
Citation: Clin Transl Sci (2020) 13, 1336–1344; doi:10.1111/cts.12835

ARTICLE

First Clinical Study with AP30663 - a KCa2 Channel 
Inhibitor in Development for Conversion of Atrial 
Fibrillation

Pim Gal1,2,*, Erica S. Klaassen1, Kirsten R. Bergmann1, Mahdi Saghari1, Jacobus Burggraaf1,2,3, Michiel J. B. Kemme4,  
Christina Sylvest5, Ulrik Sørensen5, Bo H. Bentzen5, Morten Grunnet5, Jonas G. Diness5 and Nils Edvardsson5,6

Pharmacological cardioversion of atrial fibrillation (AF) is frequently inefficacious. AP30663, a small conductance Ca2+ ac-
tivated K+ (KCa2) channel blocker, prolonged the atrial effective refractory period in preclinical studies and subsequently 
converted AF into normal sinus rhythm. This first-in-human study evaluated the safety and tolerability, and pharmacokinetic 
(PK) and pharmacodynamic (PD) effects were explored. Forty-seven healthy male volunteers (23.7 ± 3.0 years) received 
AP30663 intravenously in ascending doses. Due to infusion site reactions, changes to the formulation and administration 
were implemented in the latter 24 volunteers. Extractions from a 24-hour continuous electrocardiogram were used to evalu-
ate the PD effect of AP30663. Data were analyzed with a repeated measure analysis of covariance, noncompartmental analy-
sis, and concentration-effect analysis. In total, 33 of 34 adverse events considered related to AP30663 exposure were related 
to the infusion site, mild in severity, and temporary in nature, although full recovery took up to 110 days. After formulation and 
administration changes, the local infusion site reaction remained, but the median duration was shorter despite higher dose 
levels. AP30663 displayed a less than dose proportional increase in peak plasma concentration (Cmax) and a terminal half-life 
of around 5 hours. In healthy volunteers, no effect of AP30663 was observed on electrocardiographic parameters, other than 
a concentration-dependent effect on the corrected QT Fridericia’s formula interval (+18.8 ± 4.3 ms for the highest dose level 
compared with time matched placebo). In conclusion, administration of AP30663, a novel KCa2 channel inhibitor, was safe 
and well-tolerated systemically in humans, supporting further development in patients with AF undergoing cardioversion.

Episodes of atrial fibrillation (AF) often convert sponta-
neously but can otherwise be converted to sinus rhythm 
by electrical or pharmacological treatment. Although elec-
trical direct current cardioversion is generally considered 
highly effective, it is cumbersome because it requires an-
esthesia and is not available 24 hours a day in all hospitals. 

Pharmacological cardioversion is a tempting alternative, 
but current options are limited by lower efficacy compared 
with electrical treatment and by the fact that not all patients 
are eligible for treatment.1

Several cardiac ion channels are targets for marketed 
antiarrhythmic drugs. Conventional class III antiarrhythmic 
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE TOPIC?
✔  Pharmacological cardioversion of atrial fibrillation 
(AF) is frequently inefficacious. However, Ca2+ activated 
K+ (KCa2) channel blockade may, in humans, prolong the 
atrial effective refractory period and be a novel pathway 
for conversion of AF.
WHAT QUESTION DID THIS STUDY ADDRESS?
✔  This first-in-human study evaluated the safety and tol-
erability of AP30663, a KCa2 channel blocker. Other ob-
jectives included evaluation of the pharmacokinetic profile 
of AP30663 and the effect of AP30663 on electrocardio-
graphic parameters.

WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
✔  This study found that administration of AP30663, a 
novel KCa2 channel inhibitor, was safe and well-tolerated 
systemically. AP30663 displayed a less than dose propor-
tional increase in peak plasma concentration (Cmax) and 
induced a transient dose dependent QT Fridericia’s for-
mula interval prolongation.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOL-
OGY OR TRANSLATIONAL SCIENCE?
✔  Clinical development of AP30663 will be continued and 
the compound may in the future obtain a place as a phar-
macological treatment for cardioversion of AF in patients.
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drugs decrease repolarizing K+- currents and are effective 
for treatment of AF by a prolongation of the atrial effective re-
fractory period, mostly through Kv11.1 channel, also known 
as human ether-à-go-go-related gene inhibition. However, 
this approach carries the caveat of concomitant prolonga-
tion of the action potential duration in ventricular myocardial 
tissue, which is proarrhythmic.2,3 Therefore, ion channel tar-
gets that are selective for atrial tissue have been pursued.

