
Using Registries to Identify Adverse Events in Rheumatic
Diseases

abstract
The proven effectiveness of biologics and other immunomodulatory
products in inflammatory rheumatic diseases has resulted in their
widespread use as well as reports of potential short- and long-
term complications such as infection and malignancy. These compli-
cations are especially worrisome in children who often have serial
exposures to multiple immunomodulatory products. Post-marketing
surveillance of immunomodulatory products in juvenile idiopathic ar-
thritis (JIA) and pediatric systemic lupus erythematosus is currently
based on product-specific registries and passive surveillance, which
may not accurately reflect the safety risks for children owing to
low numbers, poor long-term retention, and inadequate comparators.
In collaboration with the US Food and Drug Administration (FDA), pa-
tient and family advocacy groups, biopharmaceutical industry repre-
sentatives and other stakeholders, the Childhood Arthritis and
Rheumatology Research Alliance (CARRA) and the Duke Clinical Re-
search Institute (DCRI) have developed a novel pharmacosurveillance
model (CARRA Consolidated Safety Registry [CoRe]) based on a multi-
center longitudinal pediatric rheumatic diseases registry with over
8000 participants. The existing CARRA infrastructure provides access
to much larger numbers of subjects than is feasible in single-product
registries. Enrollment regardless of medication exposure allows more
accurate detection and evaluation of safety signals. Flexibility built into
the model allows the addition of specific data elements and safety out-
comes, and designation of appropriate disease comparator groups rel-
evant to each product, fulfilling post-marketing requirements and
commitments. The proposed model can be applied to other pediatric
and adult diseases, potentially transforming the paradigm of pharma-
cosurveillance in response to the growing public mandate for rigorous
post-marketing safety monitoring. Pediatrics 2013;132:e1384–e1394
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CURRENT STATE OF SAFETY
RESEARCH IN PEDIATRIC
RHEUMATOLOGY

In the late 1990s, the first immunomodu-
latory products for rheumatic diseases
were introduced, revolutionizing care for
adults and children who have inflamma-
tory arthritis.1–3 The proven effectiveness
of tumor necrosis factor (TNF) inhibitors
fueled the development of other products
targeting cytokines and cellular receptors
involved in the pathophysiology of various
inflammatory and autoimmune diseases.
Although the benefits of targeted im-
munomodulatory products are clear, the
short- and long-term risks in children and
adolescents are uncertain. These risks
are particularly important for children,
given their possible impact on the de-
veloping immune system and the poten-
tial for life-long exposure. In addition, the
pharmacokinetics of drugs often differ in
children,4 so safety information collected
in adults may not be generalizable to
children.

InNovember2009, theUSFoodandDrug
Administration (FDA) placed a Boxed
Warning for TNF inhibitors, informing
prescribers ofmalignancies in children
and young adults. The warning was based
on analysis of voluntary post-marketing
reports of malignancies in pediatric pa-
tients receiving TNF inhibitors for various
conditions.5 However, voluntary reporting
systems are limited owing to event un-
derreporting, inadequate clinical detail, no
knowledge about the total number of
patients exposed (denominator) neces-
sary to calculate an incidence rate, and
the lack of a relevant comparator group
of unexposed children. The FDA Boxed
Warning understandably caused alarm
among parents of children taking TNF
inhibitors and may have prompted deci-
sions not to use TNF inhibitors, trading an
effective treatment with a potential yet
uncertain risk for cancer for less effective
treatments carrying no perceived risk.
Subsequent studies have demonstrated
an increased baseline rate of malignancy

among all children who have juvenile idi-
opathic arthritis (JIA) compared with the
general population even without biologic
exposure.6–8,9 However, other studies have
not revealed increased malignancy risk in
JIA, highlighting the need for more robust
longer-term studies with active compar-
ators rather than historical controls.10

Other events of interest in children treated
with immunomodulatory products include
opportunistic infections, lupus or lupus-
like illnesses, demyelinating diseases,
pulmonary hypertension, inflammatory
bowel disease, and uveitis.11–14

Historically children were excluded from
clinical trials and most products lacked
adequate pediatric safety and efficacy
data. However, appropriate labeling of
clinical safety and efficacy data for chil-
dren has improved in the United States
over the last decade through a series of
federal legislative actions, culminating in
the permanent authorization of the Best
Pharmaceuticals for ChildrenAct and the
Pediatric Research Equity Act (PREA)
under theFDASafetyandInnovationActof
2012.15–19 European pediatric legislation
has also developed in parallel with that
in the United States. These legislative
developments are summarized in Fig 1.

