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A 45-year-old teacher with a 10-month history of rheuma-
toid arthritis (RA) initially responding to methotrexate
(MTX, 25 mg/wk) has relapsed with increasing pain,
swelling, and functional limitation. Examination shows
synovitis of the wrists, knees, and small joints of the hands
and feet, and the C-reactive protein and erythrocyte sedi-
mentation rate are elevated. Faced with this scenario, many
rheumatologists would escalate antirheumatic therapy.
Several options are considered, including new agents with
clinical trial data showing remarkable clinical responses and
radiographic protection. However, both her parents died
from cancer several years ago, and she is somewhat wary
about the potential longterm risks of treatment of her
arthritis. She will agree to whatever you recommend, but
has heard that the treatment may cause cancer and wants to
know her longterm risk. Do we know her risks? What would
we give her by way of evidence? What can we tell her about
the risk for MTX, an agent in use for more than 20 years?
Will there be answers with more confidence in another 10
years? What about these other agents?

This vignette epitomizes a major problem in RA manage-
ment: rare, longterm serious toxicity that may be treatment-
related. This issue was common to all treatments with
traditional agents such as injectable gold1 and D-penicil-
lamine2, and similar issues have now arisen with the newer
tumor necrosis factor (TNF) agents3. Late-appearing malig-
nancies and unusual serious infections are well known
examples, but there are numerous others unified by their
unpredictable nature. The example of lymphoproliferative
disease and immunosuppressive therapy is apt: even
repeated efforts over the years to clarify the relationship4-12

have not settled this issue. 
We briefly review drug surveillance and the study of drug

toxicity including the example of azathioprine and lymphoid
malignancy in RA. The problem, our limited knowledge of
longterm drug attribution, arises from many factors
including the variable nature of the disease itself and the
variable response to treatment. In addition, no study has
been of satisfactory design and or sufficient size to
adequately address this problem. One solution is an interna-
tional collaborative project on database study design and
implementation. Its purpose is to construct a sizeable,
longterm, composite database. It is an ambitious project
designed to overcome limitations of single databases and
with time yield more valid and quantitative evidence to
inform patient discussions like that described above.
Because such information is clearly in the best interest of

patients, we argue that clinicians have a responsibility to
pursue it.

GENERAL ASSESSMENT OF DRUG TOXICITY
With the major growth in the 1950s and 1960s in pharma-
ceuticals and their formal regulation, numerous adverse
event reporting systems were established. These systems
were generally voluntary, and although they remain useful
in signal detection, even the statisticians who designed
them13 recognized their limitations. In particular, voluntary
systems have no reliable measure of those with a given
adverse reaction or of those exposed and so at risk for it.
Both numerator and denominator are unreliable.
Additionally, none of the systems has a persuasive control
group. Even contemporary analyses with these systems,
such as the recent US Food and Drug Administration update
on TNF usage and lymphoma14, entail selection bias
regarding participation, case ascertainment, lack of concur-
rent controls, and information on important covariates. In
the 1970s and 1980s, pharmacoepidemiology broadened to
include record-linked drug monitoring systems, administra-
tive databases adapted to clinical questions of drug toxicity,
and large computerized general medical databases such as
the UK General Practice Research Database15. However,
these databases also have limitations, especially regarding
diagnosis misclassification and inadequate confounder
information such as drug exposures16, and none has been
adequate for use in RA.

DRUG TOXICITY IN RA; THE CASE OF
AZATHIOPRINE
In the 1970s and 1980s a number of studies4-7 were done to
estimate the increased risk of lymphoproliferative malig-
nancy due to RA alone, and the additional risk due to
azathioprine use. Two of these with strong designs6,7 found
similar estimates for lymphoproliferative disease in the
background populations (2.0 cases per 1000 for both
studies), and in RA patients treated with azathioprine (8.0
cases per 1000, 95% confidence interval, CI: 3.7, 15.2; and
7.5 cases per 1000, 95% CI 1.4, 18.5). Only one of these7

(with controls matched for disease duration, age, sex,
seropositivity, and azathioprine exposure) was able to sepa-
rately estimate a rate due to RA alone, compared to the
normal population: 4.8 cases per 1000, 95% CI 0.4, 13.8
(Silman A, personal correspondence, 1990). A subsequent
study17 has also confirmed that disease activity itself is a
significant risk factor. Finally, a 5-year prospective study in
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1200 RA patients taking azathioprine, even though powered
to detect a 3-fold increase in cases over controls, had too
few cases to permit multivariate analysis8.