One novel target for AF treatment is the KCa2 channel, 
also known as the small conductance Ca2+-activated K+, or 
SK channel.4–10 AP30663 is a first in class Ca2+ activated K+ 
(KCa2) channel inhibitor in development for conversion of AF 
into normal sinus rhythm and inhibits all three subclasses 
of KCa2 channels. Preclinical studies showed that the KCa2 
channel inhibitor AP30663 can selectively increase atrial re-
fractoriness, convert vernakalant-resistant AF, and prevent 
its reinduction in conscious pigs while exerting little or no 
effect on the ventricular repolarization (unpublished data).

The present study reports the first administration of 
AP30663 into man. The primary objective of the study was 
to evaluate the safety and tolerability of AP30663 in healthy 
male subjects. Other objectives included evaluation of the 
pharmacokinetic (PK) profile of AP30663 and the effect of 
AP30663 on electrocardiographic parameters.

METHODS

The current study was conducted as a randomized, single 
ascending dose, double-blind, placebo-controlled phase 
I study in 47 healthy subjects. The study was conducted 
between January 2018 and September 2018 at the Centre 
for Human Drug Research, Leiden, The Netherlands. The 
Declaration of Helsinki was the principle for trial execu-
tion. The independent Medical Ethics Committee “Medisch 
Ethische Toetsingscommissie van de Stichting Beoordeling 
Ethiek Biomedisch Onderzoek” (Assen, The Netherlands) 
approved the study prior to any clinical study activity. All sub-
jects provided written informed consent before participation.

Subjects
The main inclusion criteria were male subjects, generally 
healthy, 18–45 years of age, with a body mass index between 

18 and 30 kg/m2, and absence of clinically significant ab-
normalities in the 12-lead surface electrocardiogram (ECG). 
The health status was verified by a detailed medical history, 
a complete physical examination, vital signs, 12-lead ECG, 
and laboratory testing (including hepatic and renal panels, 
complete blood count, virology, and urinalysis). Subjects 
were excluded in case of any use of prescription medica-
tion within 2 weeks prior to enrollment.

Study design and treatment
Subjects were enrolled in six cohorts, all consisting of eight 
subjects except for the first cohort which consisted of 
seven subjects after one of the subjects withdrew consent 
before AP30663 administration. The dose level of the first 
cohort was based on the no observed adverse event level 
in mini-pigs and considering a safety margin of 10, leading 
to a dose level of 1  mg/kg. The dose levels for the sub-
sequent cohorts were selected jointly between the clinical 
investigators and the sponsor based on blinded reports of 
safety, PK, and pharmacodynamic (PD) data. Within each 
cohort, subjects were randomized 6 vs. 2 (5 vs. 2 for cohort 
1) to 30 minutes of intravenous administration of AP30663 
or placebo. Placebo consisted of 0.9% NaCl solution. Two 
sentinel healthy subjects, of whom one received active 
treatment and one placebo, were studied in the first co-
hort followed by dosing of the remaining 5 after 48 hours. 
Table 1 describes the dose levels, dose volumes, and 
AP30663 concentrations that were administered.

Reconstitution procedure
The Leiden University Medical Center pharmacy performed 
the reconstitution for all administrations in this study. For 
the first 3 cohorts, sterile water was injected into the infu-
sion bag, for the latter 3 cohorts, glucose 5% was injected. 
Subsequently AP30663 was injected into the infusion bag, 
which was reconstituted from a vial with a 200 mg/mL con-
centration. The injection of AP30663 into the infusion bag 
was performed slowly, and, at various timepoints in the 
reconstitution, checks were implemented to confirm no 
precipitation of AP30663 had occurred.

