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Abstract 
 

All medications are expected to undergo cardiovascular safety evaluations in the 

beginning of development as early as possible to evaluate their effect on cardiac 

repolarization, an effect that can be measured as prolongation of the QT interval on the 

surface electrocardiogram (ECG). QT prolongation is considered to be the best 

available predictor of risk for dysrhythmia and sudden death. 

 

This thesis primarily focuses on assessing the effect of a drug X at steady state 

compared with the placebo group on the length of the QT interval corrected for heart 

rate using linear derived method (QTcLD). The second objective is to study the effect 

of baseline imbalances on the estimated treatment effect.   

 

In this randomized placebo-controlled trial, imbalances in the QTcLD interval 

distribution at baseline values and covariates between randomized groups were 

observed. To take this into account four approaches were performed. Properties and 

challenges of each method were compared and discussed. The analyses were carried 

into two parts: first the observations at 4 hour 30 minutes (time point 4.5) after dosing 

were analyzed. Then repeated measures analysis was performed to account for all time 

point measurements. 

 

At time point 4.5 both doses (12 mg and 18 mg) of drug X statistically and clinically 

prolonged the QTcLD interval. However when all time points were considered neither 

12 mg nor 18 mg of drug X at steady state had effect on the prolongation of the length 

of the QTcLD interval. Baseline imbalance between treatment groups in baseline was 

influent the results, hence adjusting in the statistical analysis for baseline variables was 

performed. 

 

Key words: Cardiovascular Safety, QTc Interval, Baseline Adjustment.  
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1. Introduction 
 
Sudden death, a death from a cardiac cause within a short time (minutes to hour) after 

symptoms initially appear often without warning, is a major public health problem. One 

of several cardiac measures that have been used to predict sudden death and other 

arrhythmias is a prolonged QT interval (increased time taken for the hearth to recover 

from previous contraction) or QTc interval (Jindal, et.al, 2005).  

The International Conference on Harmonisation (ICH) E14 guideline recommends to 

evaluate the cardiovascular safety of all drug in the beginning of development and 

preferably as early as possible. The commonly used clinical tool to assess the 

cardiovascular safety is electrocardiogram (ECG). One of the primary parameters of the 

ECG is the QT interval since it is considered as an important biomarker for potential 

lethal cardiac effects. Specifically the guideline recommends to perform a ‘thorough 

QT/QTc study’ to study the effects of the drug under investigation on the heart and on 

QT interval in particular. QT interval is a measure of the time between the start of the Q 

wave and the end of the T wave in the heart's electrical cycle as shown in figure 1. The 

QT interval is dependent on the heart rate. The faster the heart rate the shorter the QT 

interval. It has to be adjusted for heart rate to aid interpretation referred as QTc interval.  

 
Figure 1. Schematic representation of normal ECG trace (sinus rhythm) 

 
For the compound of interest, a thorough QT study was carried out and the drug was 

associated with a modest increase in QTc interval compared to placebo was established. 

This effect was generated at supratherapeutic plasma concentration, which is a plasma 

concentration which is much higher than observed in clinical practice. To obtain a 
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better understanding of the clinical relevance, a second QT study was carried out to 

compare the maximum recommended dose levels with an active comparator from the 

same therapeutic class. This comparator is perceived to have a good cardiovascular 

safety profile and showed a mean QTc prolongation of approximately 5.7 ms. However 

this prolongation is not thought to be clinically significant. As a secondary objective the 

study compared each treatment with placebo. 

This thesis mainly focuses on assessing the effect on the length of the QT interval 

corrected for heart rate (QTc) interval of a drug X at steady state compared with 

placebo. The study is a randomized placebo-controlled trial. The second objective is to 

study the effect of baseline imbalances in the estimated treatment effect since 

imbalances in QTcLD distribution at baseline values and covariates were observed 

between randomized groups,  

In a controlled trial, randomization is performed to ensure that allocation of subjects to 

treatments is left purely to chance. The characteristics of subjects that may influence 

outcome are distributed between treatment groups so that any difference in outcome 

can be assumed to be due to the intervention. However, imbalance between groups in 

baseline variables that may influence outcome (such as age or disease severity) can bias 

statistical tests, a property sometimes referred to as chance bias. Some protection 

against chance bias is given by stratified randomization and by adjusting in the 

statistical analysis for baseline variables (Roberts and Torgerson, 1999). 

In section 2 an overview of the study design and results of an exploratory data analysis 

will be presented. Four possible methods of analysis will be compared and discussed in 

section 3. Section 4 presents the data analysis and results. In section 5 a general 

discussion will be given explaining the results observed in the data analysis, and finally 

concluding remarks and recommendation are given in section 6. 
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2. Study Overview and Exploratory Data Analysis 
 
2.1 Study Objective 

The study is a randomized, double-blind, drug X, active comparator and concurrent 

placebo, multi center study designed primary to determine whether the effect on QTc 

interval is comparable between a maximum recommended dose (12 mg) of drug X and 

that of 400 mg active comparator at steady state with twice daily dose administration. 

The secondary objectives are to explore the relationship between the pharmacokinetics 

of drug X and the ECG parameter of interest, and to evaluate the cardiovascular safety 

and tolerability of the maximum released dose (18 mg) of drug X at steady state. 

2.2 Study Design 

The study consisted of three phases: a screening phase up to 5 days (days –11 to –7), a 

placebo wash out phase of 6 days (days -6 to –1), and a treatment phase consisting of a 

one day open-label moxifloxacin period (day 1) and 12 days double blind period (days 

2 to 11), including an end of study evaluation on day 12 or at early withdrawal from 

study. During the screening phase, the standard safety and screening evaluations were 

performed. Eligible subjects who gave their consent to participate in the study were 

admitted to the study site on the evening of day-7 to enter 6-day open label placebo 

wash-out period to wash-out concomitant medications and during which received 

placebo once daily. On the last two days of this period (day –2 and –1), serial triplicate 

12-lead ECG recordings were collected and measure as baseline assessments.  

On day 1 all subjects received a single dose of moxifloxacin administered in the 

morning to establish assay sensitivity. Moxifloxacin was selected to rule out an 

insensitive measurement methodology as it has a well-documented and predictable 

effect of prolonging QTc by approximately 5 milliseconds. 

Then the subject was randomly allocated to receive one of the following three 

treatments during the double-blind treatment period according to the random 

assignment: drug X, active comparator or placebo. No stratification in randomization 

was performed. The study flow diagram can be seen in figure 2. 

The subjects received study drug as per administration schedule from days 2 to 11 

during the double-blind period after having a standardized breakfast. Serial intensive 

ECG measurements included multiple time points during placebo wash-out, on day 1, 

6, 7, 11 and 12 were performed to take into account diurnal variation and also to obtain 
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maximum observed plasma concentration during a dosing interval on day 6 and 11. The 

measurements were taken on protocol specified time points (hour): -0.001 (pre-dose), 1, 

1.5, 2.5, 3.5, 4.5, 6, 12 and 23.5. Therefore changes from baseline for each time point 

were analyzed. Hence each subject had repeated measurements both between and 

within days. 

