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Translational Models and Tools to Reduce 
Clinical Trials and Improve Regulatory Decision 
Making for QTc and Proarrhythmia Risk (ICH 
E14/S7B Updates)
David G. Strauss1,*, Wendy W. Wu1, Zhihua Li1, John Koerner2 and Christine Garnett3

After multiple drugs were removed from the market secondary to drug-induced torsade de pointes (TdP) risk, the 
International Council for Harmonisation (ICH) released guidelines in 2005 that focused on the nonclinical (S7B) 
and clinical (E14) assessment of surrogate biomarkers for TdP. Recently, Vargas et al. published a pharmaceutical-
industry perspective making the case that “double-negative” nonclinical data (negative in vitro hERG and in vivo 
heart-rate corrected QT (QTc) assays) are associated with such low probability of clinical QTc prolongation and TdP 
that potentially all double-negative drugs would not need detailed clinical QTc evaluation. Subsequently, the ICH 
released a new E14/S7B Draft Guideline containing Questions and Answers (Q&As) that defined ways that double-
negative nonclinical data could be used to reduce the number of “Thorough QT” (TQT) studies and reach a low-risk 
determination when a TQT or equivalent could not be performed. We review the Vargas et al. proposal in the context 
of what was contained in the ICH E14/S7B Draft Guideline and what was proposed by the ICH E14/S7B working 
group for a “stage 2” of updates (potential expanded roles for nonclinical data and details for assessing TdP risk 
of QTc-prolonging drugs). Although we do not agree with the exact probability statistics in the Vargas et al. paper 
because of limitations in the underlying datasets, we show how more modest predictive value of individual assays 
could still result in low probability for TdP with double-negative findings. Furthermore, we expect that the predictive 
value of the nonclinical assays will improve with implementation of the new ICH E14/S7B Draft Guideline.

On August 27, 2020, the International Council for Harmonisation 
of Technical Requirements for Pharmaceuticals for Human Use 
(ICH) released the Draft Guideline “E14 and S7B Clinical and 
Nonclinical Evaluation of QT/QTc Interval Prolongation and 
Proarrhythmic Potential—Questions and Answers.”1 The Draft 
ICH Guideline, which contains revised Questions and Answers 
(Q&As) to the E14 clinical guideline and new Q&As to the S7B 
nonclinical guideline, was subsequently opened for public com-
ment in regulatory regions around the world.2 To raise public 
awareness of the ICH E14/S7B Draft Guideline (also referred to 
as the new/draft Q&As in this paper), the ICH E14/S7B working 
group presented a 2-day webinar on October 15–16, 2020.3 The 
webinar covered the background, motivation for, and overview of 
the new E14/S7B Q&As, followed by presentations on each of the 
main Q&A topics and example cases that highlighted the poten-
tial impact of applying the principles in the new Q&As on reduc-
ing clinical trials and assisting regulatory evaluation.3 In addition, 
there was an hour of live response to questions submitted by the 

audience from a panel of ICH E14/S7B working group members 
that included representatives from every regulatory region and in-
dustry group. With 2,355 registered attendees from 69 countries, 
there was substantial interest in the topic. The presentations and 
complete recordings are available for download on the U.S. Food 
and Drug Administration (FDA) website.3

Prior to release of the new ICH E14/S7B Draft Guideline, 
Vargas et al.4 submitted an article to Clinical Pharmacology & 
Therapeutics titled “Time for a Fully Integrated Nonclinical–
Clinical Risk Assessment to Streamline QT Prolongation Liability 
Determinations: A Pharma Industry Perspective.” The article was 
written by 35 pharmaceutical industry authors from the “ICH S7B-
E14 Industry Support Group,” 8 of whom are industry representatives 
on the ICH E14/S7B working group. The group’s objective was to 
lay out the state of present and emerging science that advocate for the 
integration of the ICH S7B (nonclinical) and E14 (clinical) strate-
gies and practice. The authors also presented new analyses of publicly 
available data on the predictive value of the ICH S7B “core assays”  
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(in vitro hERG and in vivo heart-rate corrected QT (QTc) assays) in-
dividually and in combination. The authors concluded that “It is our 
collegial opinion that if the emergent Q&As are to have a meaningful 
positive impact on drug development, some key points need to be ad-
dressed and considered by the [ICH E14/S7B working group].” The 
four key points raised were:

1. A High Prevalence of Negative “Thorough QT” (TQT) 
Studies

2. Conduct of the TQT Study Can be Confounded or Not 
Feasible

3. Multiple Ion Channel Blockade
4. Direct vs. Indirect Effects on QTc Prolongation

Vargas et al.4 referred only to the ICH E14/S7B working group 
Concept Paper,5 as the new ICH E14/S7B Draft Guideline1 had 
not been released by the time of paper acceptance for publication. 
The authors of this article are the ICH E14/S7B working group 
members from the FDA. We review the data presented and points 
raised by Vargas et al.4 within the context of what has been ad-
dressed in the recently released ICH E14/S7B Draft Guideline1 
(“stage 1” of Q&As as described in the ICH E14/S7B Concept 
Paper)5 and what the ICH E14/S7B working group has indicated 
it could address in a “stage 2” of Q&As to ICH E14/S7B.5,6

Background, motivation, and overview of updates to ICH 
E14 and S7B
As implemented in 2005, ICH S7B7 nonclinical safety pharmacol-
ogy studies are conducted to inform safety before first-in-human dos-
ing. As Vargas et al.4 pointed out, “In contrast with the standardized 
execution and expectations for the TQT study, there are no stan-
dard protocols, experimental conditions, or regulatory expectations 
to guide the execution of the nonclinical core assays.” As a result, 
nonclinical data exhibit a wide degree of data variability, stemming 
from diverse experimental designs and data quality control metrics 
specific to individual laboratories. The FDA uses these nonclinical 
data to identify investigational drugs with large effects on repolariza-
tion before first-in-human dosing, and the final clinical assessment 
generally relies on ICH E148 assessment of human QTc, which has 
the sensitivity to detect small repolarization delay of ~ 5 milliseconds 
(ms). However, both the ICH S7B7 and E148 highlight the need for 
integration of information in a manner that is informative as a total-
ity of evidence approach and an integrated risk assessment can con-
sider the combined predictive value of multiple assays (i.e., predictive 
tests). In 2018, the ICH E14/S7B working group reached an agree-
ment on a 2-stage approach to update both documents.5 The “stage 
1” of Q&A updates is currently in step 3 of the ICH process, which, 
after releasing a Draft ICH Guideline, involves consulting the pub-
lic, discussing the comments, and revising (as needed) and finalizing 
the ICH Guideline.

