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Abstract

Background—Elevated TNFa likely contributes to the excess cardiovascular risk observed in
rheumatoid arthritis. We compared the cardiovascular risk in rheumatoid arthritis patients starting
a TNFa blocking agent versus a non-biologic disease-modifying anti-rheumatic drug
(nbDMARD).

Methods—Subjects with rheumatoid arthritis participating in several different US insurance
programs between 1998-2007 who received methotrexate were eligible. Those who added a TNFa
blocking agent were compared with subjects who added a nbDMARD in Cox regression models
stratified by propensity score decile and adjusted for oral glucocorticoid dosage. We examined the
composite cardiovascular endpoint of myocardial infarction, stroke, or coronary re-vascularization
after six months.

Results—We compared 8,656 new users of a "(bDMARD with 11,587 new users of a TNFa
blocking agent with similar baseline covariates. Incidence rates per 100 person-years for the
composite cardiovascular endpoint were 3.05 (95% CI 2.54 — 3.65) for (nhDMARDs and 2.52
(95% CI 2.12-2.98) for TNFa blocking agents. The hazard ratio (HR) for the TNFa blocking
agent compared with nnDMARD carrying the first exposure forward was 0.80 (95% CI 0.62 -
1.04), while the HR for the as-treated analysis was 0.71 (95% CI 0.52 - 0.97). The potential
cardiovascular benefit of TNFa blocking agents was strongest among persons = 65 years of age
(HR 0.52, 95% CI 0.34 — 0.77; p for interaction = 0.075).

Conclusion—Among subjects with rheumatoid arthritis, TNFa blocking agents may be
associated with a reduced risk of cardiovascular events compared to a nbDMARD. Randomized
controlled clinical trials should be considered to test this hypothesis.
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INTRODUCTION

Among many cytokines, TNFa appears to play an important role in mediating
cardiovascular disease. Multiple studies suggest that TNFa is involved in atherosclerotic
plaque formation and rupture, endothelial dysfunction and post-infarct remodeling. 1 2
Moreover, rheumatoid arthritis, in which TNFa appears to play a major role driving the
disease process,? 4 is associated with an elevation in cardiovascular risk.> © The increased
risk of cardiovascular events among persons with rheumatoid arthritis is thought to be
related to both traditional risk factors, as well as the inflammation that underpins rheumatoid
arthritis.”?

The known role of TNFa in cardiovascular disease in the general population and the
elevated cardiovascular risk in RA suggests that blocking TNFa may reduce cardiovascular
risk. The results of at least four prior studies suggest a reduced risk of cardiovascular events
among users of TNFa blocking agents.19-13 However, other studies have found no
difference in risk for TNFa blocking agent users,14-16 and one concluded that there may be
an increased cardiovascular risk.1” While many prior studies were well conducted,
limitations noted include: heterogeneous exposure definitions, lack of differentiation
between current and past TNFa blocking agent users; mixing incident and prevalent users of
TNFa blocking agents; various cardiovascular outcome definitions; small sample sizes;
comparing TNFa blocking agents to a heterogeneous group of non-users rather than to a
specific and well-defined reference group; and the lack of consideration of glucocorticoid
exposure.

We aggregated several administrative and health plan datasets to form a large cohort of
patients with RA to compare the risk of cardiovascular events among methotrexate users
adding or switching to a TNFa blocking agent versus a hon-biologic disease modifying anti-
rheumatic drug (nbDMARD).

METHODS

Design and Study Cohort

This study was part of a larger study collaborative (SABER: The Safety Assessment of
Biologic Therapy).18 The collaborative study shared limited datasets across institutions to
facilitate large-scale comparative effectiveness studies, while maintaining de-identified
analytic cohorts.1® The datasets that were combined include the US Medicaid Analytic
Extract (MAX) linked to national U.S. Medicare data for people with both (so-called ‘dual
eligibles’ with Medicare and Medicaid eligibility), the Tennessee Medicaid file (TennCare),
two US states Medicare population databases, and Kaiser-Permanente of Northern
California's administrative database. Information contained in these separate databases
includes limited sociodemographic data (age, gender, race), enrollment dates, inpatient and
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outpatient health care encounter insurance claims with diagnoses, procedures, and all
pharmacy claims. The datasets included information from 1998-2007.

