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Abstract Growing evidence indicates that many drugs
have the ability to cause a potentially lethal cardiac
arrhythmia, torsades de pointes (TdP). This necessitates the
development of a compilation of drugs that have this
potential toxicity. Such a list is helpful in identifying the
etiology of TdP in patients taking multiple drugs and
assists decision making by those caring for patients at high
risk of TdP. The Arizona Center for Education and
Research on Therapeutics (AZCERT) has developed a
process to standardize the identification of drugs and place
them in risk categories for their clinical ability to cause
TdP and QT prolongation. AZCERT’s Adverse Drug Event
Causality Analysis (ADECA) utilizes 16 types of data
drawn from four sources to compile an open-source
knowledge base, QTdrugs, which is maintained on the
CredibleMeds.org website. Because the evidence for most
drugs is incomplete, the ADECA process is used to place
drugs into one of three categories that represent different
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levels of certainty: known TdP risk, possible TdP risk, and
conditional TdP risk. Each category has strict evidentiary
requirements for clinical evidence of TdP and/or QT pro-
longation. These are described in this paper. Because evi-
dence can evolve over time, the ADECA process includes
the continuous gathering and analysis of newly emerging
evidence to revise the lists. The QTdrugs lists have proven
to be a valued, readily available, commercial influence-free
resource for healthcare providers, patients, researchers, and
authors of consensus guidelines for the safe use of
medicines.

Key Points

The Arizona Center for Education and Research on
Therapeutics (AZCERT) has developed a process to
identify and standardize the placement of marketed
drugs according to their clinical ability to cause
torsades de pointes (TdP) and QT prolongation.

The QTdrugs knowledge base is a compilation of
drugs placed into risk categories that represent
different levels of certainty: known TdP risk,
possible TdP risk and conditional TdP risk.

QTdrugs lists are open source and made available
online at the CredibleMeds.org website, in smart

phone or tablet applications, and to programmers

through an Application Program Interface.

The QTdrugs knowledge base is a resource for
healthcare providers, patients, and researchers that
has been valuable in clinical practice, clinical and
epidemiologic research, and in developing clinical
decision support systems that improve the safe
prescribing of QT-prolonging medications.
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1 Introduction

In 1999, the Agency for Healthcare Research and
Quality launched a network of Centers for Education and
Research on Therapeutics (CERTs) [1] as part of a
national strategy to address the growing problem of
preventable adverse reactions occurring with prescription
drugs [2—6], a problem that, at the time, was estimated to
cause over 100,000 deaths each year in US hospitals [6].
The number of these centers eventually grew to 14, with
each focusing on a different aspect of drug (and device)
safety. One of the first created was the Arizona Center
for Education and Research on Therapeutics (AZCERT),
a university-based program that became a non-profit
501(c)(3) organization in 2012. For almost two decades,
AZCERT has performed research, analyzed evidence,
and conducted educational programs to reduce the neg-
ative health impact of preventable adverse drug reactions
(ADRs) and drug-drug interactions (DDIs). In 2015,
AZCERT was awarded a contract by the US Food and
Drug Administration’s Safe Use Initiative to develop
clinical decision support systems (CDSSs) designed to
improve the safe use of antibiotics, especially those that
prolong the QT interval on the electrocardiogram (ECG)
and thereby increase the risk of ‘torsades de pointes’
(TdP) arrhythmias and sudden cardiac death [7, 8].

Prior to the early 1990s, TdP was considered to be an
uncommon event that was only associated with a few
cardiac drugs, such as quinidine, that prolonged the QT
interval [9]. Unexpectedly, in the mid-1990s, QT prolon-
gation and TdP was found to occur with a growing number
of non-cardiac drugs (e.g., terfenadine, astemizole, and
others) that had been prescribed for many years with pre-
sumed safety [10—12]. Because TdP is relatively uncom-
mon and difficult to diagnose without an ECG, there was
concern that other non-cardiac QT-prolonging drugs might
also have this potential [13, 14].

As AZCERT began developing education and research
programs to detect and prevent drug-induced TdP, it
became necessary to develop a rigorous and reliable pro-
cess to analyze a broad array of available evidence in order
to determine which drugs induced TdP and under what
clinical conditions.