 
Figure 2. Study Flow Diagram 

 

During the double-blind period, subjects in the drug X and the active comparator group 

received study drug according to the dosage schedule in table 1.  

Table 1. Dosage Administration 
Drug X Active Comparator  

12 mg on days 2 to 6. 200 mg on day 2  

15 mg on day 7 400 mg on day 3 

18 mg on days 8 to 11 600 mg on day 4  

   800 mg on days 5 to 11 

 

To get steady state condition and since it is not allowed to administer the dose 800 mg 

of active comparator directly, the drug was uptitrated from 200 mg on day 2 to 800 mg 

on day 5 until day 11 as shown in table 1. It is allowed to give subjects a maximum 

recommended dose of a drug X (12 mg) from the beginning of study, however it needs 

to be uptitrated by giving 15 mg of a drug X on day 7 to increase to the maximum 
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released dose. The maximum released dose (18 mg) is 50% higher than the maximum 

recommended dose (12 mg). 

Subjects who withdrew from the study voluntarily or were withdrawn by the 

investigator before completion of all study evaluation were replaced to ensure that at 

least 40 subjects in the drug X and the active comparator group, and 20 subjects in the 

placebo group completed the study up to and including the pre-dose assessment on day 

7. The minimum duration of the study for each subject including the screening phase 

was 19 days and the maximum duration was 23 days.  

2.3 Sample Size Determination 

A sample size of 40 completed subjects per treatment (drug X and active comparator) 

were considered to be sufficient to conclude no inferiority of 12 mg of drug X to 400 

mg of active comparator twice daily with power of 81% using upper one-sided 95% 

confidence interval and a non inferiority criterion of 10 milliseconds (ms), when the 

true difference in means between drug X and active comparator equals 2 ms. 

A sample size of 40 subjects in each treatment groups and 20 subjects in the placebo 

were considered be sufficient to estimate the difference in mean change from baseline 

between each drug and placebo to within 6.4 ms of the true value with 90% confidence. 

It needs to point out that in this study statistically mean different from zero did not 

mean that clinically the groups were different. The mean difference was clinically 

considered to be different if it had upper bound of 95% confidence interval larger than 

10ms. It is because the “thorough QT/QTc study’ is intended to determine whether the 

drug has a threshold pharmacologic effect on cardiac repolarization as detected by QT 

Interval prolongation. The threshold level of regulatory concern of the mean difference 

is around 5 ms. It is evidenced by an upper bound of the one-sided 95% confidence 

interval around the mean effect on QT interval of below 10 ms.  

2.4 Study Population  

Subjects between 18 and 50 years of age, a normal 12-lead ECG at screening, a body 

mass index between 18 and 35 kg/m2 and other inclusion criteria were included. After 

completion of the trial 110 subjects had participated: 44 subjects with age ranged from 

18 to 51 year in the drug X group, 44 subjects with age between 21 and 48 years in the 

active comparator group and 22 subjects with age between 23 to 49 years in the placebo 

group. Ninety-one subjects completed the study until day 11 and only 6 and 7 subjects 
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were left after day 1 and day 6 respectively. Six subjects were withdrawn due to 

protocol deviation.  

Table 2. Number of Subjects withdrawn by Protocol Violation, Number of Subject left 
at day 1 and days 6-7, Number of Subjects remain in days 11-12 

Treatment Protocol 
Deviation Day 1 Days 6-7 Days 11-12 Total 

Drug X 2 3 4 35 44 
Active Comparator 4 1 3 36 44 

Placebo 0 2 0 20 22 
 

The dataset used in this thesis comes only from drug X and placebo group (65 

subjects). There are 20 males and 45 females aged between 18 and 51 years. 

2.5 QT Correction Methodology 

Since the QT interval is correlated to the length of heart rate (RR) as shown in figure 3, 

it has to be corrected. There are several methods to calculate the QT hearth rate 

corrected interval: 

1. The historical clinical correction is to use Bazett's formula: 
RR

QTQTB = , where 

)(
60
bpmHR

RR = . Length of heart rate (RR) or duration of 1 heartbeat is the 

interval from the onset of one QRS complex to the onset of the next QRS 

complex, measured in milliseconds. Heart Rate (HR) describes the frequency of 

the cardiac cycled as "beats per minute" (bpm). Bazett's over-corrects at high 

heart rates and under-corrects at low heart rates. Figure 3 show that Bazett's 

Correction (QTB) is still highly correlated with RR interval.  

2. Fridericia’s correction: 
3 RR
QTQTF = . This method seems to have better 

correction as shown in figure 3. However it is still suspected to over-correct at 

high heart rate. 

3. Linear derived method is considered as the most appropriate correction method 

as it incorporates all of the drug free QT/RR interval of the study in the linear 

model to derive the study-specific correction formula. 



  7

   
Figure 3. Scatter Plot for QT, QTB, QTF against RR in milliseconds 

 
In this study a correction using the linear derived method (QTcLD) was used. To get 

QTcLD the following steps were performed: 

1. The data from placebo group in all phase except moxifloxacin period on day 1 

and the data from drug X group in screening and washout phase were used to 

estimate a model: ijiijij cbRRaQT ε+++= ,     (i) 

where: 

i =  1,…, n is an index for subjects, 

j = 1,…, 9 is an index for time points, 

ijQT is the QT interval  at time point j of subject i, 

a  is the intercept, 

b is the regression coefficient of RR, 

ic is a subject specific  to take into account correlation within subject. 

ijε  is random disturbance with ),0(~ 2σε N  

2. Then QTcLD was calculated using the estimate b̂  from model (i) to the 

formula: )1( RRbQTQTcLD −+=  

In this study, the value of b was found equals 0.144. 

Scatter plot of QTcLD against length of heart rate (RR) in figure 4 shows no correlation 

between them. 

 
Figure 4. Scatter Plot for QTcLD against RR in milliseconds 
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2.6 Exploratory Data Analysis 

The main focus of this thesis is to determine whether the effect on QTc interval at 

steady state is comparable between 12 mg drug X and placebo. The secondary focus is 

between18 mg drug X and placebo. It can be seen from figure 5(a) that the mean 

QTcLD interval for the placebo group at day 6 (blue solid line) was longer than that of 

the drug X group (red solid line) thorough the day. Similar situation occurred for day 

11 as shown in figure 5(b). 

However it is noteworthy that both groups had different QTcLD interval at the 

beginning of study (baseline). At baseline, placebo subjects (blue dashes line) had 

higher mean QTcLD interval than subjects in the drug X group (red dashes line). This 

led to the need of attention to the baseline values and covariates. 

Diurnal variation was observed for both treatment groups in day 6 and 11. It is due to 

duration of the QT interval varies widely during normal daily activities and one of the 

determinants contribute to this variation is heart rate.  

