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Abstract

Introduction: Results from “ORAL Surveillance” safety trial have indicated an increased risk
of malignancy with tofacitinib when compared with tumor necrosis factor inhibitors (TNFI). We
further examined this safety concern in rheumatoid arthritis (RA) patients in the real-world setting.

Methods: Using U.S. insurance claims data from Optum Clinformatics (2012-2020), IBM
MarketScan (2012-2018), and Medicare (parts A, B, D, 2012-2017), we created two cohorts

of RA patients initiating treatment with tofacitinib or TNFI. The first cohort, “Real-world
evidence (RWE)” included patients from routine care. The second cohort, “RCT-duplicate
cohort”, emulated the inclusion and exclusion criteria of the ORAL surveillance trial to assess
comparability of our results with the trial. Cox proportional hazards models with propensity

score fine-stratification weighting were used to estimate hazard ratios (HR) and 95% confidence
intervals (CI) for risk of any malignancy (excluding non-melanoma skin cancer). Database-
specific estimates were meta-analyzed using fixed effects models with inverse-variance weighting.

Results: The RWE cohort included 83,295 patients of whom 10,504 (12.6%) initiated tofacitinib.
The pooled weighted HR (95% CI) for the primary any malignancy outcome associated with
tofacitinib compared with TNFI was 1.01 (0.83, 1.22) in the RWE cohort and 1.17 (0.85, 1.62) in
the RCT-duplicate cohort (versus ORAL Surveillance trial, 1.48 [1.04, 2.09]).

Discussion: We did not find evidence for an increased risk of malignancy with tofacitinib, in
comparison with TNFI, in RA patients treated in the real-world setting. However, our results
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cannot rule out a possibility of an increase in risk that may accrue with a longer treatment
duration.

Introduction

Rheumatoid arthritis (RA) is a chronic systemic inflammatory disease that affects
approximately 0.2% adult population globally (1). Tofacitinib is the first Janus kinase (JAK)
inhibitor approved by the United States Food and Drug Administration (FDA) in 2012 for
treatment of RA. Since then, the FDA has approved the use of tofacitinib for treatment of
other autoimmune conditions including active psoriatic arthritis (2017), moderate to severe
ulcerative colitis (2018), and most recently for active polyarticular course juvenile idiopathic
arthritis (2020).

The utilization of tofacitinib has markedly increased for management of moderate to severe
RA since 2012 (2-4). However, recent results from “ORAL Surveillance” post-marketing
safety trial indicated that tofacitinib, in comparison with tumor necrosis factor inhibitors
(TNFI), may be associated with increased risk of malignancies in patients with RA who
were at least 50 years of age with cardiovascular risk factors (Hazard ratio [HR]: 1.48, 95%
confidence interval [CI]: 1.04, 2.09) (5-8). As a result, the US FDA has issued a warning
regarding risk of malignancies with tofacitinib (9). Given these results and increasing use
of tofacitinib in treatment of patients with RA, the aim of this study was to conduct a

large population-based observational study to further examine the risk of malignancies with
tofacitinib in representative RA patients treated in a real-world clinical setting.

Patients and Methods

Data Sources and Study Design

We conducted an active-comparator, new-user cohort study (Supplemental Figure 1) using
claims data from Optum Clinformatics (November 2012-June 2020), IBM MarketScan
(November 2012- December 2018), and fee-for-service Medicare (parts A, B, and D,
November 2012-December 2017) in the United States (10). Optum and MarketScan
provide de-identified longitudinal patient-level health data from over 78 and 200 million
commercially insured patients, respectively, across the United States. Medicare is a federal
health insurance program which provides healthcare coverage for U.S. residents aged

at least 65 years and some younger patients with disabilities. All these data sources

capture information on patient demographics, health plan enrollment status, and patient-level
longitudinal data on medical diagnoses in inpatient and outpatient settings, diagnostic tests,
procedures, and pharmacy prescription dispensation records (including medication start and
refill dates, strength, quantity, and days’ supply).