Under this legislation, a pediatric as-
sessment is required for all drug or
biological product applications or sup-
plemental applications for a new active
ingredient, new indication, new dosage
form,newdosingregimen,ornewrouteof
administration.20 Therefore, drugs and
biological products seeking approval for
the treatment of adult rheumatoid ar-
thritis as a new indication would be
subject to PREA. Importantly, pediatric
studies can only be required under PREA
for the specific reasons listed above.
However, sponsors may receive addi-
tional marketing exclusivity for pediatric
conditions that may not occur in adults
through the issuance of a Written Re-
quest under the Best Pharmaceuticals
for Children Act. Unique subpopula-
tions such as systemic JIA with systemic

involvement and few joints may also be
put forward for FDA approval. The recent
Biologics License Application approval
of tocilizumab in systemic JIA (www.
clinicaltrials.gov identifier NCT00642460)
is one such example.

The pivotal phase 3 trials of biologic
agents in polyarticular-course JIA have
involved relatively small patient pop-
ulations because of the low prevalence
of JIA. In addition, the use of novel trial
designs in these studies, such as the
randomized withdrawal design, limit
placebo exposure,2,21–23 such that se-
rious and/or uncommon adverse
events cannot reliably be detected in
these registration trials. Most children
are exposed to multiple agents over
time, such that pinpointing adverse
event association with a single product
is problematic. Lastly, as previously
described, having rheumatic diseases
may predispose children to increased
risks for adverse events irrespective of
therapy,6,24 although the magnitude of
this baseline risk is poorly quantified.

The long-term safety of immunomodula-
toryproducts inJIA iscurrentlymonitored
in 3ways: open-label, long-term extension
studies of randomized controlled trials;
passive adverse event surveillance sys-
tems; and sponsor-led product-specific
observational registries that have tradi-
tionally fulfilled industry post-marketing
commitments and requirements. Each
has significant limitations as outlined in
Table 1. Although the FDA’s recently
implemented Sentinel Program will sig-
nificantly improve current passive sur-
veillance methods through actively
surveying diverse data holders, the con-
solidated safety registry approach will
provide richer clinical data and insure
longer follow-up of patients beyond what
is available in insurance claims to allow
better adjustment for potential con-
founders, including disease severity.

These limitations are illustrated in the
etanercept post-marketing registry in
polyarticular course JIA,25 a 3-year
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study comparing methotrexate alone,
etanercept alone, and the combination
of etanercept and methotrexate. The
etanercept registry enrolled 594 par-
ticipants (of whom 397 patients re-
ceived at least 1 dose of etanercept),
but only 245 (41%) completed 3 years
of observation, of whom only 179 had
been exposed to etanercept, showing
that single-product registries often
do not provide the robust long-
term data sought by investigators
and patients. The 2 most recently ap-
proved immunomodulatory products

for polyarticular-course JIA (www.clin-
icaltrials.gov identifier NCT00783510
[adalimumab], identifier NCT01357668
[abatacept]), are fulfilling post-marketing
requirements and commitments for
single-product registries with 10 years
of follow-up and greater numbers of
participants exposed to theproduct com-
pared with the etanercept registry; how-
ever, the high discontinuation rates seen
over just 3 years in the etanercept reg-
istry25 as well as the limited numbers of
available participants for competing reg-
istries are likely to lead to vanishingly

small numbers of participants over the
life of each product-specific study.

The lack of comprehensive pediatric
safety data on immunomodulatory pro-
ducts is a hardship for both families and
health careproviderswhenweighing the
risks and benefits of powerful products.
With large numbers of immunomodula-
tory products under study in current or
planned clinical trials, clinical inves-
tigators will be unable to meet enroll-
ment targets formultiple, single-product
registries. Biopharmaceutical compa-
nies compete for the same pool of

FIGURE 1
Pediatric pharmaceutical regulation timeline. Themajor federal legislative actions targeting improving appropriate labeling of clinical safety and efficacy data
for children are shown.

