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ABSTRACT 

Importance Clinical events adjudication is pivotal for generating consistent and comparable evidence in clinical trials. 
The methodology of event adjudication is evolving, but research is needed to develop best practices and spur innovation. 

Observations A meeting of stakeholders from regulatory agencies, academic and contract research organizations, 
pharmaceutical and device companies, and clinical trialists convened in Chicago, IL, for Clinical Events Classification (CEC) 
Summit 2018 to discuss key topics and future directions. Formal studies are lacking on strategies to optimize CEC conduct, 
improve efficiency, minimize cost, and generally increase the speed and accuracy of the event adjudication process. Major 
challenges to CEC discussed included ensuring rigorous quality of the process, identifying safety events, standardizing event 
definitions, using uniform strategies for missing information, facilitating interactions between CEC members and other trial 
leadership, and determining the CEC’s role in pragmatic trials or trials using real-world data. Consensus recommendations 
from the meeting include the following: (1) ensure an adequate adjudication infrastructure; (2) use negatively adjudicated 

events to identify important safety events reported only outside the scope of the primary endpoint; (3) conduct further research 
in the use of artificial intelligence and digital/mobile technologies to streamline adjudication processes; and (4) emphasize 
the importance of standardizing event definitions and quality metrics of CEC programs. 

Conclusions and Relevance As novel strategies for clinical trials emerge to generate evidence for regulatory 
approval and to guide clinical practice, a greater understanding of the role of the CEC process will be critical to optimize 
trial conduct and increase confidence in the data generated. (Am Heart J 2022;246:93–105.) 
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Background 

The use of clinical events classification (CEC) programs
to adjudicate clinical events is common in clinical trials.
Given that definitions for nonfatal events and specific
causes of death are generally heterogeneous and often
subjective, one reason for a central process of event ad-
judication is to ensure a systematic application of end-
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point definitions in the trial and to reduce variability. 1

This approach is par ticularly impor tant for open-label tri-
als, where differential identification of events may occur
based on conscious or unconscious biases of investiga-
tors and participants about whether the experimental
treatment is superior or inferior to the control treatment.
The academic and clinical communities that rely on the
results of trials to guide clinical practice generally have
an expectation that clinical events have undergone con-
sistent classification. Regulatory authorities such as the
European Medicines Agency and the U.S. Food and Drug
Administration (FDA) may have greater confidence in a
trial’s findings when independent blinded adjudication
of clinical events has been performed. 

Traditionally, clinical events were not adjudicated us-
ing a standardized definition, creating significant issues
when interpreting randomized controlled trial results 2

because of uncertainty regarding whether the events,
and subsequently the treatment effect of the therapy or
intervention, were accurately identified. Notably, heart
failure events were recently defined in a consensus re-
port. 3 Improving classification of clinical events may pre-
vent misidentification of outcomes that are similar. One
example is bleeding events with varying severity, for
which the use of a consistent grading tool may benefit
discrimination in superiority and non-inferiority trials. 

To evaluate the state of the art for CEC, a summit was
held on September 26-27, 2018, in Chicago, IL, with clin-
ical trial investigators and operations staff and represen-
tatives from regulatory agencies, academic and contract
research organizations, and pharmaceutical and medical
device companies. This article summarizes the proceed-
ings of the summit and aims to describe (1) the current
landscape of CEC program operations, (2) challenges in
contemporary CEC, and (3) future directions for CEC
programs. 

Role of CEC program operations 

The typical CEC program involves a complex interac-
tion of personnel from every level of the trial’s opera-
tion, including site investigators and study coordinators,
coordinating centers, technology partners, adjudicators,
sponsors, and regulatory agencies. Proper operation of
the CEC program requires a systematic approach to defin-
ing the program’s structure, function, and utility. 

The CEC charter 
The charter should detail the events that will be ad-

judicated, definitions for these events, and the process
flow; describe the basis of reviewer selection and the
specialties that will be represented on the CEC, including
a list of each operation and clinician roles and responsi-
bilities; indicate programmed “triggers” (ie, the specific
clinical information that will be required to identify po-
tential outcome events) and queries that will be in place
 

for event capture; specify the source documents that will
be required of trial sites; and delineate the quality control
process, including the percentage of events that will un-
dergo quality control and how quality control findings
will be resolved ( Table I ). 

