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Purpose—To provide a qualitative comparison of selected US and European rheumatoid arthritis
(RA) biologics registries and cohorts including ARTIS, BIOBADASER, BSRBR, BRASS, CLEAR,
CORRONA, NDB, RABBIT, SCQM, and VARA.

Randomized controlled trials (RCTs) have demonstrated the efficacy of biologic agents in treatment
of rheumatic diseases. However, results from RCTs may not be generalizable to clinical practice
because of their strict inclusion and exclusion criteria. Assessment of safety using RCT data also is
limited by short duration of follow-up and relatively small sample sizes which generally preclude
analysis of longer-term outcomes and rare adverse events. In rheumatology, various observational
cohorts and registries have been created to complement information obtained from RCTs, some with
the primary purpose of monitoring effectiveness and safety of biologic agents. Most registries are
either drug based or disease based. These registries include patients with a variety of rheumatic
diseases including RA. A careful comparison of these registries, as provided in this article, can
provide a basis for understanding the many similarities and differences inherent in their design, as
well as societal context and content, all of which can significantly impact their results and
comparisons across registers.

Summary—The increasing use of biologic agents for treatment of rheumatic diseases has raised
important questions about cost, safety and effectiveness of these agents. The unique and variable
features of patient populations and registry designs in Europe and the U.S. provide valuable and
complementary data on comparative effectiveness and safety of biologic agents to what can be
derived from RCTs.
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Introduction
Rheumatoid arthritis (RA) is a systemic inflammatory disease associated with chronic articular
pain, disability and excess mortality. There has been a growing emphasis on diagnosing and
treating RA early and intensively with the goal of minimizing disability and mortality. The
introduction of biologics in the past decade has revolutionized the treatment of RA because of
their substantial impact on disease signs and symptoms as well as their ability to slow
radiographic progression of joint damage. However, cost and safety concerns continue to be
important considerations as these agents are used by an increasing number of patients,
particularly those with less severe disease and with a greater burden of comorbidities than
typically represented in randomized clinical trials (RCTs). Additionally, comparative
effectiveness research is becoming increasingly important, and RCTs are unlikely to provide
answers to many important comparative effectiveness questions.

To complement information obtained from RCTs, various observational cohorts and registries
have been established in the last decade for patients with rheumatic diseases. A cohort is a
structured organization of patients; as one type of cohort, a registry is typically prospective
and enrolls patients for a specific reason (1). The registries are either drug based (i.e. patient
enrolled if they are starting particular medications) or disease based (i.e. enrollment is
predicated on a patient have a particular diagnosis such as RA), or both, and most allow
evaluation of outcomes referent to a comparator group of RA patients. Many but not all drug-
based registries enroll patients treated with a variety of medications for a given disease such
as RA. In addition to broadly studying disease-related outcomes, an important purpose of most
rheumatic disease registries is to monitor the long term effectiveness and safety of new
therapies. These registries are designed as longitudinal cohorts and can compare, for example,
biologic users to non-biologic users or to national population registers in a comparator arm.
Many registries have unique features, such as a link to a national death database, bio-
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repositories, or access to laboratory data that makes them particularly suited to answer certain
research questions. Some of the cohorts have reported results with differing magnitudes of
effect or seemingly discrepant conclusions for the same safety questions. A careful comparison
of the characteristics (similarities and differences) of these rheumatologic registries can lead
to a better understanding of the reasons that may sometimes underlie heterogeneous results.

In this article, we present published and unpublished data to allow a qualitative comparison
across European and U.S. RA registries and cohorts. The purpose of this approach was four-
fold: 1) To compare and contrast how similar information is collected and reported by the
different registries, 2) To highlight the unique features of registries, the consequence of which
results in certain registries being able to answer particular types of research questions; 3) To
compare outcomes reported by the various registers; and 4) To explore how differences in
registry design and analytic approaches may impact their results. In achieving these four goals,
we compared registries across the domains of 1) recruitment methods and inclusion criteria for
both biologic and comparator cohort patients; 2) demographics and comorbidities; 3) outcomes
such as effectiveness and medication persistence; 4) safety; in particular, the rate of serious
infections, acute myocardial infarction and malignancy. Recognizing that harmonization of
analytic approaches may improve the ability to compare result across registries, inherent
differences in registry populations and the design features of the registry may provide results
that are generalizable only to specific RA populations, a topic also addressed in this manuscript.

