treat-
ment specificity of these effects could not be established,
either due to the interaction tests between biomarker
levels and treatment arms not reaching statistical signifi-
cance or the absence of PE events in the TNFi treatment
arm at month 12.

D-dimer is a commonly used biomarker for the
management of VI'E that may have applicability for VTE
diagnosis, determination of optimum duration of antico-
agulation therapy and identification of patients at high
risk for VTE." High D-dimer levels have also been asso-
ciated with disease severity and mortality in patients with
COVID-19.* ?' Despite high sensitivity, D-dimer levels
have low specificity for VIE because levels increase with
age, and high levels are reported in patients with inflam-
matory conditions such as RA.?'" Furthermore, D-dimer
levels fluctuate; in patients with RA, they correlate with
markers of disease activity including Disease Activity
Score in 28 joints (DAS28), erythrocyte sedimentation
rate and CRP.” D-dimer is most often used to exclude
VTE based on the high sensitivity and resulting negative
predictive value. Thus, the baseline elevations in D-dimer
levels that were observed in both VTE cases (~67%)
and matched controls (~50%) reflect ongoing systemic
inflammation and RA disease activity, and the poor spec-
ificity of D-dimer, in this population. Universal D-dimer
testing in the context of risk mitigation for VIE for all
patients receiving tofacitinib is likely to result in limited
benefit and potential risk of harm through therapy
interruption or avoidable additional testing (including
radiographical procedures). Therefore, the decision to
monitor D-dimer levels should be made by clinicians on
an individual patient basis, with full consideration of the
merits of D-dimer assessment in the context of patient
presentation, disease activity and tofacitinib exposure.

Although none of the tier 1 biomarkers (D-dimer, CRP
or TPO) demonstrated a treatment effect on changes in
biomarker levels in a commensurate direction matching
an additional prospective association with VTE events in
the tofacitinib 10mg two times per day treatment arm,
one tier 4 biomarker, TNFSF13B, met these criteria for
PE. TNFSF13B, also known as B-cell activating factor
of the TNF family (BAFF) or B-lymphocyte stimulator
(BLyS), is a B-cell growth factor that is elevated in inflam-
matory conditions, such as RA,22 and has no known
association with VTE. Although not measured in ORAL
Surveillance, B-cell increases have been documented
following treatment with tofacitinib.” The observed
reduction in TNFSF13B levels, notably seen in both VTE
cases and matched control patients receiving tofacitinib,
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may be secondary to these increases in B cells and poten-
tially indicates a homeostatic response or inhibition of
TNFSF13B expression, resulting from JAK inhibition
with tofacitinib.** ®

In addition to the predefined hierarchy of biomarkers
of interest, we also measured levels of antiphospholipid
antibodies at baseline and month 12. Antiphospholipid
antibodies can lead to an acquired thrombophilia that
is associated with venous and arterial thrombosis and
complications of pregnancy.'*® In this study, there were
no statistical differences in antibody levels between the
tofacitinib and TNFi treatment arms, nor were there any
statistically significant associations with incident VTE
events in any arm at baseline or for change from base-
line at month 12, indicating that these antibodies did not
contribute to the increase in VIE events observed with
tofacitinib 10 mg two times per day compared with TNFi.
There was an increased incidence of VIE events for
carriers of two known thrombophilic mutations (factor V
Leiden or prothrombin (G20210A)), providing internal
validation of the data set. However, this risk did not vary
significantly by treatment arm and did not provide any
mechanistic insight into the findings as removal of all
risk allele carriers did not noticeably attenuate the associ-
ation between tofacitinib and VTE or PE.

Tofacitinib is an orally bioavailable small molecule
that inhibits JAKs by blocking the ATP binding site.*® In
cellular settings where JAKs signal in pairs, tofacitinib
preferentially inhibits signalling by heterodimeric recep-
tors associated with JAK1 and/or JAK3 and has functional
selectivity over JAK2.*® JAK? is a physiological regulator
of TPO and platelet homeostasis, and preclinical studies
suggest a mechanism whereby partial JAK2 inhibition
can lead to increases in platelet levels.?” Although some
individual studies have shown a potential increase in VITE
risk with JAK inhibitors, meta-analyses conducted to date
have produced conflicting results, possibly due to the
small number of events and limited exposure time.*® In
this analysis, a significant association between baseline
TPO levels and PE events was observed in the tofacitinib
10mg two times per day treatment arm. However, the
clinical meaningfulness of the results observed with TPO
levels (used most commonly in the context of thrombocy-
topenia) and D-dimer in this analysis must be interpreted
with caution. Reductions in platelet counts were observed
atmonth 12 across all treatment arms and in both controls
and VTE cases. This effect was most notable in the TNFi
arm where TPO levels also decreased. These TPO find-
ings may reflect an overall anti-inflammatory effect of
TNFi, rather than changes related to the platelet=TPO
axis.”

Several limitations of these analyses should be noted.
These analyses were exploratory and post hoc, with the
limited sampling time points of baseline and month 12
for patients with VIE events. ORAL Surveillance was
neither powered nor designed to compare risk of VIE
across treatments or to identify relevant biomarker
changes with a mechanistic relationship to VTE.

Accordingly, the time lapse between blood sampling and
VTE events occurring varied across patients, leading to
heterogeneous results. Storage length also exceeded the
assessed stability range for several of the regulated assays
used, including the ACA, anti-B2GP1 and D-dimer assays
(and it was not possible to assess the potential impact of
length of storage of samples on analyte stability). Further-
more, these analyses were restricted to a study subgroup
that may not be generalisable to the totality of VTE cases.
Of note, the limited number of samples available for
bioanalysis was reduced further because of the exclusion
criteria regarding use of anticoagulants. Finally, the small
number of VTE events in the TNFi treatment arm also
made it difficult to interpret any apparent associations
with events between the tofacitinib and TNFi treatment
arms, as well as imbalances across treatment arms in
baseline characteristics. Because of these limitations, the
results should be interpreted with caution.

CONCLUSIONS

This analysis of 291 protein biomarkers and three genetic
markers did not identify a clear mechanistic explanation
for higher rates of VIE with tofacitinib, particularly at the
10 mg two times per day dose, compared with TNFi in the
ORAL Surveillance study. Although D-dimer levels were
associated with subsequent VTE risk in this RA popula-
tion, further understanding of the relationship between
D-dimer levels and VTE in the context of systemic auto-
immune diseases is needed before firm conclusions can
be reached about the appropriate clinical use of this non-
specific test; a properly designed prospective study may
not be possible given the low event rate of VIE. Overall,
the available evidence from this study does not conclu-
sively establish a connection between treatment with
tofacitinib in patients with RA and any of the analytes
tested. Individual VTE risk should be considered as part
of tofacitinib treatment initiation and maintenance.
Future clinical and real-world data may help to further
clarify the relationship between JAK inhibitor treatment
and VTE events.
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