Large, multinational studies typically are associated
with a proportion of incomplete source documents re-
quired for adjudication. To increase adjudication consis-
tency, each CEC charter should prespecify contingen-
cies to be followed in adjudicating events with insuffi-
cient data. The charter should consider detailing how
disagreements among reviewers will be managed. To en-
sure the thoroughness and quality of event capture, reg-
ulatory agencies generally want to prospectively review
the trial’s planned electronic case report form (eCRF)
for event reporting, the CEC forms, the list of source
documents to be reviewed for each event, and the trig-
ger terms and standardized Medical Dictionary for Reg-
ulatory Activities (MedDRA) queries being programmed
into the electronic data capture. The regulatory agencies’
role in examining CEC forms is to see not only what data
will ideally be available, but what the contingencies are
for missing data for a given event report. For instance, if
a CEC reviewer checks unable to adjudicate on the CEC
form, a checklist of reasons for inadequacy (eg, unknown
event date and time; incomplete description of signs,
symptoms, physical findings, or clinical test results; lack
of cardiac or other biomarker results and reference lim-
its) should be offered so that the rationale for event non-
adjudication is provided. Importantly, given that absence
of complete data should not be construed as absence of
an otherwise apparent event, worst-case scenarios and
standard approaches to missing data are encouraged. 4 

The CEC adjudication form may also consider instruct-
ing reviewers to rate the CEC dossier—which refers to
the set of documents given to a reviewer to complete
the adjudication—as either complete, incomplete but
adequate for adjudication, or inadequate; if the dossier
is deemed inadequate, the form should prompt the re-
viewer to specify what information is missing. Regula-
tory agencies generally expect the CEC form to docu-
ment the nature of effort required for each case (ie,
whether the reviewers agreed after discussion, or re-
quired a third party or larger committee to resolve
the adjudication result). Deaths adjudicated as “unde-
termined causes” by CEC Committees are frequent in
cardio-metabolic tr ials. 5 Cr itically, for any death adjudi-
cated as having an undetermined cause, the CEC form
should indicate whether the reason is lack of information
that is expected to be available or whether the cause of
death remains undetermined after collection and review
of all data as planned. Implications for the overall quality
of data collected are different in each case. 

The CEC physician review process 
Different CEC programs tend to follow the same core

workflow for the CEC process. Generally, physicians ad-
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Table I. Recommended elements of clinical events classification charter 

Element Description 

Specific events requiring adjudication A prespecified and predefined outcome with specific definition that will be used throughout for 
adjudication 

Defining process flow for adjudication The strategy and stages whereby clinical events are assessed for meeting the definition of an 
outcome and the methodology whereby discrepancies are evaluated. In addition the process for 
referral of potential serious adverse events to pharmacovigilance committees should be defined. 

Identification of trigger definition The specific clinical information that identifies potential events which should be acquired for 
adjudication 

Process of reviewer selection and 
identification of event committees 

The details on how adjudication committee members are chosen, trained, and which specialties are 
represented 

Handling of missing or incomplete data A specified strategy for how to adjudicate events with missing data or incomplete data 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

judicate each suspected event (also known as an event
trigger) identified by either sites, programmed queries,
core laboratories, or manual trigger procedures using
prespecified endpoint cr iter ia. A suspected event is usu-
ally allocated to two physicians acting independently. If
one reviewer requests and receives additional informa-
tion, this information is also distributed to the other re-
viewer. In a situation where the two reviewers agree
in their adjudication of a suspected event, the end-
point classification is deemed complete. Otherwise, the
event is usually referred to an adjudication committee
( Figure 1 ). Three or more physicians may be required
for the secondary review. In this review, the decision is
made by consensus. Different review processes may be
considered for different types of events. For instance, in
the readjudication of the RECORD (Rosiglitazone Evalu-
ated for Cardiac Outcomes and Regulation of Glycaemia
in Diabetes) trial, differential pathways for adjudication
were triggered based on the type of events (MI vs stroke)
( Figure 2 ). 

Identification of potentially unreported serious 
adverse events 

Protocols provide detailed instructions for submitting
potential endpoints and serious adverse events (SAEs)
to the CEC team. SAEs and suspected unexpected seri-
ous adverse reactions (SUSARs) may be reported only as
a potential endpoint event during the adjudication pro-
cess and are not infrequently obtained while reviewing
a hospitalization event. 6 , 7 These CEC-identified clinical
events should be communicated to the safety surveil-
lance/pharmacovigilance team. The process for review-
ing events that are submitted by sites to the CEC Commit-
tee but then not adjudicated as an endpoint event—that
is, negatively adjudicated events (NAEs)—is often not
spelled out in the trial protocol, even though they may
represent a source of SAEs, including SUSARs. All SAEs,
including NAEs, reported by sites are to be reviewed by
a safety surveillance/pharmacovigilance team, to ensure
compliance with reporting requirements. 8 

