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ABSTRACT
Objectives To evaluate malignancies and their 
associations with baseline risk factors and cardiovascular 
risk scores with tofacitinib versus tumour necrosis factor 
inhibitors (TNFi) in patients with rheumatoid arthritis (RA).
Methods In an open- label, randomised controlled trial 
(ORAL Surveillance; NCT02092467), 4362 patients with 
RA aged ≥50 years with ≥1 additional cardiovascular 
risk factor received tofacitinib 5 (N=1455) or 10 mg two 
times per day (N=1456) or TNFi (N=1451). Incidence 
rates (IRs; patients with first events/100 patient- years) 
and HRs were calculated for adjudicated malignancies 
excluding non- melanoma skin cancer (NMSC), NMSC 
and subtypes. Post hoc analyses for malignancies 
excluding NMSC, lung cancer and NMSC included risk 
factors identified via simple/multivariable Cox models 
and IRs/HRs categorised by baseline risk factors, history 
of atherosclerotic cardiovascular disease (HxASCVD) and 
cardiovascular risk scores.
Results IRs for malignancies excluding NMSC and 
NMSC were higher with tofacitinib (combined and 
individual doses) versus TNFi. Risk of lung cancer (most 
common subtype with tofacitinib) was higher with 
tofacitinib 10 mg two times per day versus TNFi. In 
the overall study population, the risk of malignancies 
excluding NMSC was similar between both tofacitinib 
doses and TNFi until month 18 and diverged from  
month 18 onwards (HR (95% CIs) for combined 
tofacitinib doses: 0.93 (0.53 to 1.62) from baseline 
to month 18 vs 1.93 (1.22 to 3.06) from month 18 
onwards, interaction p=0.0469). Cox analyses identified 
baseline risk factors across treatment groups for 
malignancies excluding NMSC, lung cancer and NMSC; 
interaction analyses generally did not show statistical 
evidence of interaction between treatment groups and 
risk factors. HxASCVD or increasing cardiovascular risk 
scores were associated with higher malignancy IRs 
across treatments.
Conclusions Risk of malignancies was increased with 
tofacitinib versus TNFi, and incidence was highest in 
patients with HxASCVD or increasing cardiovascular risk. 
This may be due to shared risk factors for cardiovascular 
risk and cancer.
Trial registration numbers NCT02092467, 
NCT01262118, NCT01484561, NCT00147498, 
NCT00413660, NCT00550446, NCT00603512, 
NCT00687193, NCT01164579, NCT00976599, 
NCT01059864, NCT01359150, NCT02147587, 
NCT00960440, NCT00847613, NCT00814307, 
NCT00856544, NCT00853385, NCT01039688, 

NCT02281552, NCT02187055, NCT02831855, 
NCT00413699, NCT00661661

INTRODUCTION
Rheumatoid arthritis (RA) is a chronic systemic 
immune- mediated inflammatory condition.1 
Patients with RA have approximately a 10% 
increase in overall malignancy risk compared with 
the general population,2 and a notably higher 
risk of developing certain malignancies, including 
lymphoma and lung cancer.2–4 Identifying risk 
factors for malignancies in patients with RA is 
important for cancer screening and optimising 
disease management. High RA disease activity and 
long- term use of disease- modifying antirheumatic 
drugs (DMARDs), such as methotrexate, appear to 
increase malignancies risk,5 6 while use of biolog-
ical DMARDs and non- steroidal anti- inflammatory 
drugs reduces the risk of certain malignan-
cies.7 8 The relationship between targeted synthetic 
DMARDs and malignancies requires further study. 
Risk of cardiovascular disease, as determined by 
validated risk- prediction tools, is known to be 
associated with an increased risk of cancer in the 
general population, suggesting shared risk factors 
and pathophysiology.9–11

ORAL Surveillance was a postauthorisation 
safety study that assessed the relative risk of 
major adverse cardiovascular events (MACE) and 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Patients with rheumatoid arthritis (RA) have 
a greater risk of malignancies, including 
lymphoma and lung cancer, versus the general 
population. Previous findings from the 
postauthorisation safety study,  
ORAL Surveillance, in patients with RA aged  
≥50 years with ≥1 additional cardiovascular 
risk factor demonstrated an increased risk of 
malignancies with tofacitinib versus tumour 
necrosis factor inhibitors (TNFi).

 ⇒ Patients with RA have an increased risk of 
cardiovascular disease, which has itself been 
associated with an increased risk of cancer. 
Baseline cardiovascular risk, as a possible 
predictor of malignancy risk in patients with RA, 
therefore warrants investigation.
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malignancies excluding non- melanoma skin cancer (NMSC) for 
tofacitinib versus tumour necrosis factor inhibitors (TNFi). To 
enrich for cardiovascular risk, the study enrolled patients with 
RA who were aged ≥50 years and had ≥1 additional cardiovas-
cular risk factor.12 For both outcomes, the combined tofacitinib 
doses (5 and 10 mg two times per day) did not demonstrate non- 
inferiority versus TNFi as the upper limit of the HR 95% CI was 
>1.8 (prespecified non- inferiority criterion).12

Here, we characterise malignancy events and evaluate the 
potential associations of baseline risk factors and cardiovas-
cular risk with malignancies in a cardiovascular risk- enriched  
RA population from the ORAL Surveillance study.

METHODS
Study design and patients
ORAL Surveillance (NCT02092467) was a phase IIIb/IV 
randomised, parallel- group, open- label, safety endpoint study 
conducted from March 2014 to July 2020 in patients with 
moderate to severe RA who were ≥50 years of age with ≥1 addi-
tional cardiovascular risk factors (see the online supplemental 

material). Key exclusion criteria included current or previous 
malignancy, except adequately treated NMSC or cervical cancer 
in situ; there were no prespecified screening procedures for malig-
nancies. Full inclusion and exclusion criteria have been reported 
separately.12 Coprimary endpoints in ORAL Surveillance were 
adjudicated MACE and malignancies excluding NMSC.

Patients were randomised 1:1:1 to receive open- label oral 
tofacitinib 5 or 10 mg two times per day or a subcutaneous 
TNFi (adalimumab 40 mg every 2 weeks (North America) or 
etanercept 50 mg once weekly (rest of the world; ROW)). Back-
ground methotrexate was continued at the prestudy stable dose, 
unless modification was clinically indicated. In February 2019, 
the tofacitinib 10 mg two times per day dose was reduced to  
5 mg two times per day as a major protocol amendment following 
observations of increased frequency of pulmonary embolism 
with tofacitinib 10 mg two times per day versus TNFi, and an 
increase in overall mortality with tofacitinib 10 mg two times per 
day versus 5 mg two times per day and TNFi.

Patient and public involvement
Patients and/or the public were not involved in the design, 
conduct, reporting or dissemination plans of this research.

