'." frontiers

in Pharmacology

ORIGINAL RESEARCH
published: 13 September 2021
doi: 10.3389/fphar.2021.687894

OPEN ACCESS

Edited by:

Ke-Vin Chang,

National Taiwan University Hospital,
Taiwan

Reviewed by:
Ramachandran Gopinath,
ESIC Medical College, India
Kalpita Shringarpure,

Baroda Medical College, India

*Correspondence:

Jin Liu
scujinliu@foxmail.com
Bo-Wen Ke
bowenke80@hotmail.com

Specialty section:

This article was submitted to
Translational Pharmacology,
a section of the journal
Frontiers in Pharmacology

Received: 31 March 2021
Accepted: 25 August 2021
Published: 13 September 2021

Citation:

Wu C-M, Zhang W-S, Liu J,
Zhang W-Y and Ke B-W (2021)
Efficacy and Safety of Fospropofol
Disodium for Injection in General
Anesthesia Induction for Adult
Patients: A Phase 3 Trial.

Front. Pharmacol. 12:687894.
doi: 10.3389/fohar.2021.687894

®

Check for
updates

Efficacy and Safety of Fospropofol
Disodium for Injection in General
Anesthesia Induction for Adult
Patients: A Phase 3 Trial

Chao-Meng Wu', Wen-Sheng Zhang?, Jin Liu™?*, Wei-Yi Zhang' and Bo-Wen Ke?*

"Department of Anesthesiology, West China Hospital of Sichuan University and The Research Units of West China, Chinese
Academy of Mediical Science, Chengdu, China, 2L aboratory of Anesthesia and Critical Care Medicine, Translational Neuroscience
Center, West China Hospital of Sichuan University, Chengdu, China

Background: Fospropofol disodium for injection (Fospropofolrp) is a prodrug that is metabolized
into propofol to produce a general anesthesia effect when administered intravenously.

Objective: This study aimed to assess the efficacy and safety of Fospropofolep in
comparison with propofol medium/long-chain fat emulsion injections (propofol-MCT/
LCT) for general anesthesia induction in adult patients undergoing elective surgeries.

Setting: Nine academic medical centers in China.

Method: This multicenter, randomized, double-blind, double-simulated, controlled, and
non-inferiority trial evaluated 540 eligible adult patients randomly assigned (2:1) to the
intervention (20 mg/kg Fospropofolgp) or control (2 mg/kg propofol-MCT/LCT) groups.

Main Outcome Measure: The primary efficacy endpoint was the success rate, defined
as a Modified Observer’s Assessment of Alertness/Sedation Scale score of 1 within 5 min
after study drug administration. The safety endpoints consisted of adverse events (AEs)
related to consciousness, cognitive function, hemodynamic status, liver and kidney
function, and blood tests.

Results: A total of 347 (96.3%) and 175 (97.2%) patients in the intervention and control groups,
respectively, completed the study. The success rate for the primary outcome was 97.7% for
both study drugs. The most frequent AEs in the intervention group were abnormal feeling
(62.0%), blood pressure reduction (13.5%), and injection site pain (13.3%). No AEs related to
consciousness and mental and cognitive functions or serious adverse events were reported.

Conclusion: Fospropofolrp (20 mg/kg) is not inferior to propofol-MCT/LCT (2 mg/kg) in
general anesthesia induction for American Society of Anesthesiologists (ASA) physical
status |-l adult patients undergoing elective surgeries. It is safe and effective for clinical use
under anesthesiologist monitoring.

Impact on Practice Statement: Fospropofol-p can produce a general anesthesia effect
and reduce the incidence of pain at the site of injection.
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INTRODUCTION

Propofol is an intravenous general anesthetic or sedative agent
widely used in clinical procedures. Because it is highly lipophilic,
its main formulation is an oil-in-water emulsion (Pardo and
Miller, 2018). The advantages of propofol include its fast onset,
short half-life, high clearance rate, and convenient target-
controlled infusion. However, propofol is also known to cause
adverse reactions such as injection site pain, thrombophlebitis,
lipid metabolism disorders, bacterial infections, and allergy risks,
which are considered to be associated with the oil-in-water
emulsion formulation (Dinis-Oliveira, 2018). In some studies,
less injection site pain in adults and teenagers was reported with
medium/long-chain (MCT/LCT) preparations in comparison
with long-chain (LCT) preparations (Larsen et al., 2001; Rau
et al, 2001), but in other studies, the incidence and intensity of
injection pain caused by MCT/LCT propofol were similar to
those caused by LCT propofol (Knibbe et al., 2000; Krobbuaban
et al, 2008; Varghese et al, 2010). Although some studies
demonstrated that decreasing the free propofol concentration
could reduce injection pain (Soltész et al., 2007; Yamakage et al.,
2005), the occurrence of lipid metabolism disorders could not be
completely avoided (Soltész et al., 2007).

Fospropofol disodium for injection (hereafter referred to as
Fospropofolgp) is a prodrug of propofol with good water
solubility that is manufactured by Yichang Human well
Pharmaceutical Co., Ltd., Hubei, P. R. China. Fospropofolgp, is
a sterile, non-pyrogenic, white or light yellow, lyophilized
powder, and its chemical composition is 2, 6-
diisopropylphenol methylal phosphate disodium salt hydrate.
Each vial contains 500 mg of fospropofol disodium, which
should be reconstituted with normal saline to a clear and
colorless solution before intravenous administration. It does
not require lipid emulsion as a drug carrier. This intravenous
general anesthetic is metabolized into the active metabolite
propofol, which is responsible for the pharmacological effect
(Mahajan et al., 2012).

Phase 1 and phase 2 trials have demonstrated that intravenous
Fospropofolgp can induce an anesthetic effect with no serious
adverse reactions (Yao et al., 2012; Yi et al., 2012; Liu et al., 2016).
Based on phase 2 clinical trial data, we aimed to further assess the
efficacy and safety of Fospropofolpp 20 mg/kg in comparison
with propofol medium/long-chain fat emulsion injection
(hereafter referred to as propofol-MCT/LCT) 2 mg/kg for
general anesthesia induction in adult patients undergoing
elective surgeries in a phase 3 clinical trial.

MATERIALS AND METHODS

This multicenter, randomized, double-blinded, double-
simulated, controlled, and non-inferiority trial was conducted
at nine academic medical centers in China. This trial was
designed to compare the efficacy and safety of intravenous
injection of Fospropofolpp with propofol-MCT/LCT for
general anesthesia induction in adult patients. The study
protocol was approved by the Medical Ethics Committee of
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the West China Hospital of Sichuan University and each
participating center (Affiliated Hospital of Zunyi Medical
University, Beijing Obstetrics and Gynecology Hospital of
Capital Medical University, General Hospital of Tianjin
Medical University, Guizhou Provincial People’s Hospital,
Shanghai Changhai Hospital, The Second Affiliated Hospital
of Wenzhou Medical University, The Second Xiangya Hospital
of Central South University, and Wuhan Puai Hospital). This
study was prospectively registered at the Chinese Clinical Trials
Registry  (http://www.chictr.org.cn/, registration number:
ChiCTR1800016410). All participants provided written
informed consent before participating in this study.