QT prolongation by drugs has been used as a biomarker
to improve detection of risk and to facilitate TdP preven-
tion [15]. However, because many patients taking these
drugs develop measurable QT prolongation and only a
relatively small number of those patients develop TdP, QT
prolongation is a highly sensitive but non-specific predictor
of risk [15]. Furthermore, evaluation of causality for
specific drugs is often difficult because many patients who
may have developed TdP do not have an ECG at the time
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of the event. Even when ECGs are available, the diagnosis
of drug-induced TdP is often missed [15, 16].

In recent years, the FDA has required drug developers to
perform laboratory (hERG testing) and human studies
(thorough QT studies in normal subjects) to identify drugs
that can cause QT prolongation and therefore identify those
that might cause TdP [17]. These tests have found that
many of the important drugs on the market today and many
in development can prolong QT intervals. Some QT-pro-
longing medications are effective for the treatment of
serious illnesses such as cancer or life-threatening infec-
tions and must remain available because they cannot be
replaced by safer medicines. For these drugs to remain
available for patients, it is essential to know which drugs
can cause TdP and how that risk can be minimized [16].

2 The Adverse Drug Event Causality Analysis
(ADECA) Process to Evaluate Evidence
and Assign Torsades de Pointes (TdP) Risk
Categories

Because of the complexity of drug toxicology, the human
biologic variability that exists, and the ever-changing
clinical practice environment, analysis of diverse and
evolving evidence is an essential part of drug safety
assessment. Traditional drug safety resources have sought
to summarize the toxicity of specific drugs. Few have
focused on a specific form of toxicity and summarized the
drugs likely to cause that toxicity. Because of growing
evidence that many classes of drugs have the ability to
cause TdP, the need arose for a compilation of those drugs
that have the potential to cause this adverse event. Among
its applications, such a list could be helpful in the differ-
ential diagnosis of the cause of TdP in patients taking
multiple drugs and could assist decision making regarding
therapy for patients at high risk for TdP.

With funding from the US Agency for Healthcare
Research and Quality, AZCERT has developed a process to
accelerate and standardize the identification of drugs for
their ability to cause QT prolongation and/or TdP.
AZCERT’s Adverse Drug Event Causality Analysis
(ADECA, shown schematically in Fig. 1) has become a
model for evaluation of evidence to stratify drugs accord-
ing to their risk for these adverse events (AEs) [18, 19].
The process utilizes the time-honored Bradford Hill criteria
to differentiate causality from association through sys-
tematic analysis of laboratory and clinical evidence
[20-22]. Because the evidence of AE risk may be incom-
plete, the ADECA process places drugs into one of three
categories that represent different levels of certainty:
known TdP risk, possible TdP risk and conditional TdP
risk. Also, because evidence is very likely to evolve over
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Fig. 1 Flow diagram for the
Adverse Drug Event Causality
Analysis (ADECA) method to
assign drugs to categories of
risk for torsades de pointes and
QT prolongation. See text for
full description. AZCERT
Arizona Center for Education
and Research on Therapeutics,
TdP torsades de pointes

Case reported
to AZCERT

BRADFORD HILL CRITERIA

Confirmed risk of TdP

!

Drugs with Known TdP Risk

time, the process includes the continual gathering and
analysis of any newly emerging evidence. When justified
by new evidence, assignments of drugs to these categories
are changed or removed.

2.1 Selection of Drugs for ADECA Review

The review process for a new drug begins when AZCERT
scientists become aware of any evidence suggesting that a
drug might have the potential to prolong the QT interval
and/or cause TdP. Drugs identified from the following
sources undergo full ADECA review:

1. A new drug enters the US or European Union (EU)
market or a previously marketed drug’s label is revised
to include mention that it prolongs the QT interval or
that cases of TdP have been reported.

2. A case report or inquiry about a drug is received by
email at info@azcert.org or to the http://www.
CredibleMeds.org website.

3. A drug is identified during a standard monthly
literature search (PubMed search terms: ‘QT’ or
torsad*) in which a scientific article reports that a

v

Evidence Analysis
& Summary

AZCERT Drug Review

—— =P International Advisory Board

Confirmed risk of TdP under
certain conditions

Confirmed QT prolongation -
unconfirmed risk of TdP

!