Methods
Selection of Registries and Cohorts

While recognizing the existence of numerous RA registries, we identified published articles
that report comparable data for the domains described above, with a particular focus on
registries and cohorts that allowed for addressing questions related to patient characteristics
and comorbidities and the effectiveness, safety, and adherence to biologics used for the
treatment of RA. Based largely upon size, the European registries selected for this qualitative
comparison included the U.K. British Society for Rheumatology Biologics Register (BSRBR),
the German RABBIT registry, the Swedish Rheumatology Registers including the Biologics
register (ARTIS), the Swiss SCQM registry, and the Spanish Registry of Biologics in
Rheumatology (BIOBADASER). For U.S. registries, we described the Consortium of
Rheumatology Researchers of North America (CORRONA), the National Data Bank (NDB)
for Rheumatic Diseases, the Veterans Affairs Rheumatoid Arthritis Registry (VARA), the
Consortium for the Longitudinal Evaluation of African Americans with Early Rheumatoid
Arthritis (CLEAR), and the Brigham and Women's Rheumatoid Arthritis Sequential Study
(BRASS). For comparative purposes, we also included an example of an RA cohort derived
using administrative databases collected by large U.S. health plans.

We reported on published data that was available in more than 1 registry/cohort using similar
enough methods to facilitate qualitative comparison. We also asked coauthors to provide
information that was not captured in published form. A description of unique data captured by
only a single registry was reported in an Appendix. Omission of certain data elements from a
registry does not imply that the information is not collected, only that it was unavailable at the
time of publication.

For the purposes of this report, RA patients were characterized as ever or never biologic users;
in most drug-based registries, RA patients can contribute person-time to the non-biologic
cohort and subsequently to the biologic cohort; this transition can only occur once for each
patient. In contrast, some cohorts (e.g. RABBIT, the SCQM registry) allow for switching in
both directions and contributing person time to different drug exposure categories. For disease-
based registries, an ever user of a biologic was represented only in the biologic category.
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Results
Recruitment methods and inclusion criteria

Table 1 summarizes the governance, nature of data reported, frequency of data collection and
selection criteria of the various cohorts. The European registers initiated by the national
rheumatology societies of the respective countries had widely varied inclusion criteria for the
biologic and comparator cohorts. The biologic arms generally enroll new users, although new
DMARD use is often not required for the comparator cohorts. UK national guidelines restrict
use of anti-TNF alpha drugs to patients with active RA, defined as a Disease Activity Score
(DAS28) > 5.1 despite previous therapy with two DMARDs, one of which should be
methotrexate. Within the BSRBR, patients initiating anti-TNF therapy and other biologic
therapies are enrolled into the biologic cohort (2) up to a maximum of 4,000 patients starting
each of the three anti-TNF agents (etanercept, infliximab adalimumab) and 1100 starting
rituximab (RTX). The comparator cohort consists of patients with active RA with a DAS28
>4.2 despite current treatment with a conventional DMARD. New use of a non-biologic
DMARD is not required for comparator patients. The BSRBR initially sought to capture all
patients with RA treated with biologics in the country until recruitment targets were met.
Comparator patients are enrolled from 29 geographically distinct rheumatology practices
across the UK. Because of the stringent requirements for biologic use, less than 10% of RA
patients in the U.K. receive biologics.