Participants

Patients aged 18-65years with body mass index (BMI) of
18-30 kg/m” and American Society of Anesthesiologists (ASA)
physical status I or II scheduled for elective surgical procedures
under general anesthesia were enrolled in this study. The gender
ratio of the participants was 1:1. The inclusion criteria were as
follows: non-cardiothoracic, non-neurosurgery, or
hepatobiliary elective surgery, estimated blood loss < 1,000 ml,
duration of general anesthesia > 30 min, requirement of
endotracheal intubation, and preoperative electrocardiography
(ECG), routine laboratory tests, and imaging within the normal
ranges or abnormal results without clinical significance. The
exclusion criteria were as follows: allergy to eggs, soy, and
relevant products; allergic disease or allergy to the
investigational drugs or drugs with a similar structure,
contraindications to the investigational drugs; family history of
malignant hyperthermia; pregnancy or breastfeeding, or a
pregnancy planned within 1 month of the operation; systolic
blood pressure (SBP) < 90 mmHg or >140 mmHg; heart rate
(HR) < 50 bpm or >120 bpm,; significantly prolonged QTcF
interval with correction by the Fridericia formula (=470 ms in
men and >480 ms in women) and/or previous exposure to some
QT prolongation drugs within 2 weeks before the screening
period; known or predicted difficult airways; failure in the
cognitive function exam using Mini-Mental State Examination
(MMSE); coagulation disorders; history of alcohol or drug abuse;
participation in other clinical medication studies (including the
investigational drugs) within 3 months of the operation; sponsors
or investigators or their family members who were directly
involved in this study; or the investigators’ decision with no
reason selected. Patients who met any of the above exclusion
criteria were excluded. At each participating medical center, an
independent preoperative investigator who was not involved in
the subsequent study screened patients to identify eligible
participants. The screening process was carried out from April
2017 to January 2018.

non-

Study Design

Based on the results of a phase 1 clinical trial (Yao et al., 2012; Yi
et al., 2012), a Fospropofolzp dose of 20 mg/kg was selected for
comparison with 2 mg/kg propofol in a phase 2 clinical trial of the
efficacy and safety of general anesthesia induction in patients with
ASA grades I-II who underwent elective surgeries. The results
demonstrated that Fospropofolrp 20 mg/kg was non-inferior to
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propofol 2 mg/kg within 5 min after administration when used
for inducing general anesthesia and was safe for clinical use by
anesthesiologists (Liu et al., 2016). According to the CFDA
requirements, a phase 3 trial would operate by expanding the
sample size based on the phase 2 results (China Food and Drug
Administration, 2003; Tian and Shao, 2010). Therefore, 20 mg/kg
was also selected as the study dose of Fospropofolpp to compare
with 2 mg/kg propofol-MCT/LCT in this phase 3 trial.

An independent biomedical statistical company (Shanghai
BioGuider Medical Technology Co., Ltd) performed the
randomization with a 2:1 ratio, block size of 6, stratified by the
study center. The randomization was based on a central
randomization system for clinical trials (DAS for IWRS 5.0,
Beijing BioVoice Technology Co., Ltd.), and concealment of the
allocation was ensured using password protection. According to the
randomization sequence, an independent research nurse at each
participating center who was not involved in the subsequent study
prepared the study medications for both groups. Fospropofolp,
reconstituted with normal saline into an aqueous solution containing
5% (w/v, 50 mg/ml) fospropofol disodium, and normal saline
placebo were prepared in identical syringes. Propofol-MCT/LCT
(20 ml: 200 mg, Fresenius Kabi Company, China), a white, oil-in-
water emulsion containing 1% (w/v) propofol, and 20% long-chain
lipid emulsion placebo were prepared in identical syringes. For the
purpose of double-blinding, the Fospropofolpp group received
Fospropofolgp injection (0.2 ml/kg) and 20% long-chain lipid
emulsion placebo (0.4 ml/kg), and the propofol-MCT/LCT group
received propofol-MCT/LCT (0.4 ml/kg) and normal saline placebo
(0.2 ml/kg). All participants, anesthesiologists, study investigators,
and other healthcare providers were blinded to the group assignment
and study medications.

On the day of elective surgery, the participants did not receive
any preoperative medication prior to general anesthesia
induction. After the participants entered the operation room,
they were continuously monitored with standard 12-lead ECG
and the pulse oxygen saturation (SpO,), respiratory rate (RR),
blood pressure (BP), HR, body temperature (T), and bispectral
index (BIS) were measured using multi-parameter monitors
during the entire operation and post-anesthesia care unit
(PACU) periods. The participants were required to be fully
relaxed, and their vital signs were measured three times after
consecutive oxygen inhalation (oxygen flow, 10 L/min) with a
mask for 5 min. The average values were recorded as the baseline
values of the vital signs. Two 18-gauge venous indwelling needles
were each placed into the left and right median cubital veins of the
participants’ arms, and a crystalloid solution (500 ml) was infused
before induction.

Patients received the study medications for general anesthesia
induction. Fospropofolrp injection or normal saline placebo was
administered via one median cubital vein by an attending
anesthesiologist, and propofol-MCT/LCT or 20% long-chain
lipid emulsion placebo was concurrently given via the other
median cubital vein within 60s by another anesthesiologist.
Continuous and dynamic anesthesia evaluation was performed
after the study drug administration, and the efficacy and safety
indicators were recorded. When the participant’s Modified
Observer's Assessment of Alertness/Sedation Scale (MOAA/S)
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score reached 1 (Cohen, 2008), sequential intravenous injection
of midazolam 0.04 mg/kg, fentanyl 3 pg/kg, and rocuronium
bromide 0.9 mg/kg was initiated to complete the general
anesthesia induction. Endotracheal intubation was performed
at 2min after combined administration. If the participant’s
MOAAY/S score failed to reach 1 within 5 min after the initial
doses of the study drugs, a supplemental dose (half of the initial
dose) was injected in both arms within a 30s interval. If the
MOAAY/S score reached 1 within 20 min after the supplemental
dose injection, the combined administration was continued for
the participant, otherwise general anesthesia induction was
considered to have failed and the patient was withdrawn from
this study, after which the participant received additional
induction to complete the surgery. Auxiliary/mechanically
controlled ventilation was performed if respiratory depression/
suspension was observed during the study.

For both groups, general anesthesia was maintained with a
standard continuous propofol infusion (4-8 mg/kg/h, Propofol
Injection, Diprivan™, 500 mg/50 ml) and intermittent
administration of midazolam (0.5 mg/h), adjusted to BIS
values within the range of 40-60. Intraoperative analgesia was
provided by remifentanil infusion (Remifentanil Hydrochloride
for Injection, 1 mg diluted in 20 ml normal saline), adjusted based
on the changes in HR and BP. The last dose of midazolam was
given at approximately 1h before the end of surgery. Propofol
and remifentanil infusion were stopped at the end of surgery. All
participants were extubated after surgery and observed in the
PACU or the general or regular ward for at least 30 min until their
full recovery. The follow-up interview was completed on the day
after administration.