Drugs with
Drugs with Possible TdP Risk

Conditional TdP Risk

Continued monitoring

drug causes blockade of hERG ion channels or cardiac
potassium current (Ik,), QT prolongation, TdP, hypo-
kalemia, or hypomagnesemia.

2.2 Evaluation of Evidence for QT Prolongation
or TdP Causality

To evaluate the evidence for a drug’s risk of causing QT
prolongation and/or TdP, the following elements in the
Bradford Hill causality analysis are utilized to identify a
causal relationship and distinguish it from a simple asso-
ciation between a drug’s use and an AE:

e Strength is assessed by the numerical associations of a
drug with reports of QT prolongation or TdP in the
published medical literature and/or the spontaneous AE
reports of QT prolongation or TdP to the FDA Adverse
Event Reporting System (FAERS) and/or the World
Health Organization (Vigibase).

e (Coherence refers to similar signal strength with reports
in FAERS or other published reports of related events
(QT prolongation, cardiac arrest, ventricular tachycar-
dia, syncope etc.) [15, 16].
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e Plausibility is assessed by whether a drug has a relevant
pharmacologic action that is known to cause TdP (e.g.,
hERG channel, Ik, blockade or increased late sodium
current, In,) [15].

e Biological gradient, i.e., the dose or exposure—response
relationship.

e FExperimental evidence consists of in vitro data, clinical
trials, and challenge/de-challenge/re-challenge
experience.

e Temporality considers the interval between drug expo-
sure and subsequent development of QT increase and/
or TdP.

e Consistency comes from consistent trends in FAERS or
Vigibase as well as across reports of QT prolongation
or TdP in the scientific literature (PubMed searches).

e Specificity considers identifiable factors known to
predispose to TdP, e.g., hypokalemia, hypomagne-
semia, extreme bradycardia, or genetic predisposition
(congenital long QT syndrome) [15].

e Analogy includes comparison of the evidence to that for
other drugs that have chemical, pharmacologic, or toxic
similarities to the drug of interest.

These criteria are applied in the evaluation of each piece
of evidence found from the sources described in Sect. 2.3.
In some cases, AZCERT has performed laboratory or
clinical experiments to fill specific gaps in the available
evidence, often through collaboration [23-29].

2.3 Sources of Evidence for ADECA
2.3.1 The Medical Literature

AZCERT investigators monitor biomedical research pub-
lications of relevance by reviewing monthly reports gen-
erated by the National Library of Medicine’s National
Center for Biotechnology Information (NCBI). Each
month, AZCERT scientists review a list of approximately
80-150 newly published articles that are captured with the
search term: ‘QT’ OR Torsad*. The abstracts of these
publications are scanned to identify reports that are rele-
vant to the drugs currently being monitored by AZCERT or
to identify new drugs that will undergo full evaluation.

AZCERT monitors these monthly reports from NCBI
for evidence of drug-induced hERG block, Ik, block, QT
prolongation, induction of hypokalemia, hypomagnesemia,
or TdP for any of the drugs that are being followed or under
evaluation at that time. When these drugs undergo full
evaluation, the following search terms are used for specific
PubMed searches: drug_name AND (‘QT’ or Torsad*),
drug_name AND hERG and drug_name AND °‘potassium
channel’
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2.3.2 Official Drug Labels Approved by Regulatory
Agencies

Initially, only drugs marketed in the US were the focus of
the ADECA process. However, in recent years, drugs have
been evaluated that were marketed first in the EU, Japan,
Canada, or Australia and many have been added to the lists
of drugs with QT and TdP risk. For drugs marketed in the
US, official FDA labels are downloaded from the
Drugs@FDA website (https://www.accessdata.fda.gov/
scripts/cder/drugsatfda/) and searched for mention of
either QT prolongation or TdP associated with use of the
drug. Positive evidence of QT prolongation or risk of TdP
requires that the label include a clear statement that QT
prolongation or TdP has been observed in patients during
clinical use. A hypothetical statement that QT prolongation
or TdP “may occur” or “has been seen with similar drugs”
is not considered to be positive evidence in labeling.
Mention of either QT prolongation or TdP after intentional
or accidental overdose is considered supportive evidence
for conditional risk of TdP (see risk categories in Sect. 2.4).
To obtain information and labels for new drugs mar-
keted in countries outside the US, a search is conducted
using country-specific search engines, as well as the labels
(when available) from international regulatory agencies
(European Medicines Agency [EMA], Japan’s Pharma-
ceuticals and Medical Devices Agency [PMDA], Aus-
tralia’s Therapeutic Goods Administration [TGA],
Swissmedic, Health Canada, and the UK Medicines and
Healthcare Products Regulatory Agency [MHRA], etc.)

