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ABSTRACT 

The International Council for Harmonisation revised the E14 guideline through the questions and answers 
process to allow concentration-QTc (C-QTc) modeling to be used as the primary analysis for assessing the 
QTc interval prolongation risk of new drugs. A well-designed and conducted QTc assessment based on C-
QTc modeling in early phase 1 studies can be an alternative approach to a thorough QT study for some 
drugs to reliably exclude clinically relevant QTc effects. With some example we try to further interpret the 
white paper.  

INTRODUCTION 

The ICH E14 Questions and Answers document was revised in December 2015 to allow for concentration-
QTc (C-QTc) modeling to be used as the primary analysis for assessing the QTc interval (hereafter referred 
to as QTc) prolongation risk of new drugs. 

 

Sponsors of pharmaceutical products now can either perform smaller TQT studies or use C-QTc modeling 
with high quality electrocardiogram (ECG) measurements in single- and/or multiple- dose escalation 
(SAD/MAD) studies during early-phase clinical development as an alternative to meet the regulatory 
requirements of the ICH E14 guideline. 

 

It is expected that data sources and modeling details, including the structural model, assumptions, criteria 
for assessment of model robustness and goodness-of-fit, be adequately described in a pre-specified 
modeling analysis plan (MAP), and reported in a standardized format. 

FIRST MAIN TOPIC 

DESIGN CONSIDERATIONS FOR C-QTC ANALYSIS 

1. Are sponsors expected to conduct thorough QT studies as part of the development of large 
proteins and monoclonal antibodies? 

a) Large targeted proteins and monoclonal antibodies have a low likelihood of direct ion channel 
interactions and a thorough QT/QTc study is not necessary, unless the potential for 
proarrhythmic risk is suggested by mechanistic considerations or data from clinical or non-
clinical studies. 

b) The recommendations contained in this document are generally applicable to new drugs having 
systemic bioavailability, but may not apply to products with highly localized distribution and 
those administered topically and not absorbed 

2. Gender 

It is encouraged, but not mandatory, to include both men and women in the thorough QT study. 

3. Subject Enrollment 

a) Until the effects of the drug on the QT/QTc interval have been characterized, the following 
exclusion criteria are suggested: 

b) A marked baseline prolongation of QT/QTc interval (e.g., repeated demonstration of a QTc 
interval >450 milliseconds (ms)) 

c) A history of additional risk factors for TdP (e.g., heart failure, hypokalemia, family history of Long 
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QT Syndrome) 

d) The use of concomitant medications that prolong the QT/QTc interval 

4. Study Design 

Commonly used designs are the sequential parallel group design and the alternating panel crossover 
design 

5. Sample size 

In general, typical SAD/MAD studies contain at least four dose cohorts, with each cohort having 4–8 
subjects on drug and 2–4 subjects on placebo; and these are likely to be sufficient for early QTc 
assessment based on C-QTc analysis if the study is well conducted 

Stochastic PK/PD simulations have shown that the false negative rate of C-QTc analyses is 
controlled at around 5% when the true effect is 10 ms in small-sized studies of 6–12 subjects with 
multiple measurements per subject 

6. A placebo cohort should be used whenever possible to control for potential bias introduced 
by study procedures and to increase the power to exclude modest QTc effects in small-sized 
studies 

7. Special Cases -- Where a placebo-controlled comparison using appropriate doses is not 
possible 

Alternative study designs should incorporate as many of the usual “thorough QT/QTc” design 
features as possible, and the quality and extent of the pre-clinical evaluation is particularly critical. 
Other useful supplementary data might include intensive ECG data acquisition in early phase single 
or multiple ascending dose studies, utilisation of concentration-response analysis, and evaluation of 
exposures that are greater than are anticipated with the intended marketed dose. 

8. Positive Control 

a) Study’s ability (its “assay sensitivity”) to detect the study endpoint of interest. 

b) The positive control should show a significant increase in QTc; i.e., the lower bound of the one-
sided 95% Confidence Interval (CI) must be above 0 ms. 

c) The study should be able to detect an effect of about 5 ms (the QTc threshold of regulatory 
concern) if it is present. Therefore, the size of the effect of the positive control is of particular 
relevance 

d) Double-blinded positive control does not appear to be essential 

9. The FDA’s Interdisciplinary Review Team is recommending that exposures are at least twice 
the highest clinically relevant exposure without a separate positive control 