From the total potentially eligible study populations, we selected persons with at least one
encounter associated with a diagnosis of rheumatoid arthritis (ICD 714, excluding 714.3)
and > 16 years of age at the diagnosis date. Patients with a diagnosis of ankylosing
spondylitis or psoriatic arthritis were excluded. To further ensure the consistency of the
study population's disease severity at baseline, we required our cohort to have been users of
methotrexate. Requiring a diagnosis and a DMARD has a positive predictive value for
rheumatoid arthritis of over 86%.20 Persons then qualified for the analytic cohort if they
added or switched to an available TNFa blocking agent (adalimumab, etanercept, or
infliximab; certolizumab pegol and golimumab were not yet available) or a non-
methotrexate N(nDMARD (hydroxychloroquine, leflunomide, sulfasalazine).

Analyses were carried out according to a pre-specified analytic plan. The study protocol was
reviewed and approved by the responsible Institutional Review Boards.

TNFa Blocking and Non-biologic DMARD Exposures

We started following subjects from the date that each person switched from methotrexate to
a TNFa blocking agent or n(nDMARD, or added one of those drugs to their methotrexate
regimen. No specific disease activity requirements for a TNFa blocking agent were in place
in any of the health insurance programs studied. We pre-specified two analyses: (1) a
primary analysis considered subjects in their initial treatment group at the start of follow-up
for 6 months (“first exposure carried forward”) regardless of any subsequent change in
treatment, and (2) a secondary analysis that followed subjects while on the first treatment
(“as treated”). In the as-treated analysis, follow-up ended upon stopping the specified
treatment plus 30 days, switching to the other treatment group, experiencing a
cardiovascular outcome, or death. We allowed subjects to switch agents within a class of
drugs (i.e., between nbDMARDs or TNFa blocking agents). We allowed subjects in the
TNFa blocking agent group to concurrently use nbDMARDs but not the reverse. In our
primary analysis, we chose 6 months of follow-up to minimize exposure misclassification as
a result of subjects’ switching between therapies. Sensitivity analyses also considered 12
months of follow-up.

Cardiovascular Outcomes

Ischemic cardiovascular outcomes have been studied previously using health care encounter
insurance claims data, in identical databases or those very similar to what we included, and
found to be accurately defined (see eTable 1).21-23 We considered the composite of
myocardial infarction, stroke or coronary re-vascularization the primary endpoint and each
of the components as secondary outcomes. The same definitions were used across each of
the databases. It is debatable whether sudden death can be accurately defined in insurance
claims data; thus it was not included as part of the outcome.24: 25
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Potential Confounders

We used a propensity score to control for confounding. A propensity score is the estimated
probability of receiving one treatment versus another -- TNFa blocking agent versus
nbDMARD.2 The propensity score was estimated using a multivariate logistic regression
model, predicting the use of TNFa blocking agent versus a nbDMARD (the reference
group). The propensity scores were estimated based on potential confounders that we
measured in computerized data assembled for administrative or clinical care purposes, such
as demographics (age, gender and race), relevant diagnoses, surgical procedures, and
pharmacy dispensings (see eTable |l for a complete listing of variables). These variables
were determined over the 365 days before the start of follow-up. The propensity score
models had adequate discrimination (c-statistic 0.68 — 0.77). No information was available
on several potential confounders, such as aspirin use, tobacco use, body mass index,
rheumatoid arthritis severity, serologic status, and educational attainment. However, we did
include tobacco-related illness and obesity-related illness and procedures in the propensity
score. The use of oral glucocorticoids was included as a separate covariate in the outcome
model and not in the propensity score.

Statistical Analyses

In the primary analyses, subjects were split into ten equal size groups based on their
propensity score. To minimize non-overlap in covariates, we excluded (“trimmed”) subjects
with the top and bottom 5% of propensity scores.2’ We examined the distribution of
baseline propensity score in both exposure groups after trimming and there was complete
overlap (see eFigurel).

The cardiovascular outcomes were defined and incidence rates with 95% confidence
intervals (CI) calculated for each exposure group separately. Kaplan-Meier cardiovascular
event free survival curves were compared for the groups exposed to a TNFa blocking agent
or nbDMARDs, and the log-rank test p-values calculated after 6 and 12 months of follow-up

We constructed Cox regression models comparing the risk of the composite cardiovascular
outcome over 180-days among those exposed to TNFa blocking agents or n(nDMARDSs. The
180-day prior cumulative oral glucocorticoid dosage was the only covariate included. The
Cox regression models were stratified by propensity score decile and the source of data. A
secondary analysis compared risks over 365 days.

The proportional hazards assumption was tested using the Kolmogorov supremum test of
Lin, Wei, and Ying and was not violated in either the first exposure carried forward (p=
0.57) or the as-treated (p = 0.26) analyses.28 All analyses were pre-specified in a statistical
analysis plan and no adjustment was made for multiple comparisons.29 Statistical
significance was inferred from 95% confidence intervals excluding one.