VALUE PROPOSITION OF THE REVISED E14 Q&AS AND NEW 
S7B Q&AS: LEVERAGING AN INTEGRATED NONCLINICAL 
AND CLINICAL RISK ASSESSMENT
For ICH E14, the revised Q&As provide recommendations for 
how “double-negative” nonclinical data from the S7B core assays 

(i.e., low risk for in vitro hERG block and in vivo QTc prolon-
gation as defined in the E14/S7B draft Q&As) can be used to 
inform regulatory decision making in late-stage clinical develop-
ment and at the time of a marketing application.1 Figure 1 shows 
the breakdown of QT study reports submitted to the FDA from 
2016–2020: 44% with conventional E14 TQT studies, 32% with 
(phase I) concentration-QTc data (E14 Q&A 5.1) and 24% using 
alternative study designs when a TQT or equivalent is not possible 
(E14 Q&A 6.1).9 The potential value of the revised E14 Q&As 
5.1 and 6.1 in combination with the new S7B Q&As is to stream-
line drug development by leveraging nonclinical data to reduce the 
number of clinical trials (TQT studies) and improve regulatory 
decision making to reach a low-risk determination at the time of 
a marketing application when a TQT study or equivalent cannot 
be performed.

Figure  2 shows the diagram from the original S7B Guideline 
in the center (Figure 2a) and where the new draft Q&As to S7B 
(Figure  2b–d) and revised draft Q&As to E14 (Figure  2d) fit 
into the integrated testing strategy. This highlights how the core 
assays of in vitro hERG and in vivo QTc are considered as a part 
of the integrated risk assessment. In general, when these assays are 
both negative, additional follow-up studies are not required, and 
this supports moving forward with first-in-human studies.7 The 
new integrated risk assessment draft Q&As ( S7B Q&As 1.1–1.2; 
Figure 2d) describe how nonclinical data are used prior to human 
testing as primarily described in the original S7B Guideline, and 
how they can be used later in clinical development to support reg-
ulatory decision making.1 Specific recommendations (Figure 2d) 
are put forward for the use of double-negative nonclinical data to 
inform the revised E14 draft Q&As 5.1 and 6.1, and more gen-
eral recommendations are put forward for how to assess non-dou-
ble-negative scenarios (i.e., when hERG block or QTc prolongation 
is present).

To increase regulatory confidence for using nonclinical data for 
regulatory decision making during clinical development and at the 
time of a marketing application, S7B Q&As were developed to 
address the lack of standardization and lack of explicit statements 
of regulatory expectations in S7B that Vargas et al.4 pointed out. 
These Q&As included best practice considerations for the S7B core 
assays (Figure 2b: hERG assay – S7B Q&A 2.1; in vivo QTc assay 
– S7B Q&As 3.1–3.5), and for potential follow-up studies, includ-
ing additional cardiac ion channel assays (Figure  2b: S7B Q&A 
2.1) and in vitro cardiomyocyte assays (Figure 2c: S7B Q&As 2.2–
2.5).1 In addition, principles for the use of proarrhythmia models 
(Figure 2c: S7B Q&As 4.1–4.3) were developed to provide guid-
ance on how proarrhythmia models (including in silico, in vitro, 
ex vivo, or in vivo models) can be used as part of an integrated risk 
assessment (Figure 2d) strategy to evaluate the proarrhythmic risk 
of QTc-prolonging drugs in humans.1 The S7B integrated risk as-
sessment Q&As also describe how different follow-up studies and 
proarrhythmia models can be used if the S7B core assays are con-
founded (e.g., large changes in heart rate in in vivo studies) or to 
assess torsade de pointes (TdP) risk for a drug that blocks hERG 
and/or prolongs QTc. Furthermore, additional details are provided 
on FDA’s website (e.g. recommended ion channel protocols)10 
and in a series of scientific white papers: a systematic strategy for 
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estimating hERG block potency,11 best practices for human stem 
cell-derived cardiomyocyte assays,12 general principles for the val-
idation of proarrhythmia risk prediction models,13 and a general 
procedure for selecting drugs to calibrate a proarrhythmia model 
when implementing it at different laboratories.14

USE OF DOUBLE-NEGATIVE NONCLINICAL DATA - 
COMMENTS ON PROPOSAL BY VARGAS ET AL.
Going beyond what is contained in the new E14/S7B draft 
Q&As, Vargas et al.4 proposed that the double-negative nonclini-
cal findings in a “robust, comprehensive and integrated ICH S7B 
data package” could more broadly be used to reduce the need for 
detailed QT-focused clinical evaluation for small molecule drugs. 
To support their proposal, they present a new integrated analy-
sis of published nonclinical-clinical datasets with the following 
definitions:

• The hERG assay is considered negative when the hERG safety 
margin is ≥  30-fold. The hERG safety margin is defined as 
the hERG concentration of drug producing 50% inhibition 
(IC50) divided by the estimated clinical free therapeutic plasma 
concentration.

• The in vivo QTc assay is considered negative when the ratio 
between the highest free plasma concentration without effect 
(e.g., < 10 milliseconds prolongation of QTc) and the estimated 
clinical free therapeutic exposure is ≥  10-fold. If this ratio is 
< 10, the outcome is positive.

In the supplement, Vargas et al. average the discriminatory 
power (sensitivity and specificity) of these nonclinical assays across 

multiple literature studies for the separate endpoints of clinical QTc 
prolongation (hERG studies15–19; in vivo QTc studies15,16,18,20) 
and TdP (hERG studies19,21–24; in vivo QTc studies23,25,26). In 
order to use the sensitivity and specificity of these assays to predict 
the probability of clinical QTc prolongation or TdP, they estimate 
the prior (pre-test) probability of each clinical endpoint and con-
vert sensitivity and specificity of each assay to likelihood ratios (see 
Figure 3a for examples). By doing this, the probability of the clini-
cal endpoints can be determined after having the results of a hERG 
assay or in vivo QTc assay alone (Figure 3b), or when combining 
them (Figure 3c,d). Based on their new analysis, Vargas et al. con-
clude that double-negative nonclinical data result in a “very low 
probability of clinical QTc prolongation and TdP risk.”4 While we 
agree that double-negative hERG and in vivo QTc assays suggest 
low probability of clinical QTc prolongation and TdP, we caution 
about citing the exact probability values as stated by Vargas et al. 
Next, we discuss assumptions made by Vargas et al. to derive these 
numbers, limitations in the cited datasets, and how the predicted 
probabilities change with sensitivity analyses or alternative data 
sources.