In late-phase studies, events that constitute clinical
endpoints for adjudication (eg, MI, heart failure, unsta-
ble angina, stroke, death) also meet SAE cr iter ia (eg, hos-
pitalization, life threatening, death, important medical
event). 8 However, events reported as endpoints are typi-
cally exempted from reporting as SAEs. When site inves-
tigators enter a potential clinical endpoint in the eCRF—
or conservatively, enter it twice, in both the endpoint
and SAE forms—the burden to clinical trials sites may in-
crease significantly. 

Data and definition standards 
For the CEC process to succeed, data standards and

standardized endpoint definitions must be in place, and
the study’s scientific, clinical, regulatory, and industry
partners need a common understanding of those stan-
dards. CEC standards and definitions are integral to the
development of the protocol and the CEC charter; data
repor ting by par ticipating sites; central collection of
source documents; lab sample collection and analysis;
event adjudication; and analysis and presentation of CEC
results. The initial and largest source of information for
defining endpoints is the original research of experi-
enced clinicians and imaging experts, as well as clini-
cal trialists, such as those serving on study-specific steer-
ing committees. This experience is augmented by discus-
sions between these individuals and their respective clin-
ical research networks. As data standards and endpoint
definitions evolve by use in small networks, they are
adopted as standards by networks of academic research
organizations; collaborative initiatives among academia,
industr y, and regulator y agencies; and professional soci-
eties. 

Several organizations have played key roles in defin-
ing endpoints. The Academic Research Consortium
(ARC) 9 , 10 is a voluntary collaboration of thought lead-
ers from five academic research organizations with advi-
sory participation by the FDA and nonvoting participants
from industry. Since the consortium’s formation in 2006,
the ARC has released a steady stream of specialty end-
point definitions, pr imar ily addressing endpoints for car-
diovascular (CV) device interventions. 11 The Standard-
ized Data Collection for Cardiovascular Trials Initiative
(SCTI) and the FDA have also contributed with major
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Figure 1 

Sample pathway for the clinical events classification (CEC) process. Reprinted from American Heart Journal , 166(2), Lopes et al., Method- 
ology of a reevaluation of cardiovascular outcomes in the RECORD trial: Study design and conduct, 208-216.e28, 2013, with permission 
from Elsevier. CRF , case report form; MI , myocardial infarction; QC , quality control. 
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Figure 2 

Adjudication of specific events as demonstrated in the RECORD trial. Reprinted from American Heart Journal , 166(2), Lopes et al., Method- 
ology of a reevaluation of cardiovascular outcomes in the RECORD trial: Study design and conduct, 208-216.e28, 2013, with permission 
from Elsevier. AE , adverse event; MI , myocardial infarction; QC , quality control; SAE , serious adverse event. 



98 Sharma et al American Heart Journal 
April 2022 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

standardization efforts in the CV field. 3 Both collabora-
tions provide overlapping definitions and are largely con-
sistent. 12 

The value of CEC 

Clinical trials have increased in complexity and cost
over the past few decades. Although the CEC process is
usually only a small part of the cost of the overall trial op-
eration, there remains discussion about the need for CEC
and whether the process could be simplified to reduce
cost. Several studies have suggested that CEC Commit-
tee adjudication of events remains similar to investigator-
reported events such as death. However, there are strong
arguments in favor of the use of CEC in clinical trials, par-
ticularly in regard to credibility of study findings, regula-
tory approval, and SAE identification. 

Independent, blinded adjudication of events 
increases credibility of study results 

A prime example of the increase in credibility accru-
ing from independent and blinded event adjudication is
the RECORD trial. This randomized, open-label trial com-
pared rosiglitazone-containing combination therapy for
type 2 diabetes with the dual oral combination of met-
formin and a sulfonylurea. When the results of this trial
were reviewed and discussed by an Advisory Commit-
tee of the FDA (July 2010), 13 an additional requirement
was placed on the sponsor of the RECORD trial (Glaxo-
SmithKline) for a further comprehensive reevaluation of
the cause of deaths and of two nonfatal CV events (MI
and stroke) in the trial. 14 The Duke Clinical Research In-
stitute (DCRI) was selected to conduct the adjudication
of the results and identified only a modest number of
additional per son-year s of follow-up in the reevaluation.
Furthermore, the hazard ratios and confidence intervals
using the original RECORD endpoint definitions com-
pared to the Advisory Committee’s recommendation for
endpoint definitions showed similar treatment effects of
rosiglitazone. 14 This example highlights the importance
of standardized, independent blinded adjudication to in-
crease confidence in the results of a trial. 