 

 
                     (a) Day 6                     (b) Day 11 

Figure 5. Mean profile of QTcLD for Drug X and Placebo (solid line) and their 
baseline (dashes) in each day 

 
2.7 Baseline 

At the baseline the overall mean QTcLD interval for the treatment (drug X) group was 

lower than for the placebo (Figure 6(a)). Figure 7 shows that this condition occurred in 

all time points at day 6 and day 11. It can also be observed that there was variability for 

mean of QTcLD interval over time point. Females are expected to have longer QT 

interval than males, which was observed in this study (figure 6(b) and figure 7).  
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The fact that drug X group has a shorter QTcLD interval might be explained by a 

gender imbalance since the number of male subjects, who have shorter QTcLD interval, 

was higher in drug X group than in placebo group (Table 3).  

 

        
         (a)      (b) 

Figure 6. Box-plots for The Overall Mean of QTcLD Interval at baseline against (a) 
Treatment and (b) sex 

 

 
* First box plot in each time point presenting Females, and the second for Males 

Figure 7. Box-plots for QTcLD Interval at baseline for each Sex group 
 

Table 3. Number of Subjects by Sex and Treatment group 
Sex Treatment 

Female Male 
Total 

Drug X 10 34 44 
Placebo 11 11 22 

Total 21 45 66 
 

At baseline there was a larger than 10 ms overall mean QTcLD interval difference 

between the drug X and placebo (Table 4). However, when we observed by Sex, there 

was no noticeable QTcLD interval mean difference between the drug X and placebo for 

both males and females. 

             0        1        1.5        2.5        3.5         4.5          6         12        23.5 
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Table 4. Mean (milliseconds) and standard deviation of QTcLD interval by Days, 
Treatment, and Sex 

Placebo Drug X Days 
Male Female Overall Male Female Overall 

Baseline 383.31 (13.64) 403.41 (12.14) 393.36 (16.35) 379.68 (13.63) 398.38 (14.66) 383.93 (15.92)
6 382.73 (14.69) 400.19 (15.06) 391.46 (17.22) 383.62 (15.99) 400.55 (18.07) 387.85 (18.07)
11 382.64 (14.32) 400.98 (13.41) 391.71 (16.62) 382.86 (14.89) 402.50 (18.70) 387.79 (18.04)

 

2.8 Time Point  

Table 4 shows that at the treatment phase (days 6 and 11), the drug X group and the 

placebo in overall and by gender had similar mean QTcLD interval. However when we 

look at figure 5 we can see that for some time points they were different. In the mean 

profiles shown in figure 8, the variability between time points (diurnal variation) in 

figure 5 also occurred for each gender by treatment group. It suggested that besides sex, 

variability due to time point also need to be considered.  

Moreover, figure 1 in the appendix shows that even though the data was split up by Sex 

and time point, there were still differences larger than threshold (5 milliseconds) for 

QTcLD interval at baseline, i.e. for female at time point 6. It suggested including 

baseline and time points in the analysis and adjusting for sex. 

                 

       
Figure 8. Mean profile of QTcLD Interval at Baseline, Day 6 and 11 by Treatment 

group and Sex 
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3. Methodology 
 
3.1 Baseline Measurements 

Since a single measurement will not be sufficient to establish the true condition of 

subjects as in many clinical trials the discussed study had more than one baseline. The 

measurement in day –2 and day –1 were considered as baseline to reduce measurement 

error. Then a single baseline time point matched was obtained from averaging two 

baselines (day –2 and day –1) in each time point. Baseline time point matched was 

done to account for diurnal variation.  

There are three possible approaches can be used if we have more than one baseline. 

First one can use the last measurement if this is likely to be most predictive of all 

measured baselines. However in practice it will not be efficient unless there is no 

correlation between the baseline values and post treatment values. The second approach 

is to use the mean of all baseline measurements as the baseline value. This is a 

reasonable strategy if the variance of the baseline measurements is equal and if the 

correlations of all baseline values with post treatment values are the same.  Third 

approach, we could fit all baselines simultaneously in the model.  This last approach 

can be used if there are appreciable differences between the various correlations 

between baselines and pot treatment values. (Senn, Stevens, Chaturvedi, 2000). 

3.2 Statistical Analysis 

As mentioned in the exploratory data analysis part we have baseline imbalances and 

repeated measurements in this study. Hence it needs an adjusting in the statistical 

analysis for baseline variables in the repeated measures analysis.  A summary measure 

analysis is commonly used in randomized clinical trials that have measurements before 

(baseline) and after commencing treatment (post). Matthews et al. (1989), and Senn, 

Steven, and Chaturvedi (2000) proposed and discussed the use of summary measures to 

analyze repeated measures.  There are several summary measures available. However 

to avoid any temptation to choose a particular summary measure because it shows 

maximal differences between groups, summary measures have to be chosen before the 

data are collected. In this thesis we intend to find the most appropriate summary 

measures can be used. Therefore four possible approaches were performed and 

compared in two parts.  
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First, a single analysis is performed for observation at 4 hour 30 minutes after dosing in 

each day (time point 4.5). It is for simplicity and since the data shows that at this time 

point the largest differences were occurred. Then repeated measures analysis will be 

performed to account for all time point measurements. Since it was observed that Sex 

might confound the result, this variable will be included as the second model for each 

analysis.   

The repeated measures analysis was performed using Proc MIXED in SAS® with 

satterwhite degree of freedom. Several variance covariance structures were compared 

using likelihood ratio test to get the most appropriate structure. 

This study was not powered to see the difference since small number of sample size. 

Hence we were performed only exploratory study. As mentioned before the threshold 

level of regulatory concern of the mean difference is around 5 ms. It is evidenced by an 

upper bound of the one-sided 95% confidence of mean difference on QT interval of 

below10 ms. To see this clinically difference a two-sided 90% confidence interval for 

each mean difference in all models will be presented since the upper bound of it will be 

the same the upper bound for one-sided 95% confidence interval 

The results of single analysis and repeated measure analysis for unadjusted (post 

treatment only) and adjusted (change from baseline and analysis of covariance) were 

compared as a sensitivity analysis as suggested by CPMP document (2003) for linear 

models. 