Outcomes
All malignancies were adjudicated as described in the online supple-
mental material. Malignancies assessed included a composite of all 
malignancies excluding NMSC, NMSC and cancer subtypes, which 
comprised the malignancies excluding NMSC outcomes. Cancer 
subtypes of interest included breast cancer (female patients only), 
lymphoma, lung cancer (including non- small cell lung cancer and 
small cell lung cancer), melanoma, prostate cancer (male patients 
only), colorectal cancer and pancreatic cancer.

Statistical analysis
Analyses were performed using the safety analysis set, which 
included all randomised patients who received ≥1 dose of trial 
drug. All patients, including those required to switch from tofac-
itinib 10 to 5 mg two times per day in February 2019, were anal-
ysed in their originally randomised group, with data after the 
dosage switch included in the tofacitinib 10 mg two times per day 
group. This analysis also included a combined tofacitinib group, 
which pooled patients randomised to tofacitinib 5 or 10 mg two 
times per day.

Malignancy events were counted within a predefined risk 
period. For malignancies excluding NMSC and its subtypes, 
this was based on total time (time from the first study dose to 
last contact date (ie, maximum of event start date, event stop 
date, last visit date, withdrawal date, telephone contact date 
or death date)). For NMSC and its subtypes, this was based on 
28- day on- treatment time (time from the first study dose to last 
study dose date +28 days or to last contact date, whichever was 
earlier). Patients without events were censored at the end of the 
risk period.

Crude incidence rates (IRs) were expressed as the number 
of patients with first events per 100 patient- years, along with 
exact Poisson two- sided 95% CIs.13 HRs and 95% CIs for tofac-
itinib doses relative to TNFi and for tofacitinib 10 vs 5 mg two 
times per day were estimated, based on separate Cox propor-
tional hazard models (for comparing combined tofacitinib 
doses vs TNFi and for pairwise comparisons among treatment 
groups), with treatment groups (combined tofacitinib doses 
and TNFi; tofacitinib 5 mg two times per day, tofacitinib 10 
mg two times per day and TNFi, in their respective models) as 

WHAT THIS STUDY ADDS
 ⇒ This study describes the incidence and risk of several 
subtypes of malignancy and their association with a range of 
baseline risk factors in patients with RA in ORAL Surveillance 
beyond those previously reported. The study also assessed 
the relationship between baseline cardiovascular risk and 
malignancy risk in patients with RA.

 ⇒ The extended duration of follow- up meant that the risk of 
a long- latency event such as a malignancy could be more 
adequately assessed, and in the context of relative risk 
among patients receiving tofacitinib versus TNFi. In the 
overall study population, the risk of malignancies excluding 
non- melanoma skin cancer (NMSC) was similar between 
tofacitinib and TNFi until month 18 and diverged from  
month 18 onwards.

 ⇒ Risk factors of interest were identified across all treatment 
groups via post hoc Cox regression models for a composite 
endpoint of all malignancies excluding NMSC, lung cancer 
and NMSC, and were generally consistent with the literature. 
Incidence of malignancy events was increased in patients 
with versus without these risk factors across treatments and 
tended to be higher with tofacitinib versus TNFi. However, 
interaction analysis generally did not identify baseline risk 
factors with a differential effect on treatment comparisons.

 ⇒ Across all treatment groups, the incidence of malignancies 
was highest among patients with a history of atherosclerotic 
cardiovascular disease (ASCVD) or high baseline 
cardiovascular risk score versus those with low baseline 
cardiovascular risk scores; patients with malignancy events 
had higher mean baseline cardiovascular risk scores than 
those without malignancies.

HOW THIS STUDY MIGHT AFFECT RESEARCH, PRACTICE OR 
POLICY

 ⇒ These findings, including the higher incidence of malignancies 
in patients with a history of ASCVD and those with higher 
baseline cardiovascular risk, may assist in the assessment of 
the risk–benefit profile of tofacitinib and inform treatment 
decisions for patients with RA with increased cardiovascular 
risk.

https://dx.doi.org/10.1136/annrheumdis-2022-222543
https://dx.doi.org/10.1136/annrheumdis-2022-222543
https://dx.doi.org/10.1136/annrheumdis-2022-222543
https://dx.doi.org/10.1136/annrheumdis-2022-222543
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the only covariate.14 In this analysis, for malignancy subtypes,  
HRs >1 and 95% CIs excluding 1, which corresponded to 
nominal p<0.05, were interpreted as increased risk.

The number needed to harm (NNH)15 was based on the IR 
difference of tofacitinib versus TNFi. Positive NNH was defined 
as the number of patient- years of tofacitinib exposure needed 
for one more patient to report an additional event versus TNFi; 
negative NNH was defined as the reverse. The number of 
patients exposed for 5 years needed to harm was calculated by 
dividing the number of patient- years needed to harm by 5. NNH 
was evaluated post hoc for malignancies excluding NMSC, lung 
cancer and NMSC.

Cumulative probabilities of patients not experiencing a first 
malignancy (excluding NMSC) at specific time intervals after 
initiation of each treatment were measured post hoc using 
Kaplan- Meier estimates of the survivor function. In a piecewise 
exponential hazard model analysis,16 HRs (95% CIs) were anal-
ysed for malignancies excluding NMSC, with one change- point 
used to divide the timeline into two periods. Two fixed change- 
points were considered: month 18 (day 540) and month 24  
(day 720). Treatment- by- period interaction two- sided p values 
were calculated based on the difference of the two log- hazard 
differences (tofacitinib dose group vs TNFi) between the two 
periods (period 1 vs period 2), using large sample approximation.

Post hoc simple and multivariable Cox models were used to 
evaluate potential baseline risk factors (online supplemental table 
1) for malignancies excluding NMSC, lung cancer and NMSC. 
Further details on the Cox regression analyses are provided in 
the online supplemental material. A Cox model with interaction 
terms, including treatment groups, baseline risk factor and the 
treatment- group- by- baseline- risk- factor interaction as covariates, 
was performed to assess whether the treatment effect on the time to 
event differed across levels of the baseline risk factor. A small inter-
action p value suggests the presence of such a differential treatment 
effect.

IRs and HRs for malignancies excluding NMSC, lung cancer 
and NMSC were provided by baseline risk factors identified in 
multivariable analyses, by baseline methotrexate dose (>15 vs 
≤15 mg/week (15 mg/week was the median dose at baseline)) 
and by age and smoking status at baseline (aged ≥65 years or 
ever smoked vs aged 50 to <65 years and never smoked).

IRs for malignancies excluding NMSC, lung cancer and NMSC 
were also provided by history of atherosclerotic cardiovascular 
disease (HxASCVD; defined as having a history of at least one 
of the following: myocardial infarction, coronary heart disease, 
coronary artery procedure, stable angina pectoris, cerebrovas-
cular disease (stroke or carotid atherosclerosis), peripheral artery 
disease or ASCVD (undefined)). In line with a recent analysis,17 
patients without HxASCVD were further categorised according 
to their baseline 10- year risk of MACE (low: <5%; borderline: 
≥5% to <7.5%; intermediate: ≥7.5% to <20%; high ≥20%). 
This was calculated by risk scores obtained using the ASCVD- 
Pooled Cohort Equations calculator (ASCVD- PCE),18 multi-
plied by 1.5 to align with recommendations from the European 
Alliance of Associations for Rheumatology19 20 to account for 
increased cardiovascular risk in patients with RA.