Adjudication and regulatory requirements for new 

drug approval in certain therapeutic classes 
Following the identification of a possible increased risk

of MI associated with use of rosiglitazone, in 2008 the
FDA released guidance to sponsors surrounding the con-
duct of trials of anti-hyperglycemic medications. 15 This
guidance included the recommendation that sponsors
should establish an independent CV endpoints commit-
tee to prospectively adjudicate, in a blinded fashion, CV
events during all phase 2 and phase 3 trials of therapies
for diabetes. These events included CV mortality, MI, and
stroke, and could include hospitalization for acute coro-
nary syndrome, urgent revascularization procedures, and
possibly other endpoints. The importance of indepen-
dent, blinded CEC was necessary for sponsors to en-
sure appropriate evaluation of their product by the FDA.
Whether cer tain tr ials seeking regulatory labeling may
not require formal adjudication requires further explo-
ration. 16 

Standardized data collection and definitions of key 

outcome events 
CEC can alter the interpretation of a trial’s results 17 ;

one example is the CHAMPION-PHOENIX (Clinical Trial
Comparing Cangrelor to Clopidogrel Standard of Care
Therapy in Subjects Who Require Percutaneous Coro-
nary Intervention) study, 18 for which bleeding events
were not adjudicated. Initially, there were no appar-
ent differences between the cangrelor and clopidogrel
groups with regard to bleeding, as defined by both
GUSTO (Global Use of Strategies to Open Occluded
Coronary Ar ter ies) and TIMI (Thrombolysis In Myocar-
dial Infarction) classifications. However, when the FDA
requested a post hoc review with adjudication of all
bleeding events based on standardized definitions, there
was a significant difference in incidence of mild bleeding
per GUSTO (cangrelor vs clopidogrel, 14.9% vs 10.5%;
OR, 1.49; 95% CI, 1.33-1.67; P < .001) and per TIMI
(0.6% vs 0.2%; OR, 3.01; 95% CI, 1.52-5.96). Utiliz-
ing standardized event definitions and adjudication pro-
cesses identified potential safety events that otherwise
would not have been identified by a simple dichotomous
classification without applying standardized definitions
of severity. 

Challenges for CEC programs 

Numerous issues may arise during the conduct of CEC
( Figure 3 ). Failure to address FDA recommendations and
questions may result in regulatory hurdles upon com-
pletion of the trial. Additional issues include mid-study
changes in endpoint definitions without adequate ratio-
nale, not submitting revised charters to the FDA, and
endpoint definitions that overlap and/or conflict within
the same char ter. Par ticularly with CV endpoints, missed
events in a submission—such as failure to present all
cardiac biomarkers related to a given case alongside
the dates and times of their collection, failure to rec-
ognize that fatigue or back or epigastric pain in an el-
derly woman should have been reviewed for MI, or fail-
ure to recognize ischemia in patients with bundle branch
blocks or with pacemakers—are likely to raise concern
from regulatory agencies. 

Quality in CEC 

Preparation for a regulatory audit should be built into
all aspects of study planning, including CEC. Early inter-
action with the FDA by the CEC group as well as with the
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Figure 3 

Current challenges and solutions to issues surrounding clinical events classification (CEC). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

sponsor remains critical to ensure appropriate prepara-
tion for a regulatory audit. Securing the FDA’s agreement
on the outcome definitions and the CEC charter well in
advance of the study is as critical as having the agency’s
approval of the final protocol and related documents. 

Members of the CEC Committee must be independent
of the sponsor and have no conflicts of interest that could
be seen as having an impact on the study result. An inde-
pendent CEC Committee member is a person who does
not represent a pharmaceutical industry sponsor, is not
involved with carrying out the study, and does not have
possible financial implications depending on the study
outcome. Ideally, committee members should have ex-
pertise in the disease or condition and treatments stud-
ied, full understanding of the protocol, and careful train-
ing in the adjudication process, and the committee chair
should have previous CEC experience. Processes must
be in place to govern the collection and circulation of
case information and maintain blinding; ensure confiden-
tiality, uniformity, and timeliness in the adjudication of
each case; deal uniformly with case disagreements; and
establish rules for the conduct and documentation of
committee meetings. Generally, regulatory agencies re-
quest submission of CEC Committee meeting minutes for
new drug applications. 