Endpoints

The primary efficacy endpoint was the success rate with which an
MOAA/S score of 1 was achieved within 5min after drug
administration. The secondary endpoints were the success rate
in achieving an MOAA/S score of 1 within 25min after
administration, the supplementation rate of the study drugs,
the length of time required to achieve an MOAA/S score of 1
after administration, the length of time to the loss of the eyelash
reflex after administration, the BIS value, the length of time to
anesthesia recovery, and the unit-time doses of propofol and
remifentanil during maintenance of anesthesia.

The primary safety endpoints were the findings of central
nervous system (CNS) assessments, including those pertaining to
cognitive function, consciousness, and mental status; vital sign
measurements (BP, HR, RR, and SPO,); ECG data; and the data
for liver and kidney function. The secondary endpoints included
the results of hematological and serum chemical assessments
[electrolytes, glucose, total cholesterol (TC), triacylglycerol (TG),
temperature (T)], and adverse events/reactions (AEs/ARs). CNS
status was assessed at the baseline, 60 min after recovery of
anesthesia, and in the follow-up interview. The vital signs and
ECG were assessed at the baseline, during the surgery, in the
PACU or the general or regular ward, and the follow-up
interview. The laboratory tests were performed at the baseline
and in the follow-up interview, and the AEs/ARs were observed
and evaluated during the study period for each participant.
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All data were stored electronically on a web-based database,
and the principal investigator at each study center was
responsible for ensuring data integrity. A supervisor and two
research investigators from the lead study center (West China
Hospital of Sichuan University) conducted site visits at the
participating centers for data verification and collaboration
during the study period.

Statistical Analysis

The phase 2 clinical trial of Fospropofolgp demonstrated that the
results for the primary efficacy endpoint, i.e., the success rate in
achieving an MOAA/S score of 1 within 5min after drug
administration, were 97.5% in the Fospropofolgp group and
100% in the propofol group (Liu et al, 2016). Based on the
literature review and clinical practice, clinical experts and
statisticians decided that the non-inferiority value for this trial
was —5% using a one-sided test, a = 0.025, and = 0.1 (efficiency =
90%). All participants were randomly assigned (2:1 ratio) to the
investigation group (20 mg/kg Fospropofolgp) or control group
(2 mg/kg propofol-MCT/LCT) such that the sample size of the
investigation group was 248 and that of the control group was
124. Considering the CFDA requirements (China Food and Drug
Administration, 2003; Tian and Shao, 2010) and possible drop-
outs (20%) during the trial, 360 participants in the investigation
group and 180 participants in the control group were enrolled,
with a gender ratio of 1:1.

All participants were randomly assigned to the investigation or
control groups using a computer-generated randomization list
(SAS 9.3 software, SAS Institute Inc., United States). Each center
competitively enrolled the patients. The DAS clinical trial system
(DAS for IWRS 5.0) for central randomization was used to apply
random numbers and for dispensation of the study drugs.

In this trial, the statistical analysis dataset included a full
analysis set (FAS), per-protocol set (PPS), and safety set (SS). The
FAS was a case set of all randomized participants who had
received at least one study drug and underwent at least one
efficacy evaluation after administration. The PPS was a dataset
consisting of all participants who had completed the study with
the protocol. The SS was a safety dataset consisting of all
participants who had received at least one treatment and had
the actual data for safety endpoints recorded after treatment.

The primary efficacy endpoint was compared between groups
using the chi-squared test, and the differences in rate and 95%
confidence interval (CI) were assessed using the Wald and
Newcombe methods. FAS and PPS analyses were both
performed. Considering the preset non-inferiority value of
—-5%, the non-inferiority of 20mg/kg Fospropofolyp to
2mg/kg propofol-MCT/LCT was concluded if the non-
inferiority test yielded a p-value above 0.05 and the difference
in the success rates for the primary efficacy endpoint was more
than —5%. The secondary efficacy endpoints were analyzed in the
FAS. The endpoints related to the success rate in achieving an
MOAA/S score of 1 within 25 min after administration and the
supplementation rate of the study drugs were compared between
groups by using the chi-squared test. The continuous data were
presented as mean + standard deviation (SD) or median
(interquartile ranges, IQR) and analyzed using the t-test or
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rank sum test, depending on the normality of the data
distribution. The rank sum test was used to compare
intergroup differences in the length of time required to obtain
an MOAA/S score of 1 after drug administration, the length of
time to the loss of the eyelash reflex after drug administration, the
length of time to anesthesia recovery, and the unit-time dose of
propofol and remifentanil during maintenance of anesthesia. The
BIS values were compared with the ¢-test.

The safety endpoint analysis was performed using the data
from the SS. The types, cases, frequencies, and incidences of AEs
were calculated. Chi-squared test was used for comparison of the
differences between groups.

In this trial, statistical analyses were performed by statisticians
at Shanghai BioGuider Medicinal Technology Co. Ltd., China
using SAS 9.4 software (SAS Institute Inc., United States). All
statistical tests except those with the primary efficacy endpoint
were two-tailed, and p values less than or equal to 0.05 were
considered statistically significant.

RESULTS

Study Population

Between april 18, 2017 and January 30, 2018, 597 patients were
assessed for eligibility in nine academic centers. After excluding
57 patients who did not meet the eligibility criteria, a total of 540
participants were randomly assigned to the Fospropofolgp (1 =
360) or propofol-MCT/LCT (n = 180) groups. Of those, 522
participants (258 male) completed the study. One male patient in
the control group withdrew from the study, because he failed to
achieve an MOAA/S score of 1 within 25 min after study drug
administration and concealed his history of drug abuse. The other
17 participants had withdrawn without any administration due to
various reasons. Finally, the data for 523 participants were
analyzed in the FAS and SS, and those for 522 participants
were analyzed in the PPS. The study flowchart and the
number of patients included in each study center are shown in
Figure 1. The demographic characteristics and intraoperative
information were comparable between the two groups (Table 1).

Efficacy
The primary efficacy endpoint was the success rate in achieving
an MOAA/S score of 1 within 5 min after administration. In the
FAS or PPS, there was no statistically significant difference in the
primary efficacy endpoint between the two groups (p > 0.05), and
after adjusting for research center-related factors, the difference
in the success rate between the two groups was more than the
preset non-inferior value (—5%). The results indicated that the
success rate in achieving an MOAA/S score of 1 within 5 min
after administering 20 mg/kg Fospropofolrp was non-inferior to
that after administering 2 mg/kg propofol-MCT/LCT (Table 2).
In the FAS, the success rates in achieving an MOAA/S score of
1 within 25 min after administration were 100 and 99.4% (p =
0.337) in the Fospropofolgp and propofol-MCT/LCT groups,
respectively; the supplementation rates for the study drugs
were 0.9 and 2.3% (p = 0.232) in the Fospropofolgp and
propofol-MCT/LCT groups, respectively. The length of time to
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Assessed for eligibility (n = 597)

A 4

Excluded (n = 57)

A 4

Enrolled and randomized (n = 540)

v

v

Fospropofolro (n = 360)

Propofol-MCT/LCT (n = 180)

Withdrawn (n = 13)

+ Declined to participate (n =7)
+ Met exclusion criteria (n =1)
¢ Otherreasons(n = 5)

A 4

Withdrawn (n = 4)

+ Declined to participate (n =1)
4 Did not administer (n = 1)

