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Vernakalant in Atrial Fibrillation

•
 

Atrial fibrillation (AF)  
–

 
Most common sustained cardiac arrhythmia 

–
 

Frequently leads to hospitalization
–

 
Major risk factor for stroke 

–
 

Increases the risk of CHF and cardiac events among 
patients with coronary artery disease (CAD) 

•
 

Vernakalant hydrochloride injection 
–

 
Novel, atrial-selective antiarrhythmic agent

–
 

Blocks both frequency-dependent Na+

 

channels and 
early-activating K+ channels to selectively prolong the 
atrial refractory period

–
 

Effectively converts AF to sinus rhythm (SR)
AF=atrial fibrillation; CHF=congestive heart failure; CAD=coronary artery disease; SR=sinus rhythm.

Presenter�
Presentation Notes�
•	Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia and 	is the type that most frequently leads to hospitalization.1 

•	AF independently increases the risk of stroke by 5-fold and causes 	approximately 15% of all strokes in the US.2 In addition, AF is associated 	with elevated rates of congestive heart failure (CHF) and cardiac events in 	patients with a history of coronary artery disease (CAD).1

•	Vernakalant, a novel, atrial-selective antiarrhythmic agent under 	investigation for rapid conversion of AF to sinus rhythm (SR).  In �	randomized controlled trials, vernakalant has been shown to convert AF �	to SR effectively.3

•	Vernakalant blocks both frequency-dependent Na+ channels and early-	activating K+ channels.3,4 As a result, vernakalant selectively prolongs the 	atrial refractory period with only minimal effects on ventricular repolarization.

Go AS, et al. JAMA. 2001;285:2370-2375; Freestone B and Lip GYH. In: Lip GYH, Godtfredsen J, eds. Cardiac Arrhythmias: �A Clinical Approach. Edinburgh UK: Mosby;2003:3-24; Orth PMR, et al. Cardiovasc Res. 2006;70:486-496; Roy D, et al. J Am Coll Cardiol. 2004;44:2355-2361.
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Objectives

•
 

Develop a PK/PD model to describe exposure–response 
relationships for efficacy
–

 
Incidence of SR conversion

–
 

Time to SR conversion

•
 

Develop a PK/PD model to describe safety
–

 
QT-interval prolongation

PK=pharmacokinetics; PD=pharmacodynamics; ACT=Atrial Arrhythmia Conversion Trial; SBP = systolic 
blood pressure; 

Presenter�
Presentation Notes�
•	This pharmacokinetic-pharmacodynamic (PK/PD) analysis was designed to develop an exposure–response model for vernakalant using data from a randomized, double-blind, placebo-controlled, multicenter phase 3 study.

•	The specific objectives of the model are to (1) describe the exposure–response relationships for the efficacy (ie, incidence of and time to SR conversion) and safety (ie, QT interval, systolic blood pressure) of vernakalant, (2) determine the variability in vernakalant PD, and (3) identify the factors that influence vernakalant PD.
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Study Design

Screening
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permitted

PK=pharmacokinetic; AFL=atrial flutter.

Presenter�
Presentation Notes�
•	The PK/PD analysis was based on data from a multicenter phase 3 study, which enrolled 280 patients who had sustained AF or atrial flutter (AFL) lasting >3 hours and for as long as 45 days, systolic blood pressure (SBP) >90 mm Hg but <160 mm Hg, and diastolic blood pressure (DBP) <95 mm Hg. Eligible patients were stratified by the duration of their arrhythmia (ie, lasting either >3 h but ≤7 d [n=200] or >7 d but ≤45 d [n=80]), and randomly assigned to receive vernakalant or placebo. 

•	Patients initially received a 10-minute infusion of either vernakalant 3 mg/kg or placebo that was followed by a 15-minute observation period. For patients remaining in AF or AFL, a second 10-minute infusion of vernakalant 2 mg/kg or placebo was administered if it was deemed safe.

•	Blood samples for PK evaluation were collected before the first infusion, at the end of the first infusion (10 min), at the end of the second infusion, if administered (35 min), and at 1 of the following time points: 15, 25, 35, 45, 60, 90 min, 3, 5, 8, 12, 18, and 24 hours.

•	Efficacy in ACT III was monitored by SR conversion within 90 minutes for a minimum of 1 minute. For PK/PD modeling, however, efficacy analysis was continued to patients with AF lasting >3 h but ≤7 d who demonstrated conversion within 25 minutes of the start of the first infusion.

•	 Safety evaluations were performed every 5 minutes between 0 and 50 minutes, at conversion, at the occurrence of any adverse event, and at 1.5, 2, 4, and 8 hours. QT-interval data were used to build the safety model in the PK/PD analysis�



Efficacy and Safety Endpoints Used 
in PK/PD Modeling

•
 

Efficacy endpoints
–

 
Proportion of patients with short-duration AF (lasting 
>3 h but ≤7 d) who demonstrated conversion to SR 
within 25 minutes (ie, after the first infusion)

–
 

Time to conversion

•
 

Safety endpoint
–

 
Prolongation of QT interval corrected for heart rate 
with Fridericia’s formula (QTcF)

Presenter�
Presentation Notes�
•	The primary efficacy endpoint used in the model was the proportion of patients with short-duration AF (lasting >3 h but ≤7 d) who demonstrated conversion to SR within 25 minutes after the first infusion. The time to conversion in this patient cohort was used as the secondary endpoint. 