3.2.1 Post Treatment Values Only (POST) 

It has been proposed that, if the intra-individual variation and/or measurement error is 

large, using post-treatment values only can improve the precision and study power 

(Blomqvist and Dahlén, 1985), because the baseline values are supposed to be 

balanced. Analysis of Variance (ANOVA) was used to test differences in means of 

post-treatment values between the treatment (drug X) and the placebo group. Models 

developed were as follows: 

Single Time point (4.5) 

Model 1: ijjijY ετμ ++=          (ii) 

Model 2: ijkjkkjijkY ετππτμ ++++= )(       (iii) 

All time point (Repeated measures) 

Model 3: ijljlljiijl bY ετδδτμ +++++= )(       (iv) 
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Model 4: ijkljljklkjiijkl bY ετδτπδπτμ +++++++= )()(     (v) 

where: 

i =  1,…, nj is an index for subjects within treatment j, 

j = 1,2  is an index for treatment group, 

k = 1,2 is an index for sex group, 

l =1,…,9 is an index for time point, 

ijklY is the response  observed in time point l,  treatment j for patient i with gender k, 

μ : the overall mean, 

jτ : the effect of treatment j, 

kπ : the effect of gender k, 

jk)(τπ : the effect for group j ×   gender k interaction, 

lδ : the effect for time point l, 

jl)(τδ : the effect for group j ×  time point l interaction, 

ib :  subject specific,  

ijklε : random disturbance term with expectation zero. 

3.2.2 Change from Baseline (CHANGE) 

The change from baseline value was derived by subtracting post-treatment values from 

the pre-treatment (baseline) values. By subtracting the post treatment values with the 

baseline values the variability due to diurnal variation and baseline values difference 

were expected can be taken into account.  ANOVA was used to test the differences in 

the means of change value between drug x and placebo groups. Model developed are as 

follows: 

Single Time point (4.5) 

Model 1: ijjijij YY ετμ ++=− 0         (vi) 

Model 2: ijkjkkjijkijk YY ετππτμ ++++=− )(0      (vii) 

All time point (Repeated measures) 

Model 3: ijljlljiijlijl bYY ετδδτμ +++++=− )(0      (viii) 

Model 4: ijkljljklkjiijklijkl bYY ετδτπδπτμ +++++++=− )()(0    (ix) 
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Other definitions are the same with models in POST with an additional information: 

ijklY0  is the baseline value in time point l, treatment j for patient i with gender k, 

3.2.3 Analysis of Covariance (ANCOVA) 

In this approach, between subjects variation in the baseline measurements are taken into 

account by using the mean baseline measurements for each subjects as a covariate in a 

linear model for treatment comparison of the post treatment mean. This approach is 

actually known in statistical environment as Analysis of Covariance, although it is not 

always called this explicitly within the clinical literature, (Tu Y.K, et.al, 2005). The 

similar models with previous approaches were developed as follows: 

Single Time point (4.5) 

Model 1: ijjjijY εγτμ +++=         (x) 

Model 2: ijkjkkjjijkY ετππγτμ +++++= )(      (xi) 

All time point (Repeated measures) 

Model 3: ijljlljjiijl bY ετδδγτμ ++++++= )(      (xii) 

Model 4: ijkljljklkjjiijkl bY ετδτπδπγτμ ++++++++= )()(    (xiii) 

Other definitions are the same with previous models with additional information: 

where jγ is the effect of baseline. 

3.2.4 Within Comparison 

This last approach was rather different with the previous approaches. This approach 

was carried out to perform simple analysis to see the treatment effect only in the treated 

group. With within comparison we neglected the placebo and considered the 

observation on screening period of drug X as a control for the post drug X observation. 

In this approach only observations from drug X subjects were used. QTcLD value at 

baseline and value after treatment phase are considered as a control group and treatment 

group respectively. The paired t test is used to test the differences in the means of value 

between treatment at post-baseline phase and control groups in baseline phase and 

ANOVA for more than one covariate. 

Single Time point (4.5) 

Model 1: ijjijY ετμ ++=          (xiv) 

Model 2: ijkjkkjijkY ετππτμ ++++= )(       (xv) 
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All time point (Repeated measures) 

Model 3: ijljlljiijl bY ετδδτμ +++++= )(       (xvi) 

Model 4: ijkljljklkjiijkl bY ετδτπδπτμ +++++++= )()(     (xvii) 

where: 

i =  1,…, nj is an index for subjects within group j, 

j = 1,2  is an index for group (before and after treatment), 

the other definitions are similar with previous approaches. 

3.2.5 Model Comparison 

In term of a single time point several papers, i.e by Senn (2004) and Vickers and 

Altman (2001), discussed and compared these first three approaches. These three 

approaches measure the same thing and there is no question of choosing between them 

on the basis of clinical relevance. The three approaches can be summarized in table 5. 

One can choose between them on the basis of either of variance or statistical 

philosophy. We can see in the treatment effect estimator in table 5 that POST and 

CHANGE are special case of ANCOVA. When 1=β  then CHANGE will the same 

with ANCOVA.  When 0=β , the POST is the same as ANCOVA. Where β is the 

regression coefficient of baseline value ( iY0 ) of the regression post treatment ( iY ) on 

the baseline value ( iY0 ).  

Table 5. Model and Treatment Effect Estimator for POST, CHANGE and ANCOVA 
Analysis Model Treatment Effect Estimator 

POST  ixi XY ββ += 0  CTPOST YY −=τ̂  

CHANGE ixii XYY ββ +=− 00  )()(ˆ 00 CTCTCHANGE YYYY −−−=τ  

ANCOVA ixiBi XYY βββ ++= 00 )()(ˆ 00 CTCTANCOVA YYYY −−−= βτ  
 

Where: 

iX : Treatment group of subject i, 

iY0 : Baseline value of subject i, 

iY : Post treatment value of subject i,  

TY : mean post treatment value of the drug X group, 

CY : mean post treatment value of the placebo group, 

TY0 : mean baseline value of the drug X group, 
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CY0 : mean baseline value of the placebo group. 

In the case that the average baseline values are the same in each group the estimated 

treatment effect will be the same using POST and CHANGE. However when there is an 

imbalance in baseline, for example when treatment is effective the statistical 

significance of the treatment effect of the treatment effect by two methods will depend 

on the correlation between baseline and after treatment values. If the correlation is low 

using then CHANGE will add variation, and using POST is more likely to show 

significant result. Conversely, if the correlation is high, using only the raw data (POST) 

we will loose information and then CHANGE is more likely to be significant, (Vickers 

and Altman, 2001). 

ANCOVA is the better approach for following reasons: 

a. It adjust after treatment result for each subject with their baseline value 

b. It yields the most appropriate p-value for the treatment difference. 

c. It improves the precision of the estimated treatment difference thus increasing 

the statistical power of the trial, (Pocock, et.al, 2002) 

d. It uses a value for β which minimizes the variance and makes it independent of 

the baseline, (Senn, Stevens, and Chaturvedi, 2000). Hence it robust with 

respect to imbalance in the baseline 

e. It may generally be expected to have the lowest variance than other methods as 

shown in figure 9, (Senn, 2004). 

  
Figure 9. Variance for Three Approaches to Analysis, (Senn, 2004) 

 

              CHANGE 
              POST 
              ANCOVA 
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ANCOVA will have a low efficiency when there is high correlation between baseline 

and post treatment values. In this case, CHANGE is a reasonable alternative. However, 

as a general approach ANCOVA is preferred (Vickers and Altman, 2001). 

