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How did the study come about?

Highly active antiretroviral therapy (HAART) delays disease
progression and death."™ However, the treatments incompletely
control HIV replication,””” only partially restore immune func-
tion,®® have significant short- and long-term toxicities,'*'* and
eventually fail in many patients with consequent development
of HIV drug resistance. Thus, there is increasing need for
information to guide HIV-infected patients and their providers
in making decisions regarding optimal use of antiretroviral
therapies. Although clinical trials provide valuable information
about efficacy and side effects of antiretroviral treatment, they
have limited size, duration and power to detect effects on
clinical outcomes, focusing instead on surrogate endpoints such
as virologic failure, treatment discontinuation or composite
outcome measures.'’

Outside the clinical trial setting, there is tremendous hetero-
geneity among HIV-infected patients. The prevalence and
impact of important health conditions such as hepatitis C
virus (HCV) co-infection, mental illness and substance abuse
likely contribute to increased toxicity and decreased clinical
effectiveness of HAART regimens among the broader spectrum
of patients treated in routine care. Cohorts with significant
diversity in HIV disease severity, comorbidities and demo-
graphic distributions are required to provide information
regarding long-term outcomes and complications of HIV infec-
tion in the modern HAART era.

The Centers for AIDS Research (CFAR) Network of Integrated
Clinical Systems (CNICS) was created to better define the
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relationship between patient and treatment factors and long-
term clinical outcomes among HIV-infected patients in the
HAART era. The CFARs are a national network of centres
of excellence for HIV care and research established by the
National Institutes of Health (NIH) whose mission is to support
a multi-disciplinary environment for basic, clinical, epidemiol-
ogic, behavioural and translational research in the prevention,
detection and treatment of HIV infection and AIDS. There
are 19 CFARs located at academic and research institutions
throughout the United States. The objective of the CNICS
project is to integrate clinical data from the large and diverse
population of HIV-infected persons receiving care at CFAR
sites to investigate questions related to HIV disease manage-
ment that cannot be readily addressed through traditional
randomized controlled clinical trials and other cohort studies.
Investigators with expertise in basic, clinical, translational
and epidemiologic research, in addition to medical informatics,
are collaborating on the CNICS project.

The potential to build a comprehensive clinical data repository
for HIV disease was greatly advanced by the work of CFAR
investigators at the participating CNICS sites who had insti-
tuted point-of-care electronic medical record systems (EMRs)
with the dual purpose of providing real-time clinical infor-
mation to facilitate the delivery of HIV care and capturing
standardized clinical data to support population-based HIV
research. The initial four CNICS sites were Case Western
Reserve University, University of Alabama, Birmingham,
University of California, San Francisco and the University of
Washington. Two other CFAR sites, the University of California,
San Diego and Fenway Community Health Center of Harvard
University, were successfully integrated into the CNICS project.
Most recently, Johns Hopkins University was added as a
seventh site, bolstering both the geographic and ethnic repre-
sentation of the cohort. These seven sites currently constitute
the CNICS cohort, providing data on >15000 patients.

As a clinic-based research network, CNICS directly reflects
the outcomes of clinical decisions made daily in the care of
HIV-infected individuals. Unlike classical epidemiologic studies
that collect data through structured interviews or retrospec-
tive medical record review, CNICS captures a broader range of
information associated with the rapidly changing course of
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HIV disease management through prospective collection of data
at the point-of-care. This continuous collection of clinically
relevant information can be used to monitor trends, detect new
events and address new research questions. The CNICS project
has established links with specimen repositories at CNICS sites
to support basic and translational research investigating HIV
disease mechanisms and pathogenesis. The flexibility of this
consortium enables CNICS to address scientific questions that
cannot be answered through other collaborative cohorts
with less comprehensive data and more limited accession
of specimens.