The study cohort was assembled from four databases that provided 139,611 potentially
eligible rheumatoid arthritis patients (see Figure 1). Among this group, 22,907 persons had
used methotrexate and then added or switched to one of the agents of interest — 9,964 added
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or switched to a nbDMARD and 12,943 to a TNFa blocking agent. After excluding subjects
with the highest and lowest 5% of propensity scores, we compared 8,656 new users of a
nbDMARD with 11,587 new users of a TNFa blocking agent.

Baseline characteristics of the untrimmed and trimmed cohorts are shown in Table 1. The
trimmed treatment groups had a mean age of 56 years with 86% women. In both treatment
groups, similar percentages of subjects had experienced a prior myocardial infarction
(1.8-1.9%), stroke (1.7%), or coronary re-vascularization (0.7%). As well, cardiovascular
risk factors were similarly distributed across trimmed treatment groups: diabetes
(22.9-23.5%), hypertension (41.6-42.2%), and hyperlipidemia (52.3-53.5%).

Over the first six months of follow-up, the incidence rate for the composite cardiovascular
outcome was numerically lower among the users of TNFa blocking agents compared with
nbDMARD:s (see Table 2). The component cardiovascular outcomes followed a similar
pattern, except stroke where the incidence rates were similar across exposures. The Kaplan-
Meier cardiovascular event free survival curves (see Figure 2) demonstrated a similar trend
for the composite outcome. In both the first exposure carried forward (see Figure 2a) and
the as-treated analyses (see Figure 2b), the cardiovascular event free survival curves
diverged over the first six months. The hazard ratio (HR) for the TNFa blocking agent
compared with nbDMARD in the first exposure carried forward was 0.80 (95% CI 0.62 —
1.04), and the as-treated analysis at 6 months was 0.71 (95% CI 0.52 — 0.97). However, by
12 months the curves appeared to converge with the HRs approaching the null (first
exposure carried forward: HR 0.95, 95% C1 0.78 — 1.17; as-treated: HR 0.87, 95% CI 0.67 —
1.12). Less than 1% of subjects died over the first six months of follow-up (73, 0.84%, in the
nbDMARD group and 98, 0.85%, in the TNFa blocking agent group).

We observed a numerically lower risk of cardiovascular outcomes associated with TNFa
blocking agents compared with nnDMARDSs using alternative analytic approaches,
examining secondary outcomes, and focusing on specific subgroups (see Figures 3 and 4).
However, the only HR in the sensitivity analysis that was significant was for persons = 65
years of age (p for interaction between treatment and age = 0.075). In fact, for persons < 65,
there was no apparent reduction in cardiovascular risk associated with the use of TNFa
blocking agents.

During the first six months of follow-up in the first exposure carried forward analysis, we
found that 24.8% of the cohort switched medications, and that 8% actually added or
switched to a medication that would put them in the opposite exposure category.

DISCUSSION

As greater evidence accumulates for the role of inflammation in atherosclerosis,
consideration has been given to the use of immunosuppressive treatment regimens in
cardiovascular disease. While statins and aspirin may reduce cardiovascular risk in part
through their anti-inflammatory properties,3%: 31 targeting cytokines known to be part of
cardiovascular disease is an attractive therapeutic option. Since the use of potent
immunosuppressive agents is common in a systemic inflammatory condition, such as
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rheumatoid arthritis, studying the effect of these agents on cardiovascular disease may
provide important insights into the potential role of this strategy in the general population.
We examined the effect of TNFa blocking agents compared with nbDMARDs on
cardiovascular risk in a large rheumatoid arthritis population. As with several prior

studies, 19-13 our findings provide suggestive evidence that TNFa blocking agents were
associated with a reduced risk of composite cardiovascular outcomes. However, any
possible cardiovascular benefit of TNFa blocking agents waned by 12 months. The apparent
benefit was most dramatic in persons 65 years or older. Furthermore, the apparent reduction
in risk appeared consistent across myocardial infarction, stroke and coronary re-
vascularization.

These results are subject to all the potential biases well-described for observational drug
studies.32 However, we have taken a number of significant steps to limit these biases. First,
we used rigorous comparative effectiveness methods, including propensity scores and a new
user design.26: 33-36 The propensity score deciles with trimming created well balanced
cohorts. We did not pursue marginal structural models that can help account for time-
varying confounding because our follow-up period was relatively brief. We carefully
considered exposure status and tested variable definitions in sensitivity analyses. Endpoints
were defined using well characterized algorithms that are known to be accurate for the
outcomes of interest. 21 22 We did not have reliable information about sudden death, but
there were almost identical rates of death across the two exposure groups during follow-up
(see Results above). The cohorts were large in size permitting relevant secondary and
subgroup analyses. Moreover, follow-up is complete for insurance claims during the period
of insurance coverage.