Matthews et al. (1989), Senn, Steven, and Chaturvedi (2000), and Frison, L. and 

Pocock S,J (1992) proposed and discussed analyzing repeated measures using summary 

measure.  The properties of three approaches in single point discussed above also apply 

in the repeated measure. Though the definition of repeated measure in their paper is 

rather different with what this study has. They consider days 0 as baseline and then the 

next dayss as repetition. It is different with this study that repetition is in each days 

(baseline, days 6 and days 11) and we want to compare the QTcLD interval between 

after treatment (days 6 and 11) with baseline. However we consider that the definition 

of baseline and repeated measure in their paper can be generalized for this study so that 

their paper argument can be used to discuss the result in this study. 
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4. Data Analysis and Results  
 
Measurements in screening phase (day –2 and –1) were considered as the baseline. The 

QTcLD interval for day –1 and –2 seem to be the same as seen figure 2 in the appendix. 

The QTcLD intervals in the screening phase (day -2 and -1) were highly correlated with 

QTcLD in day 6 and 11 as shown in table 1 in the appendix. It also shows that 

correlation was similar for each baseline day. Therefore the use of mean of the baseline 

values (day -1 and –2) was appropriate to establish the true condition of the subjects. 

Next in this chapter we will show the result of the analysis for 12 mg drug X at day 6 as 

the main objective and then followed by the result of the analysis for 18 mg as the 

secondary objective. Compound symmetry variance covariance structure was used after 

comparing several variance covariance structures using likelihood ratio test. 

4.1 The 12 mg of Drug X versus Placebo at Day 6 

4.1.1 Post-Treatment Value only (POST) 

We start with only considering one measurement per day (time point 4.5). The result is 

shown in table 6. In the first two models, only post treatment value and post treatment 

value adjusted by Sex, we found no statistically difference between QTcLD interval 

mean for treated subjects and placebo at 5% level of significance. In addition as 

expected there was a large difference between QTcLD interval mean of males and 

females.  

Then model 3 and model 4 were fitted to account for all measurements as repeated 

measures. When sex was not included in the model (model 3) and when it was included 

(model 4) we found no statistical difference between mean QTcLD intervals of two 

treatment groups. There were QTcLD interval mean differences across time points. 

However the differences for both groups were statistically similar. The inclusion of Sex 

(model 4) reduces the mean difference compared to when it was not included (model 

3). At this day, female’s mean QTcLD interval was higher than males.  

The mean QTcLD interval differences between female and male subjects in the single 

analysis (model 2) and in the repeated measures analysis (model 4) were considered 

clinically difference base on the threshold mentioned in the methodology part.  

In addition, the correlations between baseline and the post treatment value were high. 

We can observe the correlation coefficient in table 1 in the appendix. 
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Table 6. POST result for Day 6 
Model Parameter P-value Mean Difference 90% CI 
Time point 4.5   

1 TrtGrp 0.8424 -1.055a -9.883; 7.773 
2 TrtGrp 0.6191 2.547a -5.975; 11.070 
 Sex 0.0006 18.523b 9.999; 27.046 
 TrtGrp*Sex 0.4217   

All time points (Repeated)    
3 TrtGrp 0.4237 -3.604 a -11.081; 3.873 
 Timepoint <0.0001   
 Trtgrp*Timepoint 0.2693   
4 TrtGrp 0.8815 0.627 a -6.382; 7.636 
 Timepoint <0.0001   
 Trtgrp*Timepoint 0.2693   
 Sex <0.0001 17.193 b 10.184; 24.202 
 Sex* TrtGrp 0.9495   

a. QTcLD Interval  Mean Difference (Drug X- Placebo) 
b. QTcLD Interval  Mean Difference (Female- Male) 

 
4.1.2 Change from Baseline (CHANGE) 

The same steps were also performed for the change from baseline approach and the 

result is presented in table 7. In model 1 the mean difference between QTcLD interval 

after treatment and before treatment (change from baseline value) at time point 4.5 for 

the drug X group was statistically higher than the placebo group. The estimated 

difference did not change much when adjusted by sex (model 2). The result was similar 

when all time points were considered. Moreover we found that the change value for 

both groups were different over time point. It can be seen in figure 10 that the largest 

change from baseline occurred at 4 hour 30 minutes after dosing (time point 4.5). 

The mean change value of drug X group was statistically higher than the placebo in 

both single analysis on time point 4.5 and repeated measure analysis. However only the 

mean change value difference at the single analysis (model 1 and 2) were considered to 

be clinically different base on the threshold mentioned in the methodology part since 

their upper bound 90% confidence interval was larger than 10 ms. 

The 90% confidence interval of mean difference (Drug X - placebo) for all time points 

adjusted for Sex is listed table 2 in the appendix. The table shows that the difference 

only occurred at some time points, especially at time point 4.5, which had the largest 

difference. 
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Table 7. CHANGE result for Day 6 
Model Parameter P-value Mean Difference 90% CI 

Time point 4.5    
1 TrtGrp 0.0013 10.787 5.435; 16.140 
2 TrtGrp 0.0064 9.607 3.936; 15.278 
 Sex 0.7699   
 TrtGrp*Sex 0.2707   

All time points (Repeated)    
3 TrtGrp 0.0235 4.045 1.139; 6.949 
 Timepoint 0.9284   
 Trtgrp*Timepoint 0.0412   
4 TrtGrp 0.0444 3.816 0.712; 6.920 

 Timepoint 0.9284   
 Trtgrp*Timepoint 0.0402   
 Sex 0.4800   
 Sex* TrtGrp 0.8273   

QTcLD Interval  Mean Difference: Drug X- Placebo 
 

 
Figure 10. Change value for Day 6 

 

4.1.3 Analysis of Covariance (ANCOVA)  

The next approach was adjusting the baseline value by inclusion in the model. From the 

results shown in table 8 at time point 4.5 when adjusting only by the baseline value 

(model 1) we found that the mean QTcLD interval for drug X group was higher than 

placebo. The baseline value statistically had significant effect to the post treatment 

values. The QTcLD intervals seen in the post treatment depended on their QTcLD 

intervals at the beginning of study. Model 2 was adjusted for sex and its interaction but 

this did not change the result much. 

When all time points were included as repeated measurements, in the models without 

Sex (model 3) and with Sex as a covariate (model 4) we found no significant effect of 

drug X on the QTcLD interval. In addition female subjects had significant higher mean 

QTcLD interval than male subjects. After adjusting for the baseline value, the 12mg of 
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the drug X have no effect to the QTcLD interval. This confirmed what was found in 

exploratory data analysis that placebo have longer QTCLD interval is due to more 

females subjects in this group.  