The work of CNICS is organized into four major cores
(Administrative, Data Management, Biostatistical and Research
Coordination) and an Executive Committee (EC) that provide
an infrastructure for efficiently identifying critical and timely
scientific questions, and for conducting analyses to address
the CNICS scientific agenda. The Administrative Core (AC) is
located at the University of Alabama, Birmingham. The AC
is responsible for the administrative and operational functions
of CNICS, provides scientific leadership, and facilitates commu-
nication and linkages for CNICS sites through a programme
of regular meetings, electronic communications and symposia.
The Data Management Core (DMC) is located at the University
of Washington, Seattle, and provides expertise to the CNICS
sites and implementation of central data services. The DMC
brings to bear extensive experience in the design and conduct
of HIV cohort research, as well as in clinical and population
health informatics. The DMC establishes standards for data
quality at the CNICS sites prior to transmission of data,
develops data submissions standards and metadata tables for
mapping local site codes to CNICS standard labels, and informs
decisions about the content and format of data to meet the
scientific goals of this project. The DMC develops and supports
scalable models of data integration, incorporating an extensible
repository model to capture new data types such as HIV-1
resistance data, including genotype data at the codon level
and patient-based measurements. The model also supports
automated validation and integration procedures, allowing
the methods to be scaled as the number of participating sites
increases. The CNICS Biostatistical Core (BC) provides statis-
tical input on data definitions, quality assurance of the CNICS
data repository and guidance to all protocol and manuscript
teams in the design, conduct, analysis and reporting of data
from the CNICS repository. The BC helps link other CFAR
statistical groups to participate in data analysis. In addition,
the BC conducts methodological research to develop, evaluate
and implement novel approaches to the design of studies and
analysis of observational data. The Research Coordination Core
(RCC) is responsible for developing, evaluating and prioritizing
the scientific agenda of CNICS. It reviews all concept proposals
for scientific merit, feasibility, resource use and overlap with
existing projects, and makes recommendations to the EC about
which projects should move forward. In addition, the RCC
monitors the progress of ongoing studies and facilitates timely
publication of results.

The EC provides leadership and general oversight for the CNICS
project and includes the Principal Investigator (PI), Co-PI, the
Administrative, Biostatistical, Data Management and Research
Coordinating Core Chair and Vice Chair, and representatives from

each of the participating CFAR sites. The EC assumes responsi-
bility for the conduct of research performed and ensures that
these studies are carried out efficiently and with the highest
scientific standards. It approves concept sheets proposing
secondary hypotheses/research questions and ancillary proposals
for research from both internal and external investigators.
Further, the EC oversees operational methods and procedures
and reviews performance-monitoring reports.

What does it cover and who
is in the sample?

The CNICS repository contains data from EMR systems used
to provide HIV care and support clinical and translational HIV
research at seven CFAR-affiliated medical centres (Table 1). The
CNICS cohort includes HIV-infected individuals aged 18 years
or older who initiated primary care at CNICS sites after January
1, 1995. As of May 30, 2007, the CNICS repository contains data
on 15126 patients, the vast majority of whom have been under
care in the HAART era. As shown in Table 1, the CNICS cohort
is a large and diverse population of patients with regard to sex,
race, ethnicity, age, risk factor for HIV transmission and
geographic distribution. Women make up 20% of the combined
cohort, 46% of individuals are non-Hispanic white, 40%
are African—-American/black, and 9% are Hispanic. In addition,
comprehensive clinical data on patients in the CNICS cohort
are linked to specimen repositories located at CNICS sites that
currently store over 127000 specimens of plasma or cryopre-
served peripheral blood mononuclear cells from over 4500
patients available for research studies.

How often have they been followed
up and what is the attrition rate?

Data captured on the CNICS cohort reflect events associated with
ongoing care provided at centres of excellence. Clinical cohorts,
such as CNICS, differ from classical epidemiologic cohort studies
in that the type and timing of data collected are determined by the
health care services provided. Traditional epidemiologic cohort
studies recruit participants outside of regular care and have
specified follow-up intervals (e.g. semiannual). The frequency of
follow-up for patients in the CNICS cohort is a clinic visit
approximately every 3 months, however patients can be seen
more or less often depending upon their unique clinical care
situation. An advantage of the CNICS project is that data from
individuals in the CNICS cohort are less subject to volunteer and
non-response bias than classical epidemiologic cohort studies
that rely on recruitment and willingness of participants to
continue.'® CNICS is a dynamic cohort that has enrolled ~1400
new patients each year, a median follow-up of 33 months and
10% of patients leave care annually.

What has been measured?