Prior probability of clinical QTc prolongation and TdP liability
The Vargas et al.4 supplemental material describes their rationale 
for obtaining a pre-test probability of 20% for QTc prolongation 
and 10% for TdP. With regard to QTc prolongation, the 20% 
number is consistent with a recent analysis of the FDA’s database 
of clinical QT study reports from 2016–2020, which revealed that 
19% were positive (Figure 4).6 However, the FDA database does 
not capture drugs where a QTc signal was seen in a phase I study or 
TQT study where the sponsor discontinued development before 

Figure 1 Types of clinical QT study report submitted to the FDA from 2016 to 2020: 44% were conventional thorough QT (TQT) studies, 32% 
relied on concentration-QTc analysis as described in ICH E14 Q&A 5.1 (typically from phase I clinical trials), and 24% utilized alternative study 
designs described in E14 Q&A 6.1 (typically without placebo, positive control, and/or reaching exposure levels required for TQT or E14 Q&A 
5.1). For study reports under E14 Q&A 5.1, only 42% reached 2 times high clinical exposure level, which has been the requirement under E14 
Q&A 5.1 for waiving the need for positive control in a TQT study. Under the revised draft Q&A 5.1, with double-negative nonclinical data the 
exposure will only need to reach high clinical exposure to waive the need for a positive control, allowing for more TQT substitutes. For study 
reports with alternative study designs (E14 Q&A 6.1), 82% were for oncology indications. Under the existing Q&A 6.1, studies can only reach a 
conclusion of “no large QTc effects.” Under the revised draft Q&A 6.1, when combined with double-negative nonclinical findings, a conclusion 
of low likelihood of proarrhythmic effects due to delayed repolarization can be reached. FDA, US Food and Drug Administration; Q&A, question 
and answer.
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submitting a complete QT study report, and the database does 
not capture drugs discontinued as a result of nonclinical hERG 
and in vivo QTc assays. With that said, the 19% number from the 
FDA database also includes drugs with borderline positive QTc 
signals (e.g., supratherapeutic dose or high clinical exposure QTc 
upper bound > 10 ms with QTc mean < 10 ms). Thus, some of the 
QT study results are false-positive signals for clinical QTc prolon-
gation in patients, and others are true-positive QTc signals, but 

false-positive signals for TdP risk as not all QTc prolongation leads 
to TdP, which is discussed further in a later section. Altogether, a 
pre-test probability of 20–30% seems reasonable.

Regarding the pre-test probability of 10% for TdP, Vargas et al.4 
describe that there have been 1,714 total approved drugs and that 
CredibleMeds.org27 lists 62 (3.6% of approved drugs) as having a 
known risk of TdP, whereas there are 240 (14% of approved drugs) 
classified as known, conditional or potential risk of TdP. The 10% 

Figure 2 Schematic diagram of how the new ICH E14/S7B draft Q&As fit into the original S7B Guideline. (a) Diagram from the original S7B 
Guideline. (b) New S7B Q&As on best practice considerations for the core S7B assays (hERG and in vivo QTc) and additional ion channel 
assays that may be used as follow-up studies. (c) New S7B Q&As on best practice considerations for in vitro cardiomyocyte assays and 
principles for proarrhythmia models. (d) The new S7B integrated risk assessment Q&As in combination with the revised E14 Q&As describe 
how nonclinical data can be used to reduce the number of thorough QT (TQT) studies and reach a low-risk determination when a TQT or 
equivalent cannot be performed. The integrated risk assessment also describes how follow-up studies can be used to understand and predict 
TdP risk of QTc-prolonging drugs, however, these are evaluated on a case-by-case basis. ECG, electrocardiogram; ICH, International Council for 
Harmonisation; Q&A, question and answer; QTc, heart rate corrected QT interval; TdP, torsade de pointes.
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Figure 3 Illustration of how changes in the sensitivity and specificity of an assay on its own (e.g. hERG or in vivo QTc alone), or when used in 
combination with a second assay (e.g. hERG and in vivo QTc together), affect the post-test probability of an outcome (e.g. clinical QTc or TdP 
risk). (a) Different sensitivity and specificity combinations for an assay to have moderate (negative likelihood ratio (LR−) = 0.3, dashed line) 
or high (LR− = 0.1, solid line) discriminatory power when the assay result is negative. As an example, an assay with  77% sensitivity and  77% 
specificity (dot on dashed line) has moderate discriminatory power (LR− = 0.3), whereas an assay with  91% sensitivity and  88% specificity 
(dot on solid line) has high discriminatory power (LR− = 0.1). (b) Relationship between pre-test and post-test probability after a single negative 
test. When the pre-test probability is 10% (as used for TdP by Vargas et al.), a single negative test with moderate discriminatory power (LR− = 
0.3, dotted line) results in a post-test probability of 3.2%, while a single negative test with high discriminatory power (LR− = 0.1, solid line) 
results in a post-test probability of 1.1% (horizontal dotted line). (c, d) Relationship between pre-test and post-test probability for a double-
negative drug. Note that a double-negative result where both assays have moderate discriminatory power (LR− = 0.3, solid line in c) can bring 
a pre-test probability of 10% to a post-test probability of  0.99%. When one assay has high discriminatory power (LR− = 0.1), the post-test 
probability decreases to 0.33% and when both assays have high discriminatory power the post-test probability decreases to 0.11%. As a 
sensitivity analysis, d also shows how even when the pre-test probability is increased to 30%, having one test with moderate and one with 
high discriminatory power (dot on dashed line) results in a 1.3% post-test probability, whereas having high discriminatory power with both tests 
(dot on solid line) results in a post-test probability of 0.43%.
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number is in between the 3.6% with known TdP risk and the much 
broader definition of 14%. The broader definition includes con-
ditional TdP risk drugs (n = 51, 3.0% of approved drugs) that are 
only associated with TdP under certain conditions (e.g., excessive 
dose, hypokalemia or drug interaction, including when the listed 
drug is only indirectly associated with TdP by increasing expo-
sure of another TdP-causing drug) and possible TdP risk drugs 
(n = 138, 8.1% of approved drugs) that do not have evidence of 
TdP, but can cause QTc prolongation.27 Although evidence for TdP 
may develop for some of these drugs, this is also consistent with not 
all QTc prolonging drugs being associated with TdP. Whereas the 
implementation of ICH S7B and E14 have likely led to the dis-
continuation of some drugs that may have otherwise reached the 
market and caused TdP, it likely took time for these guidelines to 
have an effect (e.g., drugs being considered for approval in the first 
5–7 years after S7B was implemented would have entered clinical 
development prior to S7B being initiated). Thus, 10% seems rea-
sonable, although a higher number could be used in a sensitivity 
analysis. Figure 3 shows how pre-test probability impacts post-test 
probability.