¢ Otherreasons(n=2)

A 4

FAS and SS of Fospropofolro
(n=347)

FAS and SS of Propofol-MCT/LCT
(n=176)

ni=101
n2=24
n3=4

Withdrawn (n=1)
+ Failed in sedation and met
exclusion criteria(n=1)

—

ni=41
n2=9
n3=3

na=115
ns=52 <
ne=6

PPS of Fospropofolro
(n=347)

na=58
ns=26
ne=2

PPS of Propofol-MCT/LCT
(n=175)

n7=17
ns=4
ns =24

FIGURE 1 | Diagram of participant flow (n4, nz, na, N4, Ns, Ng, N7, Ng, Ng indicates the number of participants in each research center).

n7=22
ng=1
ne=13

achieve an MOAA/S score of 1 after administration was equal to
the length of time to the loss of the eyelash reflex, and this time
was longer in the Fospropofolgp group (median, 2.8 min) than in
the propofol-MCT/LCT group (median, 1.42 min) (Table 3).
These findings suggest that 20 mg/kg Fospropofolgp had a
slower onset than 2 mg/kg propfol-MCT/LCT.

The BIS values of the two groups decreased first and then
increased after administration. Over the first 30 min after
administration, the BIS values were significantly higher in the
Fospropofolgp group than in the propofol-MCT/LCT group at
1-4 min after administration (p < 0.05), similar at 5 min, but
significantly lower at 6-30 min after administration (p < 0.05);
the length of time to the lowest BIS value after administration was
longer and the lowest value of BIS after administration was lower
in the Fospropofolgp group than in the propofol-MCT/LCT
group (p < 0.05) (Table 3). However, the lowest BIS values in
the two groups both obtained after combined
administration and could be affected by midazolam, fentanyl,
and rocuronium bromide. The results indicated that 20 mg/kg
Fospropofolgp probably induced a deeper and longer sedative
effect than 2 mg/kg propofol-MCT/LCT (Figure 2).

The duration of anesthesia in the Fospropofolgp group
(median, 110 min) was longer than that in the propofol-MCT/
LCT group (median, 95 min) (p = 0.003). The length of time to

were

anesthesia recovery in the Fospropofolgp group was 1 min longer
than that in the propofol-MCT/LCT group (p < 0.05) (Table 3),
but BIS values at the time of anesthesia recovery were similar in
both groups (Figure 2). During the maintenance of anesthesia, 21
(6.1%) participants in the Fospropofolrp group and two (1.1%)
participants in the propofol-MCT/LCT group did not use
propofol, while three (0.9%) in the Fospropofolgp group and
three (1.7%) in the propofol-MCT/LCT group did not use
remifentanil. The total doses of remifentanil (median, 750 pg)
and midazolam (median, 0.5 mg) were not significantly different
in the Fospropofolgp and propofol-MCT/LCT groups, and the
total dose of propofol (median, 455 mg) in the Fospropofolgp
group was less than that in the propofol-MCT/LCT group
(median, 510 mg) (p < 0.05). However, the unit-time doses of
propofol and remifentanil in the Fospropofolgp, group were both
less than those in the propofol-MCT/LCT group (p < 0.05)
(Table 3).

Safety

In the SS, the incidences of ARs in the Fospropofolgp group and
the propofol-MCT/LCT group were 89.0 and 60.8% (p < 0.001),
with the ARs mainly related to body sensation and the circulatory
and respiratory systems. These were transient ARs that did not
require any special treatment or could be relieved with routine
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TABLE 1 | Demographic characteristics and intraoperative information (FAS).
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Characteristics Fospropofolgp (n = 347) Propofol-MCT/LCT p - value
(n =176)
Age (mean + S.D., year) 36.9 + 11.52 37.8 + 12.63 0.39
Height (mean + S.D., cm) 163.45 + 7.85 163.45 + 7.68 0.99
Weight (mean + S.D., kg) 60.49 + 9.79 60.00 + 10.05 0.59
BMI (mean + S.D., kg/m?) 22.56 + 2.76 2237 +2.78 0.46
Gender
Male, n (%) 173 (49.9) 86 (48.9) 0.83
Female, n (%) 174 (50.1) 90 (51.1)
Race
Han, n (%) 309 (89.0) 157 (89.2) 0.96
Other, n (%) 38 (11.0) 19 (10.8)
Education level
lliteracy 13 3.7) 4 (2.3 0.94
Primary school 51 (14.7) 31 (17.6)
Middle school 145 (41.8) 70 (39.8)
College and above 138 (39.8) 71 (40.3)
History of past illness
Yes, n (%) 144 (41.5) 68 (38.6) 0.53
No, n (%) 203 (58.5) 108 (61.4)
History of procedures and anesthesia
Yes, n (%) 180 (51.9) 88 (50.0) 0.69
No, n (%) 167 (48.1) 88 (50.0)
ASA status
I, n (%) 116 (33.4) 65 (36.9) 0.43
II, n (%) 231 (66.6) 111 (63.1)
RR (mean + S.D., bpm) 179+ 277 18.3 + 2.563 0.16
SBP (mean + S.D., mmHg) 1155 + 11.05 117.7 + 12.68 0.05
MAP (mean + S.D., mmHg) 83.7 £ 9.49 85.2 + 10.54 0.10
DBP (mean + S.D., mmHg) 72.3 £8.74 731 £ 9.39 0.39
HR (mean + S.D., bpm) 73.0 £ 11.84 72.0 £ 11.95 0.36
SpO, (mean + S.D., %) 99.8 + 0.58 99.8 + 0.59 0.87
T (mean + S.D., “C) 36.48 + 0.54 36.45 + 0.56 0.65
BIS (mean + S.D.) 92.51 + 4.89 92.16 + 5.96 0.51
Surgical procedures
Otolaryngology surgery 101 (29.1) 52 (29.5) 0.71
Gynecological surgery 65 (18.7) 24 (13.6)
Thyroid surgery 58 (16.7) 34 (19.9)
Orthopedics surgery 64 (18.4) 31 (17.6)
Vascular surgery 21 (8.1) 12 (6.8)
General surgery 16 (4.6) 11 (6.3
Urologic surgery 10 (2.9 9 (5.1)
Oral surgery 6 (1.7) 1(0.6)
Anorectal surgery 3 (0.9 1(0.6)
Gastrointestinal surgery 2 (0.6) 0 (0)
Plastic surgery 1(0.3) 1(0.6)
*S.D., standard deviation; SBP, systolic blood pressure; MAP, mean arterial pressure; DBP, diastolic blood pressure.
TABLE 2 | The success rate for MOAA/S scores that reached 1 within 5 min after administration.
Set Group Success Not success p - value Difference (%)? 95% CI
(Wald)?
FAS Fospropofolep, n (%) 339 (97.7) 8 (2.9 >0.99 -0.41 -2.42 ~ 1.68
Propofol-MCT/LCT, n (%) 172 (97.7) 4 (2.3
PPS Fospropofolep, n (%) 339 (97.7) 8 (2.3 0.76 -0.90 -3.34 ~ 1.45
Propofol-MCT/LCT, n (%) 172 (98.3) 3(1.7)
AAfter adjusting the research centers factors.
FAS, full analysis set; PPS, per-protocol set.
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TABLE 3 | Secondary end-points (FAS).