The sources of data within the CNICS repository are the EMR
systems at each participating CNICS site. While the EMRs



Table 1 Demographics characteristics of CNICS cohort by site
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CWRU? Fenway JHU® UAB® ucsp? UCSF®¢ uw! Total
Cleveland, Boston,  Baltimore,  Birmingham, San Diego,  San Francisco, Seattle,
OH MA MD AL CA CA WA All

Sex
Female 296 (21) 45 (4) 1361 (33) 462 (23) 339 (12) 257 (14) 231 (14) 2991 (20)
Male 1094 (79) 1089 (96) 2775 (67) 1564 (77) 2599 (88) 1645 (86) 1369 (86) 12135 (80)
Race/ethnicity
African-American/Black 710 (51) 85 (7) 3121 (76) 972 (48) 387 (13) 453 (24) 319 (20) 6047 (40)
American Indian 0 (0) 0 (0) 0 (0) 3 (<1) 14 (<1) 14 (1) 45 (3) 76 (1)
Asian/Pacific Islander 6 (<1) 12 (1) 11 (<1) 1(<1) 59 (2) 84 (4) 30 (2) 203 (1)
White 555 (40) 840 (74) 922 (22) 1017 (50) 1631 (56) 957 (50) 1062 (66) 6984 (46)
Hispanic or Latino 65 (5) 76 (7) 56 (1) 22 (1) 685 (23) 366 (19) 128 (8) 1398 (9)
Multiracial 0 (0) 0 (0) 0 (0) 2 (<1) 12 (<1) 0 (0) 7 (<1) 21 (<1)
Other/unknown 54 (4) 121 (11) 26 (1) 9 (<1) 150 (5) 28 (1) 9 (1) 397 (3)
Age at first visit (years)
18-29 242 (17) 144 (13) 552 (13) 376 (19) 378 (13) 249 (13) 268 (17) 2209 (15)
30-39 571 (41) 544 (48) 1728 (42) 852 (42) 1235 (42) 753 (40) 725 (45) 6408 (42)
40-49 444 (32) 366 (32) 1391 (34) 586 (29) 961 (33) 641 (34) 461 (29) 4850 (32)
50-59 107 (8) 63 (6) 370 (9) 184 (9) 313 (11) 220 (12) 136 (9) 1393 (9)
=60 26 (2) 17 (1) 95 (2) 28 (1) 51 (2) 39 (2) 10 (1) 266 (2)
HIV transmission risk factor
MSM# 674 (49) 595 (53) 945 (23) 903 (45) 1822 (62) 756 (40) 824 (52) 6519 (43)
Injection drug use 35 (3) 29 (3) 1677 (41) 135 (7) 147 (5) 188 (10) 217 (14) 2428 (16)
MSM and injection drug use 20 (1) 5 (<1) 1268 (31) 74 (4) 244 (8) 138 (7) 275 (17) 2024 (13)
Heterosexual 476 (34) 11 (1) 83 (2) 562 (28) 484 (17) 204 (11) 225 (14) 2045 (14)
Other/unknown 185 (13) 494 (44) 163 (4) 352 (17) 241 (8) 616 (32) 59 (4) 2110 (14)
Total 1390 1134 4136 2026 2938 1902 1600 15126
9Case Western Reserve University.
®Johns Hopkins University.
“University of Alabama, Birmingham.
dUniversity of California, San Diego.
“University of California, San Francisco.
[University of Washington.
£Men who have sex with men.
at the seven sites were developed independently, there is  (AIDS-defining diagnoses defined by the CDC 1993 case

significant commonality among data elements generated during
the provision of HIV care. The EMRs were designed to collect
standardized data that meet clinical care needs and have the
accuracy, specificity and completeness required for research.
The CNICS consortium has established standards for termi-
nology, format, data verification and quality assurance proce-
dures that can be used by other sites as they develop local
EMRs, and that facilitate both expansion of CNICS within the
CFARs and data sharing with other cohorts.