2.3.3 The FDA Adverse Event Reporting System (FAERS)
Database

The FDA maintains a publicly available database of AEs
associated with use of drugs and biologics that have been
reported to the FAERS. The database is one of the FDA’s
primary post-marketing safety surveillance tools and is
perhaps better known to the public as the MedWatch
reporting system. The FAERS data are made available to
the public and updates are released every 3 months. In the
ADECA process, FAERS data are analyzed by AZCERT’s
scientific reviewers using Empirica Signal® software (Or-
acle Health Sciences, Redwood City, CA, USA), a data
mining tool initially developed by Oracle Health Systems
and the FDA for use by FDA safety scientists [30, 31].

2.3.4 The World Health Organization (WHO) Adverse
Events Database

The WHO’s Vigibase database of adverse events is also
available publicly and is searched and analyzed using
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Empirica Signal®. Vigibase serves as a secondary or con-
firmatory source for the FAERS data and is especially
useful for evaluation of drugs developed and marketed
outside the US.

While FAERS and Vigibase data are extremely useful
and have been the primary tools for the FDA and other
regulatory agencies to detect many serious ADRs, both
have limitations that have been documented and described
[30]. For example, because the reports are spontaneous and
voluntary, it is not possible to estimate the number of
people exposed to the drug, thus making comparison of
drug signals in these databases virtually impossible.
Duplication, under-reporting of AE, and incomplete reports
further complicate analysis of the data. Nevertheless, sta-
tistical approaches that adjust for these limitations have
been developed and enable reliable identification of phar-
macovigilance signals [30].

To mine these databases for signals associated with
specific drugs or drug combinations, AZCERT scientists
use two approaches. The first method is based on a multi-
item gamma Poisson shrinker (MGPS) approach that is
utilized to find unexpectedly frequent associations between
a given AE and a drug. It uses the empirical Bayesian
geometric mean (EBGM) to estimate the relative reporting
ratio [32] with a 90% credible interval (Crl). The lower and
upper bounds of the Crl are designated as EBys and EBys,
respectively. In this approach, a signal in FAERS or Vig-
ibase is considered relevant if the EBGM and the entire
90% Crl are >2.0 (i.e., EBps >2.0). The analyses focus on
the drug—AE combinations in which the drug of interest
was designated as the ‘suspect product’ by the reporter to
FAERS or WHO.

A second approach is used to evaluate potential DDIs as
contributors to QT prolongation or TdP. Emperica Signal®
calculates an Interaction Signal Score (INTSS) that is
essentially a way of measuring the strength of a higher-
order association beyond what would be expected from any
of the component pairs of items of different types. INTSS
is computed as follows:

INTSS = EBOS/EB%MAX’

where

e EB; is the conservative estimate score for the three-
dimensional combination of AE and two drugs associ-
ated with the AE (i.e., QT or TdP).

e EBogsmax is the highest EBgs score found for the
component pairs of items of different types.

An INTSS >1.00 indicates a stronger association than
that for the component pairs of items.

Figure 2 demonstrates the type of data display generated
by the Empirica analysis. The drug in this case is

methadone, a drug whose risk of TdP was identified
because of cases reported to AZCERT [33], and was added
to the list of drugs with known risk of TdP in 2002.

2.4 Risk Categories for Drugs: The QTdrugs Lists

Sixteen different types of evidence from the sources
described in Sect. 2.3 are analyzed and, when specific risk
criteria are met, the drugs are placed into one of the fol-
lowing three categories as shown in Fig. 3:

Known risk of TdP (KR) Substantial evidence supports
the conclusion that these drugs can prolong the QT interval
and are associated with TdP when used as directed in
labeling.

Possible risk of TdP (PR) Substantial evidence supports
the conclusion that these drugs can prolong the QT but
there is insufficient evidence at this time that the drugs,
when used as directed in labeling, are associated with TdP.