IRs of malignancies excluding NMSC, lung cancer and NMSC 
from ORAL Surveillance were compared with those from  
phase I–IIIb/IV and long- term extension studies from the tofaci-
tinib RA clinical development programme (online supplemental 
table 2; further methods are described in the online supple-
mental material).

In all analyses, due to their post hoc and exploratory nature, 
no multiple comparison adjustments were made to the nominal 

p values. All analyses were completed by using SAS V.9.4 (Linux) 
(Copyright 2022 SAS Institute).

RESULTS
Patients
Overall, 4362 patients were randomised and treated in  
ORAL Surveillance (tofacitinib 5 mg two times per day: N=1455; 
tofacitinib 10 mg two times per day: N=1456; combined tofac-
itinib doses: N=2911; TNFi: N=1451). Exposure to last trial 
treatment was 5073.5, 4773.4 and 4940.7 patient- years for tofac-
itinib 5 mg two times per day, tofacitinib 10 mg two times per 
day or TNFi, respectively.12 For the tofacitinib 10 mg two times 
per day group, the exposure prior to the protocol amendment  
(ie, before patients randomised to tofacitinib 10 mg two times per 
day had their dose reduced to 5 mg two times per day) accounted 
for approximately 79% of the total exposure; approximately 
21% of exposure occurred after patients had switched to tofaci-
tinib 5 mg two times per day. Median (range) duration of treat-
ment was 44.7 (0.03–69.8), 42.8 (0.03–71.7), 43.9 (0.03–71.7) 
and 44.0 (0.03–71.1) months for tofacitinib 5 mg two times per 
day, tofacitinib 10 mg two times per day, combined tofacitinib 
doses and TNFi, respectively. Patient demographics and baseline 
disease characteristics were generally similar across treatments; 
when comparing North America versus ROW, patients in North 
America were less likely to be female and more likely to be aged 
≥65 years, white or to be a past smoker. Overall, the mean (SD) 
age of patients was 61.2 (7.1) years, 78.2% (n=3410) were 
female and 48.2% (n=2103) were current or past smokers. The 
mean (SD) duration of RA across all treatment groups was 10.4 
(9.1) years. Selected baseline disease characteristics, overall and 
by geographical region, are presented in table 1; full characteris-
tics have been reported previously.12

Incidence and risk of malignancies
Overall, 164 (3.8%) patients in ORAL Surveillance reported a 
malignancy excluding NMSC, and 80 (1.8%) patients reported 
≥1 NMSC (table 2). For malignancies excluding NMSC, IRs 
were higher for individual and combined tofacitinib doses versus 
TNFi and similar between tofacitinib doses. ORAL Surveillance 
demonstrated an HR of 1.48 (95% CI 1.04 to 2.09) for combined 
tofacitinib doses versus TNFi; similar HRs were observed for 
each tofacitinib dose (table 2). This did not meet non- inferiority 
criteria (HR 95% CI upper limit <1.8) for combined tofacitinib 
doses versus TNFi.12 IRs for cancer subtypes of interest are shown 
in table 2; additional cancer subtypes are shown in online supple-
mental table 3. Further details of patients with malignancies can be 
found in online supplemental table 4. The most frequently reported 
malignancy excluding NMSC among tofacitinib- treated patients 
was lung cancer (1.0%, primarily non- small cell lung cancer); the 
risk of lung cancer was higher in patients treated with tofacitinib 
10 mg two times per day versus TNFi. Breast cancer was the most 
frequently reported malignancy excluding NMSC for TNFi (0.9%) 
among female patients; there were no apparent differences in risk 
of breast cancer across treatments. Lymphoma was reported in 
0.3% and 0.1% of patients on tofacitinib and TNFi, respectively; 
IRs were numerically higher with both tofacitinib doses versus 
TNFi (table 2). The risk for NMSC was higher for individual and 
combined tofacitinib doses versus TNFi. NNHs versus TNFi for 
malignancies excluding NMSC, lung cancer and NMSC were 276 
and 275, 929 and 525, and 348 and 272 patient- years, respectively, 
for tofacitinib 5 and 10 mg two times per day (table 2). This corre-
sponded to 55 patients for malignancies excluding NMSC (for both 
tofacitinib doses), 186 and 105 patients for lung cancer, and 70 and 
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Table 2 IRs (patients with first events/100 PY; 95% CI) and HRs (95% CIs) for malignancies excluding NMSC and subtypes of interest (total time), 
and NMSC and subtypes of interest (28- day on- treatment time) in ORAL Surveillance

Combined tofacitinib 
doses* (N=2911)

Tofacitinib 5 mg
two times per day
(N=1455)

Tofacitinib 10 mg
two times per day
(N=1456) TNFi (N=1451)

Malignancies excluding NMSC, n (%) 122 (4.19) 62 (4.26) 60 (4.12) 42 (2.89)

  IR (95% CI) (PY) 1.13 (0.94 to 1.35) (10 803) 1.13 (0.87 to 1.45) (5491) 1.13 (0.86 to 1.45) (5312) 0.77 (0.55 to 1.04) (5482)

  HR (95% CI) for tofacitinib vs TNFi 1.48 (1.04 to 2.09) 1.47 (1.00 to 2.18) 1.48 (1.00 to 2.19) Referent

  HR (95% CI) for tofacitinib 10 vs 5 mg two times 
per day

– Referent 1.00 (0.70 to 1.43) –

  NNH vs TNFi, PY (95% CI)† 275 (149 to 1759) 276 (−∞ to −76 653 and 138 to ∞) 275 (−∞ to −22 457 and 137 to ∞) Referent

  NNH vs TNFi, patients exposed for 5 years‡ 55 55 55 Referent

Breast cancer,§ n (%) (N) 17 (0.74) (2293) 10 (0.86) (1169) 7 (0.62) (1124) 10 (0.90) (1117)

  IR (95% CI) (PY) 0.20 (0.11 to 0.31) (8645) 0.22 (0.11 to 0.41) (4473) 0.17 (0.07 to 0.35) (4173) 0.24 (0.11 to 0.43) (4249)

  HR (95% CI) for tofacitinib vs TNFi 0.83 (0.38 to 1.82) 0.95 (0.39 to 2.28) 0.71 (0.27 to 1.87) Referent

  HR (95% CI) for tofacitinib 10 vs 5 mg two times 
per day

– Referent 0.75 (0.29 to 1.97) –

Lymphoma, n (%) 10 (0.34) 4 (0.27) 6 (0.41) 1 (0.07)

  IR (95% CI) (PY) 0.09 (0.04 to 0.17) (10 913) 0.07 (0.02 to 0.18) (5548) 0.11 (0.04 to 0.24) (5364) 0.02 (0.00 to 0.10) (5526)