The CNICS data repository integrates demographic informa-
tion [year of birth, sex, race and ethnicity categorized according
to US Federal Health Resource and Services Administration
(HRSA) standards]; risk factors for HIV transmission classified
according to the Centers for Disease Control and Prevention
(CDC) classification;'” laboratory data including results of
CD4" T cell counts, plasma HIV-1 RNA levels and hematologic
and metabolic markers; antiretroviral medication data; diag-
nosis data classified as to source, reliability and completeness

definition'®); and death data. Comorbid conditions, including
diabetes mellitus, hypertension, cardiovascular disease, mental
illness, substance abuse, liver and renal conditions, and causes
of death (classified according to the CoDe'®), are currently
being integrated in the CNICS repository. Historical data
regarding a patient’s prior antiretroviral treatment and diag-
nosis history are collected at the time of their initial clinic visit,
which coincides with enrollment into the cohort. HIV resistance
data including all genotype and phenotype test results as raw
codon sequences that permit flexibility in generating different
types of resistance variables are now being incorporated into
the repository through the NIH-Funded Roadmap Project:
‘Integrating HIV resistance data into the CNICS cohort’.
Prospective collection of patient-reported measures using
validated instruments to assess body morphology abnormalities,
depression and anxiety, current symptom burden, antiretroviral
medication adherence, drug/alcohol/tobacco use, health-related

quality of life and physical activity level?*-*? is being implemented
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at all sites. The CNICS DMC developed a web-based survey
software application to collect patient-based measures that uses
tablet personal computers (PCs) with touch screens operating
over a secure wireless network infrastructure. While there is the
potential for reporting bias, the use of computer-based collection
rather than interview-based may allow patients to feel more at
ease reporting socially undesirable behaviours reducing social
desirability bias.?° Patients complete these assessments approxi-
mately every 6 months.

The specimen repositories associated with each of the
seven CNICS sites are a key strength of the CNICS project
with individual specimens linked to data contained within
the CNICS data repository. All CNICS participating sites have
agreed to a minimum standard of plasma/serum and cell pellet
collection at least every 6 months, beginning with the patient’s
first visit to the clinic whenever possible. In addition, events
and features of particular interest in a patient’s clinical course
increase the level of priority for specimen collection including:
(i) first visit of untreated patients, (ii) initiation of first anti-
retroviral regimen, (iii) antiretroviral regimen change, which is
often defined by the time of resistance testing and (iv) unique
clinical profiles, such as long-term non-progressors, immuno-
logical failures and elite controllers who maintain an undetect-
able viral load without antiretroviral treatment. CNICS is
designed to expand with the network as the participating
sites grow in size and number, and to manage increasingly
complex clinical and biological specimen data.

Data validation and integrity checking occur in multiple
stages, both at the contributing CFAR sites and at the central-
ized CNICS repository. At the sites, data quality monitoring
includes procedures specific for each data type: (i) laboratory
test results are uploaded directly from the Clinical Laboratory
Systems at each site, and surveillance for coding changes and
outliers is conducted; (ii) diagnoses are recorded prospectively
in the EMR by the treating clinician using standardized,
constrained vocabulary and verified through systematic review
of clinician progress notes and other existing medical records,
event driven audits, and verification of random samples of
clinical events; (iii) medication data are entered into the EMR
by clinicians or prescription fill/refill data are uploaded directly
from institutional pharmacy dispensing systems and verified
through medical record review. Data source coding in CNICS
provides a hierarchy of indicators with increasing reliability
for diagnosis and medication data and (iv) Each CNICS site
maintains a death registry and regularly queries the United
States Social Security Death Index to confirm mortality data.

At the CNICS repository level, all data are validated against
the CNICS constrained vocabulary and coding standards,
using an automated validation framework. Validation occurs:
(i) prospectively, at the individual sites prior to the transmis-
sion of data to CNICS, (ii) synchronously, at the time of
submission, as data are being parsed for insertion into the
repository and (iii) asynchronously, after data are loaded
into the CNICS repository, through the use of applications
to monitor data quality. Synchronous validation implements
first-order validation procedures to verify that data elements
are reported using a valid format and value. First-order rules
are applied twice, both prospectively and synchronously.
Second-order validation procedures are applied asynchronously.

They use rules specific for different data types and require
a database query of other data for a patient to implement both
temporal- and database-dependent business rules. For example,
a patient without concurrent antiretroviral treatment would
not be expected to have an undetectable viral load. The valida-
tion framework is comprised of a flexible business logic tier
to implement synchronous rules and a suite of data quality
reporting functions that run against the repository. The busi-
ness logic tier generates notification to the appropriate data
manager, while the data quality reporting functions generate
web-accessible reports.