In Germany, there are no strict guidelines on the use of biologic agents. However,
recommendations presume high disease activity and failure of at least one conventional
DMARD including methotrexate. Patients are eligible to be included in the biologic arm of the
German RABBIT registry if they start new treatment with biologic agents. They are eligible
to be in the control cohort if they initiate a new non-biologic DMARD after the failure of at
least one other DMARD (3). Participation in the registry by rheumatologists is voluntary. Based
upon countrywide sales figures of anti-TNF therapies, it is estimated that 5-10% of RA patients
in Germany receive biologics (4).

In Sweden, the use of biologics is not restricted by health authorities (5). The Swedish
Rheumatology Register hosts two overlapping modules; the Early RA Register of incident RA
with less than 12 months of symptom duration at diagnosis, in operation since 1995 (n=10,000),
and the Biologics Register, which covers all treatment starts with any biologic for RA and for
other rheumatology conditions, in operation since 1999 (n=15,000 patients, of whom 10,000
have RA). A current estimate of the penetration of biologics in Sweden suggests that 12-20%
of all the patients with RA (0.6% of the general population) receive biologics (6). There is no
explicitly recruited Swedish biologic-naïve comparator cohort; several control groups are used
including the Early Arthritis RA cohort and a national comparator encompassing the vast
majority of prevalent patients with RA (or other rheumatology diseases, as needed), identified
through the Inpatient Register or through non-primary care outpatients visits. A variety of
database linkages in Sweden exist including hospitalizations, non-primary care outpatient visits
(e.g. rheumatologists), drug prescriptions (e.g., DMARDs), cancer, and death. These databases
can be linked to the Swedish Rheumatology Register using a national registration number (a
10 digit number assigned to all Swedish residents) for the detection of safety outcomes or
comorbidities.

In Switzerland also, the use of biologics is not restricted by strict guidelines from health
authorities. However, regulatory authorities have requested continuous monitoring of all
patients receiving expensive biologic agents and selected the SCQM system for this task (7).
Participation in the registry is voluntary, but rheumatologists are encouraged to enroll their
patients by allowing them to deduct the costs of expensive biologic drugs from their global
treatment expenditure scrutinized by the health authorities, which contributes to a very high
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enrollment rate. Based on a comparison with industry sales data in 2004, approximately
70-80% of all Swiss RA patients receiving anti-TNF agents were included in SCQM, but this
percentage might have decreased in recent years (8). Inclusion in the registry is not restricted
to biologic users, but patients on biologic agents are over-represented in the registry (∼ 40%
compared to approximately 15% in the general RA population).

The Spanish registry holds information not only on RA but on any rheumatic disease for which
a biologic agent has been used (9). Patients are registered whenever they start the first biologic.
Regarding RA, eligibility criteria for biologics is considered appropriate based upon norms
issued by the Spanish Society of Rheumatology and endorsed by the Ministry of Health
(10-11). This guidance is a DAS28 > 3.2 after a trial of a full dose DMARD. RA patients treated
with biologics are compared with a registry of RA patients (EMECAR) followed from 1999
to 2005.

Inclusion criteria to be represented in EMECAR were fulfillment of ACR RA criteria; there
are no disease duration or disease activity restrictions. EMECAR patients are recruited from
34 participating centers; all but 2 of these centers also contributed patients to BIOBADASER.
In order to compare EMECAR and BIOBADASER patients, a propensity score matching
process selects only EMECAR patients matched by propensity for biologic treatment with
BIOBADASER patients. The propensity score is based on DAS28, RF, rheumatoid factor (RF)
positivity, age, and disease duration. The percentage of RA treated with biologics in Spain is
estimated to be similar as in Germany and Sweden.