•	The efficacy data in this PK/PD analysis were restricted to conversion occurring within 25 minutes, even though patients in the trial who did not demonstrate conversion after the first infusion were given a second infusion. This restriction was necessary to avoid confounding the PK/PD assessment by differences in response rate between patients who received 1 or 2 infusions.

•	The safety endpoints used in modeling were the prolongation of the QT interval and the change in SBP. The QT interval was corrected for heart rate with Bazett’s and Fridericia’s formulas; however, the adjustment made with Bazett’s formula overcompensated for heart rate, particularly when the rate was high. Therefore, Fridericia’s formula–corrected QT (QTcF) interval was used for the principal analysis of exposure during QT prolongation. �



Covariates Tested

•

 

Age
•

 

Sex
•

 

Body weight
•

 

History of CHF
•

 

History of CAD
•

 

History of hypertension
•

 

Rhythm status
•

 

Arrhythmia duration
•

 

Arrhythmia type (AF vs AFL)
•

 

Concomitant medications, including
–

 

Antiarrhythmics if taken within 1 week and concurrent with 
infusion

–

 

Antihypertensives if taken within 1 day and concurrent with 
infusion

Presenter�
Presentation Notes�
•	Among the possible covariates considered in the model development was the use of antiarrhythmics and antihypertensives, which were considered to be concomitant medications if they were taken within 1 week and 1 day, respectively, of vernakalant administration, and if they were being taken concurrently with the infusion.

•	The New York Heart Association functional status and left atrium size and ejection fraction were initially considered as possible covariates, but the appropriate information was not available in the model database for 84% and 63% of patients respectively, in the vernakalant group.�



PK/PD Model Development

Cmax

 

=maximum concentration; Cavg0–25

 

=average concentration from time 0 to 25 min.

Individual post hoc PK
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Patient covariates
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Presenter�
Presentation Notes�
•	The plasma vernakalant concentration-vs-time data were fit to obtain a population PK model via nonlinear mixed-effects modeling in NONMEM.

•	The plasma vernakalant concentration at the time of QT or SBP measurement was calculated from the population PK model values and the individual dosing history. The QT interval was corrected for heart rate with Fridericia’s formula. The effect of drug concentration on each parameter was evaluated with NONMEM according to the maximum change in QTcF (Emax) or sigmoidal Emax models that included a baseline effect, and then the influence of patient covariates on baseline parameters and model parameters (eg, Emax and concentration at 50% maximal effect [EC50]) was assessed.

•	For the efficacy parameters, the PK model and individual dosing history were used to simulate plasma vernakalant concentrations every 3 minutes during the 90-minute evaluation period and at specified time periods thereafter. These concentrations were then used to calculate the maximum concentration at the end of the first infusion (Cmax1) and the average concentration between 0 and 25 minutes (Cavg0–25). The effect of these PK predictors on the incidence of SR conversion and time to SR conversion was explored, with the expectation that the incidence of conversion would be correlated with both predictors, whereas the time to conversion would be correlated with only 1 PK variable. Finally, the influence of patient covariates on the PK/PD relationship was assessed.
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PD Model Selection Process

•
 

Determine best structural model for concentration 
effect

•
 

Examine for diurnal variation
•

 
Examine covariates one by one
― Impact of gender, age, SR status, Cmed etc. in each model 

parameter was explored
―Likelihood ratio test to select covariates

―Acceptance p-value was set to 0.05

•
 

Use backwards selection to determine final model, 
starting with all single covariate effects
―Acceptance p-value was set to 0.01

Presenter�
Presentation Notes�
Begin with linear fit, Check whether power model, Emax or sigmoidal Emax offer improved fit

Check whether inter-individual variability (iiv) in structural parameters offers improved fit

�



Incidence of SR Conversion Model

•
 

The best model to describe conversion to SR was a 
logistic regression model

logit (Pr(Tconv <25 min)) = αplacebo

 

or αvernakalant

where αplacebo

 

and αvernakalant denote the probability of conversion with 
placebo and vernakalant, respectively

•
 

No covariate significantly improved the model fit (Age, 
sex, body weight, history of CHF, history of CAD,etc.)

Presenter�
Presentation Notes�
•	Initially, the probability of SR conversion within 25 minutes after the start of the first infusion was modeled with a general logistic regression model, which included a function, f, representing the impact of drug exposure. Linear and nonlinear functions were considered for f, but none of the models proved superior to a simple binary logistic regression model. 