Sensitivity and specificity of the nonclinical assays for 
clinical QTc prolongation and TdP liability
Vargas et al. combine the data from different studies in the liter-
ature, some of which investigate the relationship between hERG 
or in vivo QTc assays and clinical QTc prolongation, and some 
that investigate the relationship with TdP (see Vargas et al. sup-
plementary material).4 Published data could be subjected to pub-
lication bias, and the discriminatory power of each assay is based 
on an average across studies without considering the number of 

drugs evaluated in each study. For the hERG assay, there are five 
studies for each of the endpoints of clinical QTc prolongation 
and TdP liability, whereas for the in vivo QTc assay there are 
four studies for clinical QTc prolongation and three studies 
for the in vivo QTc assay. Each of the studies includes a varying 
number of drugs from 12 to 367. The results from each study are 
taken “as reported” and each study used different methodology, 
which includes differences in nonclinical assay protocols and the 
definitions of clinical QTc prolongation or TdP liability.

The largest study for hERG used by Vargas et al., which covers 
clinical QTc and TdP endpoints,19 includes data from the lit-
erature for hERG IC50 values, preferentially selecting the most 
potent value, and for clinical maximum concentration (Cmax), 
preferentially selecting the highest exposure, which together 
means that the data preferentially favors lower hERG safety 
margins for individual drugs. When evaluating a specific thresh-
old (e.g., hERG margin of 30), this has the effect of increasing 
sensitivity and decreasing specificity. In general, hERG IC50s 
(hence safety margins) are sensitive to recording temperature 
and experimental protocols, including voltage waveforms and 
stimulation frequencies,28,29 so it will be critical to have safety 
margins defined with the same set of protocols used across all 
drugs. Regarding the in vivo QTc assay, our experience from 
studies submitted to the FDA indicates there is a wide degree 
of data variability within and among studies and the absence of 
power analysis to indicate the detectable effect size in each study. 
Of note, these issues for hERG and in vivo QTc assays associated 
with lack of protocol standardization and lack of explicit state-
ments regarding regulatory expectations are addressed in new 
S7B Q&As.

Figure 4 The FDA cardiac safety interdisciplinary review team conclusions from clinical QT study reports submitted from 2016 to 2020: 19% 
were positive for QTc prolongation (i.e., upper bound above 10 ms), 24% were found to have no large QTc effects (i.e., unlikely to have an 
actual mean QTc effect of 20 ms or larger, primarily drugs under E14 Q&A 6.1 – see Figure 1 legend and text) and 57% were found to have no 
QTc prolongation (i.e., negative TQT study or equivalent under Q&A 5.1). QTc prolongation was observed in 20% of TQT studies, 10% of E14 
Q&A 5.1 studies, and 19% of E14 Q&A 6.1 studies. Considering all study report types together, of the 19% of drugs that prolonged QTc, 33% 
were for oncology indications, 30% were drugs targeting the central nervous system (i.e., neurology, psychiatry, and anesthesiology/addiction/
pain), and 37% were from all other therapeutic indications. These statistics do not capture drugs that underwent clinical QTc evaluation but 
were discontinued from development prior to the sponsor submitted a clinical QT study report. ECG, electrocardiogram; FDA, US Food and 
Drug Administration; QTc, heart-rate corrected QT; TdP, torsade de pointes.
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Considering these limitations, the Vargas et al. data indicates 
that the two core nonclinical assays have almost equivalent dis-
criminatory power for clinical QTc prolongation (sensitivity 65–
67%; specificity 85–86%). Regarding TdP risk, hERG has 88% 
sensitivity and 81% specificity, whereas in vivo QTc has 91% sen-
sitivity and 97% specificity (Table 1: “Vargas et al. average”). For 
the limitations discussed above, all these numbers should be inter-
preted with caution. With regard to the discriminatory power of 
in vivo QTc for TdP risk especially, this should be interpreted with 
extreme caution as there are only three studies with much smaller 
sample sizes than for the other assay/endpoint combinations, and 
the smallest study (12 drugs) increases the average with 100% sen-
sitivity and specificity.

Sensitivity analysis of Vargas et al. data for probability of 
TdP risk
Acknowledging that there are limitations in the underlying 
datasets, what is the impact of lower sensitivity and specific-
ity on the predicted probabilities for clinical endpoints? To 
evaluate this, we further assessed the TdP risk endpoint using 
10% prior probability of TdP. When using the lowest hERG 
sensitivity (76%) and specificity (65%) from across any of the 
studies in the Vargas et al. supplement (Table 1: “Vargas et al. 
low”), the post-test probability for TdP increases from 1.6% 
to 3.9%. When using the lowest in vivo QTc sensitivity (73%) 
and specificity (90%) from across any of the studies, post-test 

probability for TdP increases from 1.0% to 3.2%. In addi-
tion, when considering the hERG assay and in vivo QTc assay 
in combination, the post-test probability for TdP increases 
from 0.15% to 1.2% (Table 1). This highlights that while the 
post-test probability for TdP increases when using the lower 
sensitivity and specificity, a double-negative result still has a 
post-test probability of ~ 1%. In addition, if the pre-test proba-
bility for TdP is increased by 50% (from 10% to 15%), the post-
test probability for TdP increases from 0.15% to 0.23% using 
the Vargas et al. average numbers and from 1.2% to 1.9% using 
the Vargas et al. low numbers. This analysis provides import-
ant perspective on how changes in the sensitivity and specific-
ity of individual assays affect the probability of TdP following 
a double-negative result.

Impact of hERG safety margin threshold
We observed that the hERG assay sensitivity and specificity from 
the “Vargas et al. low” scenario are quite similar to that from a 
recent study by Ridder et al. when a hERG safety margin of 30 is 
used (Table 1).11 The Ridder et al. data come from a 13-site pro-
spective study with a standardized voltage waveform protocol on 
automated patch clamp systems including the 28 drugs from the 
Comprehensive in vitro Proarrhythmia Assay (CiPA) initiative. 
It is important to note that the Ridder et al. data were collected 
at ambient temperature, as opposed to physiologic temperature, 
which is commonly done in Good Laboratory Practice hERG 

Table 1 Post-test probability of TdP liability with different hERG assay and in vivo QTc assay performance statistics/
thresholds with each assay individually and in combination

hERG assay option hERG sensitivity
hERG 
specificity

Probability for TdPa after 
negative hERG assay

Probability for TdPa after negative hERG and in 
vivo QTc assays

(in vivo QTc from Vargas 
et al. averageb)

(in vivo QTc from 
Vargas et al. lowc)

hERG safety margin 30 
(Vargas et al. averageb)