In the first three cohorts, infusion site reactions were ob-
served, which were relieved after changes to the AP30663 

Table 1 Administered dose levels and adverse events considered related to AP30663 administration

Dose level, 
mg/kg

Number 
of 

subjects
Mean administered volume 

per 30 minutes, mL

Number of 
subjects with 

AEs
Number of 

AEs
Number of 

infusion site AEs
Median 
duration Severity

1 5 12.4 ± 4.5 1 (20%) 1 1 >7 daysa Mild

2 6 15.0 ± 1.5 4 (67%) 4 4 12.5 hours Mild

2 6 33.3 ± 4.4 5 (83%) 10 10 32 days Mild

1.5
2

3
3

96.8 ± 1.3
155.0 ± 20.2

1 (33%) 3 3 26 hours Mild

3
4

3
3s

242.7 ± 44.5
268.0 ± 9.3

1 (33%) 2 2 13 days Mild

5
6

3
3

361.2 ± 23.6
411.5 ± 74

1 (33%) 2 2 22 days Mild

Placebo 12 N/A 2 (66%) 3 3 37 hours Mild

AE, adverse event.
aSubject was lost to follow-up after study discharge visit. AE was still ongoing at study discharge visit, 7 days after AP30663 administration.
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formulation and study drug administration procedure. These 
changes were implemented in cohorts 4–6 and consisted of 
using 5% glucose solution for dilution instead of sterile water 
for infusion and a reduction in the concentration of the inves-
tigational product to 1 mg/mL. This also resulted in a larger 
volume to be administered and, thus, a higher infusion rate. 
An overview of the administered treatments can be found in 
Table 1. Furthermore, the administration was performed with 
an 16G cannula compared with the initial 18G cannula, which 
was inserted in the largest antecubital vein that could be found. 
In cohorts 4–6, the cannula was flushed with 5 mL 5% glucose 
solution immediately after completion of the administration.

Assessments
Safety and tolerability were monitored by tracking adverse 
events (AEs), performing physical examinations, record-
ing vital signs, 24-hour Holter ECGs, and laboratory tests 
(i.e., full blood count, biochemistry, and urinalysis) at reg-
ular intervals. Serum concentrations of AP30663 for PKs 
were measured by Ardena Biochemical Laboratory (Assen, 
The Netherlands) using a validated bioanalytical assay. 
The PK concentrations were measured using liquid chro-
matography tandem mass spectrometry. The lower limit of 
quantification of the method was 5 ng/mL.

Tremorography
In the preclinical good laboratory practice safety-toxicology 
studies, AP30663 induced tremor in minipigs at high dose 
levels (equivalent to 27.3 mg/kg in man). Therefore, trem-
orography measurements were implemented at predefined 
timepoints predosing and postdosing in order to detect any 
signs of tremor should they occur. The tremorography con-
sisted of a three-axis accelerometer (ACL300; Biometrics, 
Newport, UK; with DataLink900 base unit) that was taped to 
the middle part of the third ray on the dorsal side of the sub-
ject’s right hand. Subjects were instructed to extend their 
arm horizontally while in a semirecumbent position, with 
the dorsal side of the hand facing up. The measurements 
were recorded with the DataLink Management Software 
(Biometrics). Each of the three axes were bandpass fil-
tered between 1 and 20 Hz using a zero-phase third order 
Butterworth filter. After calculating the Power Spectrum 
Density for each axis, the L1-norm was calculated. Then, 
the peak frequency and corresponding amplitude were 
used as read-outs, as also described elsewhere.12

Holter ECGs
Twenty-four-hour 12-lead Holter ECGs were recorded in 
all volunteers, starting just before dose administration. An 
overview of the timepoints for the Holter ECG extractions 
and the PK sampling can be found in Table S1. As can 
be observed from these timepoints, all PK samples were 
drawn after the ECG extraction was performed. At these 
set intervals, subjects were placed in a supine position for 
at least 8 minutes. In the latter 3 minutes, triplicate 12-lead 
ECGs were extracted from the Holter ECG by Intermark 
Technology ECG Research BV (Someren, The Netherlands). 
The selection of ECG strips was performed so that an even 
distribution occurred within the 3-minute time frame, and 
the quality of the ECGs was sufficiently high to perform the 

ECG measurements. A single certified operator, blinded 
for treatment and time, measured P wave duration, PR-
interval duration, QRS duration, QT interval duration, and 
RR interval duration using global median beat analysis in the 
Mortara E-scribe environment. The QT interval duration was 
corrected for the RR interval with Fridericia’s formula (QTcF).