Conditional risk of TdP (CR) Substantial evidence
supports the conclusion that these drugs are associated with
TdP BUT only under conditions or circumstances of their
use (e.g., excessive dose, or when given to patients with
conditions such as hypokalemia, hypomagnesemia, or
when taken with interacting drugs) OR because the drug
has shown the ability to create one or more conditions that
facilitates induction of TdP (e.g., by inhibiting metabolism
of QT-prolonging drugs or by causing an electrolyte dis-
turbance that induces TdP).

The ADECA process has rigid requirements for the
types of evidence that must be positive in order for a drug
to be placed in any one of the three categories. These
requirements are indicated by the checked boxes in Fig. 3
and are described in greater detail in Sect. 2.5.

Lists of the drugs that have been placed in these three
categories are posted on the CredibleMeds website and
have become generally known as the QTdrugs Lists. The
lists can be accessed using the URLs http://www.QTdrugs.
org, http://www.torsades.org, or http://www.CredibleMeds.
org.

In addition to the lists of drugs placed in these three
categories, a fourth list is maintained and includes all drugs
that should be avoided (if at all possible) by patients with
congenital long QT syndrome (CLQTS). This list is created
by combining the three lists of QT-prolonging drugs (KR,
PR, and CR) and adding any drugs that possess another
pharmacologic action that could facilitate TdP in these
high-risk patients. These additional drugs include central
nervous system stimulants and adrenergic stimulants that
are known to increase TdP risk in CLQTS patients, even
though they may not prolong the QT interval per se.
Commonly known as the Drugs to Avoid list, it is often
recommended as a resource for patients with CLQTS and
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Torsade de pointes
Electrocardiogram QT prolonged
Sudden cardiac death

Sudden death

Cardiac death
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Fig. 2 Comparative signals for five adverse events of interest
associated with methadone. Bar lengths represent observed EBGM
magnitudes; error bars represent 90% Crl; color shades represent
magnitude categories for EB(s. Data shown are as of 2016 Quarter 2
and the graph was generated by Oracle’s Empirica Signal® program.

Fig. 3 Three categories of risk
and the type of evidence that is
required for drugs that prolong
the QT interval or cause TdP.
FAERS/WHO FDA Adverse
Event Data System or World o°
Health Organization’s Vigibase o’
of adverse event reports, Med. o
Lit. published medical literature, [N

TdP torsades de pointes, TQT
Known Risk of TdP

study Thorough QT/QTc study

« QT increase in humans
(Med. Lit., TQT study or FAERS/WHO)

« TdP Cases in Med. Lit.

or

TdP Signal in
FAERS/WHO

their families (http://www.sads.org/living-with-sads/drugs-
to-avoid#. WDTO1LIrLb0).

2.5 Evidence Requirements for Risk Categories

Table 1 lists the sixteen types of evidence used by
AZCERT and how, if positive, the evidence can fulfill
requirements or can support the placement of a drug into
one of the three primary risk categories as shown in Fig. 4.
Each risk category has certain types of evidence that are
required (R) to be positive but certain other types of pos-
itive evidence are considered only supportive (S). In
addition, some types are considered to be equivalent and
any one of these can be the ‘required alternative’ (RA)
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An EBys >2.0 for an adverse event is considered a relevant signal.
Crl credible interval, EBGM Empirical Bayesian Geometric Mean,
EBys lower 5% Crl for the EBGM, EBjs-EBgs 90% Crl for the
EBGM, N number of reports to FAERS in which methadone was
designated as the suspected drug

Possible Risk of TdP

« QT increase in humans
(Med. Lit, TQT study or FAERS/WHO)

or

Conditional Risk of TdP

« TdP Cases with
interacting factors

in Med.Lit.
or
FAERS/WHO

QT increase in
FDA Label

evidence. For example, in order for a drug to be placed in
the KR category there must be positive evidence of TdP
(with the caveat that the drug was used as directed in
labeling). The evidence could be from either (1) cases
reported in the published medical literature or (2) a positive
signal for TdP in FAERS or Vigibase. Drugs in the TdP KR
category and TdP PR category require positive evidence of
QT prolongation from either (1) the published medical
literature, (2) a thorough QT study, (3) the drug label, or
(4) a positive signal for QT prolongation in FAERS or
Vigibase. For the TdP CR category, there are also alter-
natives for the types of TdP evidence but the preponder-
ance of the evidence must include the presence of
confounding or interacting factors such as concomitant use
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Table 1 Sources of evidence in ADECA