Event definitions 
Adjudication of certain CV events, such as MI, is be-

coming increasingly challenging. As per the new Fourth
Universal Definition of MI (2018), 19 adjudication can no
longer just state that there was or was not an MI. If a
rise and fall of troponin was not accompanied by acute
ischemia, the event must be assessed for acute myocar-
dial injury (eg, acute heart failure or myocarditis). For
events such as heart failure, defining when an event has
occurred remains challenging given the heterogeneity of
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the disease presentation across disease states. For heart
failure patients, troponin may be consistently elevated,
and repeated troponin sampling may be required. Consis-
tent and disease-specific event definitions that align with
presentation in clinical practice remains a strategy to en-
sure that such events are defined in a way that enables
adjudicators to potentially identify when an event has
occurred. Future studies aimed at standardizing and min-
imizing the number of cr iter ia needed to define events
are needed. 

If a new standard endpoint definition is validated and
adopted as a trial is underway, discussion with regula-
tory agencies should occur; however, there is generally
not an expectation that the endpoints gathered in ongo-
ing research will be readjudicated by the new standard.
Any changes to endpoint definitions or to the CEC char-
ter and the rationale for such changes should be submit-
ted to the FDA in real time and not at the end of study.
Quick and rapid review of any issues raised by regulatory
agencies is needed, and the CEC Committee should be
proactively checking with the sponsor(s) to learn what
the committee could address. 

Interaction between CEC and data monitoring 

committees 
Quick and effective interaction between the CEC Com-

mittee and the Data Monitoring Committee (DMC) or
Data and Safety Monitoring Board (DSMB) is necessary
to respond promptly to the safety signals picked up by
adjudication. However, such interactions should be care-
fully managed, as there must be a firewall between the
CEC Committee, whose members are blinded, and the
DMC/DSMB, who are unblinded. If a CEC Committee
is not getting quality data from certain sites, the DMC
should be informed. If there is a need for interaction be-
tween the CEC Committee leadership and the DSMB, it
should occur only when the latter is in an open session
where no unblinded data are discussed. The CEC Com-
mittee should not participate in any session in which
the DSMB asks to be completely unblinded, and the CEC
Committee should not compile unblinded data for the
DSMB. 

Interaction between the CEC and steering 

committees 
Similar concerns about sharing of unblinded data ap-

ply to interactions between the CEC Committee, the CEC
Committee chair, and the steering committee. Because of
regulatory concern that CEC Committee members could
be exposed to unblinded data, agencies have required
CEC charters to state that reviewers will not see un-
blinded data. Another concern is that CEC data may be
carried over into the steering committee’s communica-
tions with sites and possibly unintentionally send a mes-
sage that certain types of events tend to be negatively
adjudicated, in which case the sites may curtail their re-
porting of events. This may occur in trials where blinding
is challenging, such as device trials. 

Clinical ascertainment using real-world data 

Pragmatic clinical trials (PCTs), including registry-
based trials, are widely perceived as being cheaper
and faster than randomized controlled trials, but several
caveats must be considered. 20 PCTs are often best suited
to answer questions about real-world effectiveness. PCTs
can be a supplement to but not necessarily a replace-
ment for traditional, highly regulated randomized clinical
tr ials; the appropr iate study design depends on the ques-
tion and the inference desired. For purposes of CEC, real-
world data (RWD) comprise electronic medical record
(EMR) and public and private health insurance claims
data—that is, data resulting from a patient health en-
counter. In a true pragmatic trial, the “investigator” is
a clinician, often a general practitioner, whose focus is
usually on the patient encounter and not on gathering
data. 21 This approach has an impact on how much prior-
ity is given to patient recruitment or ensuring adequate
data for subsequent event ascer tainment. Fur thermore,
it is unclear whether pragmatic studies are truly less
expensive. Analyzing RWD requires specialist resources
and cost shifting, and one healthcare informatics expert
can be far more expensive than multiple data manage-
ment workers. 21 Still, if a PCT is planned carefully, the
lessons learned from RWD can be used to improve the
quality and efficiency of all clinical trial conduct. A prag-
matic approach can be useful for safety studies or stud-
ies with simplified outcomes such as “all-cause mortal-
ity,” but stakeholders will have to consider whether the
tradeoffs in event ascertainment are acceptable. Given
practicality considerations, there has to be a threshold
for saying an RWD study is the only choice in a situation
where it is possible to conduct a randomized controlled
trial. 

