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Background: Cipepofol (HSK3486), a gamma-aminobutyric acid type A (GABAA) receptor agonist, has garnered considerable 
attention as a potential alternative to propofol. This study aimed to evaluate the effects of a single intravenous (IV) bolus dose of 
cipepofol (0.4 mg/kg) on QTc interval in healthy subjects.
Patients and Methods: This was a single-center, randomized, blinded (except for moxifloxacin), placebo- and positive-controlled 
study with a six-sequence, three-period crossover study. Subjects were randomized to 1 of 3 treatment groups in each period: Group 
A (placebo); Group B (single dose of 0.4 g moxifloxacin, positive control); and Group C (cipepofol [HSK3486], 0.4 mg/kg via IV 
bolus). The primary endpoint was the change-from-baseline in QTc interval, corrected for heart rate (HR) using the individual QT 
correction method (QTcI) – ΔQTcI. Secondary endpoints included change-from-baseline in other electrocardiographic (ECG) para
meters. Safety/tolerability and pharmacokinetics of cipepofol were also assessed.
Results: Forty-eight subjects were randomized, and demographic characteristics were comparable across the six sequences. The LS 
mean placebo-corrected ΔQTcI (ΔΔQTcI) interval following cipepofol bolus ranged from −1.7 to 4.1 milliseconds. The upper bound of 
the two-sided 90% confidence interval for ΔΔQTcI interval remained < 10 milliseconds at all post-dose timepoints. In addition, no 
clinically significant effects of cipepofol were observed on the PR interval or QRS interval (ventricular depolarization time). Assay 
sensitivity was successfully demonstrated by the expected QTc interval prolongation within 2–4 h post-moxifloxacin administration. 
No subjects in the cipepofol treatment period developed a new QTcI interval >480 or an increase in QTcI interval from baseline >60 
milliseconds. All adverse events were mild to moderate in severity, and no serious adverse events or deaths occurred.
Conclusion: Cipepofol exhibited no clinically relevant effects on the QTc interval or other ECG parameters, and was safe and well 
tolerated in healthy subjects.
Clinical Trial Registration: This study was registered on ClinicalTrials.gov (NCT06379867).
Keywords: cipepofol, cardiac repolarization, effect, QT/QTc interval, pharmacokinetics, safety

Introduction
Propofol is a widely preferred agent for anesthesia induction; however, it can induce dose-dependent cardiopulmonary 
depression, leading to adverse events (AEs) such as hypotension, bradycardia, and apnea.1 This safety concern underscores the 
need for safer alternatives. Cipepofol (also known as HSK3486 or ciprofol) has emerged as a promising candidate. As 
a gamma-aminobutyric acid type A (GABAA) receptor agonist structurally related to propofol, cipepofol demonstrates 
a clinically superior profile, notably by significantly reducing injection pain and the overall incidence of AEs.2 These benefits 
are largely attributable to its distinct chemical structure, 2-(1-cyclopropylethyl)-6-isopropylphenol, which enables a markedly 
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enhanced binding affinity for the GABAA receptor (approximately 4–5 fold that of propofol) and results in a wider therapeutic 
safety window.

Approved in China in December 2020, cipepofol has had its clinical value further validated by extensive global trials.3 

Over 30 clinical trials have been completed across China, Australia, the United States, and the European Union. These studies 
encompass a diverse range of participants, including healthy volunteers, intensive care unit patients, and individuals under
going procedures such as fiberoptic bronchoscopy, colonoscopy, gastroscopy, endoscopy, or elective surgery.2–7 A phase 
I study demonstrated that cipepofol administered at 0.4 mg/kg exhibited striking similarities to propofol (2 mg/kg) in terms of 
pharmacokinetic, pharmacodynamic, and safety profiles.8 Additionally, a systematic review and meta-analysis encompassing 
15 randomized controlled trials (2441 patients) confirmed the comparable efficacy between cipepofol and propofol. Notably, 
cipepofol was associated with prolonged time to full alertness, reduced injection pain, and potentially lower incidences of 
hypotension and respiratory depression compared with propofol.2

A critical consideration in the further development of the drug is to determine whether it poses cardiac safety 
concerns.9 The evaluation determines whether drug-induced QT interval prolongation occurs, as this biomarker for 
delayed cardiac repolarization is associated with an increased risk of cardiac AEs. The QT interval, which measures the 
total duration of ventricular depolarization and repolarization, is inversely related to heart rate (HR). To account for this 
variability, the QT interval is corrected to yield the corrected QT (QTc) interval, an estimate normalized to a standard HR 
of 60 beats per minute (bpm).10 Studies have indicated that QTc values > 500 milliseconds are associated with an 
increased risk of cardiac events.11 Although the effects of propofol on the QT interval remain a subject of debate, 
evidence has shown that propofol may induce torsades de pointes (TdP), which is a polymorphic ventricular tachycardia 
associated with QT prolongation.12

A pooled retrospective cardiodynamic evaluation of 5 studies (NCT03773835, NCT04294056, NCT03698617, 
NCT04037657, NCT04029766) has been conducted to evaluate the effects of cipepofol on QTc interval and other 
electrocardiographic (ECG) parameters. However, the effects of cipepofol on the QTc interval were found to be 
inconclusive, with inconsistent evidence regarding QTc interval prolongation immediately following bolus administra
tion. Given the concurrent changes in HR and autonomic tone observed after cipepofol administration, it is challenging to 
discern whether the QTc interval changes occurring simultaneously with large and rapid increases in HR) are directly 
attributable to the drug or are instead a consequence of these confounding factors.