  HR (95% CI) for tofacitinib vs TNFi 5.09 (0.65 to 39.78) 3.99 (0.45 to 35.70) 6.24 (0.75 to 51.86) Referent

  HR (95% CI) for tofacitinib 10 vs 5 mg two times 
per day

– Referent 1.56 (0.44 to 5.54) –

Lung cancer, n (%) 30 (1.03) 13 (0.89) 17 (1.17) 7 (0.48)

  IR (95% CI) (PY) 0.28 (0.19 to 0.39) (10 901) 0.23 (0.12 to 0.40) (5542) 0.32 (0.18 to 0.51) (5359) 0.13 (0.05 to 0.26) (5517)

  HR (95% CI) for tofacitinib vs TNFi 2.17 (0.95 to 4.93) 1.84 (0.74 to 4.62) 2.50 (1.04 to 6.02) Referent

  HR (95% CI) for tofacitinib 10 vs 5 mg two times 
per day

– Referent 1.35 (0.66 to 2.79) –

  NNH vs TNFi, PY (95% CI)† 674 (352 to 8205) 929 (-∞ to −1972 and 376 to ∞) 525 (272 to 7906) Referent

  NNH vs TNFi, patients exposed for 5 years‡ 135 186 105 Referent

Non- small cell lung cancer,¶ n (%) 24 (0.82) 8 (0.55) 16 (1.10) 7 (0.48)

  IR (95% CI) (PY) 0.22 (0.14 to 0.33) (10 904) 0.14 (0.06 to 0.28) (5545) 0.30 (0.17 to 0.48) (5359) 0.13 (0.05 to 0.26) (5517)

  HR (95% CI) for tofacitinib vs TNFi 1.73 (0.74 to 4.01) 1.13 (0.41 to 3.13) 2.34 (0.96 to 5.70) Referent

  HR (95% CI) for tofacitinib 10 vs 5 mg two times 
per day

– Referent 2.07 (0.88 to 4.83) –

Small cell lung cancer,¶ n (%) 5 (0.17) 4 (0.27) 1 (0.07) 0

  IR (95% CI) (PY) 0.05 (0.01 to 0.11) (10 919) 0.07 (0.02 to 0.18) (5548) 0.02 (0.00 to 0.10) (5371) 0.00 (0.00 to 0.07) (5526)

  HR (95% CI) for tofacitinib vs TNFi NI NI NI Referent

  HR (95% CI) for tofacitinib 10 vs 5 mg two times 
per day

– Referent 0.26 (0.03 to 2.33) –

Melanoma, n (%) 2 (0.07) 1 (0.07) 1 (0.07) 5 (0.34)

  IR (95% CI) (PY) 0.02 (0.00 to 0.07) (10 919) 0.02 (0.00 to 0.10) (5548) 0.02 (0.00 to 0.10) (5371) 0.09 (0.03 to 0.21) (5517)

  HR (95% CI) for tofacitinib vs TNFi 0.20 (0.04 to 1.04) 0.20 (0.02 to 1.71) 0.20 (0.02 to 1.75) Referent

  HR (95% CI) for tofacitinib 10 vs 5 mg two times 
per day

– Referent NI –

Prostate cancer,** n (%) (N) 9 (1.46) (618) 1 (0.35) (286) 8 (2.41) (332) 3 (0.90) (334)

  IR (95% CI) (PY) 0.40 (0.18 to 0.76) (2245) 0.09 (0.00 to 0.52) (1070) 0.68 (0.29 to 1.34) (1175) 0.24 (0.05 to 0.69) (1262)

  HR (95% CI) for tofacitinib vs TNFi 1.69 (0.46 to 6.24) 0.39 (0.04 to 3.79) 2.87 (0.76 to 10.82) Referent

  HR (95% CI) for tofacitinib 10 vs 5 mg two times 
per day

– Referent 7.27 (0.91 to 58.11) –

Colorectal cancer, n (%) 8 (0.27) 4 (0.27) 4 (0.27) 4 (0.28)

  IR (95% CI) (PY) 0.07 (0.03 to 0.14) (10 918) 0.07 (0.02 to 0.18) (5550) 0.07 (0.02 to 0.19) (5368) 0.07 (0.02 to 0.19) (5525)

  HR (95% CI) for tofacitinib vs TNFi 1.01 (0.30 to 3.34) 0.99 (0.25 to 3.97) 1.02 (0.25 to 4.08) Referent

  HR (95% CI) for tofacitinib 10 vs 5 mg two times 
per day

– Referent 1.03 (0.26 to 4.10) –

Pancreatic cancer, n (%) 4 (0.14) 3 (0.21) 1 (0.07) 1 (0.07)

  IR (95% CI) (PY) 0.04 (0.01 to 0.09) (10 920) 0.05 (0.01 to 0.16) (5549) 0.02 (0.00 to 0.10) (5372) 0.02 (0.00 to 0.10) (5526)

  HR (95% CI) for tofacitinib vs TNFi 2.04 (0.23 to 18.24) 3.00 (0.31 to 28.87) 1.04 (0.06 to 16.61) Referent

  HR (95% CI) for tofacitinib 10 vs 5 mg two times 
per day

– Referent NI –

NMSC, n (%) 64 (2.20) 31 (2.13) 33 (2.27) 16 (1.10)

  IR (95% CI) (PY) 0.64 (0.50 to 0.82) (9927) 0.61 (0.41 to 0.86) (5116) 0.69 (0.47 to 0.96) (4812) 0.32 (0.18 to 0.52) (5020)

  HR (95% CI) for tofacitinib vs TNFi 2.02 (1.17 to 3.50) 1.90 (1.04 to 3.47) 2.16 (1.19 to 3.92) Referent

  HR (95% CI) for tofacitinib 10 vs 5 mg two times 
per day

– Referent 1.14 (0.70 to 1.86) –

Continued
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54 patients for NMSC, who would need to be treated with tofac-
itinib 5 and 10 mg two times per day, respectively, for 5 years to 
have one additional event compared with TNFi (table 2).