Additionally, a QT subinterval analysis was performed, as 
described by Johannesen et al.12 The QT interval was split 
up into three subintervals: QRS duration, J-point to T-peak 
interval, corrected for heart rate (Jp-Tpc), and T-peak-T-end 
interval (Tp-Tend). The correction of the Jp-Tpc interval was 
performed using the formula proposed by Johannesen et al.12:

Statistics
Statistical analysis was performed using SAS for windows 
version 9.4 (SAS Institute, Cary, NC), noncompartmen-
tal analysis was performed using R for Windows version 
3.4.4 (R Core Team, Vienna, Austria), and concentra-
tion-QTcF and QT subinterval analysis were performed 
using NONMEM version 7.3 (ICON Development 
Solutions, Hanover, MD) and R for Windows version 3.5.1. 
Demographic and baseline variables were summarized 
by treatment. For safety and tolerability end points, sum-
mary statistics for observed values were calculated for all 
continuous parameters. For every AP30663 dose, non-
compartmental analyses of PK data were performed. Data 
below the lower limit of quantification were set to zero if 
these occurred before time of maximum plasma concen-
tration (Tmax), whereas after Tmax these were treated as 
missing. In case of missing actual times, the expected 
time of sampling was used. The elimination rate con-
stant (lambdaz) and its derived parameters were excluded 
when they could not be accurately estimated (adjusted 
R-square < 0.5, nonpositive value for lambdaz or < 3 data 
points after Tmax). PD end points measured at multiple 
timepoints postbaseline were analyzed with a mixed ef-
fect repeated measures model with treatment, time, and 
treatment by time as fixed factors, subject as random 
factor, and the baseline measurement as covariate. The 
Kenward–Roger approximation was used to estimate 
denominator degrees of freedom and model parameters 
were estimated using the restricted maximum likelihood 
method. The general treatment effect and specific con-
trasts were reported with the estimated difference and the 
95% confidence interval, the least square mean estimates, 
and the P value. Graphs of the change from baseline least 
square mean estimates over time by treatment were pre-
sented with 95% confidence interval as error bars.

Concentration vs. QTcF and QT subinterval statistical 
analysis was performed using the following prespecified 
model13

where ΔPDijk was the change from baseline (Δ) of QTcF, 
Jp-Tpc, Tp-Tend, or QRS for subject i in treatment j at time 

Jp−Tpc interval=
Jpoint − Tpeak interval

RR interval0.58

ΔPDijk=�0+�1TRT+�2

(

PDi,0−PD0

)

+�3NTIMj+�4Cijk

 17528062, 2020, 6, D
ow

nloaded from
 https://ascpt.onlinelibrary.w

iley.com
/doi/10.1111/cts.12835 by U

niversity O
f L

eiden, W
iley O

nline L
ibrary on [02/01/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



1339

www.cts-journal.com

First in Man Study of KCa2 Channel Inhibitor
Gal et al.

k; θ0 was the population intercept; TRT was 1 for active and 
0 for placebo; PDi,0 was the individual baseline value; −PD0 
was the overall mean of all baseline values; NTIM was the 
nominal (protocol) time as a factor; and θ4 was the slope 
for the assumed linear relationship between AP30663 
concentration (C) in plasma and ΔPD. The subject was in-
cluded as additive random effect on intercept and slope. 
The adequacy of the prespecified direct effect linear model 
was evaluated prior to analysis using hysteresis plots and 
scatter plots of placebo-corrected ΔPD (obtained by sub-
tracting the mean of the placebo group at each protocol 
time from the mean ΔPD) vs. AP30663 concentration over-
laid with Loess smooth line and linear regression line; and 
after analysis using goodness-of-fit plots and visual pre-
dictive checks. The final concentration-effect models were 
used to compute the placebo-corrected (Δ) ΔQTcF, ΔJp-
Tpc, ΔTp-Tend, and ΔQRS at a range of concentrations 
and at the geometric mean peak plasma concentration 
(Cmax) for each dose level.