In May 2005, the International Council for Harmonization (ICH) released the E14 Guidance for Industry, titled “A 
New Regulatory Guidance on the Clinical Evaluation of QT/QTc Interval Prolongation and Proarrhythmic Potential”.9,13 

This guidance introduced the concept of a thorough QT/QTc study, a dedicated study designed to identify the effects of 
a new drug on QTc interval and risk of ventricular proarrhythmia.14 Consequently, a thorough QT (TQT) study was 
deemed necessary to rigorously evaluate the effects of cipepofol on the QTc interval in healthy volunteers, thereby 
generating robust cardiac safety evidence to support the global development of cipepofol. The present TQT study was 
performed to evaluate the effects of a single intravenous (IV) bolus of 0.4 mg/kg cipepofol on cardiac repolarization in 
healthy subjects. In addition, this study assessed the effects of a single IV bolus of cipepofol (as well as placebo and 
moxifloxacin as a positive control) on other ECG parameters, the safety and tolerability, and the pharmacokinetics (PK) 
of cipepofol.

Materials and Methods
Study Design
In accordance with the ICH E14 guideline,13 this single-center, randomized, blinded (except for moxifloxacin), placebo- 
and positive-controlled study with a six-sequence, three-period crossover design was performed in healthy subjects at 
Beijing Gobroad Boren Hospital from April 9, 2024 to May 19, 2024. Ethical approval was obtained from the Ethics 
Committee Institutional Review Board of Beijing Gobroad Boren Hospital (approval number: YW2024-003). The study 
was completed in compliance with the Declaration of Helsinki, Good Clinical Practice (GCP) by the National Medical 
Products Administration (NMPA) and relevant laws and regulations. All participants signed the informed consent form 
prior to study enrollment. This study was registered on ClinicalTrials.gov (NCT06379867).
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Subjects
Eligible subjects were healthy individuals aged 18 to 45 years, with a body mass index (BMI) of 19–28 kg/m2 (male 
body weight ≥50 kg, female body weight ≥45 kg), left ventricular ejection fraction ≥50%, and the ability to understand 
and comply with protocol requirements were eligible. The main exclusion criteria included: 1) history of clinically 
significant systemic disease; 2) history of allergy to egg or egg products, soybeans or soy products; 3) history of 
significant hypersensitivity, intolerance, or allergy to any drug compound, food, or other substances; 4) clinically 
significant infection, injury, disease within 1 month prior to dosing; 5) history of hepatobiliary disease, etc. The detailed 
exclusion criteria are present in Supplementary Box S1. Subjects were discontinued from the study as follows. 
Withdrawal was done by the subject, ie they refuse to continue to participate, so he/she withdrew their consent or 
physician caring for the subject. Discontinuation was done by the study sponsor, study site or operation.

Study Drug and Administration
The study employed cipepofol (HSK3486) as the investigational drug, placebo as the negative control, and moxifloxacin 
as the positive control to assess assay sensitivity.14,15 All treatment regimens were provided by Xizang Haisco 
Pharmaceutical Co., Ltd (China). Healthy subjects were equally randomized to one of six dosing sequences (C-B-A, 
A-B-C, B-C-A, C-A-B, A-C-B and B-A-C) as shown in Figure 1. The study consisted of three periods, with a 5-day 
washout period between consecutive periods. Using the Williams design, subjects were randomized into 1 of 3 treatment 
groups in each period: Group A received the negative control (placebo), Group B received the positive control (a single 
dose of 0.4 g moxifloxacin hydrochloride tablet), and Group C received the active treatment (cipepofol, a single IV bolus 
0.4 mg/kg). Given safety considerations, a supratherapeutic dose of cipepofol was not investigated. The study drug was 
administered on Day 1 (Period 1), Day 6 (Period 2), and Day 11 (Period 3). All participants were confined to the clinical 
research unit and closely monitored throughout the 12-day observation period.

Randomization and Blinding
Randomization was performed by an independent, unblinded statistician using SAS version 9.4. Eligible subjects were randomly 
assigned to treatment groups in sequential order of screening. This statistician also prepared a drug code list that corresponded one- 
to-one to the subject randomization numbers and supervised the labeling of the study drug kits. The study was double-blinded for 

Figure 1 Dosing sequences and visit diagram. (A) Placebo; (B) moxifloxacin; (C) cipepofol.
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cipepofol and placebo. To maintain blinding, an identically appearing emulsion for injection was prepared for both cipepofol and 
placebo. Moxifloxacin hydrochloride tablets were administered using an open-label design. Consequently, the subjects, investi
gators, and all study site personnel remained blinded to the assignment of the injectable study drugs (cipepofol or placebo).