Over 66 months, >93% of patients did not have a malignancy 
excluding NMSC event, across treatments. Based on visual 

inspection of the Kaplan- Meier plot (figure 1) and the results 
from the piecewise exponential hazard models at fixed change- 
points of 18 and 24 months (table 3), the change- point in rates 
among treatment groups occurred at month 18. The cumula-
tive probabilities of patients not having a malignancy event 

Combined tofacitinib 
doses* (N=2911)

Tofacitinib 5 mg
two times per day
(N=1455)

Tofacitinib 10 mg
two times per day
(N=1456) TNFi (N=1451)

  NNH vs TNFi, PY (95% CI)† 307 (182 to 963) 348 (181 to 4374) 272 (154 to 1166) Referent

  NNH vs TNFi, patients exposed for 5 years‡ 61 70 54 Referent

Basal cell carcinoma, n (%) 35 (1.20) 19 (1.31) 16 (1.10) 13 (0.90)

  IR (95% CI) (PY) 0.35 (0.24 to 0.49) (9967) 0.37 (0.22 to 0.58) (5133) 0.33 (0.19 to 0.54) (4834) 0.26 (0.14 to 0.44) (5027)

  HR (95% CI) for tofacitinib vs TNFi 1.36 (0.72 to 2.56) 1.43 (0.71 to 2.90) 1.28 (0.61 to 2.66) Referent

  HR (95% CI) for tofacitinib 10 vs 5 mg two times 
per day

– Referent 0.89 (0.46 to 1.74) –

Cutaneous squamous cell carcinoma, n (%) 37 (1.27) 15 (1.03) 22 (1.51) 8 (0.55)

  IR (95% CI) (PY) 0.37 (0.26 to 0.51) (9987) 0.29 (0.16 to 0.48) (5150) 0.45 (0.29 to 0.69) (4837) 0.16 (0.07 to 0.31) (5030)

  HR (95% CI) for tofacitinib vs TNFi 2.32 (1.08 to 4.99) 1.82 (0.77 to 4.30) 2.86 (1.27 to 6.43) Referent

  HR (95% CI) for tofacitinib 10 vs 5 mg two times 
per day

– Referent 1.57 (0.82 to 3.03) –

For patients randomised to the tofacitinib 10 mg two times per day group who had their dose of tofacitinib reduced to 5 mg two times per day, the data collected after patients were switched to 
tofacitinib 5 mg two times per day were counted in the tofacitinib 10 mg two times per day group.
For malignancies excluding NMSC and its subtypes of interest, the risk period was total time, defined as time from first dose of trial drug until last contact date.
For NMSC and its subtypes of interest, the risk period was the 28- day on- treatment time, defined as time from first until last dose of trial drug + 28 days, or to last contact date, whichever was 
earlier.
IRs, HRs and NNHs for malignancies excluding NMSC, and IRs and HRs for NMSC have been presented previously.12

*Includes patients who received tofacitinib 5 or 10 mg two times per day in ORAL Surveillance.
†Positive NNH refers to the number of PY of tofacitinib exposure needed to have one additional patient with an event compared with TNFi. Negative NNH refers to the reverse.
‡Number of patients who would need to be treated with tofacitinib for 5 years to have one additional event compared with TNFi.
§Female only.
¶One patient in the tofacitinib 5 mg two times per day group with lung cancer did not have sufficient information to classify as having small or non- small cell lung cancer.
**Male only.
IR, incidence rate; n, number of patients with events; N, number of evaluable patients; NI, non- informative (HRs (95% CI) were not informative when the total number of patients with events was 
≤2 for the corresponding pair of treatments in the comparison, or when one of the treatments in the comparison had 0 events); NMSC, non- melanoma skin cancer; NNH, number needed to harm; 
PY, patient- years; TNFi, tumour necrosis factor inhibitors.

Table 2 Continued

Patients at risk

Tofacitinib 5 mg BID 1455 1406 1357 1303 1267 1227 1178 1088 754 497 269 81 6
Tofacitinib 10 mg BID 1456 1374 1319 1262 1204 1168 1137 1028 729 491 275 79 7

Combined tofacitinib doses* 2911 2780 2676 2565 2471 2395 2315 2116 1483 988 544 160 13

TNFi 1451 1402 1351 1296 1256 1220 1197 1098 761 486 268 85 6
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Cox model p values:
Combined tofacitinib doses vs TNFi: p=0.0298
Tofacitinib 5 mg BID vs TNFi: p=0.0524
Tofacitinib 10 mg BID vs TNFi: p=0.0528

Figure 1 Kaplan- Meier plot of the probability of patients without adjudicated malignancies excluding NMSC. Please also see Ytterberg et al 
(2022)12 online supplemental figure S4C, which presents the probability of patients with adjudicated malignancies excluding NMSC. For patients 
randomised to the tofacitinib 10 mg two times per day group who had their dose of tofacitinib reduced to 5 mg two times per day, the data collected 
after patients were switched to tofacitinib 5 mg two times per day were counted in the tofacitinib 10 mg two times per day group. For malignancies 
excluding NMSC, the risk period was total time, defined as time from first dose of trial drug until last contact date. P values are based on two simple 
Cox proportional hazard models (one for comparing combined tofacitinib doses vs TNFi, and the other for comparing tofacitinib 5 and 10 mg two 
times per day vs TNFi), with treatment as the only covariate. *Includes patients who received tofacitinib 5 or 10 mg two times per day in ORAL 
Surveillance. BID, two times per day; NMSC, non- melanoma skin cancer; TNFi, tumour necrosis factor inhibitors.
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were similar between both tofacitinib doses and TNFi until 
month 18 (ie, HRs <1 and 95% CI including 1 for tofacitinib 
vs TNFi) and diverged from month 18 onwards (HRs >1.8 and  
95% CI excluding 1 for tofacitinib vs TNFi) (change- point 
analysis at month 18, table 3). Treatment- by- period interaction  
p values were lower at the month 18 vs month 24 change- point, 
suggesting that piecewise HRs were different before and after 
month 18, but were not different before and after month 24, 
across tofacitinib doses (table 3).

Independent baseline risk factors associated with 
malignancies excluding NMSC, lung cancer and NMSC in ORAL 
Surveillance
Results from the simple Cox analyses for malignancies excluding 
NMSC, lung cancer and NMSC are shown in online supple-
mental figure 1. Across treatment groups, risk factors iden-
tified in the multivariable model (p<0.05) for malignancies 
excluding NMSC included older age, current or past smoking, 
race (white), geographical location (North America) and history 
of chronic lung disease (chronic obstructive pulmonary disease 
or interstitial lung disease) (figure 2A). Risk factors identified 
for lung cancer and NMSC across treatment groups (p<0.05) 
are shown in figure 2B,C, respectively. Notably, the risk for lung 
cancer was lower among patients with RA disease duration of 
≥10 years vs <1 year, and race (non- white) and baseline COX- 1 
or COX- 2 inhibitor use were associated with a decreased risk 
of NMSC. Generally, interaction analysis of treatment groups 
by each candidate risk factor did not identify any baseline risk 
factors with a differential effect on treatment comparisons 
(online supplemental table 5).

