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proarrythmic drug effects  
using concentration-QT analysis



Regulatory authorities have accepted concentration-QT modeling as the primary basis to classify the 
risk of proarrhythmic effects of a drug. For concentration-QT modeling to replace the thorough QT 
(TQT) study there are regulatory expectations, ranging from high-quality ECG data and study design 
features to best modeling practices. Here Angela Äbelö and Jurgen Langenhorst share their experiences 
on implementing model-based concentration-QT analyses as part of cardiac safety programs for non-
antiarrythmic drugs and describe their daily work with various clients in the pharmaceutical industry.

What is a concentration-QT analysis?
Angela: It can be used to assess a drug’s 
potential to prolong the QT interval of the ECG, 
an effect that may be life-threatening. The 
upper limit of the one-sided 95% confidence 
interval around the mean QT change from 
placebo should be <10 ms at the highest 
clinically relevant exposure.
Jurgen: It quantifies the potential presence 
and extent of a relationship between the 
concentration of a drug and a post-treatment 
change in the QT interval of the ECG, to 
assess the risk of proarrhythmic effects. To 
this aim, data can now more readily be used 
from routinely performed phase I studies 
instead of performing a separate dedicated 
TQT study.
What impact can the use of concentration-QT 
modeling have?
Angela: By using all data from all doses and 
time points, the power to detect a potential 
relationship is increased. Consequently, 
fewer subjects are needed. If high-quality 
ECG measurements are performed early, in 
single and multiple ascending dose studies, 
then concentration-QT modeling could 
be used to waive expensive TQT studies. 
Alternatively, smaller TQT studies are possible 
when concentration-QT modeling is the 

primary analysis. The results can be used 
in planning and dose-selection of future 
clinical studies.
Jurgen: If adequately performed, a 
concentration-QT analysis can thereby 
address an important safety question, 
without exposing additional subjects to 
the study drug. This also implies that no 
additional resources need to be spent on 
a separate costly TQT study. Importantly, 
this evaluation can be addressed early in 
the drug development program, allowing for 
early risk-benefit assessments.
What data and input are needed?
Angela: Phase I clinical pharmacology 
studies with single and multiple ascending 
doses. High-quality ECG measurements 
(with respect to the timing of food intake, 
rest before the measurement, and 12-lead 
holter recorder). Time points of PK and ECG 
measurements should match. A crossover 
design is preferred. A placebo period, or 
groups, are necessary. Sample size should 
be of 4-8 subjects on active treatment and 
2-4 on placebo for each cohort.
Jurgen: The typical phase I studies with 
placebo-controlled single and multiple 
ascending dose designs work well, provided 
that some specific precautions are taken 
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(e.g. equally controlled food status across 
arms, dose and associated samples taken at 
approximately the same time of day,  
good quality ECGs taken before treatment and at 
the time of PK sampling). 
What are your key recommendations for a 
successful implementation?
Angela: Follow the recommendations in the white 
paper published by Garnett et al. in 2017. The 
FDA’s interdisciplinary review team recommends 
that exposure is at least twice as high as the 
clinically relevant exposure, in order not to need 
a positive control. Graphical exploration of data 
is recommended before the pre-specified linear 
mixed-effects model is used.
Jurgen: At the design stage of a phase I study, 
make sure that the time-of-day for doses and 
sampling is consistent (a few hours difference 
is acceptable but should be stated). Ideally, food 
intake is to be controlled, particularly to avoid 
mixing fed and fasted arms. Another important 
point concerns the FDA’s recommendation 
regarding the exposure, as already mentioned 
by Angela. If these higher doses raise safety 
concerns, a separate positive control may need to 
be planned.
How are concentration-QT modeling analyses 
perceived by regulatory agencies?
Angela: The revised ICH E14 Q&A (R3) document 
allows concentration-QT modeling as the primary 
analysis. 
Jurgen: Until now, most waiver applications have 
been granted and those that were declined were 
due to deviations from the guidance provided in 
the white paper.
Do you see any trends in the use of modeling 
and simulation to assess cardiac safety in 
pharma industry today?
Angela: Concentration-QT modeling is used more 
and more frequently, also by smaller companies. 

If high-quality ECG measurements are performed early, in single 
and multiple ascending dose studies, then concentration-QT 
modeling could be used to waive expensive TQT studies. ” 



Jurgen: The replacement of an entire safety 
study using modeling and simulation, as 
now seen for QT prolongation, is still unique. 
Modeling and simulation is being more and 
more accepted for interpolating safety risks 
between different doses. However, these 
techniques are increasingly accepted also for 
the assessment of other clinically relevant 
safety markers.
How do you expect concentration-QT 
analyses will evolve over the coming years?
Angela: The analysis and reporting may be 
more and more automated. 
Jurgen: My expectation is that the classic 
TQT study will gradually be used less; it will 
probably only be used to address concerns 
for drugs that are too complicated to model 
(e.g. drugs that significantly affect heart 
rate). Likely, phase I study design will pro-
actively include aspects needed for adequate 
concentration-QT analyses.
Can you provide some examples of how you 
now support clients in this area?
Angela: I get involved in projects in which 
the aim is to rule out any significant QT-
prolongation by use of the methods presented 
by Garnett et al.
Jurgen: The core task is the waiver request, in 
which a regulatory-style document is created 
reporting all key aspects of the concentration-
QT analyses. This document could serve as 
a replacement of the TQT study and provide 
guidance for any future study design with 
regards to cardiac safety monitoring. Early 
and quick risk-assessments for internal use 
are also valuable for informing go/no-go 
decisions.
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