Assessments and Endpoints
The primary endpoint was the placebo-corrected change-from-baseline in QTc interval. The QT interval was corrected 
for HR using the individual QT correction method (QTcI) as the primary QT correct method. QTcI coefficients were 
derived using all QT/RR data from the full 24-h Holter recording (all acceptable beats) on Day-1 of period 1. A negative 
TQT study – lack of clinically relevant QTc prolongation - was defined as the upper 95% single-sided confidence interval 
(CI) of the maximum baseline- and placebo-corrected QTc prolongation not exceeding 10 milliseconds.13

Secondary endpoints included change-from-baseline for HR, Fridericia’s correction of QT (QTcF), the PR interval, 
and QRS duration (ΔHR, ΔQTcF, ΔPR, and ΔQRS). These parameters were used as the dependent variables for 
calculation of model-derived ΔΔHR, ΔΔQTcF, ΔΔPR, and ΔΔQRS for the by-timepoint analysis, respectively. The 
QTcF, which was used as the secondary QT correction method, is defined as QTcF (millisecond) = QT (millisecond)/[RR 
(millisecond)/1000]1/3. Categorical outliers for QTcF (QTcF >450 and ≤ 480 milliseconds, >480 and ≤ 500 milliseconds, 
and >500 milliseconds at any timepoint; increase of QTc from baseline >30 and ≤ 60 milliseconds, and > 60 
milliseconds), HR (HR<50 bpm, HR>100 bpm), PR (PR>200 milliseconds), QRS (QRS>100 milliseconds) intervals 
and changes in ECG morphology were also included as secondary endpoints. Assay sensitivity was demonstrated by 
showing that moxifloxacin produced a baseline- and placebo-corrected Change-from-baseline QTcI (ΔQTcI) prolongation 
with the lower bound of the one-sided 95% confidence interval (CI) >5 ms at one or more timepoints between 1 and 
4 h following dosing. The PK parameter used for PK analysis included area under the concentration-time curve (AUC) 
from time 0 to the last measurable concentration (AUC0-t), AUC0-∞, Tmax, Cmax, Vss, λz, t1/2z and plasma clearance (CL).

Safety endpoints included the incidence of AEs, serious adverse events (SAEs), changes in vital signs, physical 
examination, clinical laboratory evaluations, ECG parameters, observation of subject’s consciousness, pregnancy test. 
Treatment-emergent adverse events (TEAEs) were defined as AEs that started on or after the first dosing or worsened in 
severity following dosing. All TEAEs, including those attributed to the study drug, were comprehensively catalogued by 
System Organ Class (SOC), Preferred Term (PT), and maximum severity. The severity grading was based on the 
Common Terminology Criteria for Adverse Events (CTCAE) Version 5.0. The CTCAE 5.0 severity grades were defined 
as follows: Grade 1 (Mild); Grade 2 (Moderate); Grade 3 (Severe); Grade 4 (Life-threatening); and Grade 5 (Death).

ECGs were obtained via 12-lead Holter monitors, which collected data on Day-1 of the first treatment period and on 
Day 1 of each treatment period (Day 1, Day 6, Day 11). ECGs were extracted in up to 10 replicates at the following 
timepoints: −60, −45, and −30 mins prior to dosing, and 1, 3, 5, 8, 10, 15, 30, 60 mins, and 2, 3, 4, 6, 10, and 24 h after 
dosing. For the PK analysis, blood samples were obtained from all subjects before dosing, and at 1, 2, 5, 10, 30, 60 mins 
and 2, 3, 6 h after dosing on Day 1 of each treatment period.

Sample Size
Assuming a one-sided 5% significance level and a within-participant standard deviation (SD) of 8 milliseconds for the 
ΔQTcI interval for all treatment groups and a true mean difference of 3 milliseconds in ΔQTcI interval between cipepofol 
and placebo, based on previous TQT study,16 a minimum sample size of 42 completed study subjects provided a power of 
88% to demonstrate that the upper bound of all the two-sided 90% CIs on placebo-corrected ΔQTcI (ΔΔQTcI) interval 
would be below 10 milliseconds for up to 16 milliseconds post-dose time points. With these assumptions, a sample of 48 
subjects was required to obtain at least 42 evaluable subjects who completed the study.

Statistical Analysis
The intention-to-treat (ITT) analysis set included all randomized subjects, which was used for analyses of demographic 
and baseline characteristics. The ECG analysis set (ECGS) was defined as all randomized subjects with a baseline ECG 
and at least one on-treatment ECG recording. The safety analysis set (SS) comprised all randomized subjects who 
received at least one study drug and underwent post-dose safety evaluations. The pharmacokinetic concentration analysis 
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set (PKCS) included all randomized subjects who had received cipepofol and had at least one valid plasma concentration 
measurement post-administration. The pharmacokinetic parameter analysis set (PKPS) was defined as all randomized 
subjects who received cipepofol and had at least one evaluable PK parameter without serious protocol violations, or 
without concomitant medications that had a significant impact on PK parameters.