TABLE 1 Limits of Existing Methods of Post-Marketing Surveillance

Long-Term Extensions of Clinical Trials Passive Adverse Event Surveillancea Single-Product Phase IV Registries

Small sample size Limited or incomplete clinical information Challenging recruitment leads to inability
to reach enrollment targets

Restrictive eligibility requirements Underreporting and other reporting biases Retention issues lead to small numbers
of exposed patients by the end of study

Excludes patients with comorbidities No method to determine total number of exposed patients Multiple competing JIA patient registries
unsustainable

Randomized withdrawal clinical trial design Comparator group information is often unobtainable
Limit placebo exposure (no comparator group)
Selection bias: eliminates nonresponder

patients and patients with adverse events
a The FDA Sentinel System has been implemented to augment the passive surveillance systems by actively querying multiple data systems, such as public and private payers and pharmacy
databases.
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patients and investigators globally with
significant overlap of the collected in-
formation for each product-specific re-
gistry. Interpretation of collected data is
complicated by serial use of different
immunomodulatory products by partic-
ipants over the duration of each registry,
as well as the use of concomitant med-
ications. Clearly a model that better
meets the public mandate for efficient
and relevant safety surveillance of these
agents is urgently needed.

A MODEL FOR SAFETY
SURVEILLANCE: CONSOLIDATED
SAFETY REGISTRY

Over the past 3 years, the Childhood
Arthritis and Rheumatology Research
Alliance (CARRA)26 and the Duke Clinical
Research Institute (DCRI)27 in collabora-
tion with the FDA, industry representa-
tives, other governmental organizations,
as well as patient and family advocacy
groups, have developed a novel phar-
macosurveillance model that will be
based on an established multicenter
observational pediatric rheumatic dis-
ease registry (The CARRA Registry).
Contributors and advisors to this effort
included representatives from CARRA,
DCRI, Pediatric Rheumatology Collabo-
rative Study Group, National Institutes of
Health (NIH), FDA, Centers for Disease
Control and Prevention, Agency for
Healthcare Research and Quality, Ar-
thritis Foundation (AF), Lupus Founda-
tion of America, Friends of CARRA,
Pediatric Rheumatology International
Trials Organization, Pediatric Rheuma-
tology European Society, European Med-
icines Agency, Pharmaceutical Research
and Manufacturers of America, Bio-
technology Industry Organization, and
representatives of individual pharma-
ceutical companies. The effort to estab-
lish a consolidated safety registry was
initially launched at a public workshop
sponsored by the FDA in May 2009,28

and further expanded in a stakeholder
meeting held June 2011, leading to the

development of the CARRA-Consolidated
Safety Registry (CARRA-CoRe).

A consolidated disease-based safety
registry can address many limitations
of product-specific registries as shown
in Table 2. For patients, families, clini-
cians, and biopharmaceutical compa-
nies, a consolidated safety registry
offers the opportunity to more effi-
ciently evaluate the risk/benefit ratio
of treatments with less redundant
information, and reflects treatment

usage within the context of usual clin-
ical care. Importantly, the consolidated
safety registry allows for a more sci-
entifically robust approach to collecting
safety data on products of interest
while fulfilling biopharmaceutical com-
panies’ post-marketing requirements at
the same or lower cost. The following
sections describe critical elements of
the model and the accompanying de-
velopment plan and protocol for CARRA-
CoRe.

TABLE 2 Benefits of CARRA-CoRe Compared With Traditional Product-Specific Registries

Characteristics of Consolidated
Disease-Based Safety Registries

Benefits

Broad inclusion criteria allowing
enrollment of all patients with
specific diseases into a single
registry

Larger sample sizes
Inclusion of comparator groups
More closely represents the target population
Improved ability to detect serious and/or rare adverse events
Systematic, active surveillance of adverse events and outcomes
No competition for patients as occurs with multiple single-
product registries

Long-term retention of patients in registry as medication usage,
age, and geographic location change

Insight into how medications are actually used in the target
population by practitioners

Consolidated safety registry
infrastructure, standardized
data entry and management,
policies, procedures

Decreased variability in data entry, improving quality while
limiting monitoring and data cleaning burden, and improving
regulatory compliance

Leverage existing rapid start agreements with sites, site
performance training and regulatory processes, improving
efficiency of study start-up and conduct

