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ECG biomarkers qualify and clarify cardiac impact of prospective drugs.

The challenges posed by stringent regulation, hegkarch and development costs, and
drug safety issues have become a familiar refrathe drug development industry.
Despite these hurdles, however, recent trends geaeason for optimism. According to
a 2007 industry outlook report from the Tufts Ceifive the Study of Drug Development,
Boston, Mass., one positive trend is the increasiigjmgness of drug developers to
embrace new technologies that reduce late-stalgedaiand curtail rising development
costs. Cardiac safety testing represents an areeeveimerging technologies can
significantly improve the productivity and pacedstig development while substantially
reducing cost in clinical trials.

The importance of cardiac safety testing incred@sele last 15 years with the discovery
that many drugs—whether in development or on thiketa-have the potential to cause
a life-threatening arrhythmia, a condition knowrt@sades de pointes (TdP). These
drugs affect the potassium ion channel (Ikr) aradgg the heart’s ventricular
repolarization process—the brief period between lteart beats and a vulnerable point
for arrhythmia induction. This prolongation cargtrer TdP, which can lead to sudden
cardiac death. Currently, the classes of drugscested with a prolongation of the QT
interval include opioid, anti-migraine, anti-makdrianti-asthmatic, antihistamine, anti-
infective, anti-neoplastic, anti-lipidemic, diurgtgastrointestinal, hormone,
antidepressant, anti-emetic and antipsychotic nagidics .

Drug-induced arrhythmia is a leading cause for dridlwval of drugs from the market.
Since 1985, 24 drugs have been withdrawn from tBerldrket because of safety
concerns. Of these 24 drugs, nine were withdrawdadiac safety issues, of which five
were dangerous drug-induced arrhythmias. Many rdargs received “black-box”
warnings on their labels that, understandably,aliszge physicians from writing
prescriptions even though an incidence of arrhyghmay not be known.

The use of pre-computing era tools to assess stiieges in the highly-complex,
physiologic process—repolarization of the heart—déien leads to beneficial new
medicines being prohibited from development. Evense, in some cases, the
inadequacy of these tools can lead to underestmatithe cardiac risk posed by drugs.

New electrocardiogram (ECG)-based biomarkers peowmidre precise and objective
methods for evaluation of cardiac risk of pharmaicals. With more precise tools, drug
developers can substantially decrease false-pesitind false-negatives of the current
safety tests while at the same time decreasinguh®er of patients needed for a cardiac
safety study.



Cardiac Safety Testing Today
Currently, the US Food and Drug Administration (FDA
requires a clinical cardiac safety measure thés fes
possible drug-induced prolongation of a segmenédal
the QT interval on ECGs collected from healthy
B o e volunteers. The FDA'’s industry guidance descries
Data from g;crl;fgl nglljadrygionducted batte_ry of studies to eyaluate a drug's potertgigkblong
by iCardiac and the University of ventricular repolarization, termed Thorough QT (QT
Rochester. (Source: iCardiac) studies. The purpose of the TQT study, as stated by
regulators, is to decide whether more extensive ECG
monitoring is necessary in subsequent developmegtam. In reality, however, a
positive TQT study or even QT prolongation detedtegreclinical studies most often
leads to termination of the drug development pnogras both sponsors and regulators
have become increasingly risk-averse in the wakbefecent, high-profile, market
withdrawals of several blockbuster drugs.

Prolonged QT as a biomarker has been widely-aéttifor its high rate of false-
positives and false-negatives. Consider the casesapride (Propulsid), a drug for
gastrointestinal motility disorder. When the drugswevaluated for cardiotoxicity in
humans using FDA-required testing, cisapride exéiba small prolongation of the QT
interval and consequently was considered safe &mkating. Once on the market,
cisapride was associated with numerous arrhythgeats, including 341 cases of life-
threatening cardiac arrhythmias with 15 suddeniaardrrests over a period of six years.

Although the litigation costs of false-negatives t& astronomical—class action sulits
and legal fees alone for cisapride exceeded $10@miThe conservative regulatory
guidance has now dramatically reduced the prolglofia false-negative QT study.
However, false-positive QT studies produce an epnastisilent” burden on society. A
false-positive QT study may cause an unnecessaryrtation or adverse labeling for an
inherently safe drug and thus lead to lack of axtesew medicines for patients that
need them while at the same time contributing éostkyrocketing costs of new drugs.
Some examples of false-positive QT drugs that da#terit to market include
moxifloxacin (an antibiotic), amiodarone (an amtikgthmic), tamoxifen (anti-
neoplastic) and ziprasidone (an antipsychotic).afdl associated with significant QT
prolongation but do not have pronounced arrhythmimgeroperties at therapeutic doses.