The protocol for this study received ethics approval (IRB #2011P002580, 207) from the
Institutional Review Board of Brigham and Women’s Hospital (Boston, Massachusetts). The
full study protocol for this study was registered on clinicaltrials.gov (NCT04798287)(11).
The Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines were followed (12). Informed consent requirement for patients was waived due
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to removal of all personal identifiers and protection of patient confidentiality for each of the
three data sources. Signed data license agreements were obtained for all data sources.

Study population

Outcomes

We first identified patients initiating treatment on tofacitinib or a TNFI (infliximab,
adalimumab, certolizumab pegol, etanercept, and golimumab) in each of the three data
sources. Cohort entry date was defined as the first record of pharmacy dispensation for
tofacitinib or TNFI. Patients were required to have a minimum of 365 days of continuous
enrollment in healthcare plan prior to and inclusive of the cohort entry date. To select
patients with RA, we required at least two visits, 7-365 days apart, coded for RA in year
prior to cohort entry date (Supplemental Figure 1). A previous study has shown a positive
predictive value of 86% for this claims-based algorithm (13). Further, we restricted the study
population to new users of tofacitinib and TNFI. Thus, tofacitinib users with a prescription
of this drug in 365 days prior to cohort entry were excluded. We also excluded tofacitinib
users with prescriptions of baricitinib or upadacitinib on or at any time prior to cohort

entry date. Similarly, TNFI users with a prescription of index TNFI agent in 365 days prior
to cohort entry date, TNFI users with previous use of any JAK inhibitor (i.e., tofacitinib,
baricitinib, upadacitinib), and TNFI users with prescriptions for other agents from the TNFI
class on cohort entry date were excluded. We also excluded patients with a concurrent
prescription of tofacitinib and TNFI on cohort entry date. We additionally excluded patients
with missing data on age or gender and patients admitted to a nursing facility or hospice
admission at any point prior to cohort entry date. Finally, to identify incident cases of cancer,
we excluded patients with a diagnosis of any malignancies (including non-melanoma skin
cancer[NMSC]) prior to cohort entry date.

From this source population, we created two study cohorts: (1) “real-world evidence (RWE)
cohort” which included all RA patients from routine care, and (2) “RCT-duplicate cohort”
which emulated the ORAL surveillance trial by applying the same inclusion and exclusion
criteria. The RCT-duplicate cohort was used to assess the comparability of our findings with
the trial results (5, 6, 8).

The RWE cohort included all RA patients at least 18 years of age in Optum and MarketScan
(= 65 in Medicare) at cohort entry date. In contrast, the RCT-duplicate cohort was restricted
to patients 50 years (65 in Medicare) of age or older, with at least one methotrexate
dispensation in six months prior to cohort entry date, and at least one cardiovascular risk
factor (including history of smoking, hypertension, dyslipidemia, diabetes mellitus, ischemic
heart disease, or family history of ischemic heart disease) in the year prior to cohort entry
date. We excluded patients hospitalized with infections in the 30-days prior to cohort entry
date and pregnant patients from the RCT-duplicate cohort. The complete list of ICD-9 and
ICD-10 diagnosis and procedure codes used for exclusion criteria can be found in full
protocol on clinicaltrials.gov (11).

In the primary as-treated analysis, we followed patients from the day after date of
treatment initiation with tofacitinib or TNFI initiation for study outcomes until treatment
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discontinuation (60 days of no prescription refills for the index exposure after the days’
supply end for the most recent dispensation) or switch, insurance disenrollment, death, or
end of the study period, whichever occurred first (Supplemental Figure 1). The primary
outcome was defined as a composite endpoint of any new malignancies excluding non-
melanoma skin cancer (NMSC) using a validated claims-based algorithm with two inpatient
or outpatient ICD-9 or ICD-10 diagnosis codes of the same type of malignancy occurring
within 60 days (14, 15). This outcome definition demonstrated a high specificity (=98%) for
the majority of cancer outcomes. However, the sensitivity was somewhat lower for common
solid tumors including lung cancer (76.2%), colorectal cancer (80.4%), breast cancer
(78.9%) and lymphoma (79.8%). All carcinoma in situs were not included in the composite
outcome definition. Secondary outcomes were individual types of malignancy including
lung cancer, breast cancer, colorectal cancer, prostate cancer, lymphatic/hematopoietic tissue
cancers, and NMSC. Last, we examined the association between tofacitinib and risk of
herpes zoster as a positive control outcome, a known association established in previous
studies (16, 17).