Allows multiple concurrent safety surveillance projects for
different products

Long-term follow-up into adulthood improves assessment of
events with long latency times

Collaborative study design includes industry input while
assuring scientific independence

Standard of care outpatient visits and diagnostic studies
decreases the registry’s cost per patient

Ability to perform multiple concurrent projects of interest to
stakeholders: investigators, industry partners, funding
agencies, and patients

Comprehensive and cohesive
scientific oversight platform
for design and data analysis

Scientifically sound and efficient approach to meet post-
marketing requirements and commitments for registries

Improved assessment of the risk/benefit ratio of treatment
options for patients, families, and providers

Ability to compare multiple exposed and unexposed groups to
more accurately analyze the strength of the association of
adverse events to products

Improved ability to understand contribution of disease course
and severity to adverse events and outcomes

Ability to incorporate patient- and family-centered goals and
patient-reported outcomes

Engagement of patients and
families in design and
governance of the
consolidated safety registry

Patients, families, and clinicians have input into the evaluation of
the risk/benefit ratio of treatment options

Improved patient and family trust in immunomodulatory
products and the pharmaceutical industry owing to
transparent governance and scientific oversight
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DEVELOPMENT OF THE CARRA
CONSOLIDATED SAFETY REGISTRY

CARRA was founded in 2002 by pediatric
rheumatologists with the mission to
prevent, treat, and cure rheumatic dis-
eases in children and adolescents
through fostering, facilitating, and con-
ducting high-quality clinical and trans-
lational research. There are now 107
CARRA sites with 376 active members,
representingthevastmajorityofpediatric
rheumatologists in the United States and
Canada. CARRA’s administrative structure
is funded by the AF, and the majority
of its trials and research studies have
been funded by the NIH and foundations.
CARRA’s scientific committee structure
continuously drives a diverse project
portfolio that currently includes 27 active
projects and multiple completed studies
and trials.26 The CARRA Registry was ini-
tially funded by an NIH American Re-
covery and Reinvestment Act of 2009
award with additional support from AF
and Friends of CARRA (a nonprofit parent
run organization supporting CARRA). The
CARRA Registry is based on a 21CFR11-
compliant electronic data entry founda-
tion with a modular, flexible, extensible
researchdata storageand framework.29,30

Registry enrollment started in May 2010
and includes longitudinal data on all
major pediatric rheumatic diseases
from 60 US pediatric rheumatology
centerswith the goal of following at least
10 000 participants for over 10 years.
Table 3 shows enrollment in the CARRA
Registry as of February 2013. The es-
tablishment of CARRA-CoRe will build on
the existing infrastructure of CARRA and
the CARRA Registry, which will necessi-
tate expansion of the existing registry
data collection to includemore extensive
safety surveillance and detailed medi-
cation use. Figure 2 describes the data
architecture of the CARRA Registry and
CARRA-CoRe, and Table 4 explains the
data flow and the elements in the figure.

The CARRA-CoRe protocol includes ap-
proaches to general data collection,

management, and analysis, with en-
hancements if requested by industry
partners. The overall approach includes
initial online electronic data capturewith
eventual direct electronic health record
transfer. Follow-up occurs twice yearly
(approximately every 6 months). Active
surveillance is performed either at the
site or centrally. The DCRI will actively
survey patients no longerconnectedwith
asiteor lost to follow-up.Seriousadverse
events and prespecified important med-
ical events are collected and centrally
categorized using the Medical Dictionary
for Regulatory Activities. Incoming data
aremonitored for irregularities thatmay
prompt “for cause” site monitoring at
any time in addition to periodic routine
on-site monitoring. For each product of
interest, methodologic and clinical fac-
tors will be considered in selecting the
most appropriate study design (cohort,
case control, or case only design), de-
fining study populations and com-
parators, assessing and categorizing
exposure status over time, accounting
for potential confounders, and consid-
ering effect modifications by patient

factors. After carefully designing studies
for specific products of interest, the best
analytical approaches will be chosen,
including multivariable regression, pro-
pensity scoring, and methods to account
for time-varying confounding such as
marginal structural modeling.