Descriptive statistics were presented by treatment for all ECG parameters. Descriptive statistics with two-sided 90% 
confidence intervals (CIs, data-derived) were summarized for the change-from-baseline values at each timepoint by treatment 
group. The by-timepoint analysis for QTcI interval was based on a linear mixed-effects model with change-from-baseline 
QTcI (ΔQTcI) interval as the dependent variable, period, sequence, time, treatment, and time-by-treatment interaction as fixed 
effects, and baseline QTcI interval as a covariate. An unstructured covariance matrix was specified for the repeated measures at 
post-dose time points for participant within treatment period. The model also incorporated a participant-specific random effect 
on the intercept. The least squares (LS) mean, standard error (SE), and 2-sided 90% CI of ΔΔQTcI interval were calculated for 
comparison of “cipepofol versus placebo” and “moxifloxacin versus placebo” at each post-dose timepoint on Day-1. The ECG 
categorical outliers and morphological analysis were summarized using frequency tables, with counts and percentages.

Descriptive statistics for plasma concentrations were presented based on PKCS. Based on PKPS, PK parameters of 
cipepofol were summarized, including number of observations (N), mean ± standard deviation (SD), coefficient of 
variation (CV%), median (range), geometric mean (GM), geometric standard deviation (GSD) and geometric coefficient 
of variation (GCV%). All TEAE, changes in clinical laboratory parameters, physical examinations, and vital signs were 
summarized using descriptive statistics. All statistical analyses were performed using the SAS statistical software version 
9.4 (SAS Institute, Inc., Cary, NC).

Results
Subject Disposition and Demographics
The subject disposition flow diagram is presented in Figure 2. Among the qualified 60 subjects, 12 backup subjects were 
enrolled but not randomized, as no replacements were required during the study period. All 48 randomized subjects 

Figure 2 Subject flow diagram. (A) Placebo; (B) moxifloxacin; (C) cipepofol.
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completed the study, forming the ITT analysis set. Among the randomized subjects, there were 40 males (83.3%) and 8 
females (16.7%). The median (range) values for age, height, weight, and BMI were 31.5 (23–42) years, 168.90 
(150.9–180.2) cm, 63.55 (45.7–75.1) kg, and 22.40 (20.2–25.7) kg/m2, respectively. All 48 subjects were included in 
the ECGS and the SS. One subject was withdrawn from the PKCS and the PKPS due to an infusion pump failure in 
period 2, which impaired the administration of cipepofol. Consequently, 47 subjects were evaluable in the PKCS and the 
PKPS. Forty-eight subjects were randomized into 6 sequences, and the demographic characteristics were comparable 
across all the sequences. Detailed demographics and baseline characteristics are shown in Table 1.

Outcomes and Estimation
Effect on HR
Upon administration of a 0.4 mg/kg IV bolus of cipepofol, a pronounced elevation in HR was noted during the initial 
5–10 mins (Figure 3A). Specifically, the LS mean change from baseline HR (ΔHR) surged to 14.5 bpm within 1 min 
post-bolus, subsequently diminishing to below 10 bpm by 3 mins. Correspondingly, the LS mean placebo-corrected 
change in HR (ΔΔHR) peaked at 10.8 bpm 1 min post-dose and attenuated to 5.1 bpm by 10 mins post-dose (Figure 3B).

Effect on QTc Interval and Other ECG Parameters
Based on the ITT, no clinically significant effect on the QTcI interval was observed following IV bolus administration of 
cipepofol. The LS mean change-from-baseline QTcI (ΔQTcI) interval for cipepofol generally followed the pattern 
observed during the placebo treatment period across post-dose timepoints (Figure 3C). The LS mean placebo- 
corrected ΔQTcI (ΔΔQTcI) interval following cipepofol bolus ranged from −1.7 milliseconds (at 12 h post-dose) to 
4.1 milliseconds (at 1 and 8 mins post-dose) (Figure 3D). Notably, the upper bound of the two-sided 90% CI for ΔΔQTcI 
interval was <10 milliseconds at all post-dose timepoints. Similar results were observed using the QTcF method 
(Supplementary Figure S1). Due to the expected effect of cipepofol on HR, a sensitivity analysis for the correction of 
QT/RR hysteresis was also performed. Using the weighted RR average methods, the upper bound of the two-sided 90% 
CI for ΔΔQTcI remained < 10 ms at all timepoints. Additionally, cipepofol had no clinically significant effects on PR and 
QRS intervals.

Categorical Outlier and Morphology Analyses
One subject in the 0.4 mg/kg treatment period and one subject in the placebo treatment period met the criteria for 
tachycardia outliers (Table 2). No subjects in the cipepofol treatment period developed a new QTcI interval >480 or an 
increase in QTcI interval from baseline >60 milliseconds. One subject in the cipepofol treatment period and 2 subjects in 
the moxifloxacin treatment period exhibited a new ΔQTcI interval > 30 and ≤ 60 milliseconds.