Issues of central importance to the CNICS project include
protecting patient privacy, obtaining consent for electronic
databases, and maintaining linkages between clinical data and
biological specimens. CNICS has adopted strong protections
for research participants and has secured consent from the
governing institutional review boards and also secured a Certifi-
cate of Confidentiality from the NIH. The submitting CFAR site
generates Patient Identification values (IDs) stripped of any
identifiable characteristics that could be used by the CNICS
DMC to determine patients” identity. All CNICS data are
transmitted via secure, encrypted FTP to the CNICS repository
and require FTP password authentication and IP address
validation by the University of Washington host-based firewall
for access.

What has been found? Key findings
and publications

The CNICS repository contains longitudinal data on over 15000
HIV-infected patients in care between January 1, 1995 and
May 30, 2007 that are available for research, including studies
examining the determinants of long-term clinical outcomes in
the HAART era. There were 2270 unique AIDS-defining
events observed during this time period at six clinical CNICS-
participating sites (Johns Hopkins University, the seventh site,
has newly joined CNICS and is not included in the following
results). As shown in Figure 1, the incidence of clinical AIDS-
defining diagnoses decreased significantly in 1996 after the
introduction of HAART, and continues to decline slowly in the
most recent time period. Figure 2 depicts the trends in type
of antiretroviral regimens used as initial therapy over time and
shows the early predominance of PI-based regimens, followed
by a substantial increase in non-nucleoside reverse transcriptase
inhibitor (NNRTI)-based regimens in 1999, and the transition
from unboosted to boosted PI-based regimens. Figure 3 shows
the cumulative exposure to zero, one, two or three classes of
antiretroviral medications among the cohort, demonstrating the
significant drop in the number of patients exposed to a single
class of agents and a fairly steady proportion exposed to two and
three classes of antiretroviral medications over time. Figure 4
shows the trends in the type of individual antiretroviral medica-
tions used as initial therapy during the study period.

The distribution of CD4" T cell counts among patients
initiating care at CNICS-affiliated clinics during 2000-06 was
as follows: 25% were between 0 and 199cells/mm’, 45%
between 200 and 349 cells/mm? and 30% had >350 cells/mm”.
Among untreated patients, higher presenting plasma HIV-1
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RNA levels were associated with greater subsequent CD4™ T cell
decline.’’ However, only a small proportion of CD4™ T cell loss
variability (4-6%) could be explained by presenting plasma HIV
RNA level.’! Other factors, as yet undefined, likely drive CD4"
T cell losses in HIV infection. These findings have implications
for treatment decisions in HIV infection and for understanding
the pathogenesis of progressive immune deficiency. The overall
prevalence of HCV co-infection was 17% during the period
between 2001 and 2006, and ranged from ~4-28% across sites.
The prevalence of HCV co-infection observed in the CNICS
population underscores the importance of conducting studies
to understand the effect of this comorbidity on treatment-
related complications and disease progression to develop better
strategies for use of HAART among these patients.

What are the main strengths
and weaknesses?

Classical epidemiological cohorts collect data from patients
at set intervals using standardized forms and interviews, relying

heavily on patients’” self-report of diagnoses made and
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treatment received in the clinical setting. Clinical cohorts such
as those in CNICS capture data generated in the care of patients
at the time it is provided largely collected through medical
records. A limitation of clinical cohort data is that medical
records are intended for use in patient care not research and
the quality of information obtained depends on clinician
documentation.'® While paper records suffer from illegibility
and missing reports, the shift toward EMR can improve the
quality of data capture through use of standardized forms
at intake, structured diagnosis and medication lists and coding,
required fields for completion, and integrated data such as
comprehensive laboratory results. EMRs designed to standar-
dize clinician documentation at the time care is provided
improve the accuracy and completeness of clinical data required
for research.