The reasons for the limitations of these studies are many.
RA is highly variable and compounded by polypharmacy,
both current and past. The absence of clear, widely applic-
able prognostic factors makes RA study populations
inevitably more heterogeneous. Adequate information on
confounders for analysis of longterm observational studies
is difficult at best, and in RA it is compounded by the diffi-
culty of measuring disease severity and capturing the
relevant drug exposure information. Furthermore, epidemi-
ology itself has limitations. Historically, the accuracy of
results of case-control designs, even if prospectively
planned, has not been satisfactory18,19. On the other hand,
longterm cohort studies are expensive and time consuming
and require careful attention to design if the suspected
effect size is not large. A positive observational study
reporting a small effect (such as a doubling of risk) may be
viewed skeptically and called hypothesis-generating. In
general, critics have argued that the focal power of
epidemiology is limited and rarely able to discern small
effects in an unbiased manner20. More recently, inception
cohorts have been established in RA21-26 (Bijlsma H,
personal communication, 2004; Voskuyl A, personal
communication, 2004) that should help avoid major selec-
tion bias and so permit more accurate assessment of RA
prognosis. In addition many countries have established, or
are in the process of establishing, nationwide registries for
patients starting TNF-α therapy.

However, as the azathioprine experience shows, it is diffi-
cult to adequately design single studies large enough to give
definitive answers about rare, delayed toxicity, and it is unlikely
that any single inception cohort will have enough patients with
severe disease to be able to address these hypotheses.

All this has conspired to make studies of drug attribution
in RA difficult. At the same time reports of longterm
increased morbidity and mortality27,28 in RA appeared. To
compound these difficulties, most new agents for RA devel-
oped since 1990 have had smaller, not larger, safety data-
bases at initial marketing because targeting biologic markers
rapidly suppresses inflammation so that efficacy can be
demonstrated in smaller and shorter trials. However, this
leads to a corresponding loss in the ability to discern
longterm rare adverse events.

THE INTERNATIONAL RHEUMATOID ARTHRITIS
DATABASE (IRAD)
To help acquire better longterm evidence on drug toxicity,
the IRAD initiative was established. It consists of 2 projects:
(1) a collaboration of current and future RA databases and
creation of a composite, representative database (IRAD
Databank); and (2) a research agenda to test the validity and
extent of pooling among RA databases. The genesis of
IRAD involved academic, pharmaceutical, and regulatory
scientists under the auspices of OMERACT (an informal
international entity for professionals interested in outcome
measurement in rheumatology) in the 1990s and they
published a preliminary proposal for a longterm monitoring

program in 200029. Subsequently 2 large expert meetings
were held to discuss need and feasibility. We were involved
from the outset and have now drawn up the fundamental
design for the implementation of IRAD that is outlined
below. The project is already informally facilitating collab-
oration among existing and newly establishing RA data-
bases and is now being implemented as a website repository
(www.iradproject.com [cited May 3, 2004]) for information
on the design and operations of current and future RA data-
bases. As IRAD becomes operational it will be a web-based
project with participating centers having equal access.
Several new national databases, often mandated by reim-
bursement authorities, have been established subsequent to
the recent introduction of the biologic agents. Finally, since
there is no precedent to an undertaking of this type in a
chronic disease, IRAD should become a pilot for similar
initiatives that may be considered in the future for other
chronic diseases.