RESULTS

Forty-seven healthy male subjects were enrolled in the 
study. All 6 cohorts consisted of 8 subjects, except for 
cohort 1, which consisted of 7 subjects after 1 of the sub-
jects withdrew consent before AP30663 administration. All 
enrolled subjects completed the study and there were no 

discontinuations due to AEs. Baseline characteristics are 
displayed in Table S2.

Safety and tolerability
Overall, AP30663 was safe and systemically well-tolerated. 
No serious AEs occurred. Seventy-three AEs occurred, 
34 of which were considered related to AP30663 admin-
istration, in 30 of 47 subjects. Except for one myalgia AE, 
all AEs considered to be related to AP30663 were injec-
tion-site reactions, were considered mild in intensity, and 
were temporary.

Thirty-four AEs related to the administration site were ob-
served in 19 subjects, of which 15 in 10 of 17 subjects (59%) 
were in cohorts 1–3 and 15 in 9 of 18 subjects (50%) were 
in cohorts 4–6, in which the changes in the administration 
procedure were implemented, and 4 AEs were in 2 of 11 
subjects (17%) who received placebo treatment. The infu-
sion site reactions consisted of a hardening of the vein where 
AP30663 was administered and redness and painfulness of 
the area. After the abovementioned changes to mitigate in-
fusion site reactions were implemented to the administration 
procedure and formulation, the infusion site reactions were 
shorter in duration and milder in intensity, even though the 
doses that were administered were higher than used in co-
horts 1–3, as can also be observed in Table 1.

Notably, there were no symptoms or signs of engagement 
of the central nervous system. In addition, all tremorography 

Figure 1 Pharmacokinetic (PK) profiles of AP30663. This figure displays the PK profiles of AP30663 per cohort. The left panel displays 
the PK profile up to 1 hour after AP30663 administration, the right panel display the profile up to 48 hours after administration.
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recordings were normal and unchanged at all dose levels, 
with a mean amplitude of 0.2 mG2•Hz-1, as is also depicted 
in Figure S1. Note that this is nearly 200-fold lower than in 
patients with Parkinson’s disease.11

Pharmacokinetics
The PK profiles of AP30663 are displayed in Figure 1. 
AP30663 was administered as a 30-minute linear infusion, 
reflected in a median Tmax at 30 minutes. The mean clear-
ance was 12.5 ± 3.2 L/h and tended to be higher for the 
three highest dose levels (15.9 L/h) as compared with the 
lower dose levels (11.5 L/h). Volume of distribution ranged 
from 65.8 L at the lowest dose to 98.4 L at the highest dose 
levels. The mean terminal half-life was 4.7 ± 0.9 hours. The 
Cmax of AP30663 increased with increasing doses, however, 
the dose normalized Cmax and area under the curve (AUC) 
decreased with increasing doses (Figure 2). Furthermore, 
comparison of the 3 cohorts where 2 mg/kg was adminis-
tered showed a lower Cmax with a reduced drug product 
volume (Figure 2). The cause of these observations was 
not examined as part of this study. An overview of the PK 
parameters per dose level can be found in Table S3.

ECG parameters
Because measurements of atrial effective refractory pe-
riod (AERP) were not performed in our study population, 
it was not possible to observe intended PD effects. There 
was no effect of AP30663 on the P-wave duration, the PR 
interval, the RR interval, and the QRS duration. However, a 

dose-dependent transient effect of AP30663 on the QTcF 
interval and QT subintervals was observed, as can be ob-
served in Figure 3 and Figure 4.