88% 81% 1.6% 0.15% 0.47%

hERG safety margin 30 
(Vargas et al. lowc)

76% 65% 3.9% 0.38% 1.2%

hERG safety margin 30 
(Ridder et al.d)

73% 67% 4.3% 0.42% 1.3%

hERG safety margin 50 
(Ridder et al.d)

83% 61% 3.0% 0.29% 0.92%

hERG safety margin 100 
(Ridder et al.d)

90% 37% 3.0% 0.28% 0.88%

hERG safety margin 300 
(Ridder et al.d)

98% 33% 0.67% 0.06% 0.21%

In vivo QTc assay option In vivo QTc 
sensitivity

In vivo QTc 
specificity

Probability for TdPaafter 
negative in vivo QT assay

- -

Vargas et al. averageb 91% 97% 1.0% - -

Vargas et al. lowc 73% 90% 3.2% - -

QTc, corrected QT; TdP, torsade de pointes.
aAll post-test probabilities for TdP are based on a pre-test (prior) probability of 10%. All numbers in table (sensitivity, specificity, and probability) rounded and 
presented with two significant digits. bVargas et al. sensitivity and specificity numbers come from the main data presented in their paper, which is an average 
of published studies referenced in their supplement.4  c“Vargas et al. low” sensitivity and specificity numbers come from the lowest individual sensitivity and 
specificity from the referenced studies in their supplement.4 dRidder et al. sensitivity and specificity numbers come from different hERG margin thresholds from 
that dataset.11
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studies and is recommended in the new S7B Q&As, and there 
were significant procedure differences across participating sites 
that could impact results (e.g., data quality/analysis methods not 
standardized and drug concentration verification not performed), 
for which the new S7B Q&As provide best practice recommen-
dations. Thus, we believe the hERG assay performance observed 
in Ridder et al., and the Vargas et al. low scenario above, can be 
improved upon.

The Ridder et al. data allow us to probe how changing the hERG 
safety margin threshold (e.g., from a hERG margin threshold of 
≥  30 to define a negative assay as in Vargas et al. to higher mar-
gins) affects the post-test probability for TdP. Table 1 shows how 
increasing the hERG safety margin threshold increases the sensitiv-
ity of the assay but decreases the specificity. When assessing a new 
drug in development, if a hERG margin threshold of ≥ 30 is used 
to define a negative assay and the new drug meets the definition for 
negative, then the post-test probability for TdP is 4.3% (Table 1). If 
the hERG margin threshold is increased to ≥ 50 and the new drug 
is still negative, then the post-test probability for TdP decreases to 
3.0%. However, when using a margin of ≥ 100, the post-test prob-
ability of TdP remains at 3.0%. The peculiar result going from a 
margin of 50 to 100 is achieved because the increase in sensitivity 
(from 83% to 90%) is offset by a much larger decrease in specificity 
(from 60% to 36%). This highlights that although the predicted 
probability of TdP following a negative hERG assay depends more 
on sensitivity, it is also affected by specificity (see Figure 3a, which 
illustrates how different combinations of sensitivity and specificity 
can result in the same negative likelihood ratio). This also suggests 
it does not necessarily make sense to aim for the highest sensitivity 
if it results in extremely low specificity, especially if two comple-
mentary assays (e.g., hERG and in vivo QTc) will be used. Indeed, 
a double-negative finding using the Ridder hERG safety margin of 
50 in combination with the Vargas low scenario for in vivo QTc 
results in a TdP probability of < 1% (Table 1).

THE ROLE OF DOUBLE-NEGATIVE NONCLINICAL DATA IN 
THE NEW ICH E14/S7B DRAFT Q&AS (STAGE 1)
The new E14/S7B Q&As recognize the value of double-nega-
tive nonclinical data and provide an alternative pathway to assess 
QTc/TdP liability, reduce the number of TQT studies (revised 
E14 Q&A 5.1), and inform regulatory decision making (and label-
ing) at the time of a marketing application when a TQT or equiv-
alent cannot be performed (revised E14 Q&A 6.1).1

Revised E14 Q&A 5.1
Under the revised E14 Q&A 5.1,1 double-negative nonclinical 
data can be used to allow for additional TQT “substitutes” when 
the drug exposure in concentration-QTc analysis (from phase 
I clinical trials) is not high enough to meet the current require-
ment,30 which is two times the high clinical exposure. The high 
clinical exposure is the exposure that the supratherapeutic dose 
in a TQT study is intended to meet or exceed and defined as the 
exposure when the mean steady-state maximum concentration 
associated with the maximum therapeutic dose is increased by 
the largest intrinsic (e.g., renal or liver impairment) or extrinsic 
(e.g., drug interaction or food effect) factor.9 With the revised 

E14 Q&A 5.1, the clinical data only need to meet the TQT re-
quirement of high clinical exposure when the nonclinical in vitro 
hERG assay and in vivo QTc assay are conducted using best prac-
tices and both are negative according to definitions summarized 
below. This has the potential to reduce substantially the number 
of clinical trials (dedicated TQT studies) in drug development, as 
from 2016–2020, 32% of QT study reports submitted fell under 
E14 Q&A 5.1 and only 42% of them covered the 2 times high clin-
ical exposure (Figure 1).

Revised E14 Q&A 6.1
Under the revised E14 Q&A 6.1, double-negative nonclinical data 
can be used to inform regulatory decisions and labeling when a 
TQT study (or equivalent under E14 Q&A 5.1) cannot be con-
ducted because of safety risks in healthy volunteers (e.g., oncology) 
or feasibility concerns in patients preclude the use of a positive 
control or doses to achieve high exposures.1 This addresses Vargas 
et al.’s second point that the Conduct of the TQT Study Can be 
Confounded or Not Feasible. Under the old Q&A 6.1,30 when 
clinical data rule out 10 ms of QTc prolongation but there is no 
positive control or the data do not meet the Q&A 5.1 require-
ments, a conclusion of “no large QTc effects” is reached (i.e., the 
drug is unlikely to have an actual mean QTc effect of 20 ms or 
larger). Under the revised Q&A 6.1, a conclusion of low likeli-
hood of proarrhythmic effects due to delayed repolarization can 
be reached. The revised E14 Q&A 6.1 has the potential to have a 
substantial impact as 24% of QT study reports submitted to the 
FDA from 2016–2020 fell under E14 Q&A 6.1, and it is difficult 
to demonstrate lack of QTc effect under the old Q&A leading to 
unclear risk communication and labeling, such as “no large QTc 
effects.” Under the revised E14 Q&A 6.1, many of these could 
reach a low-risk determination.