Success rates of MOAA/S score reached 1 within 25 min after administration, n (%)
Supplemental rates of the study drugs, n (%)

Length of time to the loss of the eyelash reflex after administration (median, min)
Length of time to MOAA/S score reached 1 after administration (median, min)
Lowest value of BIS after administration (mean + S.D.)?

Length of time to the lowest BIS value after administration (median, min)®

Length of time to anesthesia recovery (median, min)°

Unit-time dose of propofol during maintenance of anesthesia (mean + S.D., mg/kg/h)
Unit-time dose of remifentanil during maintenance of anesthesia (mean + S.D., pg/kg/min)

Fospropofolep: A Phase 3 Trial

Fospropofolgp (7 = 347)  Propofol-MCT/LCT (n = 176) p - value

347 (100.0) 175 (99.4) 0.34

3 (0.9 4 (2.3 0.23

2.80 (2.38~3.33) 1.42 (1.25~1.60) <0.001
2.80 (2.38~3.33) 1.42 (1.23~1.58) <0.001
19.26 + 6.69 32.28 + 9.06 <0.001

13.0 (10.0~16.0) 4.0 (3.0~5.0) <0.001
12.0 (8.0~ 19.0) 11.0 (7.0~ 15.0) 0.03
3.78 + 1.47 5.38 +1.37 <0.001

0.12 + 0.05 0.13 £ 0.04 <0.001

aThe lowest value of BIS after administration was the lowest value which occurred before maintenance of anesthesia.
bl ength of time to anesthesia recovery = the time of awake during anesthesia recovery — the time of anesthesia drugs stopping injection or surgery end time.

treatments. Most ARs were mild to moderate in severity. No
severe AR occurred in the CNS, circulatory system, and
respiratory system. No serious adverse event (SAE) was
observed. No participant was withdrawn from this trial
because of any AR/AE.

There were 11 categories encompassing the 47 ARs in the
Fospropofolzp group, with the incidences of seven ARs being
greater than 5%. The propofol-MCT/LCT group showed 30 ARs
across 10 categories, with the incidences of five ARs being greater
than 5% (Table 4).

The most common ARs in the Fospropofolyp group were
paresthesias (62.0%) such as pruritus, sensation of heat, electrical
sensation, prickling, and biting, which were experienced in the
perineal region, scalp, gum, lower body, or torso and were mainly
mild (90.7%) in severity. The most common AR in the propofol-
MCT/LCT group was pain at the injection site (30.1%), which was
mild in severity in all cases. These two types of body sensation-
related ARs were self-limited and transient and could be relieved
before the consciousness state reached an MOAA/S score of 1
without any intervention.

No delayed recovery, cognitive dysfunction, or mental
abnormalities were observed, and no intraoperative awareness
occurred during the surgeries. These results indicated that the
CNS-depressive effects of Fospropofolgp and propofol-MCT/
LCT were reversible, and the two agents had no significant
effects on the brain function of the participants.

The pharmacological characteristics of the effect of
Fospropofolgp on the circulatory system were similar to the
characteristics of its sedative effects. After administration, the
BP and HR of both groups showed a minimal transient increase
followed by a gradual decrease, and the intraoperative value was
lower than the baseline until the anesthesia recovery period, when
the value returned to the baseline level. After extubation, the BP
and HR values were slightly higher than the baseline value,
possibly due to many factors such as pain. The change trends
for BP and HR in these two groups were almost the same.

In the intensive observation period within the first 30 min after
administration, the values of SBP, diastolic blood pressure (DBP),
and mean blood pressure (MBP) dropped below the baseline level
at 4 min after administration in the Fospropofolgp group and at
2 min after administration in the propofol-MCT/LCT group. The
decrease in BP in the Fospropofolgp group started later than that

in the propofol-MCT/LCT group (p < 0.05). The values of SBP,
MBP, and DBP in the Fospropofolgp group were lower than those
in the propofol-MCT/LCT group at most observation time
points, and the extent of reduction was greater within 13 min
after the administration but became comparable subsequently
(Supplementary Figure S1). However, the incidence of
hypotension as an AR was similar in both groups (13.5 vs
11.4%, p > 0.05). Thus, conventional treatment measures
could relieve the hypotension.

In the Fospropofolrp group, the extent of increase in HR at 1, 2,
5,and 6 min after administration was less than that in the propofol-
MCT/LCT group (p < 0.05), and the extent of decrease in HR at
14-30 min after administration was also less (p < 0.05). These
results indicated that the HR-depressive effect of Fospropofolgp
was weaker than that of propofol-MCT/LCT (Supplementary
Figure S2). The incidence of low HR as an AR in the
Fospropofolgp group was 2.3% and that in the propofol-MCT/
LCT group was 3.4%. All instances of low HR occurred after
combined administration; thus, it is possible that the HR was
affected by other drugs such as fentanyl. All instances of low HR
recovered after observation or administration of atropine.

The incidences of ECG-related ARs were 13.3% in the
Fospropofolgp group and 12.5% in the propofol-MCT/LCT
group, respectively (p > 0.05), with the ARs being ST-T
abnormality (4.7 versus 4.6%), QT interval prolongation (3.5
versus 4.5%), sinus bradycardia (1.2 versus 2.3%), and sinus
arrhythmia (0.3 and 0.6%). The ECG-related ARs did not
cause any clinical syndrome and were relieved after
observation without any treatment, except in two participants
in the Fospropofolgp group and one participant in the propofol-
MCT/LCT group who used atropine intravenous bolus injection
for sinus bradycardia.

The RR in both groups decreased after administration. There
were no statistically significant differences in the incidence of
respiratory depression (7.2 versus 9.7%, p > 0.05) and apnea (8.1
versus 9.1%, p > 0.05) between the two groups, and the respiratory
depression mainly occurred during the induction periods.
Auxiliary  ventilation was easily performed by the
anesthesiologist to maintain normal SpO,.

The body temperature of the participants decreased gradually
5 min after administration and increased gradually after the end
of the surgery. The effects on temperature were comparable
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FIGURE 2 | The BIS values.

between the two groups (p > 0.05). No AR related to body
temperature was observed.

The ARs in the laboratory tests were mainly related to
abnormal liver function, such as abnormal changes in

Fospropofolep: A Phase 3 Trial

triglyceride metabolism (5.9 versus 5.2%) and transaminase
(1.4 versus 0.6%) activity, all of which were mild in severity in
both groups. The results of lab retests outside of the follow-up
period showed improvement or normalization of the patients’
status. No ARs related to kidney function, glucose, cholesterol,
electrolytes, inorganic phosphate, or hematological parameters
were observed.