The hysteresis plots suggested no delay between max-
imum AP30663 exposure and maximum effect, except for 
ΔQTcF and ΔJp-Tpc in the 4  mg/kg and 5  mg/kg dose 
groups, as can be observed in Figure S2, left panels. The 
scatter plots overlaid with smooth and linear regression lines 
supported the assumption of a linear relationship between 
concentration and effect as can be observed in Figure S3. 
The prespecified linear model provided an adequate de-
scription of the data as observed by the visual predictive 
checks (Figure S4) and, therefore, no changes to the model 
were made. Analysis with the prespecified model showed 
that AP30663 had an effect on the QTcF, Jp-Tpc, and Tp-
Tend intervals with estimated slopes (±standard error) of 
1.201 ± 0.431 ms/(ug/mL; P = 0.003), 0.799 ± 0.327 ms/(ug/
mL; P = 0.007), and 0.670 ± 0.221 ms/(ug/mL; P = 0.001), 
respectively, but no effect on the QRS duration for which 
the slope was estimated to −0.145  ±  0.129  ms/(ug/mL; 
P  =  0.870). Model-predicted placebo-corrected change 
from baseline of QTcF and each of the QT subintervals vs. 
AP30663 concentration are displayed in Figure 5. It should 
be noted that although the intercept for the Jp-Tpc interval 
was above the intercept for Tp-Tend, the slope of Tp-Tend 
interval line was slightly lower. The model prediction at the 
geometric mean Cmax for each dose level are summarized 
in Table 2. Note that no subject had a QTcF interval ex-
ceeding 450 ms, or a QTcF interval prolongation of > 60 ms 
at any dose level.

Figure 2 Dose normalized AP30663 peak plasma concentration (Cmax) values. This figure displays the median dose normalized 
AP30663 Cmax for the doses of AP30663 that were administered in this study. Note that with increasing volume of drug product, there 
is a less than proportional increase in Cmax.
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DISCUSSION

The present study found that AP30663 in doses up to 6 mg/
kg was safe and well-tolerated systemically. Administration 
was associated with mild and transient infusion site 

reactions, which were reduced in duration at higher dose 
levels after changes to the reconstitution and administration 
procedure. AP30663 displayed a less than dose propor-
tional increase in Cmax. The estimated terminal half-life was 
in the order of 5  hours. AP30663 resulted in a transient 

Figure 3 Effect of AP30663 on the RR interval. This figure displays the RR interval in the first 4 hours after AP30663 administration. 
No effect of AP30663 could be observed on the RR interval. CI, confidence interval; LSM, least square mean.

Figure 4 Effect of AP30663 on the QT Fridericia’s formula (QTcF) interval and QT subintervals. This figure displays the effect of 
AP30663 on the QTcF, QRS, J-point to T-peak interval, corrected for heart rate (Jp-Tpc) and T-peak-T-end interval (Tp-Tend) intervals 
in the first 4 hours after dose administration. Note that there is a concentration-dependent effect of AP30663 on the QTcF, Jp-Tpc, and 
Tp-Tend intervals but not on the QRS duration.
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dose-dependent QTcF interval prolongation. Overall, these 
results support the further clinical development of AP30663 
in patients with AF.

Although no KCa2 channel inhibiting agent has been ad-
ministered to man prior to this study, there are several reports 
describing the antiarrhythmic effects of KCa2 channel inhibitors 
in animal models (3–9), showing a dose-dependent prolon-
gation of the AERP. In preclinical studies, the KCa2 channel 
inhibitor AP30663 increased atrial refractoriness, converted 
vernakalant-resistant AF, and prevented its reinduction in 
conscious pigs (unpublished data). Moreover, KCa2 channel 
inhibition prolonged atrial action potential duration in sharp 

electrode recordings from human atrial appendages, but not in 
human septal tissue.14

In the present study, the administration of AP30663 was 
associated with local infusion site reactions, consisting of a 
hardening of the vein, redness, and pain. All AEs were mild, 
although the duration of the hardening of the vein upon pal-
pation was nearly 4 months before the AE was completely 
resolved in 2 subjects in cohort 3. The exact cause for these 
observations is unknown, but a direct or combined effect 
with AP30663 was not ruled out. An alternative is that the 
pH of the drug product was 4, which is recognized to induce 
infusion-site reactions.15,16