Table 1 Demographics and Baseline Characteristics of Study Subjects (Intention-to-Treat Population)

Variables C-B-A N=8 A-B-C N=8 B-C-A N=8 C-A-B N=8 A-C-B N=8 B-A-C N=8 Total N=48

Age, Years 34.3 (4.77) 31.1 (4.94) 30.9 (3.56) 31.0 (5.76) 31.6 (5.26) 34.9 (5.00) 32.3 (4.94)
Gender, n (%)

Male 6 (75.0) 6 (75.0) 7 (87.5) 7 (87.5) 8 (100) 6 (75.0) 40 (83.3)

Female 2 (25.0) 2 (25.0) 1 (12.5) 1 (12.5) 0 2 (25.0) 8 (16.7)
Ethnicity, n (%)

Chinese-Han 8 (100) 7 (87.5) 8 (100) 8 (100) 8 (100) 7 (87.5) 46 (95.8)

Others 0 1 (12.5) 0 0 0 1 (12.5) 2 (4.2)
Height, cm 164.63 (7.107) 167.86 (8.973) 167.26 (5.190) 169.35 (5.721) 168.73 (5.708) 166.91 (9.702) 167.46 (7.043)

Weight, kg 61.78 (6.828) 64.46 (7.790) 64.16 (5.253) 61.06 (3.016) 67.09 (4.824) 63.54 (9.010) 63.68 (6.396)

BMI, kg/m2 22.74 (0.964) 22.81 (2.017) 22.88 (1.429) 21.41 (0.777) 23.58 (1.296) 22.70 (1.977) 22.69 (1.546)
Work Status, n (%)

Manual Labor 0 0 0 1 (12.5) 0 0 1 (2.1)

Non-manual Labor 8 (100) 8 (100) 8 (100) 7 (87.5) 8 (100) 8 (100) 47 (97.9)

Note: A, Placebo; B, moxifloxacin; C, cipepofol. 
Abbreviation: BMI, body mass index.
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Assay Sensitivity
In the moxifloxacin treatment sequence, the LS mean ΔΔQTcI interval reached a peak of 12.4 milliseconds (90% upper 
CI (UCI): 14.1 milliseconds) at 3 h post-dose (Table 3). The lower bound of the 90% CI exceeded 5 milliseconds at the 2, 
3, and 4 h timepoints, thereby confirming assay sensitivity.

Pharmacokinetics Analysis
Based on PKCS and PKPS, the mean plasma concentration-time profile of cipepofol is depicted in Figure 4. PK 
parameters of cipepofol following a single IV bolus administration in healthy subjects are summarized in Table 4. The 
median (min, max) value of Tmax for plasma cipepofol was 1.01 (0.55, 2.05) min. The GM value of Cmax, AUC0-t, and 
AUC0-∞ for cipepofol were 2220 ng/mL, 231 h*ng/mL, and 251 h*ng/mL, respectively. The Mean ± SD value of t1/2z 

was 1.81±0.431 h.

Safety Analysis
Based on the SS, six (6, 12.5%) subjects experienced nine AEs, of which, five (10.4%) subjects experienced grade 1 
TEAEs and one (2.1%) subject experienced grade 2 TEAEs (Table 5). Among subjects who experienced TEAEs, three 
(6.3%) subjects experienced a total of five grade 1 TEAEs related to the investigational product. No serious adverse 
events (SAEs), TEAEs of grade ≥ 3, or deaths were reported. Additionally, there were no TEAEs leading to dose 
reduction or interruption, study drug withdrawal, or study discontinuation. None of the AEs were associated with cardiac 
toxicity. Among the 48 subjects who received placebo, none experienced TEAEs. In contrast, three subjects who received 
cipepofol experienced four TEAEs, and three subjects who received moxifloxacin experienced 5 TEAEs.

Figure 3 (A) Change-from-baseline HR (ΔHR) across timepoints with statistical modeling. (B) Placebo-corrected change-from-baseline HR (ΔΔHR) across timepoints with 
statistical modeling. (C) Change-from-baseline QTcI (ΔQTcI) across timepoints with statistical modeling. (D) Placebo-corrected change-from-baseline QTcI (ΔΔQTcI) 
across timepoints with statistical modeling.
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Discussion
The present TQT study in healthy subjects demonstrates that cipepofol does not prolong the QTcI interval at the proposed 
therapeutic dose (0.4 mg/kg). Following cipepofol administration, a transient increase in HR was observed, which 

Table 2 Categorical Outlier and ECG Morphologic Analyses

Variables Cipepofol Moxifloxacin Placebo

Total, N 47 48 48
HR tachycardic outliers (HR increase from baseline >25% resulting in HR > 100 bpm, N (%) 1 (2.1%) 0 1 (2.1%)

Heart rate bradycardic outliers (HR decrease frombaseline >25% resulting in HR < 50 bpm), N (%) 0 0 0

PR outliers (PR increase from baseline >25% resulting in PR > 200 ms), N (%) 0 0 0
QRS outliers (QRS increase from baseline >25% resulting in QRS > 100 ms), N (%) 0 0 0