Defining double-negative nonclinical data and additional 
considerations in the stage 1 Q&As 
The new integrated risk assessment Q&As (S7B Q&As 1.1–1.2) 
present points to consider for when hERG and in vivo QTc data 
are used to support the revised E14 Q&As 5.1 and 6.1 (Figure 2d) 
as summarized below.

• hERG assay – The hERG safety margin should be higher than 
the safety margin determined based on reference drugs known 
to cause TdP. The hERG IC50 should be determined following 
S7B Q&A 2.1 best practice considerations, including that the 
same experimental protocol should be applied to the new drug 
and the reference drugs. The Cmax is the mean steady-state max-
imum plasma concentration when the maximum recommended 
therapeutic dose is given; considerations regarding clinical vs. 
high clinical exposure are discussed below. Additional consid-
erations and details are described in the Q&As (S7B Q&As 
1.1–1.2 and 2.1).

• In vivo QTc assay – The effects on the QTc interval should be 
assessed at exposures that cover the anticipated high clinical 
exposure scenario. The adequacy of exposure to any major hu-
man-specific metabolites should be determined (see ICH S7A 
Sections 2.3.3.2 and 2.6, and S7B Q&A 3.5). For both E14 
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Q&As 5.1 and 6.1, the exposure should cover the high clinical 
exposure scenario. In addition, for E14 Q&A 6.1, the in vivo 
study should have sufficient power to detect a QTc prolonga-
tion effect of a magnitude similar to dedicated clinical QT 
studies. Additional details are described in the S7B best prac-
tices considerations Q&As 3.1–3.5.

Regarding the hERG safety margin, an exact threshold is not 
provided as it can be protocol-dependent.28,29 Assays following 
best practices will likely lead to lower thresholds due to reduced 
variability19 and historical data for margins have often not con-
sidered the high clinical exposure scenario, which will also likely 
decrease thresholds. In line with this, a recent publication points 
out when high clinical exposure, including for hERG-blocking me-
tabolites, is considered for some of the intermediate risk drugs for 
TdP on the CiPA list, their hERG margin decreases significantly.31 
Of note, the Ridder et al.11 data discussed previously is based on 
the CiPA list of drugs; taking high clinical exposure and the hERG 
safety margin of metabolites into account will likely result in the 
sensitivity of the hERG assay increasing compared with what 
is shown at each hERG margin threshold in Table  1. When the 
hERG safety margin is used to support clinical/regulatory decision 
making under E14 Q&As 5.1 or 6.1, sponsors will need to provide 
justification for a given margin according to reference drugs with 
known TdP risk using the same hERG assay protocol.

Regarding the in vivo QTc assay, the new S7B Q&As describe 
general best practice considerations for study execution and data 
reporting (Q&As 3.1–3.5) and highlight the need to cover high 
clinical exposure to support E14 Q&As 5.1 and 6.1. In addition, 
for E14 Q&A 6.1, the in vivo study should have sufficient power 
to detect a QTc prolongation effect of a magnitude similar to ded-
icated clinical QT studies. The exact definition of this is not spec-
ified in the draft Q&As; however, one could envision that whereas 
a study would need to be powered to detect the equivalent of a 
10 ms human QTc prolongation at the high clinical exposure, if a 
higher exposure (e.g., 10 times high clinical exposure) is achieved, 
the study may not need to be powered to detect as small of a 
QTc prolongation. Additional data may be needed to define this 
relationship.

ICH E14/S7B WORKING GROUP PROPOSED STAGE 2 OF 
Q&AS - POTENTIAL EXPANDED ROLE OF DOUBLE-NEGATIVE 
NONCLINICAL DATA
As outlined in the ICH E14/S7B working group concept paper 
from 2018 and presentations at the ICH E14/S7B public webinar 
in 2020, under “stage 2” the working group will consider how to 
define low-risk drugs that might not require detailed QT-focused 
clinical evaluation (Figure 5).5,6 As noted by Vargas et al.,4 this is 
already true for monoclonal antibodies recognized to have a low 
likelihood of direct hERG channel block-mediated QTc prolon-
gation (existing E14 Q&A 6.3).30 As discussed during the ICH 
E14/S7B webinar,3 initial focus areas for nonclinical data to ob-
viate detailed QT-focused clinical evaluation may include other 
non-small molecule drugs (e.g., peptides, proteins, and oligonucle-
otides), drugs with low systemic bioavailability (e.g., dermal or oc-
ular products), and potentially others. Each may require different 

considerations. Furthermore, experience gained with standard-
ized assays and prospective concordance between double-negative 
nonclinical data and negative clinical QTc assessments could sup-
port further changes.

WHEN HERG BLOCK AND/OR QTC PROLONGATION IS 
PRESENT IN THE STAGE 1 Q&AS TO ICH E14/S7B

The third and fourth key points raised by Vargas et al. regard-
ing how the E14/S7B Q&As can have a meaningful positive im-
pact on drug development are to consider Multiple Ion Channel 
Blockade and Direct vs. Indirect Effects on QTc Prolongation.4 This 
gets at the critical point that not all types of hERG block and not 
all types of QTc prolongation are proarrhythmic. This was dis-
cussed at the ICH E14/S7B public webinar3 on the new Q&As 
and is already described within E14 and S7B, as summarized 
below.

Previously implemented E14 Q&A 7.1 indicates that the pur-
pose of a TQT study is to characterize the effect of the drug on 
ventricular repolarization.30 Furthermore, it states that the TQT 
study is not intended to assess TdP risk in the target population, 
but rather to determine whether further data are warranted to as-
sess risk. Additional data can come in the form of more intensive 
electrocardiogram (ECG) monitoring in late phase clinical trials 
prior to approval. However, E14 Q&A 7.1 indicates that the rec-
ommended intensity of monitoring depends on multiple factors 
and, in some cases where there is a large margin of safety between 
therapeutic exposures and the exposures that result in significant 
ECG interval changes, an intensive ECG follow-up strategy might 
not be warranted.30 Specified factors include the magnitude of 
QTc prolongation and whether it occurs in ordinary use or only 
when drug concentrations are markedly increased (e.g., renal or 
hepatic impairment, and drug interactions), other patient char-
acteristics and adverse events in the target population, and other 
characteristics of the drug, which includes safety pharmacology 
and pharmacodynamics.30 This indicates that nonclinical safety 
pharmacology data and pharmacodynamic data (nonclinical or 
clinical) could be used as part of an integrated nonclinical-clinical 
risk assessment. This could include pharmacodynamic data on the 
exposure-response relationship for QTc and other ECG measure-
ments (e.g., assessing whether the exposure-response relationship 
for QTc plateaus suggesting lower risk for TdP or assessing ECG 
biomarkers to differentiate types of multi-ion channel block that 
have different risk profiles; see the following section on the pro-
posed stage 2 Q&As for additional details). Related to this, the 
E14 Section 5 on Regulatory Implications, Labelling and Risk 
Management Strategies,8 states that:

Some factors have been proposed that can modify 
the risk of QT/QTc prolongation. For instance, it 
has been suggested that some drugs might prolong 
the QT/QTc interval up to a “plateau” value, above 
which there is no dose-dependent increase, although 
this has not been demonstrated adequately to date. 
It has also been suggested that proarrhythmic risk 
might be influenced by other pharmacologic effects 
(e.g., other channel effects).
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Thus, ICH E148 and its existing Q&As30 already con-
tains a structure for nonclinical safety pharmacology data and 
pharmacodynamic data (nonclinical or clinical) to influence 
phase III clinical trial ECG monitoring and/or labeling for 
QTc-prolonging drugs. In addition, ICH S7B (Section 2.3.5 - 
Follow-up Studies)7 indicates that in circumstances where re-
sults among nonclinical studies are inconsistent and/or results 
of clinical studies differ from those for nonclinical studies, ret-
rospective evaluation and follow-up nonclinical studies can be 
used to understand the basis for the discrepancies. Results from 
follow-up studies can be a significant component of an inte-
grated risk assessment.

In the new S7B Q&As, additional details are provided on how 
follow-up studies (Figure  2b,c) can be performed to further ex-
plore the mechanisms of QTc prolongation and assess TdP risk as 
described in the new integrated risk assessment Q&A (Figure 2d: 
S7B Q&A 1.1).1 If applicable, best practice considerations should 
be followed for assessment of additional ion channel currents (S7B 
Q&A 2.1), in vitro cardiomyocyte assays (S7B Q&As 2.2–2.4), or 
in vivo studies (S7B Q&As 3.1–3.5). In addition, an appropriately 
qualified proarrhythmia risk prediction model (S7B Q&As 4.1–
4.3) can be used according to its context of use to assess the pos-
sibility of TdP in humans. As described earlier, additional details 
related to these Q&As are available in recent publications.10–14 In 
the stage 1 Q&As, while follow-up studies can be used together 
with other relevant nonclinical and clinical information to con-
tribute to the design of subsequent clinical investigations and in-
terpretation of their results, the regulatory impact of the follow-up 
studies is assessed on a case-by-case basis (Figure 2d).1,32

ICH E14/S7B WORKING GROUP PROPOSED STAGE 2 OF 
Q&AS – PROVIDING MORE DETAILED RECOMMENDATIONS 
FOR QTC-PROLONGING DRUGS
As described above under the double-negative scenario, the ICH 
E14/S7B working group concept paper from 2018 and presenta-
tions at the ICH E14/S7B public webinar in 2020 describe addi-
tional proposed “stage 2” updates to E14/S7B (Figure 6).5,6 For 
stage 2, the working group will consider how nonclinical assays, 
proarrhythmia models and ECG biomarkers can be used to impact 
late phase clinical trial design (e.g., intensity of ECG monitoring, 

patient eligibility criteria, allowed concomitant medications, and 
patient stopping rules based on QTc prolongation) and regulatory 
decision making at the time of a marketing application, which in-
forms labeling (Figure 6d). This may include a combination of 
assessing multiple ion channels in vitro, proarrhythmia models 
in silico (or in vitro, ex vivo, or in vivo), assays for mechanisms of 
QTc prolongation beyond direct hERG block, and ECG biomark-
ers to assess concordance of in vitro/in silico predictions with in 
vivo/clinical observations (Figure 6d). Characterizing the expo-
sure-response relationship is important to determine the potential 
amount of QTc prolongation in certain patient subgroups that 
may be subjected to higher drug exposures and evaluate whether 
the QTc prolongation plateaus, suggesting an indirect mechanism 
that may be of lower risk. There are multiple potential indirect 
mechanisms that can lead to QTc prolongation (i.e., not acting 
through direct ion channel effects), such as from autonomic ner-
vous system effects,33,34 changes in body temperature,35 electro-
lyte abnormalities,36 and others still being defined (Figure 6c).37 
Further investigation should differentiate which mechanisms can 
be associated with TdP vs. those that are not. Furthermore, an in-
tegrated risk assessment could consider a combination of clinical/
pharmacodynamic factors with nonclinical assays to rule in or out 
certain mechanisms if needed.
Regarding multiple ion channel blockade, Figure 6a shows how 
hERG block alone can cause QTc prolongation that can lead to 
TdP, whereas Figure 6b shows how “balanced” multichannel 
block (late sodium or L-type calcium inhibition in addition to 
hERG) can lead to QTc prolongation that does not always lead 
to TdP.38 This is because hERG block delays repolarization, in-
creasing the probability of L-type calcium current triggering extra 
beats called early afterdepolarizations (EADs), which can initiate 
TdP. Because EADs are triggered by inward currents,39 inhibiting 
inward currents (late sodium or calcium) can prevent EADs and 
has antiarrhythmic effects (i.e., not leading to TdP).40–44 In order 
to predict TdP risk for a given drug at different exposure levels, ion 
channel data can be integrated together in a proarrhythmia model 
(Figure 6d). Under CiPA, independent development and vali-
dation of an in silico proarrhythmia model was performed.45–48 
Following a public workshop in 2018, a white paper on general 
principles for the validation of proarrhythmia risk prediction 

Figure 5 Proposed stage 2 topic for updating ICH E14/S7B on how to define low-risk drugs that would not need detailed QT-focused clinical 
evaluation
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models was developed,13 which can apply to in silico models45,49,50 
or other types of models (in vitro,51 ex vivo,52 and in vivo53), and 
these principles are reflected in the stage 1 of Q&As. Independent 
studies were also performed to test the use of in vitro cardiomyo-
cyte assays as independent or complementary assays/proarrhyth-
mia models,54,55 and best practices for these in vitro assays12 are 
described in the stage 1 Q&As.1 Other types of proarrhythmia 
models can also by qualified under the stage 1 S7B Q&As 4.1-4.3.