Sources of evidence for assessing a drug’s risk of torsades de pointes (TdP) Known risk Possible risk Conditional risk
(KR) (PR) (CR)

Clinical evidence of TdP: cases reported without interacting factors RA

Clinical evidence of TdP: cases reported with interacting factors S S RA

Evidence of QT increase in humans: cases reported without interacting factors R RA

Evidence of QT increase in humans: cases reported with interacting factors S S S

Positive thorough QT study S RA S

FAERS/WHO TdP signal (EB(s <2): cases reported without interacting factors RA S

FAERS/WHO TdP signal (EB(s <2): cases reported with interacting factors S S RA

FAERS/WHO QT prolongation signal (EBys <2) S RA S

Laboratory evidence of plausibility of TdP (e.g., animal TdP model) S S S

Laboratory evidence of plausibility of TQT (e.g., hERG block, T Iy, or T QT) S S S

TdP mentioned in official drug label: observed when drug used as directed (not class S S
action)

1QT mentioned in official label: observed when drug used as directed (not class S RA S
action)

Drug has ancillary pharmacologic action(s) that facilitate TdP (e.g., drug induces S S
hypokalemia)

Positive interaction score (>1.0 in FAERS/WHO with KR drug(s) or TdP risk factors S

Reports of TdP in which clearance of drug of interest is impaired S S

Reports of TdP in which drug of interest inhibits metabolism of KR, PR, or CR drugs S

The types of evidence that are required or used to support placement of a drug into one of the risk categories for QT prolongation and/or TdP.
Interacting factors include concomitant use with KR, PR or CR drugs, metabolic inhibitors, hypokalemia, hypomagnesemia, bradycardia,

excessive dose or use in congenital Long QT syndrome

ADECA Adverse Drug Event Causality Analysis, EBys lower 5% credible interval for the empirical Bayesian geometric mean, FAERS/WHO
FDA'’s Adverse Event Reporting System/World Health Organization’s Vigibase System, I, late sodium current, R required, RA required with

an alternative, S supportive, 1 increase

with drugs that are metabolic inhibitors of QT-prolonging
drugs, excessive dose, overdose, hypokalemia, hypomag-
nesemia, bradycardia, or a diagnosis of CLQTS.

2.6 Continuous ADECA Review

A systematic analysis of the available data and evidence is
conducted continuously by AZCERT’s clinical scientists
and trained staff to maintain the accuracy of the lists of
drugs. Evidence summaries for drugs are reviewed by the
AZCERT scientific review team at regularly scheduled
meetings and when there is unanimous agreement that
there is adequate evidence to support adding a drug to a
category (or moving a drug from one category to another),
the changes are recommended to the QTdrugs Advisory
Board. If any of the 39 members of the Advisory Board
request additional data or recommend reconsideration, the
decision is reevaluated and can be presented to the entire
Board for discussion and reconsideration. If the recom-
mended changes are approved by the Advisory Board, the
lists on the website are updated and an email notification is
sent to the 86,000 registered users. In recent years, the lists

have been revised approximately every 30-45 days. Fig-
ure 5 is a graph that demonstrates the growing number of
drugs that have been added to the lists since their inception.

3 Free, Public Access to the QTdrugs Lists
and Knowledge Base

The QTdrugs lists are available open source at http://www.
QTdrugs.org, http://www.torsades.org, or http://www.
crediblemeds.org and can be searched by brand or gen-
eric name, sorted according to drug class or therapeutic
use, downloaded, and printed. Because the lists are updated
frequently and use of outdated lists could potentially result
in harm to patients, AZCERT requires users who wish to
view or download the entire lists to register so that they can
be notified by email whenever the lists have been changed.
The lists and other content on the website are copyrighted
to protect them from reproduction in ways that might
endanger patients. Permission to reproduce the lists can be
obtained with the stipulation to include specific statements
regarding limitations to their use and a recommendation
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Clinical Reports of QT
increase in Med. Lit., TQT

or

Positive QT Signal
in FAERS/WHO

BOTH REQUIRED

EITHER REQUIRED

Clinical Reports of

TdP in Med. Lit.