This type of observational drug study has important potential limitations, including residual
confounding, exposure and endpoint misclassification, and surveillance bias. Neither
validated markers of rheumatoid arthritis disease severity nor serologic status were
contained in the study database. While Table 1 suggests that the cohorts were well balanced
with respect to measured covariates, it is possible that one of the two groups had worse
disease severity and different seropositive prevalence. We did not include an untreated
group of subjects with rheumatoid arthritis, since their disease severity would be very
different. Worse disease severity predisposes patients to receive a TNFa blocking agent and
also may be associated with an increased risk of cardiovascular disease.” This unmeasured
confounder would likely bias our findings toward an increased risk associated with TNFa
blocking agent use, the opposite of what we observed. On the other hand, patients with more
comorbid medical conditions may be less likely to receive a TNFa blocking agent and more
likely to experience a cardiovascular outcome. Other unmeasured factors may contribute to
drug selection, such as socioeconomics and supplemental insurance. There is likely some
misclassification of rheumatoid arthritis and the cardiovascular outcomes, however it is not
likely to be substantial nor differential based on prior work validating these algorithms. 2 22
Finally, several potentially important variables were unmeasured, including over-the-counter
non-steroidal anti-inflammatory drug use, lipid levels, smoking, educational status, body
mass index, physical activity, and aspirin use. In other cohorts with rheumatoid arthritis
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followed in the US, these variables are well balanced across patients using TNFa blocking
agents or an nbDMARD.13

We found small differences in HRs using different analytic methods, as-treated versus first
exposure carried forward. The first exposure carried forward analyses were pre-specified as
the primary analysis because of concerns that there may be selective discontinuation of the
two treatments, possibly related to the outcome. However, as we noted above, one-quarter of
the study cohort switched medications during the first 6 months of follow-up and
approximately one in ten switched to a DMARD that would put them in the opposite
treatment group. This degree of switching introduces substantial exposure misclassification,
higher than we anticipated before starting the study. While either analytic option — first
exposure carried forward or as-treated — has potential limitations, it is clear to us post-hoc
that the as-treated is less likely to be biased. Both analytic techniques gave similar results.

Our research findings may have clinical implications. The results generally agree with prior
work suggesting a reduced risk of cardiovascular outcomes among users of TNFa blocking
agents. TNFa appears to affect several aspects of cardiovascular disease, such as plaque
stabilization, endothelial function, and post-infarct remodeling.37-4! Thus, one would
anticipate that blockade of TNFa would reduce ischemic cardiovascular outcomes. This
finding supports the inflammatory underpinnings of cardiovascular disease and highlights a
potential role for immunosuppression in cardiovascular risk reduction. At least one
randomized controlled trial of an immunomodulator is enrolling post-myocardial infarction
patients without a systemic rheumatic disease to determine potential benefits.#2 The findings
of our study support randomized controlled clinical trials testing targeted
immunosuppression, perhaps with agents other than TNFa blocking agents, to reduce
cardiovascular risk. While this may be a difficult trial in a chronic systemic inflammatory
condition, such as rheumatoid arthritis, where cross-over would be common, it is likely
possible in the general population with cardiovascular disease.

In conclusion, we found that persons starting a TNFa blocking agent may have a reduced
risk of cardiovascular outcomes over the first six months of use compared with those
starting a nbDMARD. These epidemiologic data are in line with prior studies and support a
possible role for targeted immunosuppression in the treatment of cardiovascular disease.
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illustrates the event free survival curves through 12 months of follow-up. Panel A uses a
first exposure carried forward analysis and Panel B an as-treated analysis. The tables below
the panels represent the number of subjects at risk for the composite cardiovascular endpoint
at 90 day intervals throughout the first year. For Panel A, the log rank p-value at 180 days
was 0.22 and at 365 days was 0.67. For Panel B, the log rank p-value at 180 days was 0.08

and at 365 days was 0.84.
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represents the adjusted hazard ratios for the primary and secondary cardiovascular outcomes

calculated in Cox proportional hazards regression models.
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represents the hazard ratios for the sensitivity analyses with the study cohort stratified by
database, age, gender, diabetes or cardiovascular disease, NSAID use, and statin use. These
analyses were conducted using the as-treated approach.
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Baseline characteristics of untrimmed and trimmed cohorts using a TNFa blocking agent or a non-biologic
disease modifying anti-rheumatic drug