Covariate Assessment

We assessed 75 predefined suspected confounders or risk factors for malignancy in Optum
and Medicare (74 in MarketScan) during the 365 days prior to and including cohort entry
date (i.e baseline period). These included demographic variables of age, gender, and race
(available in Optum and Medicare), and lifestyle-related variables including obesity and
smoking which were assessed on cohort entry date (18, 19). We also assessed RA-related
treatment history with conventional DMARDs including use of individual agents and total
number of distinct agents during the baseline period. We assessed recent use (in 60 days
prior to and including cohort entry date) of glucocorticoids. Prior use of glucocorticoids,
cumulative prednisone equivalent dose of glucocorticoids, and number of distinct biological
DMARD (including index drugs) were assessed during the baseline period (20, 21).

We assessed co-morbidities that have been shown to be associated with or share risk

factors with malignancies including hypertension, hyperlipidemia, type 2 diabetes mellitus,
cardiovascular disease (atrial fibrillation, coronary artery disease, heart failure, stroke

or transient ischemic attack, peripheral vascular disease), venous thromboembolism,
chronic liver disease, chronic kidney disease (stage 3+), chronic obstructive pulmonary
disease, inflammatory bowel disease, psoriasis, Combined Comorbidity Index, and
claims-based frailty index (22-27). We assessed the use of the following medications:
anticoagulants, antiplatelets, antidepressant drugs, antihypertensive drugs, anti-arrhythmic
drugs, lipid-lowering drugs, chronic obstructive pulmonary disease maintenance drugs,
insulin and non-insulin antidiabetic drugs, non-steroidal anti-inflammatory drugs, selective
cyclooxygenase-2 inhibitors, opioids, and hormonal agents (18, 25, 28-31). We also
accounted for 25 markers of healthcare utilization to account for potential differences in
use and access to healthcare system or potential differential surveillance during the baseline
period. Finally, we assessed calendar year of cohort entry as a marker of temporal changes in
management of patients with RA and diagnoses of malignancies during the study period.
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Statistical Analysis

We summarized the baseline characteristics for patients initiating treatment on tofacitinib
or TNFI using descriptive statistics. We provided Poisson distribution-based estimates of
incidence rates, and incidence rate difference (comparing tofacitinib and TNFI users) and
corresponding 95% confidence intervals (Cl) for each study outcome.

We used propensity-score (PS) fine stratification to account for 75 measured potential
confounders (74 in MarketScan) independently in each dataset (32). In the setting of

low exposure prevalence, which is common when studying newer treatments versus

more established treatments, this method has been shown to increase precision, without
compromising bias adjustment, in comparison with PS-matching methods (32). To generate
PS fine stratification weights, multivariable logistic regression was first used to calculate PS
as the predicted probability of initiating treatment with tofacitinib conditional on baseline
covariates in each of the data sources (33). We restricted the study population to the
overlapping region of PS score distribution to include tofacitinib and TNFI users along

the entire distribution of the PS and exclude patients with extreme PS (33). Subsequently,
we created 50 strata, based on the distribution of PS in patients initiating treatment on
tofacitinib (32). Tofacitinib users received a weight of one. To calculate the weights for
TNFI users, first the proportion of tofacitinib users in each PS stratum was calculated by
dividing the number of tofacitinib users in a given stratum by the total number of tofacitinib
users in the study population. Similarly, the proportion of TNFI users was calculated by
dividing the number of TNFI users in a given PS stratum by total number of TNFI users.
The ratio of these proportions (i.e., the proportion of tofacitinib users in given strata divided
by the proportion of TNFI users in given strata) defined the weight for TNFI users. This
method estimates the average treatment effect on the treated (ATT) (32).