In the U.S., a number of rheumatic disease registries have been established, some but not all
specific to RA. The CORRONA registry collects both physician and patient data from practices
of participating academic and community-based U.S. rheumatologists (12), for patients with
RA and psoriatic arthritis. The NDB collects data from patients who have been referred by
their rheumatologist after a rheumatic diagnosis has been established for RA or one of a variety
of other rheumatic conditions (e.g. osteoarthritis, systematic lupus erythematosus). Other U.S.
registries have been created to facilitate RA research in specific patient populations. The
Consortium for the Longitudinal Evaluation of African Americans with early RA (CLEAR)
and the Veterans Affairs Rheumatoid Arthritis (VARA) Registry are examples targeting
African Americans and U.S. veterans, respectively. Investigators at Brigham and Women's
Hospital created a cohort of RA patients (the BRASS registry) with an emphasis on
understanding the genetic basis of RA and identifying targets for new drug development. In
addition to collecting disease specific data, some but not all registries collect laboratory data
that available for research purposes. Likewise, some registries have an associated bio-
repository. Additional unique features of each registry are described in the Appendix.

Other Databases used to Conduct RA-Related Research—Some other databases that
have been used for observational RA research in the U.S. come from large managed care or
insurance plans (13). While some commercial healthcare organizations maintain databases
with only administrative claims data used for billing purposes (and thus contain no clinical or
RA-specific data), other databases such as Kaiser Permanente also have searchable inpatient
and outpatient electronic medical records. U.S. government databases such as those available
through the U.S. Veterans Affairs (VA) (14)are likewise available for research and also provide
access to electronic medical records for the nation's veterans. RA-specific information is
collected at several VA centers as part of the VARA registry and can be linked to administrative
medical and pharmacy data.

Besides the VA health system, other U.S. governmental databases including those maintained
by the Center for Medicare and Medicaid Services (CMS) are available for research. CMS data
includes administrative claims data used for billing purposes and covers a source population
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of tens of millions of people. These databases have high generalizability since they are
nationally representative, at least for persons over the age of 65 (enrolled in Medicare) and
lower income individuals (enrolled in Medicaid). CMS data and other administrative databases
includes complete health care utilization, including medication information and associated
costs, but lack RA-specific information such as disease activity. Outside of the U.S., the United
Kingdom General Practice Research Database (GPRD) covers approximately 6% of general
practitioner visits in the UK and can be used to evaluate drug safety and health outcomes across
many disease states. However, the GPRD is not currently linked to the BSRBR, data is
contributed by general practice physicians rather than rheumatologists, and the GPRD will
therefore not be discussed further.

Demographics and comorbidities, by Cohort and Drug Exposure
Table 2a reviews the demographics and co-morbidities of RA patients enrolled in selected
European and U.S. registries. The demographic characteristics of the patients are largely
comparable across cohorts with only a few exceptions. The VARA registry has a much lower
proportion of women given that the VA population is consists mainly of men. The size of the
various registries ranges from approximately one thousand (BRASS, VARA and CLEAR) to
many thousands. The prevalence of various comorbidities for these RA patients are shown in
Table 2a, although the definitions used to define these various conditions may differ. For all
cohorts and registries, comparator patients (i.e. non-biologic users) generally have as high or
a higher burden of comorbidity compared to biologic treated patients. Between cohorts, there
are potentially important differences in the comorbidity profiles; some of these ‘differences’
reflect true differences in the patients enrolled in each register, although dissimilarities in the
definitions and methods of ascertainment of comorbidities may also underlie these apparent
differences.

Approximately one-quarter to one-third of participants in the BSRBR, RABBIT, SCQM and
CLEAR are current smokers, which is much higher than in BIOBADASER and some of the
U.S. cohorts (prevalence of 12-15%). The reported prevalence of diabetes is higher in the
VARA and CLEAR population (14-22%) versus 5-10% for other registries; the prevalence of
chronic lung disease (including COPD/asthma) is higher in VARA, BRASS, and the BSRBR
(19-22%) than other registries. Other potentially important differences relate to the within-
cohort prevalence of comorbidities contrasting biologic and non-biologic users. For example,
in RABBIT, the prevalence of chronic lung disease is quite similar between biologic and
comparator patients at 6-7% for each, whereas in the BSRBR, it is approximately 50% higher
in the comparator cohort (20%) than in the biologics cohort (13%). These differences are likely
to significantly affect the absolute rates, as well as the relative rates, of conditions associated
with COPD such as pneumonia. Another salient difference relates to glucocorticoid use: the
proportion of RA patients using glucocorticoids is much higher for patients in RABBIT
(approximately 80%) compared to other cohorts.