*
Untrimmed

TNFa

nbDMARD

*
Trimmed

TNFa

nbDMARD

Number 12943
Sociodemographic characteristics
Female gender 11149 (86.1)
Age, years (mean + SD) 55.8 +14.3
Race

White 8088 (62.5)

Black 2019 (15.6)

Other 2836 (21.9)
Nursing home residence 459 (3.6)
Rheumatoid arthritis characteristics
Extra-articular manifestation 622 (4.8)
Naproxen use 1894 (14.6)
Non-naproxen NSAID use 8964 (69.2)
Cox-2 selective inhibitor use 5135 (39.7)
Oral glucocorticoid use 10562 (81.6)
Cardiovascular factors
Prior myocardial infarction 243 (1.9)
Peripheral vascular disease 516 (4.0)
Heart failure 480 (3.7)
Hypertension 5352 (41.4)
Diabetes mellitus 3017 (23.3)
Angina 255 (2.0)
Statin treatment 2848 (22.0)
Transient ischemic attack 119 (0.9)
Stroke 216 (1.7)
Coronary revascularization 84 (0.7)
Hyperlipidemia 6714 (51.9)
Beta-blocker treatment 2859 (22.1)

N (%) except where noted

9964

8562 (85.9)
56.2 % 14.4

6114 (61.4)

1581 (15.9)

2269 (22.8)
390 (3.9)

446 (4.5)
1769 (17.8)
6791 (68.2)
3477 (34.9)
7846 (78.7)

177 (1.8)
386 (3.9)
431 (4.3)
4181 (42.0)
2262 (22.7)
219 (2.2)
2241 (22.5)
106 (1.06)
181 (1.8)
70(0.7)
5197 (52.2)
2287 (23.0)

11587

10021 (86.5)
55.4+14.4

7232 (62.4)

1799 (15.5)

2556 (22.1)
415 (3.6)

541 (4.7)
1742 (15.0)
8032 (69.3)
4542 (39.2)
9351 (80.7)

224 (1.9)
457 (3.9)
432 (3.7)
4818 (41.6)
2722 (23.5)
228 (2.0)
2618 (22.6)
104 (0.9)
195 (1.7)
75(0.7)
6054 (52.3)
2584 (22.3)

8656

7434 (85.9)
56.2 +14.3

5332 (61.6)

1343 (15.5)

1981 (22.9)
331(3.8)

381 (4.4)
1490 (17.2)
5884 (68.0)
3039 (35.1)
6855 (79.2)

153 (1.8)
333(3.9)
359 (4.2)
3654 (42.2)
1982 (22.9)
177 (2.0)
2000 (23.1)
89 (1.0)
150 (1.7)
57(0.7)
4632 (53.5)
2077 (23.2)

Note:

*
Untrimmed refers to the entire study cohort and trimmed to the cohort after excluding the top and bottom 5%, based on the propensity scores.

Abbreviations: nbDMARD, non-biologic disease modifying anti-rheumatic drug; NSAID, non-steroidal anti-inflammatory drug use
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Incidence rates (per 100 person-years) of composite cardiovascular outcomes and each component through six

months of follow-up

Type of analysis nbDMARD TNFa blocking agent

First Exposure Carried Forward  Events Rate Events Rate
Composite CV endpoint 116 3.05 (2.54 - 3.65) 133 2.52 (2.12-2.98)
Myocardial infarction 38 1.00 (0.72 - 1.37) 39 0.74 (0.54 - 1.01)
Stroke 41 1.07 (0.79 - 1.46) 59 1.12 (0.86 — 1.44)
Coronary re-vascularization 56 147 (1.13-1.91) 55 1.04 (0.80 - 1.35)

As-Treated
Composite CV endpoint 82 3.07 (2.47-3.81) 103 2.31(1.90 - 2.80)
Myocardial infarction 28 1.04 (0.72 -1.51) 30 0.67 (0.47 - 0.96)
Stroke 30 1.12 (0.78 - 1.60) 49 1.09 (0.83 - 1.45)
Coronary re-vascularization 36 1.34 (0.97 - 1.86) 44 0.98 (0.73-1.32)

Notes: See text for definition of the analysis types. The number of events of each of the component cardiovascular outcomes does not add to the

total events in the composite outcome since subjects were censored at their first event in the composite (primary) analysis.

Abbreviations: nbDMARD, non-biologic disease modifying anti-rheumatic drug.
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