CARRA-CORE GOVERNANCE AND
SCIENTIFIC OVERSIGHT

The proposed governance plan (Fig 3)
ensures representation by all relevant
stakeholders and optimizes scientific
collaboration while maintaining scientific
independence. Key elements that form the
foundation for a robust governance plan
are shown in Table 5. The CARRA-CoRe
Steering Committee is responsible for
setting strategic directions, allocating
resources for registry infrastructure
and operations, appointing committee
members, providing ethics oversight, and
approving policies and new studies
presented by the Scientific Oversight
Committee (SOC). Steering Committee
membership includes pediatric and adult
rheumatologists with relevant expertise,
a research coordinator representative,

TABLE 3 Overview of Participants in the CARRA Registry (February 2013)

Number
of Participants

% Current or
Previous Exposure

to Biologicsa

% Current or
Previous Exposure

to DMARDS or Immune
Suppressive Medicationsb

Total number enrolled 8211 34.5 75.9
Specific diagnosesc

JIA 5823 42.9 72.3
SLE 834 11.5 95.1
Mixed connective tissue

disease
141 23.4 92.9

Juvenile dermatomyositis 552 11.2 94.4
Vasculitis 170 27.1 82.4
Systemic sclerosis 48 2.1 87.5
Localized scleroderma 316 2.9 86.7
Sjogren syndrome 16 18.8 81.3
Autoinflammatory disease 52 25.0 23.1
Idiopathic uveitis 70 55.7 82.9
Sarcoidosis 45 53.3 77.8
Pain syndromes 144 2.1 5.6

DMARDS, disease-modifying antirheumatic drugs; SLE, systemic lupus erythematosus.
a Includes abatacept, adalimumab, anakinra, belimumab, canakinumab, certolizumab, etanercept, golimumab, infliximab,
rilonacept, rituximab, and tocilizumab. Excludes intravenous immunoglobulin.
b Includes azathioprine, cyclophosphamide, cyclosporine, hydroxychloroquine, leflunomide, methotrexate, mycophenylate
mofetil, sulfasalazine, and tacrolimus. Excludes corticosteroids.
c Additional diagnoses added as of February 2, 2012 include Sjogren syndrome, autoinflammatory diseases, and idiopathic
uveitis.
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the SOC Chair, DCRI representatives,
patient/family advocates, and represen-
tatives from industry sponsors (non-
voting). The Steering Committee does not
participate directly in project design or
development of the analysis plan, and
does not make decisions regarding data
access, approval of publications, or safety
reporting. These responsibilities are del-
egated to the SOC to insure scientific
independence and manage conflicts of
interest. The SOC consists of members
with expertise in areas including phar-
macoepidemiology, epidemiology, biosta-
tistics, pediatric rheumatology, registries,

and informatics. Through subcommittees,
the SOC provides independent scientific
oversight, including assessment of new
projects, registry data design, data query
requests, data access, data analyses, ad-
judication of safety events, publications,
and identification of safety trends and
signals. The Industry Sponsors Advisory
Committee (ISAC) is designed to interact
directly with the Steering Committee and
the SOC. Eachmajor industry sponsor has
a non-voting representative on the Steer-
ing Committee. The ISAC ensures ongoing
dialogue and collaboration between the
Steering Committee, the SOC, and industry

partners by facilitating the inclusion of
industry expertise on SOC subcommittees
addressing registry design and data
analysis plans. This interaction will lever-
age national experts and ensure success
in meeting post marketing commitments
and requirements. There are 2 External
Advisory Committees (EAC), the Scientific
EAC and the Advocacy EAC. The Scientific
EAC, composed of scientific experts, in-
cluding NIH and FDA representatives,
reviews the scientific approach, organi-
zation, and progress, making recom-
mendations to the Steering Committee.
The Advocacy EAC includes advocacy

FIGURE 2
CARRA Registry and CARRA-CoRe data architecture. The current CARRA Registry infrastructure is shown on the left panel of the figure. The right panel illustrates
components that extend the existing CARRA Registry infrastructure for CARRA-CoRe functions.