DISCUSSION

In this study, we observed the same results as those in the phase 2
clinical trial of Fospropofolgp, which showed that 20 mg/kg
Fospropofolgp had a slower onset and stronger and longer
sedative effect than 2 mg/kg propofol-MCT/LCT (Liu et al,
2016). The main reason for this finding is that after
intravenous injection into the human body, Fospropofolyp is
gradually metabolized into the pharmacologically active propofol,
which produces an anesthetic sedative effect (Mahajan et al,
2012), whereas propofol-MCT/LCT produces an anesthetic effect
directly. The clinical manifestation of Fospropofolyp was
consistent with its pharmacological properties (Mahajan et al.,
2012; Yao et al., 2012; Liu et al., 2016). The secondary reason was
that 20 mg/kg Fospropofolgp probably became a higher dose
when used in combination with other anesthetics for general
anesthesia induction, although the lowest BIS values for the two
groups were both obtained after combined administration. The
median time to achieve an MOAA/S score of 1 in the
Fospropofolgp group was 2.80 min, which is acceptable for
clinical general anesthesia induction. Nevertheless, the clinical
anesthetic effect of intravenous induction and the quality of
recovery in the procedure, which was no less than 30 min,
were comparable to those obtained with propofol-MCT/LCT.
Based on our results, the clinical implications of this study are as
follows: 1) Fospropofolgp is non-inferior to propofol-MCT/LCT
in terms of the efficacy and safety, suggesting that it can be used in
the routine practice of general anesthesia induction; 2) with a
median onset time of 2.80 min, Fospropofolgp may not be
suitable for rapid sequence induction of general anesthesia,
particularly in patients at a higher risk of reflux and
aspiration; and 3) regarding the delayed offset of
Fospropofolpp when compared to propofol, Fospropofolrp
may be preferable for sedation in intensive care unit.

After administration of the study drug, the BP and HR in each
group showed short elevations before decreasing. The main
reason for this phenomenon was probably that the
investigators needed to assess the consciousness of the
participants through pain and speech stimulation while
assessing the participants’ feelings. The nervousness of the
participants, injection pain, and paresthesia might also be
factors that influenced this finding.

In comparison with the propofol-MCT/LCT group, the extent
of BP reduction was greater and the extents of HR elevation or
reduction were smaller in the Fospropofolgp group within 13 min
after administration. This was probably due to the larger dose of
Fospropofolgp used (20 mg/kg), which induced a more significant
vasodilation effect and a deeper anesthetic sedative effect. The
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TABLE 4 | Adverse reactions (incidence> 5%) in the Fospropofolep and propofol-MCT/LCT groups (SS).

Preferred term, PT

Fospropofolgp (n = 347)

Propofol-MCT/LCT (n = 176)

n (%)
Paresthesia 215 (62.0)
Hypotension 47 (13.5)
Pain on injection side 46 (13.9)
Aesthesia diminished 43 (12.4)
Respiratory depression 28 (8.1)
Apnea 25 (7.2)
Hypertension 22 (6.3)

participants’ stress response to stimulations such as tracheal
intubation and position changes was lower. In comparison with
the corresponding findings in the propofol-MCT/LCT group, the
extent of HR reduction remained smaller in the Fospropofolgp
group after 14 min, but the extent of BP reduction in the
Fospropofolgp group was comparable between 14 and 26 min
and became smaller after 27 min. The main reason for this
result might be that propofol and remifentanil had to be used
earlier and in larger doses to maintain the expected anesthesia
depth in the propofol-MCT/LCT group.

According to the study protocol, lift mandibular or mask
manual-assisted ventilation was required to resolve respiratory
depression or apnea to ensure the participants’ safety. After
tracheal intubation and mechanical ventilation, the
anesthesiologists adjusted the ventilator parameters. Based on
these intervention factors, the values of RR after administration
were not analyzed, and only AEs were statistically analyzed.
Similar to the results obtained in the phase 1 and phase 2
clinical trials of Fospropofolgp (Yi et al, 2012; Liu et al,
2016), intravenous injection of 20 mg/kg Fospropofolgp slowed
RR and caused ARs such as respiratory depression or apnea,
comparable to the findings obtained with 2 mg/kg propofol-
MCT/LCT. However, anesthesiologists could easily resolve
these ARs to maintain normal SpO, and the recovery of
postoperative spontaneous breathing was not affected.

Continuous dynamic monitoring of ECG was performed after
administration. The cardiac physician diagnosed and interpreted
ECG that was performed and recorded at multiple time points.
QT interval prolongation was observed in both groups, although
the prolongations were mild and scattered at different time points
after administration in all cases. Anesthesia, surgical operation,
electric knife usage, and electrolyte disorders after fasting before
general anesthesia (including hypokalemia) can cause acquired
QT interval prolongation (van Noord et al., 2010; Fazio et al,,
2013), in addition to anesthetics that have a direct effect on ion
channels and cardiomyocytes, e.g., propofol, succinylcholine,
sevoflurane, desflurane, etc., which are commonly used for
general anesthesia (Michaloudis et al., 1996; Heath and Terrar,
1997; Kleinsasser et al., 2000; Yildirim et al., 2004; Whyte et al.,
2005). There was no continuous ECG acquisition and printing in
this trial; thus, some cases of prolonged QT intervals might have
been missed. However, no clinical symptoms of malignant
arrhythmia occurred, and none of the cases of QT interval
prolongation caused any clinical syndrome, and they all
returned to normal without any special treatment.

frequency n (%) Frequency
225 2(1.1) 2
58 20 (11.4 27
46 55 (31.9) 57
43 3(1.7) 3
28 16 (9.1) 16
27 17 (9.7) 17
39 16 (9.1) 24

Paresthesia was the most common AR in the Fospropofolrp
group, similar to the results of other domestic and international
clinical trials, and was transient and self-relieving with no residual
symptom (Bengalorkar et al., 2011; Cohen, 2008; Dinis-Oliveira,
2018; Liu et al., 2016; Yen et al, 2013). The total incidence of
abnormal sensation (paresthesia, 62.0%; diminished esthesia,
12.4%) in this trial was less than that in phase 2 (95.0%) at the
same dose of Fospropofolgp (Liu et al., 2016). The Fospropofolgp,
used in this trial was formulated with an improved production
process. Hence, it probably contained fewer impurities and was
more pure than that used in phase 2. Thus, we hypothesize that the
increase in purity and the relatively larger dose of Fospropofolgp
caused the participants to enter a sedated state rapidly without
being able to express or feel abnormalities. The abnormal sensation
was probably related to the phosphorus produced by the
intravenous injection of Fospropofolgp, similar to other drugs
that contain phosphate esters, such as dexamethasone (Perron
et al, 2003; Cohen, 2008). No cases of abnormal serum
inorganic phosphorus levels or renal dysfunction were observed
postoperatively. Pretreatment with fentanyl before Fospropofolgp
injection could reduce the incidence of paresthesia (Cohen, 2008).
The new phosphate-free water-soluble propofol prodrugs may also
help prevent paresthesia (Lang et al, 2014). However, we still
observed the same ARs (paresthesia, 1.1%; diminished esthesia,
1.7%) in the propofol-MCT/LCT group, suggesting that there
might be other factors influencing the incidence of paresthesia
and that further studies are needed.

Pain at the site of injection was reported by patients who
received propofol-MCT/LCT (30.1%), Fospropofolgp (9.2%),
medium- and long-chain lipid emulsion (5.2%), or normal
saline (3.4%). In these cases, the incidence of injection pain
caused by emulsions was significantly higher than that caused
by aqueous solutions (p < 0.05). Various methods are
recommended to relieve injection pain, such as selecting large
veins, using a slow bolus, adding lidocaine, and administering an
injection analgesic before propofol-MCT/LCT or Fospropofolgp
(Jalota et al., 2011; Desousa, 2016).