Incidence and risk of malignancies excluding NMSC, lung 
cancer and NMSC, by risk factors of interest
Although there was generally no strong statistical evidence of 
interactions between treatment groups and the risk factors, 
incidence and risk of malignancies excluding NMSC (online 
supplemental figure 2), lung cancer (figure 3 and online supple-
mental figure 3) and NMSC (online supplemental figure 4) were 
provided by all baseline risk factors with p<0.05 in the multi-
variable Cox model. Across treatments, IRs for all outcomes 
were numerically higher among patients aged ≥65 vs 50 to  
<65 years, aged ≥65 years or ever smoked vs aged 50 to  
<65 years and never smoked, and in North America versus ROW. 
Patients who were current or past smokers had numerically 

higher IRs for malignancies excluding NMSC and lung cancer 
across treatments than patients who never smoked. Risk of lung 
cancer was not apparently different between current and past 
smokers versus patients who had never smoked for tofacitinib 
5 mg two times per day and TNFi (95% CIs for HRs included 
1) but was increased with tofacitinib 10 mg two times per day, 
although 95% CIs were wide (HRs (95% CI) 7.57 (1.61 to 
35.67) and 8.75 (1.82 to 42.22), respectively). Among current 
and past smokers, IRs were numerically higher with either tofac-
itinib dose versus TNFi, with overlapping 95% CIs; HRs did 
not show an apparent difference in risk between treatments. IRs 
for malignancies excluding NMSC and NMSC were numerically 
higher for patients who were white versus non- white. In general, 
among patients with risk factors, IRs tended to be numerically 
higher with tofacitinib versus TNFi.

When considering baseline methotrexate dose, IRs of malig-
nancies excluding NMSC, lung cancer and NMSC were numer-
ically higher in patients treated with baseline methotrexate >15 
vs ≤15 mg/week across all treatments (online supplemental 
figure 5). Among patients with baseline methotrexate dose  
≤15 mg/week, those treated with tofacitinib 10 mg two times 
per day had a numerically higher risk of NMSC versus TNFi 
(online supplemental figure 5C).

Incidence and risk of malignancies excluding NMSC, lung 
cancer and NMSC by HxASCVD and baseline cardiovascular 
risk score
Tofacitinib- treated patients with a HxASCVD had numerically 
higher IRs of malignancies excluding NMSC, lung cancer and 
NMSC than TNFi- treated patients (figure 4 and online supple-
mental figure 6). In patients without a HxASCVD, higher mean 
baseline ASCVD risk scores were observed for patients with 
versus without malignancies excluding NMSC, lung cancer and 
NMSC (table 4). Across treatments, the IRs for malignancies 
excluding NMSC, lung cancer and NMSC were low in patients 
with low or borderline risk scores and generally increased in 
patients with increasing baseline ASCVD risk scores (figure 4 
and online supplemental figure 6). IRs of malignancies 
excluding NMSC were generally higher in patients from North 
America versus ROW, regardless of baseline ASCVD risk score; 
IRs generally increased with increasing baseline ASCVD risk 
scores for both geographical regions (online supplemental 
figure 7).

Table 3 Piecewise HRs (95% CI) for malignancies excluding NMSC based on a piecewise exponential hazard model at fixed change- points of  
18 and 24 months and treatment- by- period interaction 2- sided p values

HR (95% CI)

Change- point Month 18 (day 540) Month 24 (day 720)

Period Baseline to Month 18 Month 18 onwards

Treatment- by- 
period interaction 
2- sided p value Baseline to Month 24 Month 24 onwards

Treatment- by- 
period interaction 
2- sided p value

Combined tofacitinib doses* vs NFi 0.93 (0.53 to 1.62) 1.93 (1.22 to 3.06) 0.0469 1.25 (0.75 to 2.07) 1.70 (1.05 to 2.77) 0.3864

Tofacitinib 5 mg two times per day vs TNFi 0.99 (0.53 to 1.88) 1.87 (1.13 to 3.10) 0.1280 1.14 (0.63 to 2.04) 1.81 (1.06 to 3.09) 0.2466

Tofacitinib 10 mg two times per day vs TNFi 0.86 (0.44 to 1.67) 1.99 (1.20 to 3.30) 0.0477 1.36 (0.77 to 2.40) 1.59 (0.92 to 2.75) 0.7055

In this piecewise exponential hazard model analysis, one change- point is used to divide the timelines into two periods. Log- hazards for the two periods for each treatment were estimated 
separately by treatment group (combined tofacitinib, tofacitinib 5 mg two times per day, tofacitinib 10 mg two times per day, and TNFi). The HR between tofacitinib versus TNFi was calculated by 
exponentiation of the log- hazard difference. The 95% CI was estimated assuming large sample approximation. The treatment- by- period interaction 2- sided p- value is based on the difference of the 
two log- hazard differences (tofacitinib dose group vs TNFi) between the two periods (period 1 vs period 2), using large sample approximation.
For patients randomised to the tofacitinib 10 mg two times per day group who had their dose of tofacitinib reduced to 5 mg two times per day, the data collected after patients were switched to 
tofacitinib 5 mg two times per day were counted in the tofacitinib 10 mg two times per day group.
For malignancies excluding NMSC, the risk period was total time, defined as time from first dose of trial drug until last contact date.
*Includes patients who received tofacitinib 5 or 10 mg two times per day in ORAL Surveillance.
NMSC, non- melanoma skin cancer; TNFi, tumour necrosis factor inhibitors.
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Figure 2 Multivariable analyses of baseline risk factors across treatment groups for (A) malignancies excluding NMSC, (B) lung cancer and 
(C) NMSC in ORAL Surveillance. Results for baseline risk factors were based on multivariable Cox model using a backward selection algorithm 
including treatment groups (tofacitinib 5 mg two times per day, tofacitinib 10 mg two times per day and TNFi; not subject to selection) and a set of 
potential baseline risk factors pre- selected from simple Cox models (results are shown in online supplemental figure 1). A risk factor was retained in 
the final multivariable model if the risk factor had a p value <0.10 and was considered predictive if the p value was <0.05. For patients randomised to 
the tofacitinib 10 mg two times per day group who had their dose of tofacitinib reduced to 5 mg two times per day, the data collected after patients 
were switched to tofacitinib 5 mg two times per day were counted in the tofacitinib 10 mg two times per day group. For malignancies excluding 
NMSC and lung cancer, the risk period was total time, defined as the time from first dose of trial drug until last contact date. For NMSC, the risk period 
was the 28- day on- treatment time, defined as the time from first until last dose of trial drug + 28 days, or to last contact date, whichever was earlier. 
HRs (95% CIs) are shown on a logarithmic scale. *USA, Puerto Rico and Canada. COPD, chronic obstructive pulmonary disease; COX, cyclooxygenase; 
ILD, interstitial lung disease; NMSC, non- melanoma skin cancer; RA, rheumatoid arthritis; ROW, rest of the world; TNFi, tumour necrosis factor 
inhibitors.
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Incidence of malignancies excluding NMSC and NMSC in the 
tofacitinib RA clinical development programme, overall and 
by baseline cardiovascular risk
As shown in online supplemental table 6, the IRs for malignan-
cies excluding NMSC, lung cancer and NMSC with tofacitinib 
were higher in ORAL Surveillance compared with other studies 
from the tofacitinib RA clinical programme. As expected, the 
cardiovascular risk was generally lower in the overall tofac-
itinib cohort (54% of patients had low baseline ASCVD scores 
vs 20% in ORAL Surveillance). When criteria mimicking  
ORAL Surveillance were applied to data from the tofacitinib RA 
clinical programme, 3125/7964 patients (39.2%) met the inclusion 
criteria (cardiovascular risk- enriched cohort). Baseline ASCVD 
risk scores in this cardiovascular risk- enriched cohort broadly 
mirrored those of ORAL Surveillance; trends between patients 
with versus without malignancies were similar across both cohorts 
(online supplemental table 7). In general, higher baseline ASCVD 
scores appeared to be associated with higher risk of malignancies 
(online supplemental table 7). In the cardiovascular risk- enriched 
cohort of tofacitinib- treated patients from the tofacitinib RA clin-
ical programme, IRs for malignancies excluding NMSC and for 
NMSC were generally higher in patients with a HxASCVD and 
high baseline ASCVD risk scores (online supplemental figure 8).