To assess covariate balances between tofacitinib and TNFI users, we calculated standardized
differences (%) before and after PS fine stratification weighting. Standardized differences
of less than 10% indicated sufficient covariate balance when comparing tofacitinib and
TNFI users (33-35). We used Cox proportional hazards models to estimate crude and
weighted hazard ratios and corresponding 95% ClI with PS fine stratification weights used
to account for potential confounders. Robust variance estimation was used to generate 95%
Cl in the weighted population. We also examined the cumulative incidence of composite
malignancies and 95% CI for each treatment group in the PS-weighted populations. All
analyses were conducted independently in each dataset. We used a fixed effects model with
inverse variance weighting to meta-analyze database-specific effect estimates (36).

Aetion Evidence Platform was used for cohort construction (37). All analyses were
conducted using SAS version 9.4 (SAS Institute, Cary, NC) and R (R Foundation for
Statistical Computing, Vienna, Austria).

Secondary and Sensitivity analyses

We conducted prespecified subgroup analyses in the RWE cohort by stratifying on age (<65
and >65) and sex. Further, we examined the risk of malignancies by stratification on the
number of unique biologic disease modifying antirheumatic drugs (-DMARD) used in year
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prior to cohort entry date (0 vs =1). As a sensitivity analysis, we conducted 1:1 PS matching
using nearest neighbor greedy matching algorithm without replacement with a caliper of
0.025 on the natural scale of the PS (33, 38). We also restricted the TNFI comparator group
to adalimumab and etanercept users in both RWE and RCT-duplicate cohorts similar to the
comparator group in the ORAL Surveillance trial (5-8).

We further assessed different follow-up schemes in RWE and RCT-duplicate cohorts
(Supplemental Figure 2). First, we implemented an intention-to-treat (ITT) exposure
definition whereby patients were followed until end of study period after treatment initiation
to minimize the impact of informative censoring based on treatment discontinuation on

the results. Second, we implemented ITT exposure definition but truncated follow-up

until maximum of 365 days after treatment initiation with tofacitinib or TNFI. Third, we
conducted sensitivity analysis by lagging exposure by three months after treatment initiation
to account for potential latency of treatment effect, exclude prevalent cases of cancer,

and minimize surveillance bias. Finally, we extended the grace period to six months after
treatment discontinuation to account for the potential carryover effect of the treatments

on cancer outcomes. We also conducted a sensitivity analysis whereby we required at

least two years of continuous enrollment prior to cohort entry date, excluded patients

with dispensation for index drug at any point prior to cohort entry date, and assessed
comorbidities over two-year baseline period prior to and including cohort entry date.

Results

RWE Cohort

The RWE cohort consisted of 83,295 patients: 25,410 patients identified in Optum, 29,511
patients in MarketScan, and 28,374 patients in Medicare (Consort diagrams: Supplemental
Tables 1) of whom 3,304 (13.0%), 4,508 (15.3%), and 2,692 (9.5%) initiated treatment on
tofacitinib respectively (Supplemental Table 2). The mean age in years comparing tofacitinib
users and TNFI users was 55.9 vs 53.6 in Optum, 53.8 vs 51.6 in MarketScan, and 71.3

vs 71.4 in Medicare (Supplemental Table 2). The majority of patients were female (range
77-80%), white (range 66—-83%) and had received treatment with conventional DMARDs
(range 75-82%) and glucocorticoids (range 69-72%) prior to treatment initiation with
tofacitinib or TNFI (Supplemental Table 2). The mean (std) number of bDMARDS prior

to and including cohort entry date comparing tofacitinib with TNFI users was 1.6 (0.7)