In this trial, in order to observe and evaluate the effectiveness
of 20 mg/kg Fospropofolrp and 2 mg/kg propofol-MCT/LCT, we
designed an administration protocol in which the study drugs
were injected first, followed by injection of other sedatives,
analgesics, and muscle relaxants after the patient achieved an
MOAA/S score of 1. This method of general anesthesia induction
was different from usual, and probably reduced the satisfaction of
participants because of injection pain or paresthesia.
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Cardiothoracic, neurosurgery, and hepatobiliary elective
surgeries were not selected because of the need to minimize
the impact of surgical procedures on safety assessment endpoints
such as postoperative awareness and liver/kidney function.
However, the study group will continue to explore the
applicability of Fospropofolgp in different procedures.

In conclusion, Fospropofolgp (20 mg/kg) is not inferior to
propofol-MCT/LCT (2 mg/kg) in general anesthesia induction
for ASA I-1I adult patients undergoing elective surgeries. It is safe
and effective in clinical use under the monitoring of
anesthesiologists.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The procedures performed at each center were approved by
the Ethics Committee of that center. The patients/participants
provided their written informed consent to participate in this
study.

AUTHOR CONTRIBUTIONS

C-MW, W-SZ, JL and B-WK conceived and designed the study.
C-MW and W-SZ organized and performed the study. C-MW
collected and organized the data and wrote the manuscript. JL
and B-WK reviewed and edited the manuscript. All of the authors
read and approved the manuscript.

REFERENCES

Bengalorkar, G. M., Bhuvana, K., Sarala, N., and Kumar, T. (2011). Fospropofol:
Clinical Pharmacology. J. Anaesthesiol Clin. Pharmacol. 27, 79-83.

China Food and Drug Administration (2003). Provisions for Drug Registration
(CFDA Order NO.28). 6th Aug.

Cohen, L. B. (2008). Clinical Trial: a Dose-Response Study of Fospropofol
Disodium for Moderate Sedation during Colonoscopy. Aliment. Pharmacol.
Ther. 27, 597-608. doi:10.1111/j.1365-2036.2008.03598.x

Desousa, K. A. (2016). Pain on Propofol Injection: Causes and Remedies. Indian
J. Pharmacol. 48, 617-623. doi:10.4103/0253-7613.194845

Dinis-Oliveira, R. J. (2018). Metabolic Profiles of Propofol and Fospropofol:
Clinical and Forensic Interpretative Aspects. Biomed. Res. Int. 2018,
6852857. doi:10.1155/2018/6852857

Fazio, G., Vernuccio, F., Grutta, G, and Re, G. L. (2013). Drugs to Be Avoided in
Patients with Long QT Syndrome: Focus on the Anaesthesiological
Management. World J. Cardiol. 5, 87-93. doi:10.4330/wjc.v5.i4.87

Heath, B. M., and Terrar, D. A. (1997). Block by Propofol and Thiopentone of the
Min K Current (IsK) Expressed in Xenopus Oocytes. Naunyn Schmiedebergs
Arch. Pharmacol. 356, 404-409. doi:10.1007/pl00005069

Jalota, L., Kalira, V., George, E., Shi, Y. Y., Hornuss, C., Radke, O., et al. (2011).
Prevention of Pain on Injection of Propofol: Systematic Review and Meta-
Analysis. Bmj 342, d1110. doi:10.1136/bmj.d1110

Fospropofolep: A Phase 3 Trial

FUNDING

This clinical trial was supported by the National Science and
Technology Major Project of the Ministry of Science and
Technology of China (Grant No. 2014ZX09101001) and was
approved by the China Food and Drug Administration (CFDA
Clinic trial No. 2014L02558).

ACKNOWLEDGMENTS

We wish to thank eight participating academic medical centers in
China involved in this clinical trial: Affiliated Hospital of Zunyi
Medical University; Beijing Obstetrics and Gynecology Hospital
of Capital Medical University; General Hospital of Tianjin
Medical University; Guizhou Provincial People’s Hospital;
Shanghai Changhai Hospital; The Second Affiliated Hospital
of Wenzhou Medical University; The Second Xiangya Hospital
of Central South University; and Wuhan Puai Hospital. We also
wish to thank the following individuals for their valuable advice
on the design of this trial: Jia Miao and Maozhi Liang, Good
Clinical Practice Center, West China Hospital, Sichuan University,
Chengdu, Sichuan, China; Chaozhi Luo, Department of
Anesthesiology, West China Hospital of Sichuan University,
Chengdu, China.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fphar.2021.687894/
full#supplementary-material

Supplementary Figure S1 | Comparison of BP between the two groups.

Supplementary Figure S2 | Comparison of HR between the two groups.

Kleinsasser, A., Kuenszberg, E., Loeckinger, A., Keller, C., Hoermann, C., Lindner,
K. H,, et al. (2000). Sevoflurane, but Not Propofol, Significantly Prolongs the
Q-T Interval. Anesth. Analg 90, 25-27. doi:10.1097/00000539-200001000-
00006

Knibbe, C. A., Aarts, L. P., Kuks, P. F., Voortman, H. J., Lie-A-Huen, L., Bras, L. J.,
et al. (2000). Pharmacokinetics and Pharmacodynamics of Propofol 6% SAZN
versus Propofol 1% SAZN and Diprivan-10 for Short-Term Sedation Following
Coronary Artery Bypass Surgery. Eur. J. Clin. Pharmacol. 56, 89-95.
doi:10.1007/5002280050726

Krobbuaban, B., Siriwan, D., Kumkeaw, S., Tanomsat, M., Jamjamrat, G.,
Thanetses, K., et al. (2008). Does Addition of Lidocaine to Medium- and
Long-Chain Triglyceride Propofol Emulsions Significantly Reduce Pain on
Injection?. J. Med. Assoc. Thai 91, 383-387.

Lang, B. C,, Yang, J., Wang, Y., Luo, Y., Kang, Y., Liu, ], et al. (2014). An Improved
Design of Water-Soluble Propofol Prodrugs Characterized by Rapid Onset of
Action. Anesth. Analg 118, 745-754. doi:10.1213/ane.0000000000000124

Larsen, R., Beerhalter, U., Erdkonig, R., and Larsen, B. (2001). Injektionsschmerz
durch Propofol-MCT/LCT bei Kindern. Der Anaesthesist 50, 676-678.
doi:10.1007/s001010100213

Liu, R,, Luo, C,, Liu, J., Zhang, W., Li, Y., and Xu, J. (2016). Efficacy and Safety of
Fospropofolfd Compared to Propofol when Given during the Induction of
General Anaesthesia: A Phase Ii, multi-centre, Randomized, Parallel-Group,
Active-Controlled, Double-Blind, Double-Dummy Study. Basic Clin.
Pharmacol. Toxicol. 119, 93-100. doi:10.1111/bcpt.12552

Frontiers in Pharmacology | www.frontiersin.org

September 2021 | Volume 12 | Article 687894


https://www.frontiersin.org/articles/10.3389/fphar.2021.687894/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2021.687894/full#supplementary-material
https://doi.org/10.1111/j.1365-2036.2008.03598.x
https://doi.org/10.4103/0253-7613.194845
https://doi.org/10.1155/2018/6852857
https://doi.org/10.4330/wjc.v5.i4.87
https://doi.org/10.1007/pl00005069
https://doi.org/10.1136/bmj.d1110
https://doi.org/10.1097/00000539-200001000-00006
https://doi.org/10.1097/00000539-200001000-00006
https://doi.org/10.1007/s002280050726
https://doi.org/10.1213/ane.0000000000000124
https://doi.org/10.1007/s001010100213
https://doi.org/10.1111/bcpt.12552
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Wu et al.