The DCRI-led ADAPTABLE (Aspirin Dosing: A Patient-
centr ic Tr ial Assessing Benefits and Long-Term Effective-
ness) study is an example of a PCT with broad, multi-
modal recruitment methods. 22 ADAPTABLE was the first
study initiated by the National Patient-Centered Clinical
Research Network (PCORnet) and was designed to com-
pare outcomes of adults with CV disease taking either
high- or low-dose daily aspirin. 22 A total of 15,076 pa-
tients with a primary CV indication for aspirin have en-
rolled via a secure patient portal, with or without the
direct support of health care providers. They were fol-
lowed for 26.2 months. 23 The primary endpoint was the
composite of all-cause mortality, hospitalization for non-
fatal MI, or hospitalization for nonfatal stroke; the pri-
mary safety endpoint was hospitalization for major bleed-
ing with an associated blood product transfusion. The
study attempted to mimic the real-world patient experi-
ence of a patient with heart disease, while maintaining
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the scientific rigor of a randomized controlled trial with
a robust primary endpoint. Once enrolled, participants
were randomized to follow-up every 3 months or every
6 months. Via the secure por tal, par ticipants could com-
plete the entire study via internet portal. If they preferred
or they did not complete the internet portal visits, they
were contacted by the trial call center. Endpoint ascer-
tainment occurred via multiple methods including com-
pilation of electronic health records using the PCORnet
Common Data Model, linkage to health insurance claims
data from the Centers for Medicare & Medicaid Services
(CMS), and 3 private health insurance providers (Aetna,
Anthem, Humana). Each data source arrived at the co-
ordinating center via a different mechanism, but all will
contribute to the eventual study database. Algorithm-
based decisions were in place to resolve discrepancies
among data sources and for ascertainment of events.
Overall, there was substantial switching to the low-dose
aspirin from the high-dose aspirin with no difference in
the primary outcomes seen in the intention-to-treat anal-
ysis. 23 

With this approach and different sources of data con-
tributing to endpoint ascertainment, ADAPTABLE will be
able to provide unique insights into event ascertainment
in the context of pragmatic studies. For instance, data
may vary by site depending on differences in CMS or
health plan coverage, may vary by patient if fields are in-
accurate or missing, and may further vary because some
participants may have an EMR but not be in the CMS sys-
tem, while others may have data from multiple systems. 

Further more, while infor mation latency is inherent in
ADAPTABLE, this is not unique to PCTs; there can of-
ten be significant delays in traditional clinical trials in or-
der to get clean query results for adjudication. Although
patient self-reported data are available to the coordinat-
ing center instantly (optimistically), data from patients’
EMRs, CMS, and the National Death Index may lag. 

The ADAPTABLE trial raises several key questions re-
garding ascertainment of events. The results will provide
insights into whether a multifaceted, pragmatic data cap-
ture of outcomes can be complete and accurate enough
to allow validation and reconciliation of major adverse
cardiac events and major bleeding events. Furthermore,
ADAPTABLE will enable a greater understanding of how a
pragmatic approach to endpoint collection can be lever-
aged in clinical trials. 

Future directions and recommendations 

CEC independence definition 

Successful clinical trial operations require efficient
setup and execution of activities, which is best achieved
by precise description of procedures in the CEC charter
before start of activities, and by aiming for operational
excellence. Furthermore, predefined channels for feed-
back from an independent CEC process to the coordinat-
ing center, steering committee, or DSMB (eg, for incom-
plete adjudication dossiers, late adjudications) need to
be in place. At the same time there should be a firewall
between the CEC and other parties that could be influ-
enced by the information held by the CEC or vice versa.
Defining CEC independence is a pr ior ity of the industry,
and efforts are needed to standardize this definition. 

The consensus of the CEC Summit attendees was that
the CEC Committee must maintain independence, in the
context of both double-blinded and open-label trials, but
have the appropriate channels to raise issues with those
overseeing the execution of the study. 