Figure 5 Concentration-effect analysis of AP30663 and QtcF and QT Fridericia’s formula (QTcF) subintervals. This figure displays the 
concentration-effect analysis between AP30663 concentration and the QTcF interval and QT subintervals. Note that there is no effect 
of AP30663 on the QRS duration, but there is a significant association between AP30663 concentration and the J-point – T-peak 
interval, corrected for heart rate (Jp-Tpc) and T-peak-T-end interval (Tp-Tend). CI, confidence interval.

Table 2 Effect of AP30663 on the placebo corrected ΔQTcF interval and QT subintervals at the geometric mean Cmax per dose level

Dose level
Concentration,  

mg/mL
Geometric mean Cmax  

of AP30663, ng/mL ΔΔQTcF ΔΔJp-Tpc ΔΔ Tp-Tend ΔΔQRS

1 mg/kg 5 mg/mL 3398 10.5 ± 3.3 6.2 ± 3.0 1.9 ± 1.3 1.0 ± 1.0

2 mg/kg 10 mg/mL 7154 15.1 ± 4.1 9.2 ± 3.3 4.5 ± 1.8 0.5 ± 1.1

2 mg/kg 5 mg/mL 6609 14.4 ± 3.9 8.8 ± 3.3 4.1 ± 1.7 0.6 ± 1.1

1.5 mg/kg 1 mg/mL 4428 11.8 ± 3.4 7.0 ± 3.0 2.6 ± 1.4 0.9 ± 1.0

2 mg/kg 1 mg/mL 4644 12.0 ± 3.5 7.2 ± 3.0 2.8 ± 1.4 0.9 ± 1.9

3 mg/kg 1 mg/mL 7950 16.0 ± 4.3 9.8 ± 3.5 5.0 ± 1.9 0.4 ± 1.2

4 mg/kg 1 mg/mL 7994 16.1 ± 4.3 9.9 ± 3.5 5.0 ± 1.9 0.4 ± 1.2

5 mg/kg 1 mg/mL 7941 16.0 ± 4.3 9.8 ± 3.5 5.0 ± 1.9 0.4 ± 1.2

6 mg/kg 1 mg/mL 10245 18.8 ± 4.3 11.7 ± 3.9 6.5 ± 2.3 0.1 ± 1.4

Data are presented as mean ± SD.
Jp-Tpc, corrected Jpoint - Tpeak interval; QTcF, Fridericia corrected QT interval; Tp-Tend, Tpeak – Tend interval.

 17528062, 2020, 6, D
ow

nloaded from
 https://ascpt.onlinelibrary.w

iley.com
/doi/10.1111/cts.12835 by U

niversity O
f L

eiden, W
iley O

nline L
ibrary on [02/01/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



1343

www.cts-journal.com

First in Man Study of KCa2 Channel Inhibitor
Gal et al.

There was a less than dose proportional increase in Cmax. 
The quantity of AP30663 that was estimated to be “lost” in 
the 6 mg/kg cohort as compared with the 1.5 mg/kg cohort 
was about 200 mg. Therefore, it is considered most likely 
that nonlinear mechanisms within the body is responsible 
for this observation (e.g., a concentration-dependent clear-
ance or a concentration or volume-dependent distribution 
volume), although this could not completely explain the dif-
ference. The exact mechanism was not further evaluated as 
part of this study, but warrants further evaluation.

The target engagement for AP30663 that was observed 
in this study is estimated to be slightly below the esti-
mated target engagement in the preclinical experiments 
in mini-pigs that were treated with 25  mg/kg. The half 
maximum inhibitory concentration (IC50) of AP30663 for 
the KCa2 channel was 0.77 µM, equivalent to ~ 300 ng/mL 
concentration. To achieve this AP30663 concentration in 
man, assuming a 6.4% free fraction, would require a sys-
temic total concentration of ~ 13,000 ng/mL, whereas, in 
the present study, the Cmax in the highest dose level was 
~ 10,000 ng/mL.