DISCUSSION
This study details the incidence and baseline risk factors of malig-
nancies in patients with RA aged ≥50 years with ≥1 additional 

cardiovascular risk factor who participated in ORAL Surveillance. 
While associations between baseline cardiovascular/malignancy 
risk and RA have been previously studied independently,2 4 21–24 
these analyses focus on the risk of malignancies, and associated 
risk factors, in a cardiovascular risk- enriched RA population.

The IRs for malignancies excluding NMSC (coprimary 
endpoint) and NMSC were higher with combined doses of tofac-
itinib versus TNFi; similar findings were identified with each 
tofacitinib dose versus TNFi. IRs for lymphoma and lung cancer, 
which are known to be increased in patients with RA versus the 
general population, were consistent with previous reports.2 4 IRs 
for lymphoma were higher in patients treated with tofacitinib 
versus TNFi, although the number of cases reported in the TNFi 
treatment group in this study (n=1) were lower than previous 
reports.25–27 In addition, in the overall study population, the risk 
of malignancies excluding NMSC with tofacitinib versus TNFi 
was consistent through month 18 and diverged beyond that 
time; correspondingly, treatment- by- period interaction p values 
demonstrated that there was a stronger interaction between treat-
ment duration and the risk of malignancies excluding NMSC at 
month 18 (before vs after), compared with month 24 (before 
vs after). These findings are in line with a recent real- world 
study in patients with RA, which demonstrated that in patients  
≥50 years of age with CV risk factors, a numerically increased risk 
of malignancies was observed with tofacitinib versus TNFi. The 
study did not demonstrate an increased risk of malignancies with 
tofacitinib versus TNFi in the overall RA population; however, it 
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Figure 3 Risk of lung cancer with tofacitinib versus TNFi by smoking status in ORAL Surveillance: (A) IRs (patients with first events/100 PY; 95% CIs) 
and (B) HRs (95% CIs). For patients randomised to the tofacitinib 10 mg two times per day group who had their dose of tofacitinib reduced to 5 mg 
two times per day, the data collected after patients were switched to tofacitinib 5 mg two times per day were counted in the tofacitinib 10 mg two 
times per day group. For lung cancer, the risk period was total time, defined as time from first dose of trial drug until last contact date. HRs (95% CIs) 
are shown on a logarithmic scale. *Includes patients who received tofacitinib 5 or 10 mg two times per day in ORAL Surveillance. BID, two times per 
day; IR, incidence rate; N, number of evaluable patients; N, number of patients with events; NI, non- informative (HRs (95% CI) were not informative 
when the total number of patients with events was ≤2 for the corresponding pair of treatments in the comparison, or when one of the treatments in 
the comparison had 0 events); PY, patient- years; TNFi, tumour necrosis factor inhibitors.
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was limited by the short follow- up period (mean follow- up of <1 
year).28 Physicians should be aware of the signs and symptoms that 
may be associated with the development of malignancies, and the 
risks versus the benefits for each patient should be assessed.

Risk factors identified in these multivariable analyses for all 
outcomes included increasing age and geographical location 
in North America. Notably, a higher proportion of patients 

in North America had cardiovascular risk factors (as per the  
ORAL Surveillance study inclusion criteria), were past smokers 
and were aged ≥65 years at baseline compared with ROW.12 
Across treatments, current or past smoking and history of 
chronic lung disease were identified as risk factors for malig-
nancies excluding NMSC and lung cancer, while male sex and 
no baseline COX- 1 or COX- 2 inhibitor use were risk factors 
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Figure 4 Malignancies excluding NMSC with tofacitinib versus TNFi by HxASCVD and baseline ASCVD risk scores in ORAL Surveillance. IRs and HRs 
for malignancies excluding NMSC overall have been presented previously.12 For patients randomised to the tofacitinib 10 mg two times per day group 
who had their dose of tofacitinib reduced to 5 mg two times per day, the data collected after patients were switched to tofacitinib 5 mg two times per 
day were counted in the tofacitinib 10 mg two times per day group. The risk period was total time, defined as time from first dose of trial drug until 
last contact date. *Includes patients who received tofacitinib 5 or 10 mg two times per day in ORAL Surveillance. †In patients without a HxASCVD. 
ASCVD, atherosclerotic cardiovascular disease. BID, two times per day; HxASCVD, history of atherosclerotic cardiovascular disease; IR, incidence rate; 
N, number of evaluable patients; N, number of patients with events; NMSC, non- melanoma skin cancer; PY, patient- years; TNFi, tumour necrosis factor 
inhibitors.

Table 4 Baseline ASCVD risk scores for patients in ORAL Surveillance with and without malignancies excluding NMSC, lung cancer and NMSC

Combined to facitinib doses*
Tofacitinib 5 mg
two times per day

Tofacitinib 10 mg
two times per day TNFi

Malignancies excluding NMSC, n/N (%) 96/2450 (3.92) 49/1234 (3.97) 47/1216 (3.87) 31/1222 (2.54)

  ASCVD score, mean (SD) for patients with event (based on n) 18.53 (13.81) 18.06 (14.29) 19.02 (13.43) 17.27 (12.82)

  ASCVD score, mean (SD) for patients without event (based on N−n) 14.03 (13.33) 13.38 (12.59) 14.68 (14.02) 14.19 (13.37)

Lung cancer, n/N (%) 21/2450 (0.86) 10/1234 (0.81) 11/1216 (0.90) 5/1222 (0.41)

  ASCVD score, mean (SD) for patients with event (based on n) 27.68 (14.56) 31.62 (13.54) 24.10 (15.15) 36.70 (11.94)

  ASCVD score, mean (SD) for patients without event (based on N−n) 14.09 (13.31) 13.42 (12.58) 14.77 (13.98) 14.17 (13.29)

NMSC, n/N (%) 46/2450 (1.88) 24/1234 (1.94) 22/1216 (1.81) 12/1222 (0.98)

  ASCVD score, mean (SD) for patients with event (based on n) 20.06 (15.34) 22.66 (17.91) 17.22 (11.68) 25.04 (18.20)

  ASCVD score, mean (SD) for patients without event (based on N−n) 14.09 (13.32) 13.39 (12.51) 14.81 (14.06) 14.16 (13.27)