vs 1.3 (0.5) in Optum, 1.8 (0.8) vs 1.4 (0.6) in MarketScan, and 1.6 (0.7) vs 1.3 (0.5)

in Medicare (Supplemental Table 2). There were no discernable differences across most
comorbidities, prior prescriptions, and markers for healthcare utilization when comparing
tofacitinib initiators with TNFI initiators (Supplemental Table 2). We obtained covariate
balance after PS fine stratification weighting, with standardized differences of less than 5%
for all covariates in all three datasets (Table 1 and Supplemental Table 3).

Primary Outcome- Risk of Any Malignancy—The mean (standard deviation) follow-
up time in months in the as-treated analysis when comparing tofacitinib and TNFI users was
10.3 (11.2) and 11.3 (12.2) in Optum, 10.6 (11.0) and 11.4 (11.5) in MarketScan, and 10.3
(10.6) and 10.2 (10.4) in Medicare. Nevertheless, 9,237 (11.1%) patients had a follow-up
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time of at least two years. Overall, 13,893 (54.7%) patients in Optum, 15,445 (52.3%) in
MarketScan, and 19,124 (67.4%) patients in Medicare discontinued treatment. The crude
incidence rate (95% CI) per 100-person years when comparing tofacitinib users with TNFI
users was 1.68 (1.24, 2.23) and 1.36 (1.21, 1.53) in Optum, 0.60 (0.39, 0.90) and 0.86 (0.74,
0.98) in MarketScan, and 2.70 (2.07, 3.46) and 2.49 (2.29, 2.71) in Medicare (Supplemental
Table 4). The crude incidence rate difference (95% CI) per 100 person-years comparing
tofacitinib users and TNFI users was 0.32 (-0.18, 0.83) in Optum, —0.25 (-0.52, 0.01) in
MarketScan, and 0.21 (-0.50, 0.91) in Medicare (Supplemental Table 4). Overall, the pooled
weighted HR (95% CI) for composite malignancy outcome comparing tofacitinib with TNFI
was 1.01 (0.83, 1.22) corresponding to a weighted incidence rate difference (95% CI) per
100-person years of —0.16 (-0.40, 0.09) (Figure 1, Supplemental Table 4). The 95% CI for
cumulative incidence of malignancies from time since treatment initiation were overlapping
when comparing tofacitinib with TNFI users in each of the three data source (Supplemental
Figure 3).

In subgroup analysis, the pooled weighted HR (95% CI) was 0.93 (0.73, 1.18) among
females, 1.21 (0.86, 1.71) among males, 0.89 (0.63, 1.24) among those <65 years, and 1.08
(0.85, 1.37) among those >65 years. Among tofacitinib users, 1,650 (49.9%) patients in
Optum, 2,797 (62.0%) in MarketScan, and 1,298 (48.2%) in Medicare had a history of use
of bDMARDSs prior to cohort entry date (Supplemental Table 4). Among TNFI users, 5,165
(23.4%) in Optum, 7,775 (31.1%) in MarketScan, and 7,624 (29.7%) in Medicare had a
history of use of bDMARDs (Supplemental Table 4). The pooled weighted HR (95% CI)
was 0.81 (0.60, 1.10) among those with history of treatment with bDMARDs, and 1.22
(0.96, 1.57) among patients with no history of treatment with bDMARDSs (Figure 2 and
Supplemental Table 4).