10. Is it recommended that measurement of QT prolongation be performed on drug 
combinations? 

a) In general, combinations of two or more drugs are unlikely to need a thorough QT/QTc study or 
intensive late stage monitoring, if the component drugs have been demonstrated to lack relevant 
effects in thorough QT/QTc studies as described in ICH E14.  

b) If one or more of the component drugs have not been individually characterised for effects on 
the QT/QTc interval, they may be evaluated in combination or independently 

11. Exposure Margin 

To ensure adequate QTc assessment, the exposure in early phase studies should be well above the 
maximum therapeutic exposure to cover the potential impact of intrinsic and extrinsic factors, 
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including unanticipated factors, on drug exposure 

12. Pooling Data 

To cover a wide range of doses/exposures or to increase the number of subjects exposed to drug at 

higher doses, it is important that similar clinical conduct，ECG measurement approaches be similar. 

13. Baseline 

a) "time-matched" baseline (use the corresponding predose QTc measurements collected prior to 
drug administration on Day-1) and "pre-dose" baseline (taken shortly prior to dosing).  

b) For a parallel-group study a time-matched baseline allows the detection of differences in diurnal 
patterns between subjects. In a parallel study a “time-matched” baseline day, if performed, 
would ideally occur on the day before the start of the study. 

c) The "pre-dose" baseline is therefore usually adequate for cross-over studies. 

d) Although there is no consensus on the best approach to characterize the QT/QTc interval for 
these drugs, it is common to compute a subject-specific heart-rate-corrected QT interval derived 
from QT/RR pairs collected from baseline ECG recordings 

14. Is there now a reasonable approach to evaluating QTc in late stage clinical development in 
the case of a finding of QT prolongation prior to late phase studies? 

a) If there is a large margin an intensive ECG might not be warranted. 

b) A negative result will almost always allow the collection of on therapy ECGs in accordance with 
the current practices in each therapeutic area to constitute sufficient evaluation during 
subsequent stages of drug development. 

c) A positive result will almost always call for an expanded ECG safety evaluation during later 
stages of drug development. 

MODELING APPROACH 

1. C-QTc analysis can serve as an alternative to the by-timepoint analysis or intersection–union 
test as the primary basis for decisions to classify the risk of a drug 

2. When C-QTc analysis is utilized as the primary basis for decisions to classify the risk of a 
drug, the upper bound of the two-sided 90% confidence interval for model-derived ∆∆QTc 
should be <10 ms at the highest clinically relevant exposure to conclude that an expanded 
ECG safety evaluation during later stages of drug development is not needed 

3. A pre-specified linear mixed effects model is recommended as the primary analysis to 
exclude a 10-ms QTc prolongation effect 

4. 𝚫𝑸𝑻𝒄𝒊𝒋𝒌 = (𝜽𝟎 +  𝜼𝟎,𝒊) +  𝜽𝟏𝑻𝑹𝑻𝒋 + (𝜽𝟐 +  𝜼𝟐,𝒊)𝑪𝒊𝒋𝒌 + 𝜽𝟑𝑻𝑰𝑴𝑬𝒌 + 𝜽𝟒(𝑸𝑻𝒄𝒊𝒋𝒌=𝟎 - 𝑸𝑻𝒄𝟎
̅̅ ̅̅ ̅̅ ̅) + 𝜺𝒊𝒋𝒌 

a) 𝚫𝑸𝑻𝒄𝒊𝒋𝒌 is the change from baseline in QTc for subject 𝒊 in treatment j at time k 

b) 𝜽𝟎 is the population mean intercept in the absence of a treatment effect 

c) 𝜼𝟎,𝒊 is the random effect associated with the intercept term 𝜽𝟎 

d) 𝜽𝟏 is the fixed effect associated with treatment 𝑻𝑹𝑻𝒋 (0 = placebo, 1 = active drug) 

e) 𝜽𝟐is the population mean slope of the assumed linear association between concentration 
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and 𝚫𝑸𝑻𝒄𝒊𝒋𝒌;  

f) 𝜼𝟐,𝒊 is the random effect associated with the slope 𝜽𝟐 

g) 𝑪𝒊𝒋𝒌 is the concentration for subject 𝒊 in treatment j and time k 

h) 𝜽𝟑 is the fixed effect associated with time 

i) 𝜽𝟒 is the fixed effect associated with baseline 𝑸𝑻𝒄𝒊𝒋𝒌=𝟎, 𝑸𝑻𝒄𝟎
̅̅ ̅̅ ̅̅ ̅ is overall mean of 𝑸𝑻𝒄𝒊𝒋𝟎, i.e., 

the mean of all the baseline(= time 0) QTc values 

5. SAS code 

 

Figure 1. SAS code for mixed model 

Note: The SAP should specify approaches to handle non-convergence of the model, including any 
transformations of concentration data 

6. Note 

To avoid unnecessary model-building steps, removing non-significant parameters from the model is 
generally not recommended. 