Data are for patients without HxASCVD and with non- missing baseline CV risk score.
ASCVD score was calculated with the ASCVD- PCE calculator,18 and a 1.5 multiplier was applied to account for the influence of RA, as recommended by EULAR.19 20

For patients randomised to the tofacitinib 10 mg two times per day group who had their dose of tofacitinib reduced to 5 mg two times per day, the data collected after patients 
were switched to tofacitinib 5 mg two times per day were counted in the tofacitinib 10 mg two times per day group.
For malignancies excluding NMSC and lung cancer, the risk period was total time, defined as time from first dose of trial drug until last contact date.
For NMSC, the risk period was the 28- day on- treatment time, defined as time from the first until last dose of trial drug + 28 days, or to last contact date, whichever was earlier.
*Includes patients who received tofacitinib 5 or 10 mg two times per day in ORAL Surveillance.
ASCVD, atherosclerotic cardiovascular disease; ASCVD- PCE, ASCVD- Pooled Cohort Equations calculator; CV, cardiovascular; EULAR, European Alliance of Associations for 
Rheumatology; HxASCVD, history of atherosclerotic cardiovascular disease; N, number of patients without HxASCVD and non- missing baseline CV risk score; n, number of 
patients with events; NMSC, non- melanoma skin cancer; N–n, number of patients without events; TNFi, tumour necrosis factor inhibitors.
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for NMSC. However, while protective effects of COX inhib-
itors against cancer have been reported, evidence is emerging 
that nonsteroidal anti- inflammatory drugs, including COX 
inhibitors, may increase risk for some cancer types.29 30 There-
fore, this particular finding should be interpreted with caution. 
Race (non- white) led to lower risk of malignancies excluding 
NMSC and NMSC, although the latter should also be inter-
preted with caution, as 77% of patients in ORAL Surveillance 
were of white race and light- coloured skin is known to be a risk 
factor for NMSC.31 32 RA disease duration of ≥10 years (vs <1 
year) appeared to reduce the risk of lung cancer. A history of 
Sjogren’s syndrome and RA disease duration of ≥1 to <5 years 
and ≥5 to <10 years did not confer higher risk for malignan-
cies excluding NMSC, lung cancer and NMSC. In patients with 
these risk factors, compared with those without, the incidence of 
malignancy events was increased across all treatment groups and 
was generally higher in patients with tofacitinib versus TNFi. 
Taken together, these findings indicate that patients taking tofac-
itinib 5 mg two times per day, tofacitinib 10 mg two times per 
day or TNFi who are older (≥65 years), have ever smoked and 
have a history of chronic lung disease may be at increased risk 
of malignancies.

While age, race and sex have been previously established as risk 
factors for NMSC,33 further studies with larger patient numbers 
are required to elucidate a potential association between longer 
RA disease duration (≥10 vs <1 years) and decreased risk of 
lung cancer, beyond assumed better control of patients’ chronic 
medical conditions. This may be an artefact of the relatively 
long follow- up period and the distribution of age in the trial. 
The risk of NMSC was higher with tofacitinib 10 mg two times 
per day versus TNFi among patients receiving methotrexate at 
a baseline dose of ≤15 mg/week; no apparent difference was 
observed in the risk of malignancies excluding NMSC or lung 
cancer. Increased risk of skin cancer in patients with RA treated 
with low- dose methotrexate (<20 mg/week) has been previously 
established34; increased risk of NMSC with methotrexate has 
also been demonstrated.35

Patients with RA are known to have an increased risk of 
cardiovascular morbidity and mortality,36 37 and emerging 
evidence indicates shared risk factors and pathophysiology 
between cardiovascular disease and cancer.9–11 Lau et al recently 
identified an association between 10- year ASCVD risk scores 
and risk of certain cancer subtypes, including lung cancer in 
US and Dutch cohorts.9 The analyses from our study assess a 
unique angle of whether baseline cardiovascular risk scores in 
patients with RA can predict malignancy risk. Our findings show, 
across treatments, the incidence of malignancies was higher in 
patients with a HxASCVD and with increasing baseline ASCVD 
risk scores. Across all treatments, patients with malignancies had 
higher baseline mean ASCVD scores than those without malig-
nancies. Similar findings were observed in pooled studies from 
the wider tofacitinib RA clinical programme. Within baseline 
ASCVD risk categories, higher rates of malignancies excluding 
NMSC were generally observed in patients from North America 
versus ROW. Certain risk factors for malignancies identified in 
this study, including smoking and older age, are common factors 
independently associated with the development of RA (and 
response to RA treatment), increased cardiovascular risk and 
development of different cancer types.38–42 Additional studies 
are required to further clarify associations between cardiovas-
cular risk scores and malignancies in patients with RA.

Limitations of this analysis include that ORAL Surveillance 
was not powered to assess comparisons for malignancy subtypes 
across treatment groups. The post hoc analyses for evaluating 

baseline risk factors were exploratory rather than confirmatory, 
thereby not implying causation. The smaller patient numbers 
and fewer events for certain risk factors categories could limit 
the estimation of within- risk- factor comparisons, and no adjust-
ments were made when reporting p values. In addition, while 
malignancies were adjudicated centrally for standardisation 
across investigational sites, different countries may have had 
different practices regarding staging and grading of tumours, 
and there was no specified screening procedure at baseline. 
Although geographical region was identified as a risk factor for 
malignancies, ORAL Surveillance was not able to disentangle 
the influence of region from the possibility of a drug- specific 
effect for adalimumab versus etanercept, since region and TNFi 
use were completely confounded. Finally, we recognise that use 
of the 1.5- multiplier applied to the ASCVD- PCE calculator to 
account for the influence of RA is a crude approximation, and 
may have suboptimal calibration for patients with malignan-
cies.20 It should also be noted that the results from this study are 
reflective of a cardiovascular risk- enriched RA population, as per 
the inclusion criteria (~40% of all patients in the tofacitinib RA 
clinical programme), and therefore, the importance of assessing 
cardiovascular risk in the RA population for informed treatment 
decisions should be emphasised.

CONCLUSIONS
In patients with RA aged ≥50 years with ≥1 additional cardiovas-
cular risk factor, the risk of adjudicated malignancies excluding 
NMSC, lung cancer and NMSC were increased with tofacitinib 
versus TNFi. Lung cancer was the most frequently reported 
malignancy in tofacitinib- treated patients. In addition, in the 
overall study population, the risk of malignancies excluding 
NMSC with tofacitinib was consistent with that of TNFi up to 
month 18 and diverged beyond that time. In general, indepen-
dent risk factors identified through multivariable Cox analyses 
across all treatment groups were consistent with the literature; 
interaction analysis of treatment groups by each baseline risk 
factor generally did not identify risk factors with a differential 
effect on treatment comparisons. The incidence of all malignan-
cies was higher in patients with a HxASCVD and with increasing 
cardiovascular risk scores for patients treated with tofacitinib 
and TNFi, potentially due to common factors associated with 
increased cardiovascular and malignancy risk.
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