Ventricular effects of KCa2 channel inhibition
The effects of KCa2 channel inhibition on ventricular re-
polarization are incompletely understood. Reports have 
suggested that KCa2 channels have a negligible role on ven-
tricular repolarization in healthy animals but that might be 
different in certain pathophysiological conditions, such as 
myocardial infarction and congestive heart failure. Under 
these conditions, some studies have shown that ventricu-
lar small-conductance Ca2+-activated K+ current can be 
upregulated and that blocking small-conductance Ca2+-
activated K+ current can exhibit both proarrhythmic17,18 and 
antiarrhythmic.19–21 In addition, preclinical experiments with 
AP30663 yielded conflicting results. In an in vitro experi-
ment, no effect of AP30663 on the ventricular interval was 
observed at a concentration of 30 µM (estimated concen-
tration: 12,000 ng/mL). Another study found that dose levels 
of 5–25 mg/kg showed a nearly linear association between 
the dose level and the QT corrected with Van de Water for-
mula interval prolongation.

In the current study, high precision ECG analysis was 
performed, which showed a concentration-dependent in-
crease of the QTcF interval, with an increase up to 18.8 ms 
in the highest dose level across the first 4  hours after 
AP30663 administration. Hypothetically, the QTcF interval 
can be mediated through two mechanisms, namely KCa2 
channel inhibition and Kv11.1 (human ether-à-go-go-re-
lated gene) channel inhibition. In vitro, AP30663 displayed 
selectivity toward KCa2 channels compared with the Kv11.1 
channel with an IC50 of 4 µM vs. ~ 1 µM for the KCa2 chan-
nels (unpublished data). Note that the observed maximum 
total plasma concentration of AP30663 in this study was 
well above these levels at around 25.5 µM at the 6 mg/kg 
dose level. The difference in the IC50 values of AP30663 for 
KCa2 and Kv11.1 channels does not exclude that AP30663 
also to some extent inhibited Kv11.1 channels, and that 
this was at least partly responsible for the prolongation of 
the QTcF interval. Because this is the first administration 
of a KCa2 channel inhibitor in humans, it is not possible to 

compare these results to previously observed effects of a 
KCa2 channel inhibitor on the QT subintervals. However, 
Johannesen et al. reported on the QT subinterval pro-
longation profile after dofetilide, a pure Kv11.1 blocking 
agent.12 Dofetilide was found to affect the Jp-Tpc interval 
slightly less than the Tp-Tend interval (14.1 ms per ng/mL 
vs. 14.5 ms per ng/mL), which seems to be slightly differ-
ent from the observations in the present study. Whether 
the observed prolongation of QTcF stemmed from either 
KCa2 or Kv11.1 inhibition or from a combination thereof 
cannot be determined from the data currently available.

PD measures of effect in AF could not be measured in the 
present study because the effect on AERP is not reflected 
on a surface ECG. Future studies will focus on the efficacy 
of AP30663 measured as the ability to convert AF episodes 
to normal sinus rhythm in patients with AF.

Limitations
This was a phase I study with a relatively limited sample 
size, particularly at the higher dose levels where only three 
subjects received the same dose of AP30663. However, 
this small sample size did not preclude to conclude on 
concentration-dependency for the PK and PD results pre-
sented. On the other hand, the apparent nonlinear PKs of 
AP30663 observed in this study would need more detailed 
studies in a larger number of subjects to be conclusive. 
Furthermore, the placebo consisted of saline and was thus 
not an exact match of the vehicle used for AP30663. It is, 
therefore, difficult to discern whether the cause of the ob-
served infusion site reactions were caused by the vehicle 
per se or by the combination of the vehicle and AP30663.

CONCLUSION

Administration of AP30663, a novel KCa2 channel inhibitor, 
to humans was considered safe and well-tolerated system-
ically. A mild and transient increase in the QTcF interval was 
observed in the investigated dose levels, mediated through 
an increase in the Jp-Tpc and Tp-Tend intervals, whereas 
the QRS interval was not affected. These results support 
further development of AP30663.
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