SPECIAL ARTICLE

PEDIATRICS Volume 132, Number 5, November 2013 e1389



groups and family/patient representatives
who review and advise the Steering
Committee regarding general principles
and progress. CARRA-CoRe’s Data Co-
ordinating Center (DCRI) provides signifi-
cant expertise in contracting, research
coordinator support, regulatory compli-
ance, site management, registries and
large databases, and safety monitoring
and reporting. DCRI has executed rapid
start agreements with the current CARRA
Registry sites. DCRI has an established
administrative center for managing sub-
ject verification as well as long-term
follow-up. It verifies that a valid informed
consent exists for each subject, maintains
a central repository of contact information
that is firewalled from the CARRA-CoRe
clinical database to protect patient confi-
dentiality (“honest broker”),31 and man-
ages a centralized contact center for long-
term follow-up that will be especially

important as participants transfer out
from pediatric to adult medical services.
Data access will be governed by the rig-
orous CARRA Data and Sample Sharing
policies and overseen by the SOC. Industry
partners will have full access to data
query outputs and datasets for their re-
spective products along with input into
analysis plans in accordance with the
policies and procedures of the SOC and
the ISAC.

SUSTAINABILITY OF CARRA-CORE

The long-term success of a consolidated
safety registry depends on adequate
sustained funding to support partici-
pating sites and central infrastructure,
enabling retention of participants into
adulthood. Establishing CARRA-CoRe
through a public-private partnership
agreement addresses the diverse

interests of the stakeholders involved:
public value and trust, transparency,
collaboration, shared financial respon-
sibility, scientific rigor, and future re-
search and development opportunities.
The DCRI will workwith CARRA, FDA, NIH,
nonprofit voluntary health and advo-
cacy organizations, as well as industry
funders. The interactive infrastructure
of CARRA, CARRA Registry, CARRA-CoRe,
and Duke University (DCRI) enables not
only organizational sustainability, but
facilitates following patients into
adulthood.

The financial model proposes public and
nonprofit investments in database in-
frastructureandprivate industry funding
for registry operations with additional
joint investments in research and de-
velopment. Development of the database
architecture and infrastructure was en-
abled by awards from the NIH and non-
profitorganizations.Eachindustry funder
will contribute to the ongoing yearly op-
erational costs of CARRA-CoRe and will
receive standard data outputs in return.
In addition, nonprofit or governmental
agencies may contribute to operational
costs and sponsor specific data requests
of CARRA-CoRe. Industry funders may
enter into contracts to meet post-
marketing requirements or other orga-
nizational objectives. With participation
bymultiplesponsors,abenefit to industry
funders is the ability to include new
therapeutic agents without significant
additional infrastructure investment. To
insure sustainability over time, critical
design elements of the CARRA-CoRe
public-private partnership include a sin-
gle point of negotiations based on the
existing rapid start agreements of the
CARRA Registry consortium, and policies
addressing intellectual property, anti-
trust issues, and conflict resolution. In-
dustry funders will benefit significantly
from participation in a public-private
partnership through operational efficien-
cies gained by using a high-functioning
centralized network, elimination of

TABLE 4 Key Elements of the CARRA Registry and CARRA-CoRe Data Architecture

Data Flow Key Features

Data entry and imports The CARRA Registry has for FDA 21CFR11 compliant site data entry using an
electronic data capture system and, at certain sites, electronic health
record data transfer.

Subjects are consented at each site.
Contact information and copies of informed consents are maintained in the
Consent and Contact Database that is managed by the Long-Term Follow-
up Group at the DCRI.

Access to clinical data and contact data are separated by a Personal
Identifiers Firewall (at both organizational and electronic levels) to ensure
privacy and protect the usage of contact and personal health information.

Patient-reported outcomes and surveys are collected and entered into the
electronic data system or entered directly by subjects.

Data exports Imported data are securely routed to site-specific i2b2 datamarts
corresponding to the originating sites.

Multiple virtual i2b2 databases are hosted on a central i2b2 server “farm,”
allowing scalability to add sites, other sources of data entry, or specific
projects such as CARRA-CoRe.

Permissioned sharing of data is governed through the Shared Health
Research Information Network.

The CARRA Registry i2b2-Self Scaling Registry Query Aggregator and User
Interface permits each site to query its own CARRA Registry data.

Permissioned investigators can perform network queries to access and
analyze aggregated data across 2 or more network sites.

CARRA-CoRe has a virtual i2b2 datamart incorporating data imports from the
CARRA Registry with additional CARRA-CoRe-specific fields.

Additional data from review of medical records for serious adverse events or
prespecified important medical events are entered into the CARRA-CoRe
datamart.