Table 8. ANCOVA result for Day 6 
Model Parameter P-value Mean Difference 90% CI 

Time point 4.5    
1 TrtGrp 0.0063 9.5304a 3.916; 14.279 
 Baseline <0.0001   
2 TrtGrp 0.0139 8.8038a 3.007; 15.145 
 Baseline <0.0001   
 Sex 0.7580   
 TrtGrp*Sex 0.2700   

All time points (Repeated)    
3 TrtGrp 0.8189 0.588a -3.731; 4.907 
 Baseline <0.0001   
 Timepoint 0.2110   
 Trtgrp*Timepoint 0.09552   
4 TrtGrp 0.4356 2.1473a -2.4468; 6.7292 

 Baseline <0.0001   
 Timepoint 0.1019   
 Trtgrp*Timepoint 0.1108   
 Sex 0.0060 8.4047b 3.5185; 13.2908 
 Sex* TrtGrp 0.9845   

a. QTcLD Interval  Mean Difference (Drug X- Placebo) 
b. QTcLD Interval  Mean Difference (Female- Male) 

 
4.1.4 Within Comparison 

Only observations from subject assigned to drug X were used in this approach and 

group effect was defined as after and before treatment. Using a paired t-test for time 

point 4.5 we found that the mean QTcLD interval after administering 12 mg of drug X 

was statistically different from mean QTcLD interval before treatment (model 1). It can 

be seen in table 9 that the mean QTcLD interval for females and males are statistically 

different. However the interaction between group and sex was not significant. 

Therefore the effect of drug X was similar for female and male subjects. This was also 

seen when repeated the measures analysis was performed on all time points (model 3 

and 4). In addition, even though the mean QTcLD interval was statistically different 

over the time points, the effect of treatment was similar across time point. 
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Table 9. Within Comparison for Day 6 
Model Parameter P-value Mean Difference 90% CI 

Time point 4.5    
1 Group 0.0055 5.346a 2.290; 8.410 
2 Group 0.0483 4.238a 0.736; 7.740 
 Sex 0.0036 17.308b 7.872; 26.744 
 Group *Sex 0.2489     

All time points (Repeated)    
3 Group <0.0001 2.849a 1.962; 3.737 
 Timepoint <0.0001   
 Group * Timepoint 0.7190   
4 Group <0.0001 2.621a 1.596; 3.646 

 Timepoint <0.0001   
 Group * Timepoint 0.7194   
 Sex 0.0014 17.382 b 8.861; 25.904 
 Sex* Group 0.4635   

a. QTcLD Interval Mean Difference (Before Drug X- After Drug X) 
b. QTcLD Interval Mean Difference (Female- Male) 

 

4.2 The 18 mg of Drug X versus Placebo at Day 11 

4.2.1 Post Ttreatment Values Only (POST) 

Similar results as day 6 were found for day 11 at time point 4.5 as shown in table 10. 

No statistical difference between treatment groups and no effect of sex was found. In 

the repeated measurement analysis of all time points, no group difference was found 

and there was a gender effect to the result. We found that the mean QTcLD interval at 

day 11 had significant diurnal variation however the effect of treatment was similar 

across time point. Similar as observed in day 6, the mean QTcLD interval was higher 

for females than for males. Similar with day 6, the correlations between baseline and 

the post treatment value at day 11 were high. We can observe the correlation coefficient 

in table 1 in the appendix. 

The 90% CI of mean difference (drug X - placebo) for all time points adjusted for Sex 

is listed table 2 in the appendix. The table shows that the mean QTcLD interval 

different only occurred at some time points, especially at time point 4.5, which had the 

largest difference. 

4.2.2 Change from Baseline (CHANGE) 

The change from baseline value for drug X group was statistically different with 

placebo in the single analysis and when all time points were considered. The result is 

presented in table 11. However, only the mean change value differences at single 
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analysis (model 1 and 2) were considered to be clinically different. In contrast with day 

6, the differences were similar over time point since the interaction with time point was 

not significant. It also can be observed in figure 11 that Sex statistically had no effect to 

the change from baseline values. 

Table 10.  POST result for Day 11 
Model Parameter P-value Mean Difference 90% CI 
Time point 4.5   

1 TrtGrp 0.3348 -4.574a -12.441; 3.293 
2 TrtGrp 0.8496 -0.837 a -8.189; 6.517 
 Sex 0.0001 18.229b 10.877; 25.583 
 TrtGrp*Sex 0.4585   

All time points (Repeated)    
3 TrtGrp 0.3516 -4.154 a -11.551; 3.244 
 Timepoint <0.0001   
 Trtgrp*Timepoint 0.8803   
4 TrtGrp 0.8516 0.739 a -5.846; 7.325 
 Timepoint <.0001   
 Trtgrp*Timepoint 0.8810   
 Sex <0.0001 19.119 b 12.534; 25.705 
 Sex* TrtGrp 0.9071   

a. QTcLD Interval Mean Difference (Drug X- Placebo) 
b. QTcLD Interval Mean Difference (Female- Male) 

 
Table 11 .  CHANGE result for Day 11 

Model Parameter P-value Mean Difference 90% CIa 
Time point 4.5    

1 TrtGrp 0.0035 8.237 3.723; 12.750 
2 TrtGrp 0.0192 6.879 2.114; 11.645 
 Sex 0.5038   
 TrtGrp*Sex 0.2224   

All time points (Repeated)    
3 TrtGrp 0.0288 4.422 1.127; 7.715 
 Timepoint 0.1226   
 Trtgrp*Timepoint 0.6510   
4 TrtGrp 0.0366 4.5480 0.9978; 8.0981 

 Timepoint 0.1226   
 Trtgrp*Timepoint 0.6511   
 Sex 0.9817   
 Sex* TrtGrp 0.7998   

QTcLD Interval Mean Difference: Drug X- Placebo 
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Figure 11. Change value for Day 11 

 
4.2.3 Analysis of Covariance (ANCOVA) 

After adjusted for baseline value, as shown in table 12 the drug X group was found to 

had higher mean QTcLD interval than the placebo at time point 4.5. Adding Sex and its 

interaction with treatment group as covariates to the model led to smaller mean QTcLD 

interval difference, which was not statistically significant. In the repeated 

measurements analysis this situation was changed. Considering all time point with and 

without inclusion of sex in the model, no effect of treatment was observed. In model 3 

and 4, the mean QTcLD intervals were different over time point.  However the effect of 

treatment was similar over time point since the interaction between treatment and time 

point was not statistically different. In addition, females had higher mean QTcLD 

intervals than male subjects. 