The pooled weighted HR (95% CI) was 1.12 (0.90, 1.39) when implementing a three-
month exposure lag, 0.97 (0.82, 1.15) with a six-month carryover effect after treatment
discontinuation, and 1.00 (0.88, 1.14) when using ITT exposure definition (Figure 2 and
Supplemental Table 4). The pooled weighted HR (95% CI) was 1.02 (0.84, 1.24) when
using ITT exposure definition but truncating follow-up time at 365 days after treatment
initiation (Figure 2 and Supplemental Table 4). Using the six-month carryover and ITT
exposure definition led to a longer follow-up time. The mean (std) follow-up time in months
comparing tofacitinib with TNFI was 13.7 (13.2) vs 16.1 (14.9) in Optum, 14.0 (12.8) vs
16.1 (14.1) in MarketScan, and 13.4 (11.6) vs 17.3 (13.7) in Medicare when using the six-
month carryover exposure definition. The mean (std) follow-up time in months comparing
tofacitinib with TNFI was 22.6 (20.2) vs 25.2 (12.8) in Optum, 22.1 (17.9) vs 23.1 (18.5) in
MarketScan, and 23.3 (16.4) vs 26.0 (17.1) in Medicare when using ITT exposure definition.

The pooled HR (95% CI) was 0.95 (0.75, 1.21) for 1:1 PS matching. The pooled weighted
HR was 0.93 (0.75, 1.16) when restricting the comparator to adalimumab and etanercept
users and 0.94 (0.74, 1.19) among patients with at least two years of continuous enroliment
prior to cohort entry date with minimum of two years of washout for index drug, and a
two-year window for assessment of comorbidities (Supplemental Table 4).
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Secondary Outcomes—The pooled weighted HR (95% CI) when comparing tofacitinib
users and TNFI users was 1.20 (0.77, 1.87) for lung cancer, 0.85 (0.53, 1.38) for breast
cancer, 0.92 (0.51, 1.67) for prostate cancer, 0.71 (0.33, 1.56) for colorectal cancer, 0.91
(0.53, 1.58) for lymphatic and hematopoietic cancers, and 1.15 (0.96, 1.39) for NMSC in the
RWE cohort (Figure 3 and Supplemental Table 5). The pooled weighted HR (95%) CI was
2.02 (1.80, 2.27) for herpes zoster as the positive control outcome, consistent with previous
reports (Supplemental Table 5) (16, 17).

RCT-duplicate Cohort

We identified 27,035 patients in the RCT-duplicate cohort: 5,899 in Optum, 6,588 in
MarketScan, 14,548 patients in Medicare, respectively, who met the inclusion and exclusion
criteria (Consort diagram: Supplemental Tables 1). Among these patients, 668 (11.3%),

938 (14.2%), 1,100 (7.6%) initiated treatment on tofacitinib (Supplemental Table 6).

PS fine stratification achieved standardized differences close to zero for most covariates
(Supplemental Table 7).

The crude incidence rate (95% CI) per 100-person years comparing tofacitinib with TNFI
was 2.41 (1.35, 3.98) and 2.01 (1.63, 2.43) in Optum, 1.13 (0.54, 2.08) and 0.96 (0.72,

1.25) in MarketScan, and 2.76 (1.80, 4.04) and 2.31 (2.05, 2.61) in Medicare respectively
(Supplemental Table 8). In the primary analysis, the pooled weighted HR (95% CI) was 1.17
(0.85, 1.62) when comparing tofacitinib users with TNFI users (vs ORAL Surveillance trial:
1.48, 95% ClI: 1.04, 2.09) corresponding to a pooled weighted rate difference (95% CI) of
0.20 (-0.42, 0.82) per 100 person-years (Figure 1 and Supplemental Table 8). In sensitivity
analyses, the pooled weighted HR (95% CI) was 1.33 (0.94, 1.89) when lagging exposure by
three months, 1.04 (0.78, 1.38) when using carryover of six months, 1.03 (0.83, 1.29) when
using ITT exposure definition, and 1.07 (0.77, 1.50) when using ITT exposure definition

but limiting follow-up to a maximum of 365 days after treatment initiation (Supplemental
Table 8). We observed consistent results when restricting the comparator to adalimumab

and etanercept users (pooled weighted HR: 1.18, 95% CI: 0.83, 1.67) (Supplemental Table
8). Overall, the results for cumulative incidence of malignancy outcomes from time since
treatment initiation was inconclusive due to overlapping 95% CI when comparing tofacitinib
with TNFI (Supplemental Figure 4).