Although detailed safety pharmacology assessments can be used 
under E14 currently to inform the intensity of ECG monitoring for 
a QTc prolonging drug on a case-by-case basis (E14 Q&A 7.1, dis-
cussed previously),30 the new stage 1 Q&As are expected to usher 
in more confidence in the nonclinical assays and proarrhythmia 
models. There still is a need to integrate the nonclinical risk pre-
dictions with what is observed clinically (Figure 6d). This includes 

assessing the magnitude of QTc prolongation and whether it oc-
curs with standard use vs. only under certain circumstances. With 
a QTc prolonging drug that may be low risk due to balanced multi-
ion channel effects from in vitro/in silico proarrhythmia models, 
we believe it is important to check for missed or unanticipated 
effects in vivo/clinically. A retrospective analysis of 34 TQT stud-
ies56 followed by three prospective clinical trials38,57–59 covering 
14 drugs/drug combinations identified that the ECG biomarker 
J-Tpeakc (i.e. early repolarization period from end of the QRS in-
terval ( J point) to peak of the T wave (Tpeak), corrected for heart 
rate) reflected a balance of inward (hERG) and outward (late so-
dium and/or calcium) current (Figure 6d). QTc prolongers with 
predominant hERG block prolonged J-Tpeakc, but those with 
balanced multichannel block did not prolong J-Tpeakc.38,56-59 This 
biomarker was proposed not to be an independent proarrhythmia 

Figure 6 Proposed stage 2 topic for updating ICH E14/S7B -- how an integrated risk assessment including proarrhythmia models and ECG 
biomarkers can be used to impact clinical and regulatory decision making for QTc-prolonging drugs. (a) hERG block alone (or predominant 
hERG block) causes QTc prolongation that can lead to TdP. (b) Balanced multichannel block (hERG block with concomitant inhibition of late 
sodium or L-type calcium currents) can cause QTc prolongation that does not always lead to TdP. (c) Different types of indirect QTc prolongation 
(i.e., not mediated by directly affecting ion channels) may or may not be associated with TdP. (d) Evaluation of TdP risk through an integrated 
nonclinical-clinical risk assessment. ECG, electrocardiogram; ICH, International Council for Harmonisation; Q&A, question and answer; QTc, 
heart-rate corrected QT; TdP, torsade de pointes.

(a)

(b)

(c)

(d)
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marker, but part of an integrated risk assessment checking for 
missed or unanticipated effects from the in vitro/in silico proar-
rhythmia model.60,61

Since the last public workshop on the CiPA initiative in May 
2018 and the initiation of the stage 1 Q&As later that year, many 
additional clinical and nonclinical studies on J-Tpeakc have been 
published from independent groups. From a review of the litera-
ture in November 2020, data on J-Tpeakc now exists for 51 differ-
ent drugs/interventions, of which there is clinical data for 27 and 
nonclinical data for 35, with 11 overlapping (see Supplementary 
Materials Table S1). For clinical data, this includes new clinical 
drug studies,62–69 comparison of different measurement algo-
rithms,70–73 improved heart rate assessment correction,74 and 
multiple studies from independent groups re-analyzing the FDA 
clinical trial data.70,71,75,76 For nonclinical studies, this includes 
drugs overlapping with clinical study drugs and many interesting 
drugs without clinical data.35,77–82 For example, a recent nonclini-
cal in vivo study focused on vanoxerine,80 an interesting drug with 
large QTc prolongation that has multi-ion channel effects, and was 
hypothesized by a sponsor to be of relatively low risk for TdP.83 
However, in a phase III trial for atrial fibrillation, 3 of the first 26 
patients developed TdP.84 A nonclinical in vivo ECG biomarker 
study demonstrated that vanoxerine prolonged J-Tpeakc with the 
same J-Tpeakc vs. Tpeak-Tend pattern as other high-risk drugs 
(bepridil, sotalol, and E-4031), whereas amiodarone did not pro-
long J-Tpeakc.80 This suggests that the J-Tpeakc biomarkerwould 
have identified vanoxerine as a predominant hERG blocker consis-
tent with high TdP risk.

THE PATH FORWARD
We agree with Vargas et al.4 that the time is here for a fully inte-
grated nonclinical-clinical risk assessment for QTc prolongation 
and TdP risk. The data they present based on historical in vitro 
hERG and in vivo QTc assays suggest that double-negative results 
support a low risk for clinical QTc prolongation and a lower risk for 
TdP. Because of the limitations of the data, we caution against cit-
ing the exact probability statistics. However, our sensitivity analyses 
show that when using lower sensitivity and specificity values, a dou-
ble-negative nonclinical finding can still result in a post-test proba-
bility of TdP of ~ 1% (Table 1, Figure 3). Furthermore, we expect 
that assays run according to recommendations in the new S7B draft 
Q&As1 will have improved performance. The new S7B draft Q&As 
(Figure 2) outline the best practice considerations for the core non-
clinical assays and for follow-up studies (including proarrhythmia 
models) that can be performed if a drug blocks hERG and/or pro-
longs QTc. Importantly, the S7B integrated risk assessment Q&As 
and the revised E14 Q&As provide details on how double-negative 
nonclinical data can be used to reduce the number of clinical TQT 
studies and inform regulatory decision making when a TQT study 
or equivalent is confounded or cannot be performed.

An existing E14 Q&A on ECG Monitoring in Late Stage Clinical 
Trials already describes how safety pharmacology and pharmaco-
dynamic data can influence the intensity of ECG monitoring for 
QTc prolongers, and the E14 section on Regulatory Implications, 
Labelling, and Risk Management Strategies recognizes that phar-
macodynamic data (plateau in dose/exposure-response relationship 

and multichannel effects) may influence TdP risk.30 The proposed 
stage 2 of updates to E14/S7B (Figure 6) will seek to provide addi-
tional details on how a fully integrated nonclinical-clinical assess-
ment, including proarrhythmia models and ECG biomarkers, can 
impact ECG monitoring in late stage clinical trials along with reg-
ulatory decision making and labeling for QTc prolonging drugs.5,6

The ICH E14/S7B working group will also evaluate how to identify 
additional low-risk drugs that do not need detailed QT-focused clinical 
evaluation (Figure 5).5,6 This is already true for monoclonal antibod-
ies30 and shorter-term goals for stage 2 may include other therapeutic 
non-small molecule products and drugs with low systemic bioavailabil-
ity. Vargas et al.4 propose a more ambitious goal of all small chemical 
molecules that have “double-negative nonclinical findings in a robust, 
comprehensive and integrated ICH S7B data package.” Successful 
implementation of the initial stages will be critical to see how far we 
can get with these nonclinical assays or other new translational models 
and tools (biomarkers) to replace clinical trials for low-risk drugs and 
advance drugs in development with false-positive signals for proar-
rhythmia risk with conventional assays/biomarkers. The integrated 
nonclinical-clinical assessment here can also serve as a model for other 
safety areas in drug development and regulatory evaluation.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical 
Pharmacology & Therapeutics website (www.cpt-journal.com).
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