QT increase mentioned HEGL D
; or EVIDENCE
in drug label Positive TdP Signal in

FAERS- Cases Have
Interacting Factors
Evidence of QT prolongation in humans with
interacting factors
I
[ FAERS/WHO QT prolongation signal (EB05>2.0) }
|
Positive Interaction score (>1.0) in FAERS/WHO
for TdP with KR drug(s) or TdP risk factors
. SUPPORTIVE
EVIDENCE

[ TdP mentioned in drug label with mteractmg factors

[ Positive TQT study or QT Increase in drug label

[ Biologically plausible mechanism for TdP found in laboratory research ({ hERG, 1* I QT J

[ Drug is a CYP450 substrate susceptible to inhibition of |ts metabolism

Known Possible
Risk of TdP Risk of TdP

Fig. 4 The types of evidence that are either ‘Required’ or ‘Support-
ive’ for a drug to be placed in one of the three risk categories for QT
prolongation and/or TdP. EB,s lower 5% credible interval for the
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that users check the CredibleMeds website for the latest
versions of the lists. Importantly, the CredibleMeds website
includes a request for user feedback and advice for how the
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QTdrugs lists and the website can better support their needs
and interests. Emails and questions sent to info@azcert.org
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are answered by members of the Scientific Review
Committee.

The QTdrugs lists are also freely available as smart
phone or iPAD applications and through an Application
Program Interface that can support CDSSs based in elec-
tronic medical records.

4 Clinical and Research Applications
and Limitations

Since its creation in 1999, the website has experienced
steady growth in utilization by patients/public (35%),
healthcare providers (59%), and research scientists (6%).
Over 702,000 unique visitors accessed the site in 2016 and
56% were from one of 200 countries outside the US. Over
86,000 registered users download the QTdrugs lists regu-
larly and the number of registrants has increased by ~ 750/
week for the last 3 years. Each month, 10,000 visitors
return and another 20,000 new visitors access the QTdrugs
lists on the website.

While the majority of registered visitors use the lists of
drugs for clinical purposes, the lists have also been found
useful in clinical research and have been cited in numerous
publications that examine the causes and epidemiology of
TdP [34-36]. Consensus panels and multiple authorities
have recommended the QTdrugs lists as important
resources for patients with CLQTS and for assessing the
cause of drug-induced LQTS [15, 18, 37]. Investigators at
the Mayo Clinic and Indiana University have used the
QTdrugs lists to develop and validate a ‘QT score’ that can
quantify a patient’s risk of death [38] or excessive QT
prolongation [39, 40]. These validated scores are based on
the patient’s risk factors, such as biological sex, hypoka-
lemia, hypomagnesemia, baseline QT interval, sepsis, other
QT-prolonging medicines, bradycardia, cardiac diagnoses,
and age. Using QT scores as part of a CDSS, Tisdale et al.
[39] and Sorita et al. [40] significantly reduced the pre-
scribing of several QT-prolonging drugs to patients who
had a high risk for TdP.

A limitation of the site and the drug lists is the absence
of a list of safe alternatives for those drugs that cause QT
prolongation or TdP. However, this is not practical because
TdP is a rare event and quantifying that risk would require
targeted research for that specific purpose; research that is
only rarely available. To address the need for alternatives
to be considered, the website’s drug search function can
return the following message: “Drug Not Classified: This
drug has been reviewed by CredibleMeds but the evidence
available at this time did not result in a decision for it to be
placed in any of the four QT risk categories. This is not an
indication that this drug is free of a risk of QT prolongation

or torsades de pointes since it may not have been ade-
quately tested for these risks in patients”.

A second limitation of the lists is the placement of drugs
into broad categories (KR, PR, etc.) and the lack of
quantification of relative risk within each category. How-
ever, such quantification is not possible since it would
require prospective, comparative studies which are not
available.

5 Conclusions

Unlike most traditional drug safety resources which are
compilations of all adverse events that have been associ-
ated with a given drug, AZCERT takes a different
approach and focuses on a single adverse event, TdP, and
places drugs in risk categories that represent different
levels of certainty for causing that adverse event. The
ADECA process for analysis of evidence and the open-
source display of the resulting knowledge base could have
broad application in programs to prevent other serious,
potentially preventable adverse events. Scientific rigor, the
absence of a commercial influence, and the readily avail-
able, open-source nature of the knowledge base are positive
attributes for a source of biomedical information.
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