Additional linked data sources are added as appropriate to the CARRA-CoRe
requirements.

CARRA-CoRe queries can provide multiple opportunities for primary and
secondary analyses relevant to pharmacoepidemiology, adverse events,
medication safety, and other areas of interest.
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competition for participant enrollment,
improved ability to accurately assess
adverseevents,and improvedpublic trust
in product safety information.

FUTURE CONSIDERATIONS

Moving forward requires endorsement of
asharedcommitment to thesustainability
and success of CARRA-CoRe by public and
private nonprofit and for-profit stake-
holders. Industry investment in CARRA-
CoRe would ideally replace current
expenditures on product-specific safety
registries, which are resource-intensive
and are unable to yield scientifically rig-
orous long-term safety information of
immunomodulatory agents in children
who have rheumatic diseases. The FDA
issued a statement that a consolidated
safety registry such as CARRA-CoRe (pre-
viously called JIA-CoRe) could fulfill post-
marketing requirements and replace the
current use of product specific registries:

“FDA understands the scientific benefits
of a consolidated disease-based registry,
such as JIA [sic] CoRe, as this type of
registry may overcome some of the lim-
itations of individual product registries,
such as small sample size, inadequate

“real-world setting” assessments, in-
ability to evaluate disease contribution
to the adverse outcomes, and lack of
assessments of serial exposures to
a variety of anti-rheumatic medications.

Section 505(o) of the Federal Food, Drug,
and Cosmetic Act authorizes FDA to re-
quire post-marketing studies or clinical
trials at the time of approval or after
approval if FDA becomes aware of new
safety information about a prescription
drug or biological product. If the nature of
the risk(s) assessed in thepost-marketing
requirements and commitments can be
addressed by either utilizing the existing
data elements from JIA [sic] CoRe or
conducting prospective data collection
within the JIA [sic] CoRe infrastructure,
then such data could provide the
information necessary for individual
companies to satisfy post-marketing
requirements and commitments and
obviate theneed foran individual product
registry. Additionally, suchaconsolidated
registry would be superior to multiple
sponsors-maintained registries for the
reasons outlined above.”

Excerpt fromletterdatedDecember9,2011
fromJanetWoodcock,MD(Director,Center
for Drug Evaluation and Research, FDA)

Essential to the success of CARRA-CoRe is
the continued engagement of pediatric
rheumatologists and their commitment
toalong-termlongitudinalregistry.Oneof
thebenefitsofCARRA-CoReand its links to

the CARRA Registry is the research op-
portunities already available to CARRA
investigators who have a vested interest
in improving outcomes of children who
have rheumatic diseases. The engage-
ment of CARRA investigators is demon-
strated by the current achievements of
the CARRA Registry, which has success-
fully enrolledover8211participants from
60 sites as of February 2013 (Table 2).
Data from the registry has already
resulted in multiple national presen-
tations and publications.24,32–34 CARRA-
CoRe can also provide realistic esti-
mates of available participants to inform
the appropriate design of pre- and post-
marketing studies. Importantly, industry
funders can use CARRA-CoRe and the
CARRA Registry to address additional
questions of interest and to identify
other areas of potential collaboration
with the pediatric rheumatology com-
munity. Coordination with similar efforts
ongoing in Europe is underway to facili-
tate harmonization of adverse event data
for analysis of post-marketing safety on
a global scale. There are existing Euro-
pean national JIA safety registries that

FIGURE 3
CARRA-CoRe organizational structure. The CARRA-CoRe structure is designed to insure scientific independence through the Scientific Oversight Committee,
while the Steering Committee is responsible for strategy, operational oversight, resources, involvement of industry sponsors, and input from Advisory
Committees.
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continue to collect data, and the Paedi-
atric Rheumatology European Society
along with the Pediatric Rheumatology
International Trials Organization has
launched PHARMACHILD, a JIA disease-
specific pharmacovigilance registry for

biologic products, supported by the Eu-
ropean Union (7th Framework Program)
and pharmaceutical industry. Opportu-
nities to use mapping ontologies to
combine data from the various registries
are also being explored.