Variations to the pre-specified linear fixed effects C-QTc model. 

 

Figure 2. Variations to the pre-specified linear fixed effects C-QTc model 
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MODELING INDEPENDENT CHECKS OF ASSUMPTIONS USING EXPLORATORY PLOTS 

 

1. Assumption 1：No drug effect on HR 

Although there is no consensus on the specific threshold effect on HR that could influence QT/QTc 
assessment, mean increases or decrease > 10 bpm have been considered problematic 

 

Figure 3. Mean ±𝐒𝐃 𝐟𝐨𝐫 𝚫𝐇𝐑 and 𝚫𝚫𝐇𝐑 for each dose and timepoint 

 

2. Assumption 2：QTc interval is independent of HR 

a) QTcF is usually a sufficient correction method for drugs with insignificant effects on HR 
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and evaluation of this correction method is not needed 

b) Slope for QTcF-RR<|0.045| 

 

Figure 4. Scatter plot and regression line plot for QTcF vs RR  

 

3. Assumption 3：No time delay between drug concentrations and Δ𝑄𝑇𝑐Concordance (PK/PD 

hysteresis) 

If the Tmax versus Umax differ by more than 60 minutes using a 1-sided 1-sample Wilcoxon test, the 
presence of hysteresis will be further assessed 

 

 

 

 

 

 

 

 

 

 

Figure 5. Concentration and 𝚫𝚫𝐐𝐓𝐜𝐅 vs. Time plot for each dose for each timepoint 

4. Assumption 4：Linear C-QTc relationship 

Is used to detect drug effect, and when a drug effect is detected, whether there are major violations to the 
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linear assumption. 

 

Figure 6. 𝚫𝐐𝐓𝐜𝐅 vs. Concentration plot for each dose 

 

MODEL EVALUATION 

1. Goodness-of-fit plots should be presented for the final C-QTc model 

 

Figure 7. Supratherapeutic exposure for 𝚫𝚫𝐐𝐓𝐜𝐅 vs Concentration plot 
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2. Model parameters are to be presented in tabular format showing the estimate, standard error 
of the estimate, p value and 95% confidence interval 

 

Figure 8. Model parameters to be presented in tabular format 

3. Model development for adapted C-QTc model 

a) Other approaches to evaluate QT/QTc should to be considered[1] 

b) The drug effect models routinely tested are the linear and Emax families of models; however, 
other types of PD models can be explored to optimize the model fit 

c) The model and methods for model evaluation and selection need to be pre-specified in a SAP to 
limit bias.  

d) Model selection should be based on the pre-specified objective criteria (e.g., objective function 
value, (AIC), level of statistical significance, goodness of fit plots, standard error in model 
parameters) 

 

MODEL-DERIVED ∆∆QTC AT CONCENTRATION(S) OF INTEREST 

1. It is strongly recommended that the model not be extrapolated to concentrations that fall 
outside the range of observed concentrations used to generate the model 

a) Method 1: 

 

Figure 9. SAS code for the MODEL-DERIVED ∆∆QTC 

b) Method 2: For adapted C-QTc models (e.g., nonlinear models or linear models with interaction 
terms), the mean ΔΔQTc and 90% CI for QTc can be computed by non-parametric bootstrap 
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methods 

 

OTHERS 

Evaluation of the effects of a drug on the standard ECG intervals and waveforms is considered a 
fundamental component of the safety database of any new drug application. 

Regardless of the outcome of the “TQT study,” ECG changes recorded as adverse events should be 
pooled from all studies for analysis. ECG interval data from the “TQT study” should only be pooled with 
subsequent trials of similar rigor with regard to ECG data collection and analysis. 

Analyses of Central Tendency 

 

Figure 10. Analyses of Central Tendency for ∆∆QTC 

Categorical Analyses 

Absolute QTc interval prolongation:  (QTc interval > 450、QTc interval > 480、QTc interval > 500 

Change from baseline in QTc interval:  (QTc interval increases from baseline >30、QTc interval 

increases from baseline >60） 

CONCLUSION 

We have introduced the Concentration-QTc assessment in the early phase trials from background, 
design, modeling approach, modeling assumptions check, model evaluation ant others perspectives. 
These introductions would help sponsors to design and analysis data to meet requirements from ICH 
E14. 
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