QTcI > 450 and ≤ 480 ms 0 1 (2.1%) 0

QTcI > 480 and ≤ 500 ms 0 0 0
QTcI > 500 ms 0 0 0

ΔQTcI > 30 and ≤ 60 ms 1 (2.1%) 2 (4.2%) 0
ΔQTcI > 60 ms 0 0 0

QTcF > 450 and ≤ 480 ms 0 1 (2.1%) 0

QTcF > 480 and ≤ 500 ms 0 0 0
QTcF > 500 ms 0 0 0

ΔQTcF > 30 and ≤ 60 ms 2 (4.3%) 1 (2.1%) 0

ΔQTcF > 60 ms 0 0 0
2:1 AV Block 0 0 0

Atrial fibrillation 0 0 0

Atrial flutter 0 0 0
Complete left bundle branch block 0 0 0

Complete right bundle branch block 0 0 0

Mobitz I second degree AV block 0 0 0
Mobitz II second degree AV block 0 0 0

Myocardial infarction 0 0 0

Nonsustained VT 0 0 0
ST depression 0 0 0

ST elevation 0 1 (2.1%) 0

T-wave inverted 0 0 0
Third degree heart block 0 0 0

U-wave present 0 0 0

Note: PR was defined as time from the beginning of the P wave to the beginning of the next QRS. QRS: deflections in the tracing of the electrocardiogram comprising the 
Q, R, and S waves that represent depolarization of the ventricles complex. 
Abbreviations: HR, heart rate; QTcI, individual QT correction; QTcF, Fridericia’s correction of QT; AV, atrioventricular; VT, ventricular tachycardia.

Table 3 Assay Sensitivity Results Using by-Timepoint Analysis

Timepoint Moxifloxacin 0.4g

LS Mean 1-Sided 95% CI  
Lower Bound

Adjusted Alpha P value

1 h post-dose 4.7 3.09 0.05 0.6302

2 h post-dose 8.7 7.09 0.025 0.0001
3 h post-dose 12.4 10.66 0.0125 <0.0001

4 h post-dose 11.8 10.07 0.0167 <0.0001

Note: Based on a linear mixed-effects model: ΔQTcI = Baseline QTcI + Treatment + Time + Time × 
Treatment + Period + Sequence. An unstructured covariance structure was used to specify the 
repeated measures (at post-dose timepoints for participant within treatment period). The treatments 
and the timepoints having less than 3 observations were not included in the analysis. P value is 1-sided 
test for H0: ΔΔQTcI ≤ 5 milliseconds versus H1: ΔΔQTcI > 5 milliseconds. 
Abbreviations: LS, least squares. CI, confidence interval.

https://doi.org/10.2147/DDDT.S565051                                                                                                                                                                                                                                                                                                                                                                                                                                       Drug Design, Development and Therapy 2026:20 8

Kleiman et al                                                                                                                                                                        

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)



stabilized approximately 10 mins post-dose. This phenomenon, as previously reported, was commonly observed follow
ing administration of other IV anesthetics, such as propofol and remimazolam.8,17,18 To avoid the confounding influence 
of HR on QTc prolongation, subject-specific HR corrections (QTcI) were applied. The primary statistical endpoint was 
selected as the by-timepoint analysis rather than concentration-QTc (C-QTc) analysis due to the very rapid PK of 
cipepofol following bolus administration. Specifically, cipepofol achieved Cmax very rapidly post-IV bolus and had 
a short half-life (the mean terminal elimination half-life of cipepofol in this study was 1.81 h). A sensitivity analysis was 
also performed to address the potential impact of QT/RR hysteresis associated with the rapid change in HR.

The LS mean placebo-corrected change-from-baseline in QTcI (ΔΔQTcI) interval following cipepofol administration 
exhibited a maximum mean increase of 4.1 milliseconds at 12 h post-dose (when cipepofol exposure was minimal), and 
the upper bound of the two-sided 90% CI for the ΔΔQTcI interval was <10 milliseconds at all post-dose timepoints. In 
the QT/RR hysteresis sensitivity analysis, the 90% upper CI for ΔΔQTcI using weighted RR averaging methods also 

Figure 4 Mean plasma concentration-time plot of cipepofol. (A) Linear scale. (B) Logarithmic scale.