CNICS was designed to address scientific questions that
cannot be answered through other collaborative cohorts.
The features that facilitate this include: (i) rich longitudinal
data generated over a 12-year period at geographically and
ethnically diverse centres of excellence in HIV research and
care in the United States, using EMR point-of-care systems
that reflect the daily decisions made in real clinical practice;
(ii) a CNICS scientific agenda that was conceived and
developed by investigators with expertise in clinical care,
HIV pathogenesis, medical informatics, outcomes research and
bioethics; (iii) ongoing collection of patient-reported measures
using a standardized set of questionnaires across sites that
provides a wunique resource for researchers investigating
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antiretroviral medication adherence, substance abuse, mental
illness and body morphology changes among a large well-
characterized HIV cohort; (iv) the integration of these clinical
outcomes data with linked specimens, thereby allowing cross
disciplinary analyses of basic, clinical and behavioural sciences;
(v) the systematic development of procedures for data quality
assurance at each CNICS site through rigorous, ongoing stan-
dardized review and verification strategies of the clinical data;
(vi) a flexible, robust data system that can accommodate new
data elements, new clinical sites and new research agendas
that are responsive to the changing needs of the epidemic; and
(vii) data analyses that will complement other sources of data
analyses such as clinical trials and classical epidemiologic
cohorts, synergistically to address emerging clinical questions.
Taken together, CNICS is a unique resource for HIV clinical,
translational and basic research, poised to address the challeng-
ing and evolving issues in HIV care and research.

How can I collaborate? Where can
I find out more?

CNICS has policies to ensure that multi-centre research find-
ings are developed collaboratively, efficiently and fairly. The
following principles previously outlined by other cohort collab-
orations®*>* guide our scientific research policies: (i) ownership
of individual cohort data remains with the contributing CFAR
cohort, as an entity, CNICS will not own any data; (ii) data
transmitted to and residing at the DMC will be de-identified
of all personal health identifiers (PHI) as defined by Health
Insurance Portability and Accountability Act (HIPAA) criteria;
(iii) ownership of individual repository specimens remains with
the contributing cohort; (iv) an individual cohort can choose to
participate or not in any scientific aim or sub-aim; and (v) all
cohorts will have input and one vote in the EC irrespective of
contributing data to a specific scientific aim or question.

Process for new collaborators

Collaborators who are not members of CNICS or partner
institutions are encouraged to be involved in studies/data
analyses. These collaborators will be required to acknowledge
that CNICS data and specimens are the property of the indi-
vidual CNICS sites. Collaborating investigators will be encour-
aged to pose relevant scientific questions and to complete
a concept proposal. Non-CNICS investigators should name a
CNICS contact person whose responsibility is to ensure the lead
investigator has had the opportunity to share his/her ideas with
the working groups. Proposals from non-CNICS collabora-
tors will follow the same review processes and publication
policies as CNICS investigators. Submissions dealing with the
primary CNICS focus areas will have priority both in terms
of timing and in use of study resources for data analysis.
Concept proposals will be reviewed by experts in the RCC, the
appropriate Working Group, the BC, and then will be discussed
by the EC. After addressing any concerns through revision, the
EC will vote on approval of a proposal. If approved, each cohort
will decide through its own established procedures whether it
wishes to participate in the specific proposal and whether it can
participate (i.e. has the required data elements). Potential users

of the CNICS cohort include: (i) projects that comprise part
of the CNICS scientific agenda; (ii) projects from CFAR sites
that are not part of the CNICS scientific agenda; (iii) projects
from academic sites or government agencies not associated with
CFAR and (iv) investigators from industry seeking collabora-
tion. For additional information on collaboration, those inter-
ested can contact Michael Saag, Principal Investigator, UAB
Center for AIDS Research, BBRB 256G, 845 19th Street South,
Birmingham, AL 35294-2170, E-mail: msaag@uab.edu

Process for adding new collaborating cohorts

New collaborating cohorts will be added as needed in order
to augment CNICS geographic and ethnic diversity, as well as
to add to our scientific expertise. Johns Hopkins University
is the cohort most recently added to CNICS. All CFAR sites
will be considered for inclusion, but preference will be given
to sites that have existing databases and EMRs. These sites
have significant expertise in clinical research and the ability
to maintain the homogeneity of the CNICS cohort in terms of
quality data collection, implementation of standardized ques-
tionnaires, as well as the presence of a specimen repository.
Addition of cohorts must be approved by the EC. Once
approved, the cohort will be represented on the EC equal to
the existing CFAR sites. Researchers interested in having their
site considered for inclusion should contact Michael Saag
(contact information provided above). CNICS is flexible and
specifically designed to accommodate the planned expansion
for new sites and the addition of new data elements necessary
for the evolving HIV research agenda that will provide a unique
and powerful new resource for HIV research.
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