The need to consider a broad range of events 
To ensure optimal conduct of CEC, collaboration be-

tween various clinical trial operations is critical. An ex-
ample is provided by the PRECISION (Prospective Ran-
domized Evaluation of Celecoxib Integrated Safety ver-
sus Ibuprofen or Naproxen) trial, an FDA-mandated CV
safety study of the COX-2 inhibitor celecoxib. 24 PRECI-
SION comprised 24,081 evaluable participants who re-
quired medication to manage their osteo- or rheumatoid
ar thr itis pain. To assess the CV effects of standard doses
of celecoxib, ibuprofen, and naproxen, the primary ob-
jective was to compare time to first occurrence of the
Antiplatelet Trialists’ Collaboration composite endpoint
(first event of CV death, nonfatal MI, or nonfatal stroke);
comparative incidence of major adverse cardiac event
was one of the secondary objectives, and standard def-
initions were available for the CV endpoint events. How-
ever, given that adverse effects are expected beyond the
CV system when a patient is administered a nonsteroidal
anti-inflammatory drug or COX-2 inhibitor, PRECISION
was also designed to look at comparative incidence of
effects on renal function and blood pressure, as well as
ar thr itis efficacy (pain scale, global improvement, func-
tion). Considering what events may occur based on a
predefined understanding of the safety profile prior to
initiation of the trial is necessary to develop standard-
ized definitions and to allow valid adjudication of extra-
cardiac events. 

Ensuring adequate infrastructure 

Proactive development of the infrastructure necessary
to support the CEC program for the duration of the trial
and potential harmonization across an entire program of
trials for a specific drug or device should also be under-
taken. This can help ensure accurate, consistent identifi-
cation of events that may not be identified by individual
trials within a program. For example, the clinical devel-
opment program for TAK-875 

25 , 26 involved the first G-
protein-coupled receptor 40 (GPR40) agonist studied in
humans. All trials in the entire phase 2 program of TAK-
875 used the same CEC, DSMB, and steering committees,
and a pattern of liver effects was observed across the
trials—a small increase in incidence of mild-to-moderate
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transaminitis. As a result, the CEC Committee decided
to add a liver safety specialist. Multiple phase 3 studies
were planned to look at TAK-875 alone or in combina-
tion with other drugs and in a variety of populations
with type 2 diabetes, including patients for whom diet
and exercise changes were unsuccessful, those who did
not respond to metformin or to dipeptidyl peptidase-4
inhibitors, and patients with high CV risks. However,
in a global, placebo-controlled phase 3 trial of TAK-875
in 3207 adults with type 2 diabetes and CV disease or
risk factors, increases in transaminases similar to those
in phase 2 were noted: during daily oral treatment, 1.4%
to 2.1% of patients receiving TAK-875 had new elevations
in aspartate transaminase/alanine aminotransferase ≥ 3 ×
the upper limit of normal versus 0.3% to 0.4% for the
placebo group. 26 The difference in incidence between
treatment groups was still apparent when considering all
final visits regardless of individual subjects’ duration of
treatment. The sponsor voluntarily terminated all phase 3
studies, and given the potential exposures avoided across
the planned phase 3 program, there was a huge benefit
to having a carefully structured and proactive CEC pro-
gram. 

Ability to adjudicate events electronically 

Working electronically provides several advantages to
the CEC Committee: the ability to perform accurate and
concurrent review of events, transparency in workflow
status, data analytics that are immediately accessible, and
the capability to integrate CEC data collection with elec-
tronic data capture systems so that sites do not have to
enter data twice. Electronic CEC systems allow real-time
reports showing, for example, where any disagreements
are occurring, so that the committee can decide whether
to bring in intercessors to help with the final decision. 

Identification of adverse events in negatively 

adjudicated events 
As previously highlighted, SAEs may be missed because

NAEs do not undergo further scrutiny. Some strategies
are being developed to address this issue. Safety surveil-
lance and CEC groups should fur ther categor ize an NAE
as having either the same pathophysiologic pathway as
the site-reported endpoint or an alternate pathway, based
on the idea that a symptom such as chest pain can be re-
lated to the gall bladder or angina. Events related to the
underlying disease generally will not represent SUSARs
and do not require further review. By contrast, in a case
where a site reports a heart failure hospitalization but
the CEC Committee determines that the true etiology of
the event was pneumonia, this represents an alternative
pathophysiologic process. These “alternate causal path-
way” events represent situations where a potential SAE
may be the cause of the NAE. If the CEC Committee de-
termines an NAE is an alternate causal pathway event, re-
ferral to safety surveillance should be triggered. A safety
surveillance group should cross-check the SAE database
for any previously reported event related to the NAE. If a
related SAE has already been repor ted, no fur ther action
is taken. However, if an SAE has not been reported, CEC
source documents should be reviewed once more for po-
tential SAEs. Such strategies can be utilized to ensure that
SAEs and SUSARs are not being missed. 