Mabhajan, R., Mahajan, B., and Kaushal, S. (2012). Fospropofol. J. Pharmacol.
Pharmacother. 3, 293-296. doi:10.4103/0976-500x.99457

Michaloudis, D. G., Kanakoudis, F. S., Petrou, A. M., Konstantinidou, A. S., and
Pollard, B. J. (1996). The Effects of Midazolam or Propofol Followed by
Suxamethonium on the QT Interval in Humans. Eur. . Anaesthesiol 13,
364-368. doi:10.1046/j.1365-2346.1996.00022.x

Pardo, M. C,, and Miller, R. D. (2018). Basics of Anesthesia. 7th. Pennsylvania, Pa,
USA: Elsevier.

Perron, G., Dolbec, P., Germain, J., and Béchard, P. (2003). Perineal Pruritus after
i.V. Dexamethasone Administration. Can. J. Anaesth. 50, 749-750. d0i:10.1007/
bf03018722

Rau, J., Roizen, M. F., Doenicke, A. W., O’Connor, M. F., and Strohschneider, U.
(2001). Propofol in an Emulsion of Long- and Medium-Chain Triglycerides: the
Effect on Pain. Anesth. Analg 93, 382. 383rd contents page. doi:10.1097/
00000539-200108000-00029

Soltész, S., Silomon, M., Gréf, G., Mencke, T., Boulaadass, S., and Molter, G. P.
(2007). Effect of a 0.5% Dilution of Propofol on Pain on Injection during
Induction of Anesthesia in Children. Anesthesiology 106, 80-84. doi:10.1097/
00000542-200701000-00015

Tian, S. L., and Shao, Q. X. (2010). A Practical Guide to Drug Clinical Trials and
GCP. 2nd ed. Beijing, China: Peking University Medical Press.

van Noord, C,, Eijgelsheim, M., and Stricker, B. H. (2010). Drug- and Non-drug-
associated QT Interval Prolongation. Br. J. Clin. Pharmacol. 70, 16-23.
doi:10.1111/j.1365-2125.2010.03660.x

Varghese, E., Krishna, H. M., and Nittala, A. (2010). Does the Newer Preparation of
Propofol, an Emulsion of Medium/long Chain Triglycerides Cause Less
Injection Pain in Children when Premixed with Lignocaine?. Paediatr.
Anaesth. 20, 338-342. doi:10.1111/j.1460-9592.2010.03272.x

Whyte, S. D., Booker, P. D., and Buckley, D. G. (2005). The Effects of Propofol and
Sevoflurane on the QT Interval and Transmural Dispersion of Repolarization in
Children. Anesth. Analg 100, 71-77. doi:10.1213/01.Ane.0000140781.18391.41

Yamakage, M., Iwasaki, S., Satoh, J., and Namiki, A. (2005). Changes in
Concentrations of Free Propofol by Modification of the Solution. Anesth.

Fospropofolep: A Phase 3 Trial

Analg 101, 385, 2005. table of contents.  doi:10.1213/
01.ANE.0000154191.86608.AC

Yao, L. Y., Rui, L, Yi, X,, Xu, X. P, Qian, G. S,, and Kang, Y. (2012). The
Pharmacokinetic Study of the Active Metabolite of HX0507 in Healthy
Volunteer. West China J. Pharm. Sci., 298-301.

Yen, P., Prior, S., Riley, C., Johnston, W., Smiley, M., and Thikkurissy, S. (2013). A
Comparison of Fospropofol to Midazolam for Moderate Sedation during
Outpatient Dental Procedures. Anesth. Prog. 60, 162-177. doi:10.2344/0003-
3006-60.4.162

Yi, X. Q, Li, R, Zhang, W. S,, Liu, J., Xu, J., and Liao, T. Z. (2012). [Effect of Single
Doses of HX0507 on QTc Intervals in Healthy People: a Phase I Safety and
Tolerability Study]. Sichuan Da Xue Xue Bao Yi Xue Ban 43, 868-872.

Yildirim, H., Adanir, T., Atay, A., Katircioglu, K., and Savaci, S. (2004). The Effects
of Sevoflurane, Isoflurane and Desflurane on QT Interval of the ECG. Eur.

J. Anaesthesiol 21, 566-570. d0i:10.1017/s0265021504007112

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Wu, Zhang, Liu, Zhang and Ke. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with
these terms.

Frontiers in Pharmacology | www.frontiersin.org

11

September 2021 | Volume 12 | Article 687894


https://doi.org/10.4103/0976-500x.99457
https://doi.org/10.1046/j.1365-2346.1996.00022.x
https://doi.org/10.1007/bf03018722
https://doi.org/10.1007/bf03018722
https://doi.org/10.1097/00000539-200108000-00029
https://doi.org/10.1097/00000539-200108000-00029
https://doi.org/10.1097/00000542-200701000-00015
https://doi.org/10.1097/00000542-200701000-00015
https://doi.org/10.1111/j.1365-2125.2010.03660.x
https://doi.org/10.1111/j.1460-9592.2010.03272.x
https://doi.org/10.1213/01.Ane.0000140781.18391.41
https://doi.org/10.1213/01.ANE.0000154191.86608.AC
https://doi.org/10.1213/01.ANE.0000154191.86608.AC
https://doi.org/10.2344/0003-3006-60.4.162
https://doi.org/10.2344/0003-3006-60.4.162
https://doi.org/10.1017/s0265021504007112
https://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pharmacology
www.frontiersin.org
https://www.frontiersin.org/journals/pharmacology#articles

Wu et al.

GLOSSARY

AE adverse events

AR adverse reaction

ASA American Society of Anesthesiologists
BIS bispectral index

BMI body mass index

ECG electrocardiogram

BP blood pressure

CFDA China Food and Drug Administration
CI confidence interval

CNS central nervous system,

DBP diastolic blood pressure

FAS full analysis set

Fospropofolgp Fospropofol disodium for injection
HR heart rate

Fospropofolep: A Phase 3 Trial

LCT long chain

MBP mean blood pressure

MCT/LCT medium/long chain

MMSE Mini-Mental State Examination

MOAA/S Modified Observer’s Assessment of Alertness/Sedation Scale
PACU post-anesthesia care unit

PPS per-protocol set

propofol-MCT/LCT propofol medium/long-chain fat emulsion injection
RR respiratory rate

SAE serious adverse event

SBP systolic blood pressure

SpO2 pulse oxygen saturation

SS safety set

T body temperature

TC total cholesterol

TG triacylglycerol
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