Discussion

In this large multi-database cohort study, we did not observe an increased risk of
malignancies when comparing tofacitinib with TNFI in RA patients treated in real-world
settings (pooled weighted HR: 1.01, 95% CI: 0.83, 1.22). However, our results cannot

not rule out a possibility of small increase in risk that may accrue with longer treatment
episodes. Tofacitinib was associated with a numerically increased risk of malignancies in
RCT-duplicate population which consisted of patients 50 years of age and older and with at
least one cardiovascular risk-factor (pooled weighted HR: 1.17, 95% CI: 0.85, 1.62).

The ORAL Surveillance trial, a large, phase 3b/4 (n=4,362) post-marketing trial required
by the FDA, assessed the safety of tofacitinib (5mg and 10mg) in comparison with
adalimumab/etanercept in patients 50 years of age and older, with at least one cardiovascular
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risk factor, and with background treatment methotrexate treatment (5, 6, 8). Reports from
this trial indicated that both 5mg and 10mg twice daily dose of tofacitinib were associated
with increased risk of malignancies excluding NMSC (HR: 1.47, 95% CI: 1.00, 2.18 and
HR: 1.48, 95% CI: 1.00, 2.19 respectively) (6-8). A higher risk of malignancies was
observed in North America where the comparator was adalimumab (HR: 1.92, 95% ClI:
1.10, 3.34) when compared with the rest of the world where the comparator was etanercept
(HR: 1.25, 95% CI: 0.79, 1.97)(8). There were also imbalances in risk of lung cancer (HR:
2.17, 95% ClI: 0.95, 4.93) and lymphoma (HR: 5.09, 95% ClI: 0.65, 39.78) although with
low precision (7, 8, 39). A significant difference between the RWE cohort in this study and
the ORAL surveillance trial population is that the RWE cohort included all RA patients
treated in routine care. Our results suggest potential heterogeneity of treatment effect.
Among all RA patients treated in real world setting, we did not observe an increased risk of
malignancies when comparing tofacitinib with TNFI. However, we observed a humerically
increased risk of malignancies in the RCT-duplicate which included patients = 50 years of
age with cardiovascular risk factors (pooled weighted HR: 1.17, 95% ClI: 0.85, 1.62). We
also observed this numerically increased risk in RCT-duplicate cohort when restricting the
comparator to adalimumab and etanercept (pooled weighted HR: 1.18, 95% ClI: 0.83, 1.67).
Nevertheless, there are other differences between our study and ORAL Surveillance trial
including longer follow-up period in ORAL Surveillance trial (median of four years) and
potential differential adherence to treatment (8).

Three other studies have also examined the association between tofacitinib and risk of
malignancies (40-42). In a meta-analysis of six phase 2, six phase 3, and two long-term
extension studies, the incidence rate of malignancies excluding non-NMSC among patients
treated with tofacitinib was reported to be 0.85 (95% CI: 0.70, 1.02) events per 100
person-years, an incidence rate consistent with the expected range of patients with moderate-
to-severe RA, although lower than the pooled crude incidence rate (per 100 person-years)
observed across the three data sources in this study (1.74, 95 ClI: 1.47, 2.06) (40). Similarly,
a study conducted using CORRONA RA registry which includes more than 50,605 RA
patients across private and academic practices in the United States, did not find an
association between tofacitinib and malignancies excluding NMSC (Adjusted HR: 1.04,
95% CI: 0.68, 1.61) or NMSC (Adjusted HR: 1.02, 95% CI: 0.69, 1.50) (41). Last, a

recent observational study which included 69,308 RA patients identified using Swedish
Rheumatology Quality Register, reported that TNFI and other biologic/targeted synthetic
DMARDs were not associated with increased risk of non-cutaneous malignancies when
compared with no use of these drugs (42). However, this study did not assess risk of JAK
inhibitors due to low number of events (<5). Multiple factors may account for differences in
the results between these studies including the definition of study population, exposure and
outcome definition, and follow-up time.