IRAD FUNCTIONS
Repository of RA databases. IRAD serves an umbrella func-
tion as a repository on design and operation of RA databases
worldwide. It is proactive in understanding and imple-
menting the parallelisms in design and operations that likely
will be needed for future pooling. It will also coordinate,
advise, and aid in initiating new RA databases. The website
will maintain a comprehensive and transparent inventory of
(1) various database designs and operations, and (2)
differing confidentiality, privacy, and ethics considerations
relevant to databases across countries. Informal yearly
meetings will review the design and operation of existing
and planned databases and the findings of the research
agenda as they unfold. Databases for a variety of purposes
are now emerging, some public, some proprietary, including
a growing collection of national registries of TNF usage30.
All have been invited to participate in IRAD and almost all
have responded positively.
IRAD Databank. IRAD will physically house a composite
database called the IRAD Databank. It will consist of yearly
contributions from participating databases. Specifically,
these will be 10% random samples of the past year’s data-
base registrants. IRAD Databank thus will enlarge over
time. Each year a new random subset will be contributed,
along with followup data on registrants from previous years’
subsets. The use of a randomized design will make the core
database more representative than any single database or
group of databases, and its use for hypothesis-testing with
nested case-control designs and for descriptive purposes
will thus be enhanced. Further, it will primarily draw on
existing international resources. In return for participation,
all centers will have unrestricted use of IRAD data, so there
will be mutual benefits. The bidirectional relationships
between participating databases and IRAD and its Databank
are illustrated in Figure 1. The IRAD Databank will then be
available for research questions informed by IRAD’s
research agenda. Past empirical work will be used as a
preliminary guide regarding minimal design criteria, core
set of domains, and reporting requirements for longitudinal
observational studies in RA31,32.
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Research facility for participants. In return for database
participation and the contributed information from the 10%
random samples each year, databases will have the right to
unrestricted use of the IRAD Databank or any portion of it. It
is hoped that this will serve generally as a research incentive.
Data pooling research agenda. Establishing a research
agenda on database pooling is a logical step in the growth of
evidence-based medicine in rheumatology. Pooling across
randomized trials and observational studies has been widely
done in other areas in medicine33. In selected areas such as
blood pressure or blood lipids, pooling is accomplished with
existing metaanalysis methodology34-36, even though issues
of heterogeneity often remain37. In general, the more design
parallelism seen in the component studies, the less contro-
versial is their pooling. The extreme of this methodology is
an identical design throughout, i.e., a multicenter trial with
a common protocol, whose analysis is readily accepted.

IRAD proposes to test existing databases to experimen-
tally establish when pooling is justified. The first step is
attaining transparency regarding structure and operations
of existing RA databases, which now number at least 20.
Secondly, IRAD will test the participating databases by
asking each to analyze a fixed battery of questions. This
will allow indirect assessment of the data quality. It is
likely that participation will mean a database fulfills
certain minimal design and reporting criteria31,32. The
results can then be compared for patterns that may relate to
the varying database structure and operations. Currently,
there is virtually no information on database poolability.
Existing RA database personnel have expressed a willing-
ness to participate.
Exploration of new toxicity questions. When the IRAD
Databank is sufficiently large, it will be an invaluable
resource to explore new queries that will arise regarding
possible drug toxicity. The investigations will use longitu-
dinal cohorts housed in the IRAD Databank and be

augmented with nested case-control protocols as needed,
tailored to the question of interest.
Resource to industry. There will be a proviso for subscriber
use of the data for pharmaceutical firms that help support
the project. This will make the Databank more generally
available for research purposes. For example, it should be
useful in estimates of control event rates in samples free of
many of the selection and other biases that confound most
pharmaceutical data.

The current rapidly expanding RA armamentarium
makes IRAD a timely proposal. The numerous national
databases being constructed, plus ongoing databases, will all
be adjunctive in this effort. Its strength lies in its design,
particularly its prospective core dataset common to all data-
bases and its yearly contributions of random subsets. An
international database is in the best interest of patients. As
clinicians we have a responsibility to implement it.
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Note: OMERACT stands for “Outcome Measures in
Rheumatology,” an informal entity for professionals inter-
ested in outcome measurement in rheumatology.
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Tugwell, Maarten Boers, Peter Brooks, Vibeke Strand, and
Lee Simon) endorsed by the International League for
Rheumatology, and has held conferences under the auspices
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Figure 1. IRAD structure and operations.
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of the World Health Organization beginning in 1992 in The
Netherlands. In conjunction with the ILAR, OMERACT has
had a working group on Drug Toxicity and Safety since
1994, led by Peter Brooks and Richard Day. Its focus was to
develop a toxicity index for use in all rheumatology clinical
trials, and to find a way forward to better record longterm
RA outcomes, especially regarding drug toxicity38,39.
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