Drugs that change a subject’s heart rate or bleeslspre are more likely to cause a false-
positive QT finding because of significant limitatis in current methods of measuring
QT prolongation in ECGs. The QT interval is knoterbe dependent on both heart rate
(represented by the RR period on the ECG) as wdlistory of heart rate. The heart rate
varies, adjusting to different levels of physiceliaty or changes mediated by the
autonomic nervous system. As heart rate increasésoneases, the QT interval changes
its duration. This change, however, is not instaetais. In some cases, it takes several
minutes for the QT-RR relationship to stabilizeret new heart rate. The highly complex
and dynamic relationship makes it difficult to qtignprecisely the drug’s effect on the
QT interval without taking into account the changethe RR interval and the history of
the QT-RR relationships several minutes prior soghint of measurement.

Simple mathematical formulae developed for hedet carrection prior to the invention
of computers and still widely used today, work welly when the subject’s heart rate
does not significantly deviate from approximatelyl&ats per minute. This condition is
hard enough to achieve in a well-controlled clihtcal setting, much less when heart
rate or autonomic state is affected by a drug. &im®rrection methods are not able to
distinguish QT changes brought on by drug-inducgldyed repolarization (which
signifies potential arrhythmia risk) from autonommediated normal physiological
responses (which may not pose a safety concern).

Improving the Precision of the QT Prolongation M easur ement

Today’s more sophisticated signal processing telolgies make it possible to
compensate for instead of correcting for heart fEbe accuracy and reproducibility of
ECG-based measurements for clinical trials caridrgficantly improved with analysis
guided by advanced ECG signal processing algoritfkimsexample, software algorithms
can evaluate continuous Holter recordings to idigttie periods of QT-RR adaptation
due to significant changes in heart rate and fl@ge periods as unsuitable for the ECG
extraction and QT measurement. Drug developershsanbe assured that the QT
measurement was performed at the stable QT-RRamdhip. Another software-based
technique, known as “RR-bin” method, measures then@erval at narrowly-defined
ranges of heart rate (“RR bins”). This techniquespecially useful when the drug is
known to change heart rate, as it evaluates then@ival without relying on the
mathematical correction methods. With use of thieskniques, drug developers can gain
more reliable cardiac safety evaluation that ndy @udfills the regulatory requirements
but also provide greater confidence in the cardédety data.

Advanced ECG Biomarkers

Dynamic QT Assessment Beat-to-Beat (QTbtb): The standard QT measurement method
fails to distinguish the effect of a drug on thpatarization process from the effect on the
autonomic nervous system, for example, heart nabdood pressure. This inability to
differentiate often leads to unnecessary terminadiodrugs targeted for central nervous
system disorders because these drugs tend to #féeatitonomic state.



Dynamic assessment of ECG data beat-to-beat (Qabtys quantification of QT
interval changes under varying conditions of heat¢ and autonomic tone, which may
not be possible with the use of standard QT cdmedbrmulae. This advanced ECG
biomarker relies on a set of sophisticated algoritlior dynamic data visualization,
providing drug developers with an ability to actyaee how the sequential set of QT-RR
measurements or “cloud” of beats changes overdinvath a drug. Once the statistical
boundaries around these normal clouds are establisie QTbtb method utilizes an
approach called bootstrapping, which is more appatgpfor studying comparisons
between clouds for drug or autonomic responsedsartarge, non-uniformly-distributed
data samples, such as QT-RR measurements fronmr Hedtardings.

Morphological ECG Biomarkers: The repolarization process and its abnormalities
underlie the vast majority of dangerous drug-iretliarrhythmia problems. The ability
to study the repolarization process, representatidy-wave interval within the QT
interval itself, provides critical information thahables proper characterization of a
drug’s safety profile. Changes to the morphologyhef T-wave have been linked to the
Long QT Syndrome , a rare congenital disorderighhtghly analogous to drug-induced
repolarization abnormality. The same T-wave morpgplchanges have been shown to
reliably identify drug-induced Ikr blockade on EC&%d are present in the ECGs of the
patients with the history of drug-induced TdP. Thuseries of advanced morphological
ECG markers has been developed to provide secondanyestigative endpoints in
cardiac safety studies. Some drugs, for instarftagtahe morphology of the T-wave,
leading to significant variability in the QT measuorent. The additional information can
potentially prevent termination of an inherentljesesompound associated with benign
QT changes, or ensure compounds with minute QOpgaltion do not possess
torsadogenic properties.

The advanced ECG biomarkers described in thisladie available from cardiac safety
service providers. Greater precision improves tity of data in the study and allows
clinical researchers to reduce—in some cases byuab as 40 percent—the number of
subjects required to reach statistical significafsee Figure X). Greater clarity regarding
the drug’s effect on QT interval provides an insethconfidence in moving the
compound to the next phase of development (FigurBrlig companies that integrate
advanced biomarkers can potentially accelerate devglopment programs, reduce
false-positive and false-negative results, andphaeutical development costs.
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