Table 2b describes the RA related factors of various registries, and several salient differences
are noted. The mean DAS28 is quite high (5.8-6.6) in the biologic arm of the BSRBR, as might
be expected given restrictions on biologic use in the U.K. In contrast, the mean DAS28 score
in the biologic arm of the U.S. registers is substantially lower (3.5-3.6), which allows them to
study not only patients with severe RA but also those with mild and moderate disease. Another
factor that affects the mean DAS28 of biologic-treated patients relates to the age of the registry.
The older registries generally enrolled patients with higher DAS28 and indices of RA severity.
Similar trends are observed in the amount of disability, as measured by the Health Assessment
Questionnaire (HAQ), although some of these differences may reflect different registries using
different versions of the HAQ (the ‘full’, 20 question HAQ, the 8 question modified HAQ
[mHAQ], or the intermediate-length MD-HAQ). Differences in disease activity and disability
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among RA patients using biologics or comparator drugs may influence disease outcomes,
medication effectiveness and safety. Also, for any European or U.S. registry that does not
provide national representation, external validity is a potential concern since patients enrolled
in the registry may or may not be representative of the entire RA population within that country.
While this would not be expected to compromise the internal validity of results, it may affect
generalizability. For example, the experience of the biologic users enrolled in the U.K. and
Swedish registries are likely representative of the vast majority of RA patients within those
respective countries since those registries capture most of their biologic-treated patients.

Outcomes: Biologic Persistence and Clinical Effectiveness—Comparable
discontinuation data for new users of anti-TNF agents were found for the BSRBR, RABBIT,
NDB, CORRONA and BRASS and is shown in Table 3. The proportion of patients
discontinuing therapy at 6 months was approximately similar across the cohorts; slightly higher
rates of discontinuation were observed in BSRBR and RABBIT (19% and 23% respectively)
compared to NDB, CORRONA and BRASS (15-16). It is possible, although speculative, that
these small differences relate to baseline disease severity.

Table 4 describes the proportion of patients with RA who meet clinical trial eligibility criteria
and also their associated American College of Rheumatology (ACR) response rates.
Comparable data was available for RABBIT, CORRONA, and VARA. Only between 6 and
33% of patients in RABBIT, CORRONA, and VARA would have been eligible for the clinical
trials that were reported in common (17-18). Among patients who were eligible for these trials,
ACR20 and ACR50 responses were comparable between the observational cohorts (RABBIT
and CORRONA) and the respective clinical trials.

Outcomes: Serious Adverse Events (SAEs)—As shown in Table 5, the incidence of
serious infections in RA patients on anti-TNF therapy was comparable for most of the European
registers (5-6 per 100 person years). The rate was lower for RA patients in the U.S. registries
(13,19-21). As one example of methodologic differences that may impact absolute incidence
rates, the lower incidence reported in U.S health plan (2.9 per 100 patient years) could be
attributed to the “case definitions” for infections used in that study that incorporated clinical,
microbiologic and radiological results. These were perhaps more specific for an infection but
decreased sensitivity (and thus the absolute rate). Although the case definitions for infections
are not identical across cohorts, there are now available case definitions and a classification
system to gauge the certainty of an infection (22-24). Moreover, some but not all registries
have access to primary medical records, which may impact the certainty of infections and thus
event rates, since unconfirmed reports of infections can be excluded. All of these factors could
impact the absolute rate of SAEs, although the relative rates (comparing biologic to comparator
patients) would be unaffected as long as these methodologic considerations applied equally to
both the biologic and comparator RA patients. In the future, better standardization of case
definitions and criteria for confirmation of infections and other serious adverse events may
improve the comparability of absolute event rates between registries.