Table 4 Pharmacokinetic Parameters of Cipepofol

PK Parameters N Mean (SD) Median (Range) CV% GM GSD GCV%

Tmax (min) 47 1.33 (0.48) 1.01 (0.55–2.05) 36.4 1.23 1.41 35.4
Cmax (ng/mL) 47 2790 (1890) 2150 (521–7960) 67.8 2220 2.02 79.9

AUC0-t (h*ng/mL) 47 237 (55.3) 233 (128–399) 23.3 231 1.26 23.6

AUC0-∞ (h*ng/mL) 47 256 (54.9) 250 (141–423) 21.4 251 1.24 21.5
AUC%Extrap (%) 47 7.82 (2.85) 7.24 (3.63–17.2) 36.4 7.36 1.42 36.3

Rsq_a 47 0.966 (0.031) 0.973 (0.895–1) 3.2 0.965 1.03 3.3
λz (1/h) 47 0.401 (0.0877) 0.381 (0.205–0.66) 21.9 0.392 1.25 22.6

t1/2z (h) 47 1.81 (0.431) 1.82 (1.05–3.39) 23.7 1.77 1.25 22.6

MRT0-∞ (h) 47 1.48 (0.378) 1.42 (0.914–2.62) 25.6 1.44 1.28 24.8
Vss (L) 47 152 (49.5) 145 (75.4–288) 32.5 145 1.39 33.9

Vz (L) 47 266 (71) 264 (157–511) 26.7 257 1.29 26.3

CL (L/h) 47 102 (18.4) 101 (70.6–149) 18 101 1.2 18.3
Vz (L/kg) 47 4.19 (1.1) 4.04 (2.57–7.7) 26.3 4.06 1.29 25.9

CL (L/h/kg) 47 1.63 (0.357) 1.59 (0.94–2.83) 21.9 1.59 1.24 21.6

Abbreviations: PK, pharmacokinetic; SD, standard deviation; CV %, coefficient of variation; GM, geometric mean; 
GSD, geometric standard deviation; GCV %, geometric coefficient of variation; Cmax, maximum plasma concentration; 
Tmax, time to reach maximum plasma concentration; AUC0-t, area under the concentration-time curve from time zero 
to the last measurable concentration; AUC0-∞, area under the concentration-time curve extrapolated to infinity; Rsq_a, 
coefficient of determination for the terminal phase (adjusted R-squared); t1/2z, terminal elimination half-life; λz, elimina
tion rate constant, AUC_%Extrap, extrapolated area under the plasma concentration-time curve; MRT0-∞, mean residence 
time extrapolated to infinity; Vss, volume of distribution at steady state; Vz, volume of distribution during the terminal 
phase; CL, total body clearance.
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remained <10 ms at all time points. The categorical and morphology analyses demonstrated that no subjects in the 
cipepofol treatment period developed a new QTcI > 480 or an increase in QTcI from baseline > 60 milliseconds. 
Additionally, cipepofol exerted no clinically significant effects on PR or QRS intervals, and no new clinically significant 
ECG morphologic findings were observed following cipepofol bolus administration. Assay sensitivity was successfully 
confirmed by the expected QTc interval prolongation following a 0.4 g dose of moxifloxacin. Based on these conditions, 
we conclude that a 0.4 mg/kg dose of cipepofol does not induce clinically significant QTc prolongation or other adverse 
clinical ECG effects.

The prolongation or abnormality of the QT interval observed in this study may be attributed to a spectrum of 
congenital and acquired factors that disrupt myocardial repolarization. Key considerations include genetic channelopa
thies, such as genetic mutation of the Ikr, Iks and INA, which underlie familial long QT syndromes.19–21 Acquired causes 
are frequently encountered and encompass several common categories: the use of QT-prolonging medications (eg, 
specific antibiotics, antiarrhythmics, and antipsychotics); electrolyte imbalances, particularly hypokalemia, hypocalce
mia, and hypomagnesemia; and underlying systemic conditions including cardiac, neurological, or endocrine disorders.20 

Furthermore, contextual factors such as eating disorders (eg, anorexia nervosa) and hypothermia may also contribute.22 

Differentiating among these etiologies is crucial for guiding appropriate clinical management.
This is the first prospective study to investigate the potential effects of cipepofol on cardiac repolarization in healthy 

subjects. Although QT-interval prolongation is acknowledged to be an imperfect biomarker for proarrhythmic risk, 
clinical assessments of drug-induced QT-interval prolongation remain a crucial component of overall proarrhythmic 
evaluation.10 As per the ICH E14 guideline, a TQT study is required to evaluate QTc interval changes at both therapeutic 
and supratherapeutic dose levels of a new drug. However, in this study, a supratherapeutic dose was not utilized due to 
safety concerns. Previous studies have demonstrated that many subjects required positive pressure ventilation when 
administered cipepofol doses of 0.6 mg/kg and above.23 Therefore, supratherapeutic exposure to cipepofol could not be 

Table 5 Safety Assessments of Study Subjects

Variables Placebo 
(N=48)

Moxifloxacin 
(N=48)

Cipepofol 
(N=48)

Total  
(N=48)

n (%) Event n (%) Event n (%) Event n (%) Event

Any AE 0 0 3 (6.3) 5 3 (6.3) 4 6 (12.5) 9
Any TEAE 0 0 3 (6.3) 5 3 (6.3) 4 6 (12.5) 9

Investigations 0 0 2 (4.2) 3 3 (6.3) 4 5 (10.4) 7

Neutrophil count decreased 0 0 1 (2.1) 1 2 (4.2) 2 3 (6.3) 3
Alanine aminotransferase increased 0 0 0 0 1 (2.1) 1 1 (2.1) 1