The potential mechanistic effects of tofacitinib on the risk of malignancies is complex.
Tofacitinib is an inhibitor of JAK1 and JAK3 which are enzymes involved in activation

of JAK-STAT signaling pathway. The effect of the JAK-STAT pathway on tumor initiation
and progression is complex and multifaceted particularly given the possible indirect effects
through crosstalk with other intracellular signaling pathways (43, 44). While some members
of the STAT family (such as STAT3 and STAT5) may play a detrimental role in tumor
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initiation and progression, others (such as STAT1 and STAT2) may have a protective effect
through mediating long-term antitumor immune response (43, 44). Further mechanistic
studies are required to understand the potential direct effect of tofacitinib and role of
JAK-STAT pathway in tumor initiation and progression.

There are several strengths of this study. First, we conducted analyses across three U.S.
insurance claims databases (both commercial and public health plans) encompassing RA
patients treated in a real-world setting, and thus the results are generalizable to setting

of routine clinical care. Second, we calibrated our results with ORAL surveillance trial

using the RCT-duplicate cohort to ensure validity of our study results and comparability
with the trial findings. Third, we used an active-comparator, new-user design to control

for confounding by indication and prevent immortal-time bias (10). Fourth, we observed
consistent results in sensitivity analyses accounting for potential latency and carryover effect
of treatment after discontinuation. Last, we registered the protocol for this study prior to
conducting the analyses (11).

This study has some limitations. First, the follow-up time was relatively short (mean
follow-up <1 year) due to the imposed as-treated definition where patients were censored

at treatment discontinuation or switch. Nevertheless, 9,237 patients (11.1% of the study
population) had a follow-up time of at least two years, a sample size greater than the ORAL
Surveillance trial (n=4,362). Second, we did not assess the risk of malignancies for other
JAK inhibitors including baricitinib and upadacitinib. Additional studies will be needed to
examine the class effect of JAK inhibitors. Third, we did not have an adequate sample size
to examine the risk of some individual malignancies such as leukemia and lymphoma. In
addition, some subgroups indicated treatment heterogeneity, although no conclusions can be
made due to low precision for the estimates. Fourth, outcome misclassification is possible,
although we used a validated claims-based algorithm with a high specificity (=98%) for
most cancer types (15). Fifth, we also relied on diagnosis and procedure codes to select the
study cohort. While we assessed obesity and smoking status, it is likely that the sensitivity of
our claims-definitions is low (45, 46). Last, residual confounding due to some unmeasured
RA-related variables is possible, although a recent study using CORRONA RA registry
demonstrated that RA patients in United States initiating treatment with tofacitinib are
similar to bDMARD users in regard to RA-related factors such as disease activity index
(42).

In conclusion, in this large, population-based real-world cohort of 83,295 RA patients,
tofacitinib was not associated with an increased risk of malignancies in comparison with
TNFI. However, tofacitinib was associated with a numerically increased risk of malignancies
in older patients with cardiovascular risk factors, similar to the ORAL Surveillance trial
participants. Future studies with large sample size and long-term follow-up are required to
confirm these findings.
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Refer to Web version on PubMed Central for supplementary material.
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Figurel.
Forest plot of propensity score fine stratification weighted hazard ratios and corresponding

95% confidence intervals for composite malignancy outcome when comparing tofacitinib
with tumor necrosis factor inhibitors in patients with rheumatoid arthritis in RWE cohort
(top panel) and RCT-duplicate cohort (bottom panel)
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Figure2.
Forest plot of propensity score fine stratification weighted hazard ratios and corresponding

95% confidence intervals for composite malignancy outcome for subgroup and sensitivity
analyses in RWE study cohort
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Forest plot of propensity score fine stratification weighted hazard ratios and corresponding
95% confidence intervals for individual malignancy outcomes in RWE study cohort
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