Utilizing artificial intelligence and mobile devices to 

streamline CEC processes 
New strategies and technologies such as artificial in-

telligence and digital health are increasingly being used
in clinical and research settings and can facilitate and
streamline the CEC process. 27 , 28 One critical issue in
the conduct of adjudication is that past hospitalizations
may be missed during clinical trial event reporting. Pa-
tient recall of hospitalizations is poor, especially among
elderly patients. 28 Utilizing the geolocation technologies
on mobile phones can facilitate identification of hospital-
izations. 29 A pilot study by the DCRI to leverage geolo-
cation technology to trigger hospitalization events was
conducted in the US, France, and Canada. Of 150 hos-
pital encounters by healthy volunteers, a specificity of
98.7% and sensitivity of 100% to identify a hospitalization
were demonstrated. Voice-based technologies are now
being testing to determine if they can collect medical
grade information. 30 If conducted using a strategy that
protects privacy, real-time identification of hospital visits
and patient centric outcomes through mobile phones or
voice-based technologies may allow for more rapid iden-
tification of events and therefore can enhance the adju-
dication process to increase confidence that all potential
hospitalization events are being identified. 

Further standardization of event definitions 
Several event categories require further standardiza-

tion. Adjudication of death, and specifically the subcat-
egorization of CV death adjudication, is still a challenge. 3

Further work is needed to reach consensus on the def-
inition of periprocedural MI. Full harmonization of MI
may be required for widespread adoption of the Fourth
Universal definition of MI, and it may take time to grow
comfortable with its 10 categories. 12 Given the growing
number of aortic valve-related studies, specific endpoints
need further development. The SCTI and ARC definitions
of coronary revascularization also require further align-
ment. Efforts to define and potentially simplify the defi-
nition of worsening heart failure should be embraced by
the CEC community, and general classifications of heart
failure specifically for research are needed across disease
classes. Finally, detailed instructions on how to imple-
ment these definitions in the context of missing or lim-
ited data would aid in the practical use by adjudicators. 



American Heart Journal 
Volume 246 

Sharma et al 103 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Quality control and audit readiness 
Ensuring quality of the CEC process remains

paramount to provide reassurances of trial validity to
sponsor s, trial investigator s, regulator s, payor s, and most
importantly patients. In establishing guiding principles
for CEC, the following issues should be considered: 

1 Proportion of all suspected events triggered as
planned. 

2 Ensuring all events processed per charter proce-
dures. 

3 Ensuring all adjudication results were databased ac-
curately. 

4 Performance of quality control procedures. 
5 Identified issues documented along with how the

issues were addressed. 
6 Documentation of any major ethical or regulatory vi-

olations (Health Insurance Portability and Account-
ability Act, institutional review board, or Good Clin-
ical Practice). 

7 Ensuring the CEC Committee received all informa-
tion pertinent for event adjudication that was avail-
able to the investigator. 

8 Defining the independence of the CEC. 

Furthermore, the CEC team should be reviewing
the protocol in collaboration with the multi-functional
project team and in particular must confirm that the plan
for endpoint collection and ascertainment will reinforce
the currency of the protocol’s endpoint driven target.
The CEC charter should list in detail the source docu-
ments to be collected and the specific information each
source document type is expected to provide. The CEC
group should also have input into and review/approval of
the configuration of the eCRF, the triggers programmed
to fire from the event detail page, and the edit checks
and data validation checks. In addition, the CEC team
must be ready for an audit of the adjudication process
by regulatory agencies, which is often required. Inade-
quate readiness for audits will result in challenges to the
tr ial’s integr ity. 

Global collaboration for CEC 

Exper t consor tia have made great advances in defin-
ing various clinical endpoints. Further global collabora-
tion among research organizations may identify known
gaps and differences in CEC operations, gain consen-
sus for uniform adjudication practices, identify areas re-
quiring process change, implement the needed changes,
share best practices, and perform continuous evaluation
of process improvement. 

Conclusion 

CEC Committees play a pivotal role in the conduct
of contemporary clinical trials. Adjudication by a CEC
Committee provides reassurance to regulators, investiga-
tors, and treating physicians, ultimately benefiting the pa-
tients. Urgent need exists for studies on ways to improve
efficiency and reduce barriers to the conduct of adjudi-
cation across clinical trials and specialties. Furthermore,
adjudication is crucial to the accurate identification of
safety events, which is vital for patient safety. Emerging
evidence suggests that artificial intelligence and digital
health may help streamline the adjudication process and
reduce costs; however, more research is needed before
these technologies can be routinely implemented in ad-
judication processes. As novel strategies for clinical trials
emerge and are used to generate evidence for regulatory
approval and to guide clinical practice, a greater under-
standing of the role of the CEC process will be critical. 
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