Blood creatine phosphokinase increased 0 0 1 (2.1) 1 0 0 1 (2.1) 1

Blood thyroid stimulating hormone decreased 0 0 1 (2.1) 1 0 0 1 (2.1) 1
White blood cell counts decreased 0 0 0 0 1 (2.1) 1 1 (2.1) 1

Gastrointestinal disorders 0 0 1 (2.1) 1 0 0 1 (2.1) 1

Nausea 0 0 1 (2.1) 1 0 0 1 (2.1) 1
Nervous system disorders 0 0 1 (2.1) 1 0 0 1 (2.1) 1

Headache 0 0 1 (2.1) 1 0 0 1 (2.1) 1

Any TEAEs related to study product 0 0 1 (2.1) 2 2 (4.2) 3 3 (6.3) 5
Investigations 0 0 0 0 2 (4.2) 3 2 (4.2) 3

Neutrophil count decreased 0 0 0 0 1 (2.1) 1 1 (2.1) 1

Alanine aminotransferase increased 0 0 0 0 1 (2.1) 1 1 (2.1) 1
White blood cell counts decreased 0 0 0 0 1 (2.1) 1 1 (2.1) 1

Gastrointestinal disorders 0 0 1 (2.1) 1 0 0 1 (2.1) 1

Nausea 0 0 1 (2.1) 1 0 0 1 (2.1) 1
Nervous system disorders 0 0 1 (2.1) 1 0 0 1 (2.1) 1

Headache 0 0 1 (2.1) 1 0 0 1 (2.1) 1

Abbreviations: AE, adverse event; TEAE, treatment-emergent adverse event.
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safely evaluated without additional ventilatory support or even intubation. Moreover, extra manual ventilatory support 
may also induce acute unintended changes in HR, blood pressure, and autonomic tone which could confound the 
interpretation of QTc interval data.

The PK profile of cipepofol indicated rapid absorption and distribution, as evidenced by a low median Tmax of 
1.01 min and Cmax of 2150 ng/mL. The median Tmax of cipepofol was consistent with the previously reported value.24 

Cipepofol demonstrated a relatively short t1/2z of 1.82 h, suggesting efficient elimination from the body. The low CV% 
values across the PK parameters, such as Cmax (67.8%) and AUC0-∞ (21.4%), indicated good intersubject consistency in 
these parameters. These characteristics are crucial for evaluating the safety and efficacy of cipepofol and can guide 
optimal dosing regimens in future clinical trials. The findings align with the general understanding of PK, in which rapid 
absorption and distribution, along with efficient clearance, are desirable traits for drugs, particularly in the context of 
anesthesia, where quick onset and offset of action are beneficial.25

In this study, the incidence of TEAEs (12.5%) was significantly lower than that reported in a Phase 1 study 
(NCT03745625) of cipepofol (75%) and a Phase 2 study (NCT04147416) of cipepofol (65.4%).5,8 These differences 
can primarily be attributed to variations in study designs, dosing sequences, cross-administrations, and study periods 
across these studies. Three subjects exhibited a total of five Grade 1 TEAEs, including elevated alanine aminotransferase, 
decreased neutrophil and white blood cell counts, nausea, and headache, which were initially attributed to the investiga
tional product. These mild TEAEs were transient and resolved spontaneously within a few days without any medical 
intervention. Owing to the cross-administered study design, more detailed and thorough consideration was needed to 
determine whether these TEAEs were truly related to cipepofol. Furthermore, nausea and headache might be associated 
with moxifloxacin administration for the following reasons. First, nausea and headache are common AEs of 
moxifloxacin.26–28 Second, the two subjects who experienced nausea and headache only exhibited these symptoms 
following moxifloxacin administration. They did not experience these AEs following administration of either placebo or 
cipepofol during other study periods. Overall, a single IV bolus dose of 0.4 mg/kg cipepofol was found to be safe and 
well-tolerated in healthy subjects.

Several limitations of this study should be acknowledged. Firstly, the relatively small sample size might limit the 
generalizability of the findings and the statistical power to detect significant effects. Secondly, the gender distribution was 
imbalanced, with a higher proportion of male compared to female. However, this imbalance is unlikely to significantly 
impact the conclusions of the TQT study, as the primary endpoints and analyses are not inherently gender-specific.29 

Thirdly, the study sample lacked ethnic diversity, primarily comprising the Chinese-Han population. While this limits the 
external validity of the results across different ethnic populations, the core objectives of the TQT study are not directly 
influenced by ethnic differences in the context of the specific endpoints examined.30 Fourthly, the study did not 
specifically exclude participants with cardiovascular diseases or account for the potential impact of such conditions (or 
their treatment) on outcomes. Future research should address these limitations by incorporating a larger and more diverse 
sample, balanced gender representation, and accounting for the potential influence of cardiovascular diseases.

Conclusion
In this study, cipepofol exhibited no clinically significant effects on QTc prolongation or other ECG parameters at the 
proposed therapeutic dose of 0.4 mg/kg IV bolus and was safe and well-tolerated in healthy subjects. Collectively, these 
findings support the further clinical development of cipepofol.
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