•	The impact of covariates on the incidence of SR conversion was then examined, but none of the covariates—including age, sex, body weight, cardiovascular disease history, AF duration, arrhythmia type, or concomitant medication usage—improved the model’s fit.�



PD Parameters for the Incidence of 
SR Conversion Model

Treatment 
Group Parameter

Parameter
Estimate ±

 

SE

Probability of SR 
Conversion Within 
25 min, % (95% CI)

Placebo αplacebo –4.41±1.01 1.2 (0.2, 8.1)

Vernakalant αvernakalant –0.27±0.22 43.2 (32.9, 54.1)

CI=confidence interval.

Presenter�
Presentation Notes�
•	The binary logistic regression model shows that vernakalant markedly increased the probability of SR conversion within 25 minutes of the first infusion. The probability of SR conversion was 43.2% (95% confidence interval [CI]: 32.9%, 54.1%) with vernakalant, compared with 1.2% (95% CI: 0.2%, 8.1%) with placebo. 

•	The model, however, does not permit characterization of a plasma vernakalant concentration–effect relationship. This is not surprising, as only 1 dose level of vernakalant was examined in the PK/PD analysis.  �



Incidence of SR Conversion After 
First Infusion
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Presenter�
Presentation Notes�
•	The proportion of patients with short-duration AF patients who demonstrated conversion to SR within 25 minutes of the start of the first infusion was significantly higher with vernakalant (35 of 81 patients [43.2%]) than with placebo (1 of 83 patients [1.2%]) (P<.0001).
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Time to SR Conversion Model

•
 

Time to SR conversion was best fit by the following 
relationship

h(t) = h0

 

(t)eβI(treatment)

where h(t) is the resultant hazard, h0

 

(t) is the baseline hazard, and 
I(treatment) is 1 for vernakalant and 0 for placebo

•
 

No covariate significantly improved the model’s fit

PK Variable β eβ β(SE) 95% CI P Value

Treatment 1.92 6.84 0.507 2.53 to 18.5 .00015

Presenter�
Presentation Notes�
•	The time to SR conversion was initially modeled with a Cox regression model that included a term for vernakalant exposure (Cavg0–25 or Cmax1), but the model was not superior to a simpler one that included a term for treatment (1 for treatment with vernakalant and 0 for treatment with placebo). None of the covariates examined improved the fit of the time to SR conversion model.

•	The resultant hazard ratio for time to SR conversion was 6.84 (95% CI: 2.53, 18.5) with vernakalant relative to placebo. Thus, this model confirms that vernakalant markedly increases the likelihood of AF-to-SR conversion. �



Time to SR Conversion After First 
Infusion
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Summary of Efficacy Analysis

•
 
A greater proportion of vernakalant patients converted 
to SR.

•
 
The model confirmed that vernakalant markedly 
increases the SR conversion rate. However the data 
available from Study 04-7-010 alone was insufficient 
for identifying a concentration-effect relationship. 



QTc Pharmacodynamic Model

• QTcij

 

is the jth

 

QTcF measurement for the ith

 

patient
•

 

baseij

 

is the expected baseline QTcF for the ith

 

patient 
• Effij

 

is the effect of vernakalant on that patient
•

 

εij

 

is the random error between the estimated and observed QTcF 
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Vernakalant plasma concentration–QT interval relationship 
was best fit by a sigmoidal Emax model

Presenter�
Presentation Notes�
•	This slide shows the final model relating QTcF to plasma vernakalant concentration.�



QTcF Model Parameters

Parameter Estimated 95% confidence interval

β0

 

(ms) 426.0 422.84 429.16
Emax

 

(ms) 20.30 14.22 26.38
EC50

 

(ng/mL) 1730 1326 2133
γ 3.580 1.01 6.15
βtod (ms) 7.190 4.80 9.58
shft (hr) -3.140 -3.96 -2.32
βage (ms/yr) 0.351 0.16 0.54
βSRS (ms) -14.20 -21.9 -6.46



Effect of Vernakalant Concentration 
on QTcF

Vernakalant Plasma Concentration, ng/mL
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Presenter�
Presentation Notes�
•	The effect of plasma vernakalant concentration on QTcF was best described by a sigmoidal Emax model with an EC50 of 1730 ng/mL. The Emax, which is the maximum change in QTcF in the model, was 6.1 ms among patients who demonstrated conversion to SR and 20.3 ms among those who remained in AF. The residual variability between measurements within a patient was 15.9 ms. 

•	In the phase 3 study, most patients had a plasma vernakalant concentration exceeding the EC50 at the end of the first infusion of vernakalant. The median peak plasma vernakalant concentration was 4380 ng/mL (5th–95th percentile: 1150–7200 ng/mL).�



Summary of QTC Analysis

•
 

Vernakalant
 

concentration related to prolongation of QTcF, 
best described by a sigmoidal Emax model

•
 

EC50

 

was 1730 ng/mL. Maximum change in QTcF for 
patients converting to SR expected to be 6.1 ms while 
maximum change in QTcF for patients who remained in AF 
is 20.3 ms

•
 

QTcF varies with time of the  day; no differences between 
men and women

•
 

Age affected baseline QTcF value
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