4.2.4 Within Comparison 

The paired t-test shows that for treated subjects at time point 4.5 the mean QTcLD 

interval after administering 18 mg of drug X was statistically different from the mean 

QTcLD interval at baseline.  The result is presented in table 13.  Inclusion Sex in the 

analysis led to a smaller treatment mean difference. The mean QTcLD intervals for 

females and males were significantly and clinically different (model 2).  Since there 

was no significant interaction between gender and treatment, the effect of treatment was 

similar for female and male subjects. When repeated measures analysis was performed 

(model 3 and 4), we found that both treatment and sex had effect on the QTcLD 

interval. The effect of treatment was similar across time point and Sex. 
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Table 12.  ANCOVA result for Day 11 
Model Parameter P-value Mean Difference 90% CIa 

Time point 4.5    
1 TrtGrp 0.0378 5.760a 1.236; 10.286 
 Baseline <0.0001   
2 TrtGrp 0.0676 5.171a 0.532; 9.809 
 Baseline <0.0001   
 Sex 0.4263   
 TrtGrp*Sex 0.2044   

All time points (Repeated)    
3 TrtGrp 0.8701 0.424 -3.934; 4.781 
 Baseline <0.0001   
 Timepoint 0.0021   
 Trtgrp*Timepoint 0.8438   
4 TrtGrp 0.3484 2.472 - 1.919; 6.862 

 Baseline <0.0001   
 Timepoint 0.0007   
 Trtgrp*Timepoint 0.8627   
 Sex 0.0002 10.417b 5.678; 15.156 
 Sex* TrtGrp 0.8478   

a. QTcLD Interval Mean Difference (Drug X- Placebo) 
b. QTcLD Interval Mean Difference (Female- Male) 

 
Table 13. Within Comparison for Day 11 

Model Parameter P-value Mean Difference 90% CI 

Time point 4.5    
1 Group 0.0060 4.867a 2.057; 7.082 
2 Group 0.0745 3.436a 0.278; 6.593 
 Sex 0.0016 17.096b 8.578; 25.614 
 Group *Sex 0.1659     

All time points (Repeated)    
3 Group <0.0001 3.722a 2.749; 4.695 
 Timepoint <0.0001   
 Group * Timepoint 0.9250   
4 Group <0.0001 3.848a 2.725; 4.970 

 Timepoint <0.0001   
 Group * Timepoint 0.9252   
 Sex 0.0007 19.325 b 10.591; 28.059 
 Sex* Group 0.7119   

a. QTcLD Interval Mean Difference (Before Drug X- After Treatment) 
b. QTcLD Interval Mean Difference (Female- Male) 
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5. Discussion 
 
The main objective of this study was to assess the effect on QTcLD interval of 12 mg 

of drug X at steady state compared to the placebo. In the exploratory data analysis part, 

we discovered the imbalances at the baseline: the placebo group had higher mean 

QTcLD interval than drug X group. Four different approaches were performed with two 

parts. First step we focused only on the observations on 4 hours 30 minutes after dosing 

(time point 4.5), for simplicity and data driven. Then we continued with analyzing the 

values obtained from all time points. This last step was considered as repeated 

measures analysis. Four models were fitted in each approach. 

Using only post treatment value at time point 4.5 we found neither in Day 6 nor Day 11 

a statistically significant mean QTcLD interval difference between the treatment 

groups.  From the repeated measures analysis, the mean QTcLD interval difference was 

also not significant and from the last model was found equals 0.627 and 0.739 for days 

6 and 11 respectively.  However using only the post treatment value (POST), we will 

loose information due to baseline imbalance and the fact that correlations between 

baseline and the post treatment value at days 6 and days 11 were high.  

Conversely when the change value from baseline (post-baseline) was used, the mean 

change value at time point 4.5 was higher for drug X subjects than placebo in day 6 and 

11. Adjusting for sex had small effect on the result since it was already incorporated the 

baseline value. Considering all time points revealed that the change from baseline value 

was different in the two groups. The mean difference of change value in the last model 

of repeated measure analysis equals 3.82 and 4.55 for day 6 and 11 respectively. 

Moreover only in day 6 that the differences varied over time point. However this result 

was expected. Since when there is imbalance in baseline and the correlation between 

baseline and the post treatment value is high, CHANGE is more likely to be significant. 

In gender, female and male subjects had similar change value in day 6 and 11. 

The next approach was by adjusting the post treatment value by inclusion the baseline 

value in the model known as ANCOVA. After adjusted for baseline value the mean 

QTcLD interval at time point 4.5 was higher for drug X group than placebo at both day 

6 and 11. Conversely when all time points were taken into account, the mean QTcLD 

intervals for both treatment groups were similar. The mean difference of QTcLD 
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interval in the last model of repeated measure analysis equals 2.15 and 2.47 for day 6 

and 11 respectively. We found also that females had higher mean QTcLD interval than 

males. 

In within comparison approach, the mean QTcLD intervals after treatment at day 6 and 

day 11 was higher than before treatment both the single analysis at time point 4.5 and 

the repeated measures analysis. The mean difference of QTcLD interval before 

treatment and after treatment in the repeated measures analysis equals 2.62 and 3.85 for 

day 6 and 11 respectively (model 4). The effect of treatment was similar across time 

point and Sex.  

As mentioned in the methodology part, the CHANGE analysis is a special case of 

ANCOVA: i.e. when the regression coefficient of baseline value of regression post 

treatment on baseline value )(β equals 1 then CHANGE is the same with ANCOVA. It 

can be seen for this study in table 4 and 5 in the appendix that the mean difference 

obtained from CHANGE and ANCOVA tend to be similar as the β  is close to 1. The 

standard errors of estimates using ANCOVA were bit higher than CHANGE for some 

time points that had high correlation. It showed that ANCOVA has low efficiency when 

there is high correlation between baseline and after treatment value.  

The change from baseline was expected can be account for variability due to diurnal 

variation (time point). However in day 6, the interaction between treatment group and 

time point was statistically significant. It indicated that the change values are different 

over all time points in day 6. Hence variability due to time point still needed to take 

into account. It is the same with ANCOVA. It needed to be adjusted for baseline 

covariates since the baseline covariates were had statistically significant effect to the 

QTcLD interval after treatment.  Hence both CHANGE and ANCOVA need to be 

adjusted for the possible influent covariates. 

The within comparison approach using paired t-test would be simpler, but we lost 

information by neglecting the placebo group. Hence ANCOVA is better, because it 

uses all available information and allows us to observe whether the value of QTcLD 

interval after treatment depends on the QTcLD interval at baseline. 

As we can see from the result that adjusting covariates generally improves the 

efficiency of the analysis either in single point or in repeated measures. It can be 

observed in narrower confidence interval for CHANGE and ANCOVA compared with 
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POST. Moreover the confidence interval for CHANGE was narrower than ANCOVA. 

It was expected since it also occurred in the single point analysis and also because of 

high correlation between baseline and post treatment value. 

This thesis discusses the effect of imbalance in baseline to the analysis and also 

compares the result of four possible approaches that can be used. The baseline 

imbalances led to different results yielded by the four discussed approaches. Hence the 

appropriate method should be chosen. Considering the facts discussed previously, 

ANCOVA seems to be the best approach that can be chosen in advance for randomized 

clinical trials.  ANCOVA is generally expected to have the lowest variance than other 

methods and also it robust with respect to imbalance in the baseline. If the regression 

coefficient of baseline value on regression post value on baseline values is known in 

advance to be close to one, CHANGE can be used. 