CONCLUSIONS

A consolidated safety registry pro-

vides many advantages over current

methods of pharmacosurveillance for

immunomodulatory products used to

TABLE 5 Key Elements of CARRA-CoRe Governance Plan

Principle Challenge Addressed CARRA-CoRe Solution

Formal role for patients, families, and
patient advocates in governance

Ensuring governance appropriately reflects the
social contract to protect the safety of patients

Steering Committee membership includes family/patient
advocates and the Advocacy External Advisory Committee
reviews progress and future directions, making
recommendations as indicated.

Formal industry role in governance and
scientific design

Protecting industry interests in decision-making
and scientific design

The Industry Sponsor Advisory Committee appoints 2 Steering
Committee members as well as ad hoc industry experts to
advise the SOC (see below) on study design.

Independent scientific oversight Ensuring a process to mitigate potential conflicts
of interest

The SOC is solely responsible for scientific design, study conduct,
and analysis without formal industry or other private or
public membership. Scientific participation from industry is
assured through the ISAC providing input to the SOC tomanage
conflicts of interest among industry participants with
competing products. The Scientific EAC reviews the scientific
progress and direction, making recommendations where
indicated.

Efficient policies and procedures for data
quality and monitoring

Balancing high-quality data collection and
management with efficient and less costly
data verification and monitoring procedures

Efficient policies and procedures optimize data integrity through
use of electronic monitoring where appropriate,
supplemented with routine and for cause on-site monitoring.a

Reliable adverse event adjudication and
reporting

Ensuring a reliable process for efficient detection
and management of adverse events

The SOC is responsible for the evaluation, adjudication, and
appropriate notification and reporting of all serious adverse
events and events of special interest. Adjudication will include
subspecialty experts as necessary. Validated definitions of
pediatric SAEs and events of interest are being developed with
international partners.

Risk attribution in the presence of
multiple exposures

Balancing patient care needs requiring treatment
adjustments with interpretation of adverse
events in the context of multiple exposures
over time

Fair and transparent policies and procedures developed by the
SOC with input from industry govern analyses of serious
adverse events in the context of multiple exposures, risk
windows, and other approaches.

Long-term follow-up Implementing processes and procedures to
follow participants who relocate or transfer
to adult care

The Long-Term Follow-Up Group within the DCRI Clinical and
Data Coordinating Center manages a centralized
communication repository, including confidential contact
information for participants. Efforts to harmonize a validated
set of outcome tools and patient-reported outcome
measures thatcanbeusedacross the lifespanareunderway. In
addition, the protected contact repository will facilitate
potential future linkage to large administrative and billing
databases including the Centers of Medicare and Medicaid
Services, pharmacy databases, insurance databases,
cancer registries, death index, and other registries and
resources.

Patient confidentiality Assuring the highest level of personal health
information protection

Participants’ personal health information is sequestered from
clinical data at the sites or by the Long-Term Follow-Up Group
(Honest Broker)31

Data access and sharing Insuring responsible and transparent
stewardship of data analysis and
dissemination and publication of results

Policies and procedures are under development to govern data
access, analysis, utilization, dissemination and publication of
results to guarantee meeting safety and regulatory
requirements and responsible conduct of research.

Management of intellectual property
and antitrust issues

Balancing protection of public safety with
intellectual property interests and antitrust
issues

The Steering Committee is responsible for overseeing
potential conflicts regarding ethical and regulatory
reporting of safety issues with intellectual property or
antitrust issues.

a The FDA agreed to this monitoring approach in concept, and the approach is generally consistent with that described in the FDA’s draft monitoring guidance issued in August 2011 and a letter
from the Division of Pulmonary, Allergy, and Rheumatology Products, Office of Drug Evaluation II, Center for Drug Evaluation and Research, FDA, regarding CARRA-CoRe monitoring plan dated
December 21, 2010.
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treat pediatric rheumatic diseases. By
collaborating with industry partners,
advocacy groups, DCRI, and govern-
ment agencies such as the FDA, NIH,
and European Medicines Agency, a
consolidated safety registry such as
CARRA-CoRe can overcome barriers to
markedly improve the ability to cap-
ture and understand long-term and
rare adverse events. This critical
knowledge will translate directly into
better medication usage and im-
proved patient care and safety. Ulti-
mately this model can be a powerful
and efficient tool to understand rare
and serious adverse events as well as
events with long latency in other
childhood and adult chronic and
complex diseases.
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