Besides possible differences in outcome definitions and factors such as demographics, several
other factors might account for different event rates across cohorts for serious safety outcomes.
Registries in countries with fewer restrictions on biologic use generally include patients with
lower disease activity that may have an associated lower susceptibility to serious adverse
events. Comorbidity profiles are also quite different within and between the biologic and
DMARD arms of each cohorts, as previously described in Table 2. Differences in the relative
rates of infections (comparing biologic to non biologic users) reported by the various registries
may in part depend on the comorbidity profiles of the patient populations within each registry,
particularly for the comparator RA patients not using biologics. As a point of similarity, both
U.S. and European cohorts have demonstrated that the risk of infection is time dependent and
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is highest in the initial 3-6 months after initiation of therapy with TNF antagonists (19-20,
25).

Finally, one possible area for potential harmonization is in adopting similar analytic methods
for attributing events to drugs (risk windows) (19). Patients may be instructed to discontinue
medications if they experience symptoms (e.g. chest pain, or angina) consistent with an
impending adverse event. If one attributes outcomes to exposure only while patients are
actively receiving medications of interest, important safety events (e.g. subsequent myocardial
infarction) related to medication exposure can be missed. For that reason, the ‘risk window’
that patients are considered exposed is often extended for some amount of time, which may
differ based upon the outcome. For infections, extending the risk window by 30-90 days would
seem to be reasonable (19). The most appropriate risk window for other outcomes such as
cardiovascular events and malignancy is unclear. Agreeing on the range of risk windows to be
used for each outcome may provide better comparability in comparing results between
registries.

Conclusion—Because results from RCTs may not be generalizable to clinical practice,
biologics registries and cohorts have been set up in various countries to bridge the gap in our
knowledge regarding the effectiveness and safety of these agents. The large size of these
registries and long duration of follow up allows analysis of rare events, which generally is not
possible with RCTs. Our work highlighting the unique features of several of these cohorts
points out their various characteristics that may make them more or less suitable to answer
particular research questions. Ongoing work to possibly standardize definitions for outcomes
and comorbidities and to harmonize analysis methodologies are likely to result in even greater
knowledge from these valuable information sources. Ultimately, the existence of these
population-specific registries in Europe and the U.S. from countries with markedly different
biologic usage, patterns of comorbidity, and different sociodemographic and geographic
factors (e.g. background rates of opportunistic infections) will provide valuable information
that complements RCT data to study comparative effectiveness and safety of rheumatic disease
therapies.
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Appendix: Unique Features of Individual RA Registries (provided by
investigators affiliated with each cohort)

ARTIS (Sweden) Capture (estimated to 90% of all eligible patients with RA) the entire Swedish treatment experience
with biologics in RA, possibility to use multiple control groups including the general population
experience, linkages to external registers allow for capture also of outcomes that are not pre-defined
(as long as they are captured by the registers)

BRASS

BSRBR High proportion of all UK patients recruited (estimated >80% until recruitment targets met) Linkage
with national mortality and malignancy registers

CLEAR Exclusive African American enrollment. Biorepository available. Longitudinal x-rays and DXA
performed.

CORRONA Disease-based U.S registry collecting data from both physicians and patients, including laboratory
data. Also includes pharmacogenetics biorepository of >1,000 patients prescribed biologics.

NDB Outcomes included direct and indirect medical costs, work disability, health utility measures,
household income, job classification, joint replacement, psychological scales, SF-36, widespread
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pain scales, comparisons with other rheumatic diseases (e.g., OA, SLE), cause-specific mortality,
index and scale development

RABBIT Internal control group of DMARD switchers. After termination of biologic treatment patients
contribute to a second control group

SCQM Radiographic damage assessed for all RA patients

VARA Bio-repository with baseline serum, plasma, and DNA; links with digital radiographs of hands/wrists;
links with VA administrative datasets including Pharmacy Benefits Management (PBM) data
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