The CPMP document (2003) recommends that baseline imbalance should not be 

considered as an appropriate reason to include a baseline measure as a covariate. ICH 

E9 guideline advises to identify the covariates expected to have important influence on 

the primary outcome and to specify how to account for them in the analysis. It is also 

mentioned that the adjustment for the influence of covariates is an integral part of the 

planned analysis and hence should be set out in the protocol. Hence covariates to be 

included in the primary analysis must be pre-specified in the protocol or in statistical 

analysis plan. Senn (1994) suggest the covariates are chosen when trial is being design 

on the basis of previous studies covariates of prognostics value. The prognostic 

covariate should be fitted in an analysis of covariance or equivalent technique whatever 

the degree of imbalance. 
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6. Conclusion and Recommendation 
 
6.1 Conclusion 

From the four discussed approaches we found that using only data after treatment 

(POST) and change from baseline (CHANGE) can be regarded as special cases of 

summary statistics of the form: oiii YYS β−= . They depend on the baseline and the 

correlation between baseline and after treatment values.  A simpler comparison such as 

within comparison might be simpler, but we lost information by neglecting the placebo 

and we cannot observe whether the result depend on the value at baseline or not. 

ANCOVA seems to be the best approach that can be chosen in advance for randomized 

clinical trials. It is a more general model of POST and CHANGE. It uses a value 

for β to minimize the variance of Si and make it independent of the baseline.  

From ANCOVA result it can be concluded that neither 12 mg nor 18 mg drug X at 

steady state have an effect on the prolongation of the length of the QT interval 

corrected for heart rate using linear derived method (QTcLD). The estimated mean 

profiles are shown in figure12. Imbalance between groups in baseline was influent the 

results. Hence adjusting in the statistical analysis for the baseline values and covariates 

was performed.  

 
(a) Day 6         (b) Day 11 

Figure 12. Estimated Mean Profile of QTcLD Interval for Placebo (blue dash line) and 
Drug X (solid red line) in day 6 and 11 

6.2 Recommendation 

To avoid imbalance in baseline, stratified randomization by baseline characteristics 

should be implemented. These baseline characteristics should be included in the 

analysis. The choice of baseline characteristics by which an analysis is adjusted should 

be determined by prior knowledge of an influence on outcome rather than evidence of 

imbalance between treatment groups in the trial.  
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Appendix 
 

 

 

 

 
Figure 1. QTcLD Interval mean profile by sex and time point 
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Figure 1. QTcLD Interval Mean Profile by sex and time point (continued) 
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Figure 1. QTcLD Interval Mean Profile by sex and time point (continued) 

 
 

 
Figure 2.  QTcLD Interval Mean Profile by time point for Day -1 (short dashed),  

Day -2 (long dashed) and their average/baseline (solid line) 
 for each Treatment Group 

 
 

Table 1. Correlations between QTcLD Interval in Day -1 and Day -2 and The Mean of 
Day -1 and Day -2 (Baseline) with QTcLD Interval in Day 6 and Day 11 

Day 6 Day 11 Time point 
-2 -1 Baseline -2 -1 Baseline

0 0.81 0.83 0.84 0.76 0.73 0.769 
1 0.8 0.76 0.81 0.71 0.77 0.769 

1.5 0.79 0.76 0.8 0.75 0.7 0.748 
2.5 0.87 0.76 0.84 0.78 0.75 0.792 
3.5 0.81 0.8 0.84 0.77 0.71 0.781 
4.5 0.74 0.76 0.76 0.82 0.81 0.833 
6 0.77 0.77 0.8 0.81 0.78 0.824 
12 0.78 0.81 0.83 0.73 0.76 0.783 

23.5 0.76 0.73 0.77 0.74 0.74 0.777 
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Table 2. QTcLD Interval Mean difference (12 mg of Drug X  - placebo), Standard error 
and 90% CI for all time points using CHANGE at Day 6 

Time point Lower bound Mean diff Upper bound Std Err. Mean diff 
0 -2.43 1.76 5.95 2.50 
1 1.45 6.35 11.24 2.93 

1.5 -0.87 4.42 9.71 3.17 
2.5 0.32 4.83 9.35 2.70 
3.5 -0.62 5.56 10.49 2.95 
4.5 3.93 9.6 15.28 3.91 
6 -3.36 1.76 6.9 3.07 
12 -4.84 -0.11 5.07 2.97 

23.5 -5.89 -0.07 5.75 3.48 
 
 

Table 3. QTcLD Interval Mean difference (18 mg of Drug X  - placebo), Standard error 
and 90% CI for all time points using CHANGE at Day 11 

Time point Lower bound Mean diff Upper bound Std Err. Mean diff
0 -4.5 1.89 8.30 3.824 
1 -1.14 4.59 10.34 3.426 

1.5 -2.25 3.48 9.21 3.421 
2.5 -0.22 5.36 10.99 3.329 
3.5 -2.76 2.84 8.44 3.344 
4.5 2.11 6.88 11.64 2.848 
6 2.19 6.95 11.71 2.841 
12 -3.34 2.51 8.36 3.494 

23.5 1.63 7.13 12.63 3.283 
 
 
Table 4. QTcLD Interval Mean difference (12 mg of Drug X  - placebo), Standard error 

and 90% CI for all time points using ANCOVA and the Coefficient Regression of 
Baseline value ( β )  at Day 6 

Time point Lower bound Mean diff Upper 
bound 

Std Err. 
Mean diff 

Beta ( β )
(baseline)

0 -2.42 1.6 5.67 2.43 0.82 
1 0.89 5.7 10 2.94 0.87 

1.5 -0.96 4.42 9.80 3.22 0.99 
2.5 0.001 4.53 9.05 2.70 0.89 
3.5 0.56 5.55 10.54 2.98 0.99 
4.5 3.01 8.8 14.60 3.47 0.88 
6 -3.9 1.26 6.48 3.12 0.90 
12 -5.1 -0.17 4.70 2.93 0.85 

23.5 -6.06 -0.26 5.59 3.47 0.85 
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Table 5. QTcLD Interval Mean difference (18 mg of Drug X  - placebo), Standard error 
and 90% CI for all time points using ANCOVA and the Coefficient Regression of 

Baseline value ( β ) at Day 11 

Time point Lower bound Mean diff Upper 
bound 

Std Err. 
Mean diff 

Beta ( β )
(baseline)

0 -4.684 1.696 8.076 3.808 0.844 
1 -2.137 3.221 8.579 3.197 0.691 

1.5 -2.928 2.781 8.49 3.407 0.811 
2.5 -0.696 4.893 10.482 3.336 0.861 
3.5 -3.188 2.273 7.734 3.260 0.780 
4.5 0.532 5.707 9.809 2.769 0.779 
6 1.232 5.937 10.637 2.807 0.809 
12 -3.931 1.532 6.996 3.261 0.691 

23.5 1.296 6.570 11.758 3.091 0.717 
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